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ESTIMATING THE COST OF A RETURN TUBE BOILER.

BY F. C. DOUGLAS WILKES.

Im writing this article the author i3 well aware that there are
no hard and fast rules that can be laid down for figuring out
the cost of a boiler. The price of labor will vary considerably
in different manufacturing plants. Then, on account of freight
rates, ete., one firm will be able to lay down the material much
more cheaply than its competitor, who may be zituated at a
greater distance from the source of supply, Again, the facilities
for handling the work in the shop are hardly ever the same in
any two plants, costing much in some and little in others. The
labor in one shop may be of better quality than in others, and
so on, all of which goes to show that, as has been stated, no
hard and fast rules can be laid down in estimating the cost of
a boiler before any work has been done on it.

The object of this article, therefore, js to show how the
cost of a boiler is estimated in instances which have come
under the writer's observation, and perhaps it may serve as a
guide to those whose duty it is to figure on similar boilers or
any other type of boiler, tank or stack.

It iz obwvious that at the outset one should know the dif-
ferent stages of manufacture, the men employed and the aproxi-
mate time it takes to complete each stage. The following
table gives the various stages pone through; the- number of
men employed and the average wage of each one in the par-
ticular shop in which the boiler we are about to consider is
to be built: i

Wage
Stage. Men Employed. Per Hour.
Laying out........... 58] Pl v | b e B SR . 11 W 1
T ASRTAERRTR: o .20
Shearing
: 1 handy man............... a8
g g eﬂ{h""z Relpers ==t sl .16 each
Eolling
Planing .. ot il (1 Tl 3 v R R
I helper .......... T N, ()
Clanping s s T aangEr o R a0
<\ LT e e A e e 16 each
Cutting tube holes....T handy man................ I8
Riveting
(bull machine).. T eiveter Lol il aB
S MEIPETE i s e caTGoeach
Riveting
(aic machimel ;T e oo v v 22
E-haldeaon: w0 s ek a7
T by =i 1), e e | 10
Making stays, crow-
feet, ete . .........0 blacksmith ... ............ 3o
T hatmer man.............. .18
Tngertmmip ataye: o DA s s e .25
T E T e PR TN | i
Inserting tubes. ... R T TR T e e s Rl I .25
G PF 1 e e 16
EATkNg e g T e e L L 20

T TTLITI & e e e e L D TN R b ey 22

In addition to the above must be added the cost of testing
and shipping the boiler. The total cost of thiz for any size
boiler can easily be covered by 1000,

We will assume that we have had an inguiry from some
person who desires a quotation on one horizontal return tubu-
lar boiler 72 inches diameter and 18 feet long, containing
seventy-four g-inch tubes, to be built for a working pressure
of 125 pounds per sguare inch, and to be built "open for in-
spection” under the rules for the Inspection of Steam Boilers
for British Columbia. The above rules have been chosen,
as they arc the stiffest and best defincd of the Canadian rules
for land or stationary boilers. It will be interesting to note the
similarity of these rules with those of the British Board of
Trade recently deseribed in the pages of THE Bomer Maxee
(MNos. 5 6 7. 8 Vol. VII).

The cost of a boiler will invariably depend uwpon the working
pressure, becamse it ig this pressure which will (under all
inspection rules) determine the thickness of plate, the style of
joint, ete. Therefore, first determine the thickness of plate
and style of joint necessary for the boiler when the holes have
all been punched full size before bending, which is, of course,
the cheapest method., Now, the least expensive joint i3 an
ordinary lap joint, so we will see what the least thickness of
plate iz which we may use with this joint, making it treble
riveted,

According to the BEritish Columbia laws :

“When cylindrical shells of boilers are made of the best
material (either iron or steel) with all holes drilled in place,
the plates afterwards taken apart and the burrs removed, and
all longitudinal seams fitted with double-butt straps, each at
least five-eighths the thickness of the plates they cover, the
seams being double riveted with rivets having an allowance
of not more than 75 percent over single shear, and having the
citrcumierential seams constructed so that the percentage is at
least one-half of that of the longitudinal seams and provided
that the boiler has been open for inspection during the whole
period of construction, then 4 may be used as a factor of
safety.

"But when the above conditions have not been complied with
the additions in the following scale must be added to the
factor of safety according to the circumstances of each case:

“15=To be added if all holes are fair and good in the cir-
cumferential seams but punched before bending.

*.3—To be added if all holes are fair and good in the longi-
tudinal seams but punched before bending.

“o7—To be added if double-butt straps are not added to the
longitudinal seams and the said seams are lap and treble
riveted.”

According to our assumption then and the above rules, our
factor of safety will be 4.52.

The next point we must consider ig the pitch of the rivets,
in order that we may figure the percentage strength of the
joint. The British Celumbia rule poverning the pitch is
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exactly the same as that of the British Board of Trade to be
found on page 218 July (1go7) issue of Tue Bomwer MAker
It depends upon the thickness of the plate as well as the style
of joint. Thus we have one more assumption to make, viz.:
the thickness of plate we should use with our boiler having a
treble viveted lap joint.

Let us assume 7/16 inch to be the thickness of plate, and
figure through to see if we will be allowed 125 pounds per
square inch working pressure on the boiler. For the pitch we
have € = T + 154 = P where

€ = Constant from table (page =218 No. 7 Vol
VIL) = 3.4%.
T = Thickness of plate.

F = Maxmnmum pitch,
Substituting values we have
347 > 4375 + 188 = 3143, or 314 inches
Using 34-inch rivets in 13/16 holes, this value of P gives us
in the formula for percentage strength of plate
(3125 — 8123} % 100
— — 74 percent.

:J,.II'_":_‘
If this percentage is less than that of the rivet section it will
be the one used in figuring the working pressure. To consider
the rivet section, the British Columbia laws give us the follow-
ing formula for finding the percentage strength

) o I T A i

= percent,
U0 L Tl e

where 4 area of rivet when driven (in square inches).

N = number of rivets in one pitch

¥ = 23 for steel platez and steel rivets,

C = 1 for lap joints and 1.75 for double-butt strap
Joanis,

F = factor of safety.

¥ = 2B for steel plates and steel rivets.

P — pitch,

=

thickness of plates (in inches).
Substituting we have i
100 3 SI84 W3 % 23 W 452

— 105 percent.
4 28 M 3025 % 4375
The British Columbia formula for Anding the working pres-
sure is
Fa s ol
=
3 M
where 1+« — tensile strength of plate.
smallest of percentages divided by 100
thickness of plate in inches,

factor of safety.
= waorking pregsure,

= s BEET

= inside diameter of largest course in inches.

Substitubing we have
Gooo0 3 .74 = B75

= 119 pounds per square inch.
72 2 452
Therefore, 7/16-inch plate is too thin.

Trymg Y-inch plate and following through az above we met
the maximum pitch to be 33 inches, percentage of plate 76,
percentage of rivet section 850, and working pressure 140
pounds per square inch, Thercfore, if we desire, we may use
ta-inch plate and #j-inch rivets with treble riveted lap joint,

MNow, let us see what thickness of plate we could use with a
double-butt strap treble riveted joint, in which case we wonld
have two inside rows of rivets through both straps and plate,
and the outside row through one strap (the inside one) and

plate. Owur factor of safety in this case would be 4 plus the
following :

.3 to be added if holes are fair and good in the longitudinal
seams but punched before hending.

a5 to be added if all holes are fair and good in the eircum-
ferential seams but punched before bending, making a total
of 445

In figuring the pitch for this style of joint the same formula
is uscd as before, but the constant changes as will be seen from
the third eolumn of the table on page 218, July (r1goy) 1ssue.
This constant is 3.3, and not 463, as one might be led into
thinking, by the fact that the joint is called “treble” riveted.
The reason the conztant iz 3.5 and not 4.63 15 because there are
only two rows of rivets in doulble shear, hence to find the
maximum pitch we treat the joint as though it were a double-
riveted, double-butt strap joint, and omit every other rivet in
the outer rows to make the percentage strength of the plate
higher. If we extend the outer strap to take in these rows of
rivets the large pitch would raise difficulties in calking the
boiler, although the joint would be stronger through the rivet
section,

Our pitch, therefore, becomes for the inner rows using
7f16-inch plate,

(3.5 > .4375) + 1.6e5 = 31506, or 304 inches,

making the pitch of the outer rows 614 inches.

Mow, we have three pereentages to find, viz, :

(1) The percentage strength of the plate, which will be that
at the outer row of rivets.

(2} The percentage strength of the rivet section which will
be that of the two inner rows added to that of the outer row.

{3) The comhined percentage strength of plate and rivet
section, which will be the percentage strength of plate at the
inner rows added to that of the rivets of the outer row.

For (1}, with 34-inch rivets and 13/16-inch holes, we have

(G225 — Bizz) % 100

=— B7 percent,
.25

For (2)
100 3 5184 3 2 323 3 L7S M 445

4 ¥ 28 W 3125 W 4378
100 3 5184 3 1 X 23 3% 1% 4.45

» 4 28 W 635 W o437s
121 + 17 = 138 percent.
For (3)
(3.125 — R128) % 100 100 ¢ SI8Y 30 T 5 235 1% 445
+— -
43¢ 28 % 6.25 X 4375
74 <+ 17 = o1 percent.

3125

5o by vsing the smallest of these percentages, 87, our allow-
able working pressure is
00,000 % By » Bve
- . — = 1425 pounds per square inch,
72 X 448
This is in excess of what we want, but if we uge 3§-inch plate
we could get only 120 pounds, so we will use 7/16-inch plate
if we decide on this style of joint.

We have, therefore, the option of using Y-inch plate and
treble-riveted lap joints, or 7/16-inch plate with teeble-riveted
double-butt strap joints; so, to decide, we will figure out the
cost of a shell made each way. Just here might be noted the
cost prices, laid down at the factory, of the materials used in
this bailer, They are

Flange steel, per 100 pounds............... 3210
Shell steel, per o0 pounds.. ... .. ... Z.00
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Tubes (4 inches diameter), per foot. ... ... $0.15
Stay iron, per 100 pounds. .. oo iaeaieon. 200
Cast iron, per 100 pouwnds. . ... ..o .. 250

Rivets perponnd. i r i b s a3
ADgle IO, DET O e i o e e i

COST OF LAFP JOINTED SHELL.

First we will consider the lap jointed hoiler, and start by
finding the weight of plate to be used. For this style of joint
the plates will be (allowing the finishing)} large course, 10754
mches by 23414 inches by 14 inch, and the small course 10704
inches by 231 inches by %4 inch. The weight of these will be:

107.5 M 23425 X 4% X 1

Large course = 1850
I4q 2 2
107.5 X 231 K 44 X 1
Small course = 3704
144 ¥ 2 o
Total 7.644 lhs,

The cost price of this at 2 cents per pound equals $i132.88
The first work done on the plates is, of course, laying them
out.  Thig, including the handling, ought to be done in six
hours. Cost: layer-out at 40 cents equals $2.40 and assistant at
20 cents equals $1.20, total $3.60. Next in order comes the
shearing of the plates. Including the handling this will take
about three hours, Cost: ene handy man at 18 cents equals
£0.54, two helpers at 16 cents each equal $o.g0, total $1.50. Then
comes the punching. The number of holes to be puonched
will be:

114 in each girth seam, or in 4 seams............. 4356
190 in each longitudinal, or in 2 seams...... .. .. 3fo
Holes for stays, nozzles, brackets, etc,, about. .. .. 150

Total holes to be punched ... ................ 985

The gang on this job should average 125 holes an hour, in-
cluding handling. This will make the time for punching about
gight hours, Cost: one handy man at 18 cents equals $1.44,
two helpers at 16 cents each equal $2.56, total 8400, Planing
the plates will take about six hours, Cost: one handy man at
I8 cents equals $1.08, one helper at 16 cents equals $o0.06, total
8204, Next, the rolling will consume about four or five hours.
Cost: one handy man five hours at 18 cents equals fogo, two
helpers at 16 cents each equals $1.60, total $2.50.

In riveting up we will use the bull machine for the center
girth seam and the longitudinal seams. Taking 114 rivets in
the girth seam and 100 in the longitudinal seams we will have
304 rivets to drive. Having the plates properly fitted, the
riveting gang should average a rivet a minute, taking five
hours. Usuaally, though, the plates have to be “squeezed” and
fitted into plate, halding bolts ‘removed, etc, so it would be
safe to add about four hours to cover this, making a total of
nine hours. Cost: one riveter at 18 cents equals $1.62, two
helpers at 16 cents each equoals $288, total $4.30. Calking
seams, five hours at 20 cents equals $1.00.

Summing up we have a total cost for the naked -inch
shell, with treble-riveted lap joints, of firyaosz.

COST OF BUTT JOINTED SHELL.

Considering the naked shell with the butt strap joint and

7/16-inch plate we have the large course, 107.5 inches by =228

inches by 7/16 inch, and the small course, 107.5 inches by 226
inches by 7/16 inch. The weight of these plates will be:

1075 X 228 X 44 X 7
Large course

= 3278
144 % 16

* Forty-four pounda being taken as the weight of 1 square foot of
steel 1 inch thick,

1075 % 226 W 44 X 7
Small course = 3.214
144 X 16

Total 6492 lbs.

Cost price of this at 2 cents per pound equals 212084 In this
chell there are the butt straps to be considered. The outer
anes will be 814 inches by 107 inches by 34 inch, and the
inside omes 14 inches by 107 inches by 34 inch, and the total
weight 352 pounds, Cost price at 2 cents equals $r1.og, making
a total for the plate of $140.88

The laying out of these plates would take longer than in the
firsi case, on account of the extra rows of rivets and the butt
straps. It should take about seven hours; cost $4.20. The
shearing and planing would cost about 15 percent more than
with the lap joint, which would amount to: shearing $1.73,
planing $z.35. Punching—we have the same number of holes
in the girth seams but less in the longitudinal seams, and also
the holes in the butt straps.

] [ B 4 v 1 B - P e D L 436
Holes in longitudinal seams, 158 in each seam..... 316
Holes for stays, nozzles, brackets, etc. ... .. ... 150

A ] L L
Haoles i izt 3traps. .. .covvvrmesonens e B s S,

Taking the rate for the holes in the shell the same as before,
viz.: 125 per hour, the time consumed for the plates would be
ahout 714 howrs; cost $3.75. As the butt straps are small and
more easily handled the holes in them would be punched at
the rate of about 200 per hour. Time for 316 holes being 1.58
hours; say 1%4; cost 80,75, The total cost for punching there-
fore equals $430, Rolling the plates would be the same as
with the lap joint; viz.: $2.50, Rolling or bending butt straps
waould take three hours; cost $1.50. Riveting the shell on the
bull machine will eost about 20 percent more than the lap
joint, on account of the extra Gtting necessitated by the buott
straps, making the cost of riveting $5.40. Calking would also
take longer, say six hours; cost $1.20.

Summing up the total cost for the naked shell with butt
straps it 18 found to amount to $164.26, Thus we see that the
gmaller first cost of the thinner plate wsed with a butt strap
joint is more than enough to offser the more expensive style of
joint, showing us that it will be cheaper to use the thin plate
and expensive joint than to use the cheaper joint and thicker
plate. Also, we get a much lower factor of safetv with the butt
straps, and a saving in weight of about Goo pounds with a
consequent saving in freight rates on the plate coming in and
the hailer going out, which will amount to quite an item if the
distances are at all great.

Ta the casual abserver, all the detailed figuring, as ahove,
would appear superfluous and apart from the main subject of
this article. The reason it has been set down in full here is to
give the layman an idea of the differences in the two modes of
manufacture. Usually all this Aguring of the weight of the
shell of boilers, according to the pressure, need be carried
through only once for each size of boiler and for two or three
pressures.  These results should be tabulated and kept on
record for future rapid reference,

COST OF COMELETED BOILER.

Having decided on the butt joint and 7/16-inch plate, we will
now carry through the complete estimate for our boiler. The
diameter of the larger head being 783§ inches, the weight is
{using M4-inch plate) 743 pounds, and the small head being
7734 inches diameter, weighs 726 pounds, total weight of heads
1471 pounds; cost of material at 2.1 cents per pound equals
$30.80. Laying out the heads would take about four hours,
and from our wage table cost $2.40. The flanging of the heads
is usually done before the bead is laid out for the tubes. and
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in thiz instance was done by hand. This would take, for bath
heads, all of fifteen hours, costing : one flanger at 30 cents $4.50,
two helpers at 16 cents each $4.80, or a total of $0.30. Punch-
ing the holes, of which there are 316 in the two heads, made
up as follows: 114 holes in each circumference and 44 holes for
stays, would take about three hours, and cost: one handy man
Fo.54, two helpers So.96, total $r.z0.

Next, the heads go to the drill to have the tube holes eut.
The centers are Grst drilled ont, taking about four minutes per
hole, and as there are 143 holes this would consume about
ten hours; cost: ene handy man at 18 cents $1.80. Culling the
full size hole would take ten minutes per hole, or 24% hours,
and cost £4.41. As there is a manhole in one end, this must be
reinforced with a wrought iron ring shrunk on and then planed
square., Making the ring and shrinking it on will take a black-
smith and a hammer man all of five hours and cost $z.40.
Planing will take about three hours, and adding one hour for
handling, make four hours; cost for one machinist at 25 cents
per hour equals $1.00

In riveting the heads to the shell, the bull machine is used
for one head. and will take, with fitting, cte., two hours, cost-
ing 30.68. The other head must be riveted up by air hammers,
There are 114 rivets to drive, and the air gang should drive one
every three minutes; total 5.7 howrs or six to cover time taken
in fitting, ete.; cost: one riveter $1.32, one holder-on $1.02, one
rivet boy 60 cents; total $2.04.

The shell being completed and the heads in place we now
come to the stays, There are forty-four of these, and they are
made by the blacksmith. First of all he makes the crowfeet,
and figuring that he will do one in four heats, or about fifty
minutes, the total time will be about thirty-seven hours; cost:
one smith at 30 cents equals %11.10, one hammer man at 18
cents equals $6.66; total $17.76. Forging the palms of the
stays and welding the crowieet to them will take about an hour
each, totaling forty-four hours and costing $21.12.  In riveting
these stays there will be eighty-eight rivets to drive at about
four mimites each, taking about zix hours; cost $2.04. Cutting
the threads on the two lower through stays ons hour at 18
cents equals $0.18. Making the eyes in the other end of these
stays will take about two hours, and welding them to the stays
will take two hours; total four houwrs; cost $t.oz

The tubes must now be inserted. Tt will take all of twenty
minites per tube to insert, expand and bead them, or twenty-
four and one-half hours: cost: one handy man at 18 cents
equals $441. Placing the brackets and nozzles gives about
seventy rivets to be driven with the air hammer. At four
minutes per rivet this takes about four and one-half hours, and
costs §2.00.

The hoiler iz now finished with the exeeption of :1[kmg
the heads and the plate under the nozzles, testing, painting and
loading, Calking the heads, etc., would take ahout three hours;
cost at 20 cents equals $0.60. Painting will take two hours at
22 cents, equals 20,44, and 5 pounds of paint at 25 cents equals
%1.25; total 21.00. Testing and loading can safely be estimated
at $10.00. Summing up our total cost we have

Laying out shell plates and butt straps................ %420
Shearing plates and batt strape. ... oo oo vniainoionn .73

Planing plates and butt straps.....c..ooivuiiiiiainiin 235
Punching plates and butt straps.........coo0viiiiaen. 4.50
Rolling plates and butt straps................ ... , 4.00
Riveting shell (bull machine) ........c.o.iii 5.4
L S1- HoT - o e Rl e e e 1.20
Laying out heads, B erier ety SR e L Z.40
Flanging AR oo it ek e o it e a 0.30

Punching heads....... e e e e 1.50
Drilling centers, tube hqﬂc'a, $l Su'll i
Cutting tube holes, $4.41 i
Making, shrinking and finishing manhole ring......... 340

January, 1008,
Riveting heads to shell bull machine, $0.68] $3.62
Riveting heads to shell air hammer, fzog) =77 3.
Making crowfeet, $17.76 1 987
Forging and welding stays, $erazi” " """ "0 2
o S| PA Tty ot i o O ORIV, L o e et 2.04
Through stays. ... ........c..... 2.10
Inserting tubes., = e 441
Riveting bnckels and nt:rzz1e=~ 220
Calking heads and 11021]&3............._...._...,.... 0.6
Painting ..... LAt A 1.60
Testing and Iaadmg R e 1600
Total labor . 112,63
For our material we have:
Shell plates, 6,402 pounds, at 2 cents. .. ......000000.. . FI20.84
Butt straps, 552 pounds, at 2 cents. 1104
Heads, 1,471 pounds, at 2.1 cents. i i 3080
172 feet, 1%-inch stay iron — 58g p-m.tnds at 2 cents.. 11.70
20 feet, 134-inch stay iron — 120 pounds, at 2 cents, 2.40
37 feet, 2l4-inch by 34-inch iron {cmwfeet} = za.i

pounds, at 2 cents. ] ks 4.6z
5 feet, 4-inch by 4-inch b:.-' /E ITH:h ang'ls*s = 64 pnunds,

LY L o e s o e gt S L.44
1,332 feet, 4-inch tubes, at 18 cents per font ........... 230.76
Rivets (4 percent plate) = 340 pounds, at 3 cents per

L ey R I L 10.20
Cast iron, 200 pounds, at 234 cents. . .. ... 6.25

Tokal oost MARETIRL . i s s et s AR T

i e Fo) e v [ N i S 00,77

THE SELLING FRICE.

To get the ultimate selling price to give to the ingquirer we
have two more additions to make to the cost price. One iz
what is called “fixed charges,” and iz added to cover the non-
productive expenses, such as foreman's salary, depreciation of
plant, interest on investment, taxes, office expenses, etc, This
will vary in almost every plant. and in this case is figured as
30 percent of the cost of manufacturing. Then 30 percent of
$300.77 equals $r68.23, making the total when added $720.00.
The other addition iz the profit, and in this caze it iz taken as
10 percent of the total cost of the boiler, or 10 percent of
$r2po0, which equals $7200. Adding this we get $801.90 as
the price sent to inquirer, Now, as round figures are generally
used the price sent would probably be $805.00.

In closing, the writer would suggest to anyone wha intends
to do estimating along similar lines, that he keep tab on the
different jobs as they go through the shop, putting down in a
notebook, in tabulated form, the time taken for each part of
the work and the cost of same as shown by the factory cost
cards (if such are kept). On comparing these with his first
approximation he will be able to see just where he has over
or under estimated, as the case may be, and will be able to
average very closely the right charge or cost for future
reference.

The preceding method of estimating the cost of boiler work
15 very gimilar to that vsed on all deseriptions of tank work,
and the estimator would find it very convenient to have tank,
boiler, stack and similar work divided into different classes
under such heads as the following

Heavy straight forward work (return tube boilers, etc.),

Heavy difficult work (marine boilers, flumes, kettles, etc.),

Light work (tanks, 3/16-inch plate and under, ete.).

Stack work, etc.

Having tables of work like this ready at hand, with the
enst computed at so much per pound of material (averages
being struck from various jobs), the estimator will be able to
quote prices very closely by just figuring the weight of the
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proposed work, It is interesting to note how comparatively
small is the variation of the ratios of cost of labor to cost of
material under the different headings az just outlined.

A Single-Tube Boiler.

In discussing the steam plant of the White motor car before
the American Society of Mechanical Engineers, Prof. R, C.
Carpenter applied the term “single tube or continuous fow” to
the type of boiler used on this motor car, whereas the hoiler
was popitlarly known as a flash boiler. He says: “In the flash
boiler, as I understand the term, water is suddenly converted
into steam by coming in contact with a very hot metallic sur-
face, and in the operation of such a boiler the metal with
which the steam is brought in contact is maintained at a much
higher temperature than that of the steam. The White boiler
containg a considerable amount of water, which is forced
downward and over the heating surface at a rate proportionate
to the demand for steam, and under its normal made of opera-
tion it i8 doubtful if the metallic surfaces have much or any
higher temperature than that of the steam which they contain.
The name ‘continugus flow or single-tube boiler’ would, it
seems to me, better describe the class to which the White boiler
belongs than the term flash.”

The White baoiler is designed to generate on a small scale
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steam of very high pressure with a high degree of superheat.
The outcome of this design is a boiler remarkable in many
respects, especially for the means provided for antomatic con-
trol of the quantity, temperature and pressure of the steam
produced.

The steam gencrator or boiler consists of a series of hori-
zontal coils connected so as to form a continuous tube throogh
which all the water fed to the boiler and all the steam dis-
charged from the boiler must pass. It 15 not provided with
any reservoir either for water or steam. A perspective view of
the boiler as uzed in the 1906 car is shown in Fig. 2, with the
external easing removed, Its essential feature distinctive from
every other boiler is due to the fact that the water is kept at
the top and the steam at the bottom; it differs from all types
of stationary boilers by the absence of a reservoir for steam.
The construction of the boiler for the 18-brake horsepower
engine which was used in the 1906 cars is essentially as fol-
lows, and 15 tyvpical of all sizes; eleven helical coils of drawn
steel tubing are joined in series and connected, as shown in the

“diagram, Fig. 1, s0 as to produce a system of circulation of
such a character that the water or steam, in order to pass from
one coil to that next below, must rise to a level above the top
coil before it can pass down again, Fig. 2 shows the external
view of the connections referred to, which pass from the

external circumference of the cotl upward to a point above the
level of the top codl, and thence dewnward mn the central space,
where it joins the coil of a lower level, Tubing having a
nominal internal diameter of 3§ inch was used in the boilers
of 1904, 1005 and 1006, and 4 inch in the new boiler recently
built for the 1007 car. The joints connecting the varions coils
are, it is noted, located in an accessible position. This con-
struction makes it possible to maintain water in the upper
portion of the botler and steam in the lower. It prevents the
water from descending by gravity and renders the circulation
through the generator dependent upon the action of the pumps
which supply the boiler with water. The general direction of
circnlation of the water and steam is the reverse of that of the
products of combustion.

The construction of the boiler has been shown and described,
from which it i3 zeen that the diameter of each pressure ele-
ment is small, and consequently of great strength and not likely
to be strained to any high percentage of its ultimate strength
by any pressure which could be produced under ordinary con-
ditions. The strength of the fittings at the point of leakage
for the tubing was found to vary from 7,000 to 18,000 pounds
per square inch.

The high working pressure gives great power to the engine,
and explains the great success of the car in climbing high hills

rrg. 2,-

BOILEE, BUENER ARD CONTROLLING APPARATUE.

and in passing over nnusually bad roads. A safety valve, not
shown in the drawing, is attached, which may be set at any
desired pressure but is usually set to blow off at from 1,000 to
1,200 pounds per square inch, Because of the small quantity of
water and steam present in the boiler no serious damage is
probable to person or praperty, even should the boiler tube be
accidentally split or ruptured, as the effect would be simply
that of allowing the steam to gradually escape without pro-
ducing any disastrous results, and even this accident has been
extremely rare. Considering the fact that thousands of these
steam generators are in use, m the charge of men who have
had practically ne experience in the operation of steam plants,
the results as to freedom from accident are remarkable, and
indicate that the apparatus iz, from the standpoint of safety,
not apen to eriticizm

An attemnpt has been made to get data respecting the amount
of deposit of scale in the tube of the White boiler, due to its
continued use, but without any very great degree of success,
Investigation indicates that there has been very little practical
diffieulty due to thiz deposit, and the makers report only a few
instances which have come to their knowledge of any trouble
due to this canse. The velocity of discharge of steam through
the single tube of the boiler 15 great, and it is believed has been
sufficient to remove the deposits in nearly every case. As much
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as 488 pounds of steam have been produced per hour by the
Yi-inch tube. Without taking into ace
produced by superheat, the calculated weld
4o0 feet per second through the tube.
volume, due to the 1'|ip_,|1 degree of superheat, the actual velocity

t the extra volumme

wity approximates

Because of mcreased

approximates one-third more
ion of the White boiler on the motor

car, water is taken from a reservoir which 1 supplied m great

For the actual ope

part with water condensed in an air surface condenser. The
condenser 15 located at the front of the car and receives the
exhaust from the engine which contains an appreciable amount
of cylinder oil. A large proportion of this oil remains in the
water tank and i1z discharged when convenient, but at times
quite a considerable amount is forced through the boiler. So
far as the makers have been able to ascertain, no injurious
“effects have been caused by this p

ctice, and as a consequence

car, the air pipes were directed radially into the chamber below
the burner, In the 1gof car the air pipes direct the entering
air tangentially, as shown in The change in the
direction of the air pipes has resulted in a decided reduction of

Fig. 2.

noise and an increase of capacity and efficiency of the burner.
For the 1po7 car the air pipe is supplied with a regulating
The gasoline 15 supplied through a pipe and flows past
thermaostat; it then flows

valve,
a valve I, which i3 operated |r_-.' a
into the vaporizer (), where it is heated ; thence it flows to the
center of the air pipe M

The thermostat shown at ¥ in Fig. 2 consists of a rod in-
serted into the steam pipe so as to be in contact with the steam

The expansion
of this gasaling valve at I} Fig 2. The
thermostat 1z ordinarils

on itz passage from the boiler to the engine
rodl controls the
adjusted so that the oil supply valve

will remain open until the temperature of the steam rises to
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BOILER SHOP OF WAL OXFOED & 20KS, LTD.

INTERIORE VIEW 0OF

they have made no attempts to introduce a separator for re-
moaving this ol
The furnace or burner which 15 emnploved with the sterm gen-

ted

s shown at P, Fig. 2

erator for nse on the motor car

heneath the ler and adapted for the burning of gasoline
vapor., The lso shows the various means of automatic
control of fuel and water which are employed with the -
erator.  While burners of other tyy lapted for other fuels
than gasoline can and doubtless will be uzed when conditions
dem it, the gasoline burner emp has

iret be pro

efhcient, In the burning of gasoline a vapor must
d hy hes ns which must he

ious to the combustion m order to give perfect

t or other me mixed with ar

high efficiency; for this reason all gasoline burpers are pro
line before it 15 fed
heatiy

vided with means for vaporizing the gas

ually consistz of means

to the furnace, which

termed a T *+, a3 15 shown at O, Fig, 2 he 1CT Con-
sists of a cast-iron grate with slotted opetmngs, wn at P
with a sheet metal chamber underneath, closed except where
pipes enter for admission of air, as shown at 1. In the 1005

main
lled a pilot
15 kept burning constantly during

about Hoo degrees F. In order to light and relight the

burner, when necessary, a small gasoline flame e
at C, Fig. 2,

the time the vehicle 15 in usc
of the ga

ton

flame, sh

I'he valves for the hand control

soline supply are shown ar L, Fig In the opera
siderable
T pipe
a aufficient amount
1 the

vapor and burns with a hot fame on top of the cast-

birner the soline 15 discharged with ¢

velocity, and while in a vaporized condition into the

M, Fig, 2, and by this operation draws in

of air for supporting combuztion, which 1z mixed w
gasoling
iron grating.

Far the purposes of use on maolor it is

the also de-

sirable to have an antomatic control of the supply of water:
thiz iz obtained in the White motor car by means of a pump
the engine and which
botler or into the source of
1 valve controlled by

If the pressure
to any desired amount, a valve is

which 15 :|'I'-.'-.'I|_lI connected o

into thi

may

deliver either directly

supply, depending upon the opening of :

the steam Pressure .L'.lil';-.i agamst a Spring.

we 400 pounds, or

rises

opened =0 as to return the water through an opening to the
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source of supply. If, on the other hand, the pressure is below
the required amount, the valve iz closed by the tension of the
spring and i3 forced by the pump into the boiler.
It is noted by the illustration, Fig. 2, that no
supplied to the boiler, and from the description of 1ts opera-
tion it is seen that none iz necessary.
In the operation of the plant, as applied to a steam car and

ter gage 18

provided with the automatic devices as described, the fuel and
steam requires, with
Thus, for

water are supplied as the demand for
scarcely any attention on the part of the operator.
instance, if the steam pressure becomes excessive, the water
supply is closed off by the water regulator, which immediately
canses the pressure to drop. If the temperature of the steam
becomes excessive, which would soon be the case if the water
supply were turned off, the fuel supply is cut off by the
thermostat, which soon reduces the temperature to the normal
amount, O the other hand, if there is an excessive amount
of steam drawn off, the pressure and temperature drop, and
both the water and fuel supply 15 increased

The Boiler Shop at the Shipyard of William
Doxford & Sons, Ltd.

A large and well
yard of William [k
northeast coast of E
plant was nstalled about 1880, although the yard was started

equipped boiler shop 15 located at the ship
iwrd & Sons, Ltd, Sunderland, on the
The present equipment of the

at Pallion in 1857, and the present sitc was cleared in 1360,
The work carried on in this shop is principally the construction
of Scotch marine boilers for installation in the peculiar type
These ships are nearly all of the
turret type of cargo steamers. The advantage of this type of
ship lies in its seaworthiness, on account of which it can make
quicker passages in rowgh weather than the ordinary type of
cargo steamer. The peculiar shape of this type of ship makes
it particularly adapted for carrying cargo, as it can be con-
structed with large holds unobstructed by beams or stanchions,
Since 1900, when the tonnage turned out by this vard was

of ship built at thas yvard.

BOILERE PLATE AND ETOCK YARD AT THME SMIFYARD OF WM

Cost of Riveting
The following eomparison of the cost of machine and pneu-
matic riveting is given on the authority of the Chester B
Albree Iron Waorks Company, Allegheny, Pa.  Since a machine
will drive rivets as fast as they are fed to it, the chief cost is
that of handling the work. This varies with the class of work,

heavy and bulky work being, of course, harder to handle
Assuming $4.50 a day for the labor, exclusive of the heater, if
a machine drives some 700 or 200 rivets a day the cost [o
labor, power and general charges will he from $g to 33 cent
per rivet. Pneumatic hammer rivets in ordinary shop work
will cost hardly less than 114 per
charges. Assuming only 74 cent saved per rivet, t
21,000 or $1,200 saved per yvear. A much greater savi
generally result, for if double the machine rivets are driven

cents Tivet

per day the cost per rivet is practically cot in half.

DOXFORD & SOMS, LTD.
34820, the output has been increased steadily until in 1000 it
amounted to 106,138 tons, comprising a total of twentv-five
ships.

In 1go1 the engine and boiler shops were destroyed by fire,
and advantage was taken of the necessity of putting in new
wiorks to bring them thoroughly up to date. Tn 1gab the entire
plant was equipped with electric drive throughout. This
method of generating and transmitting power has been carried
to such an extent that at the present time even the power for
hydranlhic and preumatic |’:.T|_".‘~|';|—._- 12 secured by means of
clectric motors. The power for one section of the yard is gen-
four units, each of 250 H. P., driven by a triple-
sion, surface condensing, vertical engine, operating at 160
Cuarrent for the remainder
of the yard is taken from private companies.

erated by

eX]|

pounds pressure per square inch

The boiler shop 15 330 feet long and 15 divided into four
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bays, two of which are 49 feet wide and two 32 feet wide.
Each bay has four overhead traveling cranes. The cranes in
the wider, or gg-foot bays, have a capacity of 80 tons each. In
addition to the overhead traveling cranes individual machine
tools are served by light jib cranes. The use of electric motors
on individual machines has done away with the use of line
shafting except in cases where two or three single machines
are operated continuously, in which case one motor serves to
drive a short section of light shafting,

The shop iz well built and conveniently arranged. Tt is
lighted by means of skylights in the roof, and in addition
electric arc lamps are provided for dull weather and night
work, As can be seen from the illustration, showing the boiler
and plate stockyard, some of the lighter sheet metal work is
assembled and riveted up in the vard. Small locomaotive eranes,
one of which can be scen in the photograph, serve to handle the
material ontside the shop,

The Area of Circular Segments.

In laying out a horizontal return tubular hoiler it is neces-
sary to know how to figure out the area of a segment of a
circle. That part of the boiler head above the tubes. must be
braced either by through or diagonal stave, and in order to
determine the size and pitch of these stavs the area of this
portion of the head must be determined.

It may be safely assumed that the upper row of tubes in the
boiler will act as stays for a portion of the lower part of the

FIc. L

segment, and also that the flange of the head will serve to stay
the edge of the plate, There is no definite way of determining
just how much of the head is securely braced mn this way, but
practice has shown that if 2 inches are allowed above the top
row of tubes and 3 inches from the edge of the fange, the
results will be well within the margin of safety., There is left,
then, as the area to be braced, the segment shown shaded in
Fig. 1; the diameter, length of chord and height of which can
be easily found. Since a strip 3 inches wide is considered to
be braced by the flange of the head, the diameter of the circle
of which the shaded part is a segment, accarding to the dimen-
sions shown in Fig. 1, is 72 — 6, or 68 inches, The height is
33 — (2 + 7}, or 24 inches. One-half the length of the chord
is a mean propertional between the two parts of the diameter,
which it intersects al right angles, or

chord :
——— § = height * {diameter — height).
2

The most direct way of finding the area of thiz segment
is to first obtain the area of the corresponding sector and

0
—

T
+

=

subtract from this the area of the triangle formed by the
chord of the sector and the radii to its extremities; for in-
stance, in Fig. 2 the segment BCDE, which has a height of 18
inches, iz equal to the arca of the sector ABCD, minus the
area of the triangle A8ED. Tt will first be necessary to find
the length of the chord BEED.

Since BE is a mean proportional between CE and EF, (BE}®
= CE X EF; (BE)* =18 % 54 = g72; BE — 3L.17
fore, the length of the chord is 62,354 inches.

The area of a sector is equal to the length of the arc times
one-half the radivs. If it were possible to measure directly
the length of the arc BCD this would be a simple calculation.
This, however, can scldom be done with any accuracy, and
therefore it is necessary to make use of trigonometry in order
to get the length of the arc. The length of the arc equals the
length of the circumierence of the entire circle times the num-
ber of degrees in the arc BCD (or in the angle BAD) divided
by 360,

Therefore,

7, there-

cireumfierence of circle ¥ degrees in arc * radins
area segment = S
300 X 2
chord % (radivs — height)

2
The number of degrees in the arc may be found by first
finding the angle BAC. The sine of this angle equals
BE ILATT
—_— = —— — 856,
B4 ki
Looking up the angle corresponding to this sine in a table of
natural sines and cozines, we find that the angle BAC is 6o
degrees, and therefore the angle 5AD, which is twice the angle
BAC, is 120 degrees, or the arc BCI? equals 120 degrees, Of
course, in this particular case it will be seen at once that the
angle BAC is an angle of 6o degrees, since the side 4B of the
triangle ARE is twice the length of the side 4E. In nearly
every case, however, it will be necessary to make use of a table
of natural sines or natural tangents in order to determine the
number of degrees in this angle.
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Having found these values, substitute them in the formula
for finding the area of a segment as follows:

31416 3¢ 72 % 120 % 36 62354 0 18

Area

Il
I

360 % 2 2
Area = 1,357.171 — 561186,
Area = 795085 square inches.

. While the above method is the exact method for finding the
area of a segment of a circle, it is by no means a simple and
converient computation to make in practice, and it iz practically
useless unless a table of natural functions of an angle is at
hand, Therefore, it is necessary to use some more convenient,
even if less aceurate, method for finding this area.

Perhaps the simplest and most convenient method iz to make
uge of a table in which the area of the segment has been com-
puted for different ratios of height to diameter for a cirele one
unit in diameter. Then multiplying this area by the square of
the diameter gives at once the required area of the segment.
The accuracy of this method depends upon the number of
decimal places to which the table is worked out. Such a table
15 given below, and using the segment which is figured out
from Fig, 2, as an example, we find that the height of the
segment divided by diameter of circle = .25. Looking up
.25 in the column of height divided by diameter, we find the
corresponding area for a circle one unit in diameter = .153546;
153546 ¢ (72} = 7os5.083 square inches.

Height Height |
+ Arca. -+~ | Ared.
Diameter. Drameter.

o1 .OO1330 .26 162263
.02 LBO3740 a7 LITIO00
.03 LeabBG0 .28 180020
o ~eres 38 .20 .18goy8
.0g .oT4081 ] | .IgB163
.of .OT0230 LE1 | 207370
o7 Le24108 .32 2104806
-o8 020435 V33 ~zafiozy
.0Q a35012 34 235473
.10 .a4o875 .33 244080
JII agyeab .36 L254551
X2 053385 | 37 .a2fg170
.I3 OG0T .38 | 273861
o L0333 .30 | .283303
+15 873873 T «203370
(] Jolrrra 41 L303187
-7 JoBSsa6 42 313042
.18 .o00135 43 322028
.10 | . 103000 i L332843
+20 LIIT824 .45 342783
.21 L1188 .40 L352742
.22 LI28114 47 362717
.23 136463 48 372704
-24 BERLTL “il .382700
<25 1335546 50 - 302005

There are a number of approximate rules for finding the area
of a segment which give results varying by only a few percent.
In the first place, the area of a segment may be computed by
Simpson's rule for finding the area of any irregular fipure
bounded by corved lines. This rule i as follows: Given the
segpment thown shaded in Fig. 3, first measure the length of
chord, 68 inches: divide this chord into eight equal parts and
draw the vertical lines shown dotted at these points. Only
four of these lines are shown in the figure, as those on the
other side of the center line will have corresponding lengths,
Measure the length of each of these wertical lines and then
multiply the length of the center line (25%4 inches) by 1; the
next one (24 inches) by 4; the next one (203f inches) by 2,
and the last one (1434 inches) by 4. Add all of these products

together, multiply the sum by the base of the zegment (68
inches) and divide the result by 12, Thiz rule could be de-
pended upon for very good accuracy if the measurements could
be accurately made, but due to the dificulty of making ac-
curate measurements the rule is somewhat clumsy to use,

A modified form of the foregoing rule may be used, which
will pive results with an accuracy of 4 or 5 percent as against
an accuracy of approximately 1 or 2 percent in the first case,
In this rule it is necessary to measure only the following dis-

= yz" E »
FIg, 8.
tances: The chord (68 inches), the height (254 inches), and

the wertical line which divides the chord into quarters (2034
inches). Add the length (257§ inches) to 4 3¢ 2034. Multiply
the sum by the base (68) and divide by 6.

A somewhat rougher approximation for the area of a sep-
ment may be obtained, as shown in Figs. 4, 5 and 6, where
the area of the entire semi-circle 15 first obtained, and then
an area equivalent to the difference between the entire semi-
circle and the segment is subtracted from this. The area of the
entire semi-circle is 14 » 31416 % B°. The area to be sub-
tracted from this can be approximated in either of the follow-
ing three ways: In Fig. 4 this area is considered as a rectangle
whose base iz equal to the diameter of the circle, and whose
height iz equal to the difference between the radius of the
circle and the height of the segment. This area is evidently
too large, and therefore the area of the segment will be too

Flg. 4.

small, In Fig 5 the equivalent area is taken as a rectangle
whose base is egual to the length of the chord and whose
height 15 equal to the difference between the radius of the
circle and the height of the segment. This area is evidently
too small, and therefore the resulting area of the segment will
be too large. A clogser approximation is shown in Fig. 6, where
the equivalent area to be subtracted from the semi-circle is
taken as a rectangle whose length is a mean between the
diameter of the circle and the length of the chord, the height
being the same as in the previous cases. The error due to
using either of the last three rules is likely to run up to g
percent or over, and therefore they should be wsed only when
an aproximate value is desired.

The following rule has been devised by the editor which
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can be used with ease and accuracy whenever the height of the
segment is greater than one-half the radivs of the circle, Asin
the foregoing rule, first find the area of the semi-circle and from
thiz subtract the area of the rectangle, shown dotted in Fig. 7.
The width af this rectangle iz equal to the difference between
the radius of the circle and the height of the segment. -Its
length iz equal to the length of the base or chord of the
segment plus 670 times the difference between the diameter of
the circle and the length of the chord. For the dimensions

shown in Fig. 7, the exact area of the segment, as given by the
table, 15 as follows:
height
= .3 Area of a segment of this ratio of height to

diameter
diameter in a circle one unit in diameter is given as .108168.
Multiplying this by the diameter squared .1g8168 » 60" =
713.4048 square inches.

The area of a segment, according to the rule just given, is
as follows: The area of the semi-circle equals 3.1416 3 30" =

s ] L3 Crdind. o
:,l'l'_ e L= 54.98 _| ey T PO -
i i
I_L—-- — S498+.6Te {D=L] o h o s T i —

Ii | | il
[ [l _LL
-— — o e e S Ey |
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1,413.72 square inches. One-half the length L is a mean pro-
partional between the height of the segment and the diameter

L

L t ]
minus this height. Therefore, (— ) = 18 ¥ 42, or —
2 a

= 27.4g and L = z4.08 inches. Therefore the length of the
equivalent rectangle is 5408 + 676 ¢ (60 — 54.08) = 583735
inches. This length times the width of rectangle (12) equals
700.4822 square inches, the area of the rectangle. The area of
the semi-circle, which was found to be 1413.72, minus the area
of the rectangle, equals 7132378 square inches. Comparing
thiz value with the exact area we find the error to be only
023 percent.  Calenlating the area of the segment accurately
by means of a table and then by the method just given for
segments &, 12, 18 and 24 inches in height for a cirele 6o inches
in diameter, gshows that where the height of the segment is
greater than one-half the radius, in this case greater than I3
inches, the percentage error from using this rule is very small
indeed, being only a few hundredths percent.  For the smaller

segments the percentage rapidly increases, so that for the
segment only 6 inches high the percentage error is nearly g.
These results, tabulated in the following table, have been

AREA OF SEGMENTS IN 0O-INCH CIRCLE.

Helght of  Area Figured Area Figured by Percentage Eror
Segmen)

t.  from Table. Short Rule. of Short Rule.
6 TS 160.344 206
TR 402 5064 403704 282
TR 7134048 713.2378 020
L R 10560132 1056.0017 o026

plotted in Fig. g on the bases of the corresponding segments
and a smooth curve drawn through the points. This curve

F1o. fi.

shows then in a rough way the percentage of error which
might be expected from using this rule. The accuracy of the
rule where the height of a segment iz greater than one-half the
radius is very apparent. Furthermare, the rule is very easy to
use, as it is simply necessary to remember or have noted down
in a convenient place the constant 676 vsed in finding the
length of the equivalent rectangle.

G 8,

Two good rules for finding the area of a segment which are
not gencrally known were given in a recent issue of The
Locomotive, The first of these was devised by Mr. C. E.
Platt, inspector of the Southeastern Department of the Hart-
ford Steam Boiler Inspection & Insurance Company, and
gives a sufficient degree of approximation for most practical
purposes, and furthermore is easy to use. Tt is as follows:
“Subtract the height of the given segment from the radivs of
the eirele and multiply the result by the diameter of the circle,
diminished by 1 inch. Subtract the product =0 found from the
area of the semi-circle of which the segment forms a part, and
the result is the approximate area of the segment. All measure-
mente are to be made in inches” It will be seen that this rule
is similar to the one last mentioned except that, instead of
taking the area of a rectangle whose length varies according to
the difference between the diameter of the circle and the base
af the segment, the length of the rectangle it in every case
taken 1 inch lese than the diameter of the circle.

The other rule was devised by the editor of The Locomo-
tive, and although somewhat complicated, gives very accurate
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results and can be solved by simple arithmetic, Quoting the
explanation of this rule as given by the author,

“The measurements that must be known in order to apply
thiz more accurate approximate formula are shown in Fig. 9.
The shaded area 4 here represents the segment whose area is
to be determined, and €0 is a diameter of the circle to which
the segment belongs, OO being parallel to the base of the SeE-
ment EF. The lengths denoted by the various letters in the
diagram will be apparent without explanation, with the possible
exception of M, which is the distance, measured in a straight
line, from F, the extremity of the base of the segment, ta D,
the corresponding extremity of the diameter CD. The lines
R, H, L and M can all be directly measured if desived, but it
i3 not necessary to measure more than two of them, since when
two are known, the others can be caleulated. For example, if

L
f
— g —

FIG, i,

we measure R, the radius of the circle, and H, the perpen-
dicular distance fraom the center of the circle to the base of the
gegment, then we may calculate L and M as follows: For
finding L we have the relation I' = (R 4+ H) (R — H):
and when L has been obtained in this manner, we may find M
from the relation M* — 2R (R — L).

When we know B, H, L and M, either by direct measurement
or otherwise, we may obtain a very accurate value of the area
4 (except when the height of the segment is very small) by
means of the formula:

R 4RM
A = 15707063 B* — H (L —_—
3 3

The first term to the right of the sign of equality represents
the area of the semi-cirele, the number 1.5707963 being one-half
of the familiar decimal number 3.1415026, by which the square
of the radius must be multiplied, in arder to obtain the area of
the whole circle.

The area of a segment 18 inches high, in a circle 72 inches in
diameter, is found, by this formula, to be 70600 square inches,
whereas, the true area of such a segment was found to be 79508
square inches. In this case, therefore, the approximate farmula
last given is in error by only about o.11 square inches, ar by
about onc-cightieth part of 1 percent. The formula gives
results that are still more accurate, when the segment is more
nearly equal to a semi-circle,

There are at present ffty mallet-articulated compound loco-
motives in service in the United States, distributed over fdur
roads. The Great Northern Railway has twenty-five in road
service, the rest being in pushing service as follows: Northern
Pacific Railway, 16; Great Northern Railway, 5; Baltimore &
Chio Railroad, 1, and Erie, 1.

The temperature produced in the oxyacetylene blow-pipe is
safd to be as high as 6,300 degrees F, Welding by this method
is replacing the process of riveting in many instances.

Packing Flanged Joints.

BY C. R, MC GAHEY,

A new high-speed automatic engine had to be connected to
an ald pipe line that was not put up straight, so that when the
flange next to the throttle was put on it was open on one
¢ide about one-eighth of dn inch more than on the other, as
shown in Fig. 1. I separated the flanges as much as possible
and put in two sheets of sheet-packing one-sixteenth of an
inch in thickness on the thin side and three sheets on the open
side. Then I came down on my bolts good and hard and
turned on a little steam. This softened up the packing, and,
contrary to all engineering tenets, I continued to screw up
the bolts with the steam on, and they came all right, Soon
the packing began to force oot around the flange, and I put
on the full pressure, 115 pounds, and continued taking up on
the bolts until the joint was vulcanized. It had been there
three years when I left the section, and never leaked a drop.

FI.3

Another bad job was packing the flange between a mud-
drum and the boiler, shown in Fig. 2. They were wrought-
steel flanges, not faced and hard to keep tight. We aot
around it by using two corrugated copper gaskets, filling in
the indentations with good stiff red lead. It had to stand a
pressure of 180 pounds and upward, and it did it

In making a joint of this kind it is well to mix raw cotton
in the lead. This acts as a binder and makes a good filling
for a place like this.

A wrought-iron Hange was bent in unloading as shown by
the dotted lines at D in Fig. 3. We got a heavy flange and
some clamps that would span them as shown. When we had
our rigging ready we buoilt a charcoal fire under the bent
flange, and as soon as we got it hot enough we put the heavy
flange over it and drew it up so that no one could have told
that it had been bent.
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At another time we had some boilers, the steam nozzles
of which were put on crocked as in Fig. 4. There was a
1zz2-foot line of G-inch pipe leading off from these nozzles, and
we had to get it straight, s we had some flanges made as
shown at M, Fig. 4. Having a stop valve and a chance to get
in two such flanges, we got the needed corrections made close
to the boiler and it did not loak unsightly.

If you want to open a flange joint soon, rub a little chalk
over the face of the packing. This will cause the packing to
leave the fange clean and save the packing. In making joints
where a considerable thickness of packing is reguired, I have
found it advisable to use two thin sheets of rabber placed one
on top of the other and breaking joints. This answers well
for a long, narrow joint, and will hold under severe condi-
tions. An uneven joint is bad, because when the Aange is
down hard in some places it does not bind the packing in
others, and just where the packing is held the least tightiy it
presents the greatest thickness for the steam pressure to work
upon to force it out. The thinner the packing that can be
used, the better, I have used tin foil, but this must be on
a smooth joint. For water, I prefer the cloth insertion rub-
ber. It eosts less and answers every purpose.—Power,

A Convenient Tool for Calking Rivets.

It frequently happens that in driving up the rivets in the
furnace ends of Scotch marine boilers the rivets cannot be
made perfectly tight with a portable hydraulic or pneumatie
riveter. In such cases it becomes necessary to calk these rivets
by hand while the boailer 1s undergoing a hydrostatic test. This
operation presentz no unusual difficultie: except for those rivets
which are located in the part of one furnace adjacent to the
neighboring furnace. There is scarcely ever room between the
two furnaces to use an ordinary round nose calking tool.
Therefore, some special form of tool must be devised for
reaching these rivets. The illustration shows such a tool,
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METHOD OF USING SPECIAL CALEING TOOL,

which is used in onc of the large marine boiler shops of the
Middle West. A portion of the front head of a marine boiler
where two of the furnaces are adjacent is shown, giving an
idea of how inaccessible the edge of the rivet is for calking.
The curved calking tool shown is made of any convenient sized
bar {34 or 1 inch), cctagonal throughout the straight portion
in order that the workman may easily hold the tool without
any possibility of its tarning in his hand while being struck,
with one end forged to a right angle and flattened on the inner

side to form a striking surface for the hammer. The other
end of the bar is welded to an prdinary round nose calking
tool, which has been curved to the shape shown, An ordinary
hand-chipping hammer is vsed with the tool.

Longitudinal and Girth Joints in Boilers,

All writers upon the subject of steam boiler design devote
considerable space to the discussion of the longitudinal joints,
but it has appeared to some of our readers that the girth joints
have not received sufficient attention. For example, in boilers
that are to withstand high pressure, the longitudinal joints are
now usually made by abutting the plates, and securing one or
two overlapping straps to the plates by means of two rows
of double or triple riveting; while the girth joints on the same
hoiler are ordinary, single-riveted lap joints, It is the purpose

DIAGEAM S10WING FORCES CAVEED BY STEAM FRESSUVERLE

of the present article to make it plain that this construction
is correct, and that if the single-riveted girth joint is properly
designed it is still considered stronger than the double-butt
strap triple riveted longitudinal joint,

The cut represents a hollow cylinder of steel, an ideal boiler
shell, without heads or joints, It iz 66 inches in diameter and
14 feet long. The thickness of the metal iz 3§ inch, and its
tensile strength, let us gay, is 55000 pounds per square inch of
section. If this shell is burst by steam or water pressure, the
fracture can run longitudinally along the lines E, F, D, C, or
arpund the hoiler, along the line B4,

Let us first find the the bursting pressure, assuming that the
fracture takes place longitudinally. At the moment of rupture
the strain on the metal must be just equal to its tensile
strength ; that is, to 55,000 pounds per square inch. The area
of plate to be broken, along the line CI¥, 15 168 % 3% = 63
square inches, 168 being the length of the boiler in inches and
i4 being the thickness. The section along EF has the same
area, so that the total area to be broken across iz 2 » 63 =
1261 square inches; and since the strain on each square inch is
55000 pounds at the moment of rupture, the total strain on the
section of rupture will be 126 % 55,000 = G.030,000 pounds.

The total steam pressure tending to force the two halves of
the hoiler apart 18 equal to the pressure per square inch multi-
plied by the area of the cross-section of the boiler, which area
in this case iz 168 (length of the boiler) % 66 (diameter of
boiler) = 11,088 square inches. Those who are not familiar
with this sort of caleulation sometimes find it hard to under-
stand why the surface of the shell is not used instead of the
arca of cross-section. The answer is that the pressure on
the half EAD, for example, does not all act in the same
direction, owing to the curvature of the shell. The pres-
sure on parts that are close to the line O acts almost hori-
rontally, while on the parts lying along the top of the boiler
it acts vertically. It would be easy to take these varying
directions into account, but the same result can be reached
without any figures, and in a very simple way. Suppose, for
example, that the lower half of the hoiler in the cut should be
taken away, and that a flat plate should be bolted to the upper
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half in its place. If steam is now admitted, experience tells us
that the boiler will not move either up or down; and it follows
from this that the pressure against the curved half of the
structure is precisely equivalent, go far as forcing the halves of
the boiler apart is concerned, to that against the flat plate
bolted to it. Hence, as was stated in the first part of this
paragraph, the total pressure tending to force the two halves
of the boiler apart is equal to the pressure per square inch
multiplied by the area of cross-section of the boiler (11,088
square mnmches).

The prezsure that would burst a shell like that shown in the
cut iz of such a magnitude, therefore, that if it iz multiplied
by 11,088 square inches (the area on which it acts) the product
will be 6030000 pounds. Henee the bursting pressure i
6,030,000 <= T1.088 = 625 pounds per square inch, This is not
the bursting pressure of a boiler of this size, but simply of a
steel shell of the given dimensions; for we have not yet taken
account of the joints that occur in boilers.

Let us now see what pressure would be required to force the
boiler apart endwise, tearing it along the line 4F. The only
thing that can produce a strain acting lengthwise along the
boiler, 15 the pressure gn the head, which is equal to the steam
pressure per square inch multiplied by the area of the head, the
area of the head in the present case bemng 66 5 66 = 7854 —
3,421 square inches.

To withstand the strain so produced we have a ring of
metal at A8, which iz 207.32 inches in circumference (66 %
3.1416 = 207.3) and 34 inch thick. The area of this ring is
207.3 % ¥ — 77.74 square inches; and when the shell is about
to break the strain upon the section A8 will be 55000 = 77.74
= 4,275 700 pounds. When the boiler parts, therefore, the
steam pressure must be such that. by acting on an area of 3,421
square inches, it produces a resulting strain of 4,273,700 pounds.
Hence the bursting pressure per square inch is 4,275,700 =
3,421 = 1,250 pounds.

The results that we have thus far reached are, that it would
take a steam pressure of 625 pounds per square inch to rupture
2 shell of the given dimensions longitudinally, and that it
wotlld take precisely twice this pressure, or 1,250 pounds per
square inch, to rupture it circumferentially,

If the shell were made up of plates, riveted together, we
should have to modify the foregoing calculation somewhat, so
ag to take account of the diminished strength due to the
existence of the joints. Let us suppose there iz a single-
riveted girth joint whase dimensions are as follows: Diameter
of rivets, 34 inch; diameter of rivet holes, 13/16 inch; pitch
of rivets, 134 inches; tensile strength of plate, 55,000 pounds.
It will be found that thiz joint has 53 percent of the strength
of the solid plate: so that the pressure per square inch that
would rupture such a shell eircumferentially, so as to blow the
two ends apart. would be 53 percent of 1.250 pounds; 1,250
53 = f06z.5 It would therefore take a pressure of 66214
pounds to the square inch to pull this girth joint apart. But

fram our previous calculation it appeared that a pressure of
fizs pounds would tear the solid plate apart lengthwise; so that
it appears that the solid plate would tear longitudinally before
a propetly proportioned single-riveted girth joint would fail
This is ample justification for the use of single-riveted girth
joints, even when the longitudinal joints are butted and
strapped and triple riveted.

Let us suppose that the boiler has triple-riveted butt-strap
jaints, the dimensions of the points being as follows: Strength
of plate = 55,000 pounds per square inch; thickness of plate =
3% inch; diameter of rivet holes = 13/16 ineh; pitch of inner
raows of rivets = 1% inches; pitch of outer rows — 614 inches,

The efficiency of this joint can be shown to be 875 percent,
The pressure that would rupture the solid shell longitudinally
being G235 pounds, the pressure that would rupture a similar
shell with a longitudinal joint proportioned as above, would
be 875 percent of 625 pounds, which is 547 pounds; and the
safe working pressure, allowing the usval factor of safety of
3, would be 547 <= 5 = 109 pounds per square inch,

To illustrate the fact that a single-riveted girth joint is
stronger than any form of longitudinal joint, we have taken a
particular case and computed the strength in both directions.
A general proof of the same fact might be given, applicable
to all diameters of boilers, all thicknesses of metal and all
styles of joints; but the proof would be algebraical, and for
this reason we have not thought it necessary to include it.
Those of our readers who understand algebra will have no
difficulty in finding the general prodf for themselves, for it is
based upon precisely the same considerations as the numerical
example given above—The Age of Steel,

Upsetting the Ends of Boiler Tubes.

Having had some experience in upsetting boiler tubes, T was
surprised to learn that some manufacturers of tubes cannot
overcome the difficulty of upsetting boiler tubes without leaving
grooves in or outside the collars, as shown at H. I am work-
ing where boiler tubes are used by the carload; having ex-
amined some of them, I found grooves in them.

One day we were in a hurry for 4o0 boiler tubes, and as it
would require a few weeks to get them from the East, our
superintendent ordered them to be made at home. It was
the first time we had made any; and, though there was a fore-
man in charge who knew the way of upszetting boiler tubes in
the East, considerable difficulty was experienced in making
them, and we also could not prevent the grooves forming,

Having solved the problem of upsetting boiler tubes without
leaving any marks or grooves, I send you this drawing and
description.  The illustration at © shows the new header with
swell or taper neck: it 15 for the first operation and expands
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the tube as shown at a, Fig. F. The object of the expansion
is to prevent grooves on the collars, as shown at A, [ is the
header for upsetting boiler tubes in the old way; it leaves
grooves on the collars. Thizs header can be used for the
second operation, and leaves a perfectly smooth fnish, as
shown at . & is the die with headers for both operations.
F shows the collar after the first operation in the new way;
b is the end of the collar—it ig the same thickness the tube
was before the first operation: ¢ 18 the heavier part of the eol-
lar at the back. & iz the finished collar after the second oper-
ation in the new way, E 15 the tube before the first operation.
H iz the collar showing the groove when made’ in the old
way. A and B are the dies

The advantage of the new taper header 15 not only the bet-
ter and smoother finigh, but also in the length of collar. With
the old header {now used for the second operation) collars
only up to 3 inches long could be made, while with the new
or both headers, collars of 5 inches or longer can be made.

On a bulldozer or bolt machine, where the two headers can
be adjusted for use at the same time, collars can be finished
with ene welding heat for both operations, if not over 3 inches
long.—A. Z in American Machinist,

Pneumatic Tools for Boiler Shops—IIL

Important Points on the Design, Operation and Care of
Pneumatic Drills, Hammers and Hoists which
are Used in Boiler Shops.

BY CHARBLES DOUGHERTY.

Prneumatic Hoists.

Az a mecessary part of the equipment of boiler shops the
pneumatic hoist has proved invaloable as a time and labor
saver, These hoists may be classified under two headings,
namely, the cvlinder type and the motor tvpe. The cylinder
tvpe, while readily answering many of the purposes for which
the ordinary hoist 15 called into use, i5 nevertheless not as
reliable as that operated by a motor-driven gear, and although
some of them are equipped with devices for retention of a lead,
they have uswally been found in practice to be inadequate for
that purpose.

CYLIMNDER HOISTS.

Briefly, a cylinder hoist consists of a cast iron cylinder, or
tube, in which a piston 15 fitted. The tube iz suspended from
the crane or support at one end, while the piston rod passes
through a stuffing-box in the opposite end. The load is attached
directly to a hook at the end of the piston rod, and the hoist
it operated either by admitting air to the lower end of the
cylinder or by exhausting air from the upper end while the
lower end is under pressure. The height of the lift in this
type of hoist is limited by the length of cylinder, and the
capacity of the hoist or weight of the load which it can lift is
limited by the air pressure and area of the piston. As a gen-
eral proposition the control of the speed and travel of the piston
iz rather uncertain, and the hoist gives the best satisfaction
when used to lift a load through the entire length of 1ts stroke,

The hoist shown in Fig. 1, which 15 manufactured by the
Omincy, Manchester Sargent Company, 114 Liberty street, New
York, 15 always in a seli-balanced condition, as the tank
pressure of air 15 constantly on the lower side of the piston,
To lift the load, the air from above the piston is released to
the atmosphere, the escape being proportioned to suit the re-
quirements of the speed of lift desired. To lower the load, the
air is by-passed from the lower to the upper side of the piston,
equalizing the pressure and the difference in areas of the
sides of the piston, plus the weight of the piston and rod, caunse

the piston to be positively returned. By this methed the air
is used one way only, and a positively balanced machine is
obtained. This hoist is equipped with two scts of chains for
handling the laad, one for the quick speed and the other for
slow handling. When either chain iz released a self-closing
air-actuated valve clozes, thus holding the load in position.
The device for retention of the load eonsists of a friction
collar on the piston rod connected to an auxiliary valve, and
operating upon the slightest movement of the rod to replace

i

FiG. 1.—ORDINARY METHOD OF INSTALLING CYLINDER HOIST.
leakage of air from above or below the piston, and by this
means sustaining the load at the desired height.

The heads on the cylinder of cylinder hoists may be either
bolted or screwed on. In the hoist shown in Fig. 2, which is
manufactured by the Chicago Pneumatic Tool Company,
Chicagn, 111, the heads are bolted on, and in general this
arrangement permits easier removal when necessary. In tius
hoist friction iz reduced to a minimum by having the cyvlinder
highly finished and polished inside. The piston i3 provided
with a cushioned stop at the top and bottom of the cylinder, to

F1G. 2.-

CYLIXNOER HOIET INSTALLED HORIZONTALLY,

obviate danger from sudden stops or jars. The valve is easy
of access and can be removed without taking off the heads.
Lubrication is obtained automatically and the exhaust is very
efficiently handled by a special attachment.

The conditions of shop practice have brought about many
different methods of nstalling  cylinder hoists.  The most
common way 15 that shown in Fig, 1, where the hoist is sus-
pended from a simple bracket or post jib crane. The crane, of
course, swings about its support and the hoist can be moved
along the crane in a radial direction. Fig. 2 shows a case
where a cylinder hoist is installed horizontally. This arrange-
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ment 13 useful where it 15 necessary to save head room, since
the distance from the support of the hoist Lo the top of the lift
15 reduced to a minimum. In order to obtain a longer lift the
type of cylinder hoist shown in Fig. 3 has been devised, which
is known as a telescopic hoist. In this case the single tube
or cylinder 1= surrounded by a second tube, in which it is oper-
ated in the same manner as the piston and rod in the single

FIG. 3.—TELESCOPIC CYLINDER HOIST.

hoist. Thiz type gives double the lift obtained with the ordi-
nary type. Fig, 4 shows a common arrangement for a jib air
crane. The cylinder is placed between the channel bars, which
form the mast of the jib crane and operate the block and tackle
through chaing, which are suitably roved over pulleys so as to
permit the trolley to travel back and forth along the jibh. Im
Fig. 5, which is a combination pneumatic and hydraulic jib
crane, the jib itself 15 raised and lowered instead of the hook.
The mast of the crane is pivoted so that it can be swung about
its axis.

MOTOR HOISTS.

While the simple eylinder hoist iz particularly well adapted
for certain classes of work its obvious disadvantages, such as
the great amount of head room required, uncertainty of control,
ete, have brought about the development of the motor hoist.

FiG, L—STATIONARY CYLINDER MWOIST.

In this type an air motor is used to drive a rope drum, the
motor being connected to the drum by a train of gearing,

Fig. 6 shows a hoist of this type manufactured by the Fort
Huyron Air Tool Company, Ltd, of Port Huron, Mich., and
known as the Piling Motor Hoist. Tt was first used in foundry
work, but is now being used to good advantage in some boiler
shops. It is of the oscillating cylinder type. The load can be

FIG. S.—HYDRO-FHNEUMATIC HOIST,

sustained with comparative safety without any appreciable set-
tlement, by reason of leakage of air. The valve is operated by
chains, reaching within a reasomable distance of the ground,
allowing of instant starting or stopping of the motor. It
closes automatically when the chains are released. There are
eight ports, and when the engine is on the dead center the air
is entirely shut off. Four of the ports on each cylinder head
operate at the same time, allowing two to feed and two to
exhaust, 2o that when the engine turns off dead center the feed
and exhaust ports start to open. When the engine is on half-
stroke the ports are wide open, and gradually close until it
gets on dead center. The cylinder rocks on a trunnion pin,
which is stationary, with a spring under the lock nut on the
cover. The spring is made strong enough to take up all wear
that may eome on the two faces. The hoist is equipped with
winding drum and wire rope,

Ancther hoist of the oscillating eylinder type iz manufac-
tured by the Chicago Pneumatic Tool Company, Chicage, 111
This is shown in Fig. 7.

The oscilliation of the eylinders opens and closes the ports.
Lubrication is obtained by keeping a small quantity of ail in the
case, which, when the motor is in motion, dashes il on the
valve geats, and is in turn earried by the air through the parts
in tufficient quantity to thoroughly oil the pistons. It operates
by the motor through a serieg’ of gears cut from solid steel
It is equipped with a friction brake, by means of which the
load can be retained when it becomes neceszary to hold it for
any length of time, and thus the necessity of depending upon
the air for that purpose with its constant dropping from leakage
is avoided. The operating valve is seli-centering, and is under
constant control of the operator, who can readily adjust the
speed by means of pendant chains provided for that purpaose.

Fig. o shows a sectional view of a high-duty pneumatic
hoist manufactured by the Ingersoll-Rand Company, 11
Broadway, N. ¥. As can be scen from the illustration
the motor drives the rope drum through a worm gear.
This gearing instantly and positively locks the instant the
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FIG. §.—PILING MOTOR MOIET.

motor stops, whether in lifting or lowering the load, thus
doing away with the necessity of a brake of any sort. This
arrangement allows no possibility of slip or back-lash, even
should the air pressure suddenly fail

The motor 15 of the standard “Tmperial” type—a balanced
three-cylinder engine, The machine may be said to be “valve-
lezs.” in the sense that no separate part is required for the
control of the air distribugion. Air enters and 15 discharged
through the ports in the crank, which iz of large diameter and
so designed that the port passages are shorter than in any other
piston motor. The three radial eylinders are bored from a
single steel casting and rotate about the erank. The cylinder
bearing about the crank is bushed with a taper bronze sleeve,
and wear i5 taken up simply by driving up on the taper. The
thrust of the pistons being always outward, and pressure being

FIG. T-—CHICAGD MOTOR HOIST.

always exerted between pistons and cylinder head, the cylinders
are alwayvs forced down to a tight seat on the crank, and
leakage of live air 15 an impossibility.

The motor casing is partially filled with oil which, in
running, is thrown over every part of the machine. A glaes-
cavered opening in the case shows the oil level, Every bearing
thus runs in an oil bath, The casing is not under air pressure,
hence there is no tendency to hlow or foree out the oil, a
feature of great value in its effect upon pood lubrication.

|
|

Fite. B.—EMFIRE MOTODR MOIST,
The operating wvalve is self-centering and antomatically
returns to “clozed” position when released. Pendant chains
for control reach to the floor. An automatic gtop is provided,
which cloges the throttle when the lead has been lifted to the
limit of safety. This little refinement prevents injury to the
hoist through the carelessness of the operator,

Another feature of this hoizt iz the ball-bearing lower hook-
block., The rope runs over a groove, permitting compensation
in the two drums, The hook turns on ball bearings, and the
load may be turned in any direction without twisting the rope.

The Empire Engine & Motor Company, Orangeburg, N. Y,
has designed and constructed a motor hoist to meet the re-
quirements of the advocates of a pneumaticallv-operated chain
hoist, It is 50 constrocted as to require little head room,
while under perfect control of the operator it iz possible to
start, stop and hold the load at any point. Unlike the eylinder
type of hoist, there iz no dependence upon air pressure to
sustain the load. As can be seen from the illustration, Fig. 8,
a reversible mwotor is attached to the side plate. It has a
pinion on each end of the piston shaft, which meshes into
driving gear wheel, which in turn operates the main shaft upon
which sprocket wheels are placed for the cham to run through,
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They can be equipped with a friction brake, which permits of
positive retention of the load.
(To be continued.)

Superheat and Furnace Relations.”
BY E. F. BOLTOXN.

In the application of superheat to any steam supply, a stable
temperature or extent of added heat would appear to be a
primary condition, but with the present forms of arrangements
for the purpose this seems to be far from achievement,

A control of the temperature would in many cases be an
additional advantage, and the attention of designers is evidently
tending toward this feature,

It may therefore be of advantage to bring together some of
the considerations bearing on this subject with a view to a
more general interest in the methods of generating super-
heated =team.

Maost of our present practice appears to be based upon the
adaptation of superheating apparatus to standardized forms of

FIG. B.—SECTIONAL VIEW OF IMPERIAL MOTST.

boilers and settings, a leading consideration being the avoid-
ance of disturbance of their accepted designs, or alteration of
the accepted relation of boiler parts,

It has thus become very common practice to install super-
heating surface in some one position in the gas passages. where
4 more or less convenient Space exists in a standard design,
without special regard for its full desirability, or for a well
adapted relation of the superheating surface to the path or
travel, volume, or temperature of the gases,

Manifestly, if existing designe of boilers and settings are to
be rigidly adhered to, this must be the case, but it would seem
that the eventoal aim should rather take the direction of a
remadeling of the designs of both boiler and setting, in favor
of the superheating apparatus, and that the latter should re-
ceive a greater consideration than its present very secondary
position in the combination.

Merely to place a superheating coil in a certain part of the
gas passage of a boiler, and to connect the steam supply to 1t
by strange and undesirable pipe connections, as is so frequently
the case at present, is by no means to be regarded as a com-
plete solution of the problem.

Tn such a position, not only the design of the superheater,
but often its true proportion may be sacrificed to the exigencies
of boiler proportions, and its accessibility, so peculiarly neces-
sary, becomes questionable,

= Yol. XXVIII, Transactions American Society Mechanical Engineers.

FPlaced thus, or in any other position where the travel of the
main body of gases from the fire envelopes the heating surface,
the superheater is subjected to conditions of wide variation of
gas passage and temperature, largely increasing and decreasing

“its output in transferred heat,

Ii its proportions be based upon a given heat transfer to a
given rate of steam passage through its interior, then the addi-
tion of green fuel to the fire, or other sources of heat vanation
there, may affect its output to a very wide degree, probably
more than could be recorded by any thermometric appliance,
and with consequent wide variation in cylinder effects.

The operation of an ordinary furnace is subject to so many
variable elements in the nature of the fuel, itz combustion, draft
regulation, door openings, ash and clinker accumulations, and
in the human elements back of all, that so sensitive an appa-
ratus as that which is required to add heat to high-temperature
steam should be protected as far as possible from these
fluctuating influences.

Every engineer who has conducted boiler tests will agree
upon the subject of gas fluctuwations, in spite of the preatest
care and expertness in hand-firing, and even to some degree
with the use of automatic stokers.

The results would be comparable, though in a greater degree,
to the inverse operation of condensing steam in a forced draft
air system, in which the steam coil should be subjected to a
draft varving considerably in volume, excessively in tempera-
ture, and being at the same time irregularly directed upon the
tube surfaces.

It iz not an answer in full to these conditions, to so con-
struct a superheater, that an increase in the mass of material
in its composition or in its walls or setting shall be provided,
&0 as to absorb and give off heat to make up an average tem-
perature condition.

Consideration in this direction should extend alse to the
furnace, and take the form of arrangements designed to elimi-
nate the fluctuations of gas flow and temperature.

Automatic firing may do much toward such a result, but
even more appears to be realized by the provizion of some form
of reverberatory construction, in which masses of brickwork in
the form of arches or walls alternately absorb and give out
excess heat.

Several recent modifications of furnace design appear to lead
in this direction, and may evidently be productive of relatively
beneficial results on the steam generating as on the superheat-
ing strface.

Arrangements are capable of combination with certain types
of boiler settings, in which the superheater is provided with a
separate gas flue from the fire, with a byv-pasz connection to
some point in the main flue or passage beyond it, which by
suitable dampers may be capable of a regulation of the volume
of gas passing through the superheater. If provision could be
practicably added for control of the gas volume by means of
apparatus affected by the temperature of the gas, the output of
superheat would become a defined quantity with a given steam
flow, but with the high temperatures involved, this does not
seem to be realizable,

Fluctuations in the steam output of the bailer would, more-
over, still affect the degree of superheat, although this ele-
ment is one that 15 partly controllable by existing apparatus,
inasmiuch ag additions to the boiler output follow on additional
furnace work, =0 that some modificition or adjustment of the
rate of gas flow over the superheater could probably be intelli-
gently made by hand,

These considerations become more defined as the higher
temperatures of superheat are attempted, and probably as much
of the disappointment experienced in this direction iz due to
the lack of proper heat control, as to any other feature. The
work of heat transfer becomes rather closely balanced when
steam i3 being superheated to the high degrees frequently em-
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ploved in Europe, and when gaz of relatively high temperature
15 necessarily being utilized for the work., Such relatively high
temperature may, upon a comparatively moderate disturbance
of the furnace conditions, such as the introduction of fresh
fuel, fall temporarily to the degree where very little heat
transfer to the steam will take place, and thus the steam supply
of a delicately adjusted engine s suddenly reduced very largely
in temperature and its internal work, and its metallic expan-
sion, much and undesirably maodified.

It may not be too much to say, therefore, that for effectively
securing the higher temperatures of superheat, the furnace
conditions must be such as will eliminate the fluctuations of gas
flow and temperature, or the heater must be placed where
control of the gas volume can be secured.

Az regards the maintenance of a given zuperheat at various
outputs of steam, it may be said that where the relation be-
tween the furnace heat-output, the first heating surface of the
boiler, and the superheating surface is well related, it seems
reasonable to expect that variations in total steam supply
would show little variation as regards the superheat, since the
increase of furnace heat would be relatively absorbed by both
the surfaces referred to. This would, however, be modified
when higher degreez of superheat are in use, in which case less
of the first boiler heating surface must be interposed between
the fire and the superheater, and relatively less of an increase
of heat would be absorbed thereby, subjecting the superheater
to a relatively higher temperature, digsproportionate to output.

Desirable results seem, on the face, to be more readily at-
tainable in the separately-fired type of superheater, but in this
form of4he appliance the separate furnace is subject to many
of the zame effects of fluctnation, duec to fuel, draft and
handling, that a main boiler furnace would be. Moreover, the
temperature at which the gazes of a separate fire must pass
off from the apparatus involve zome loss in heat. This escap-
ing heat might in some cases be utilized in an economizer, or
as, in the recent proposal of Mr. Hogea Webster, member of
the American Society Mechanical Engineers, these gases might
be connected into the boiler pas passages at some suitable point,
and be thuos utilized in steam generation.

An ideal condition would, perhaps, be attained by a gas-fired
independent superheater connected in this manner to the boiler,
a refinement not, however, generally practicable, and thus for
general practice it is necessary to rely upon the development
herein advocated of the furnace control by such combination
of grate, arch, walls, combustion chambers and draft as will
to the greatest extent regulate the flow of heat.

The problem is ene in which the designer and manufacturer
of every tvpe of boiler iz interested, and which they cannot be
too strongly urged to take in hand.

The evident trend of general steam practice is toward the
use of some degree of superheat, and the boiler of the future
may thus be regarded as a combined apparatus, involving fuel,
air, furnace, generator and superheater, supplying with the
same regularity and security with which commercially dry
steam is now delivered, a superheated steam of defined quality
in any quantity up to its extreme capacity.

Such a combination requires not only on the part of the
designer but on that of the operator and user, some greater
degree of attention and interest than has hitherio been be-
stowed upon the subject, and we may look forward te the time
when the present methods:of haphazard combinations of fuel,
chimneys, grates, boilers and superheaters, often brought to-
gether without any co-relation, and even without any distinet
ohiect, will be exchanged for a policy in which the great boiler
manufacturing interests will present, and the general body of
steam users will appreciate, defined combinations of the furnace
with superheating generators, developed from the information
and experience which has been accumulating around the sub-
ject in recent vears,

Layout of a Sketch Plate.

BY JOHN CODK.

In a sheet iron or boiler shop the layer-out is often con-
fronted with a sketch similar to Fig. 1. One or more edges of
the plate are in the shape of arcs of circles, the radius of which
is mat given; the only data given being the length and height
of the circular segment, as shown in Fig. 1. In such a case
the curve which forms the edge of the plate may be laid out as
shown in Fig. 2. Draw the line AF, and at a distance from it
equal to the height of the segment (in this case i inches) draw
the parallel line CI. At right angles to these lines draw the

1
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line EF, and on either side of E lay off half the length of the
plate (in this case one-half of 5134 inches), locating the points
A and B. Divide the linc AF into any number of equal parts,
in this case eight have been chosen. Draw the lines F4 and
FB, Then lay the square on these lines, draw from points
A and B the lines AD and BC, intersecting the line CI) at the
points [t and C.  Divide the line CD into the same number of
equal parts (eight) as AB. Also laying the square on either
end of the ling AB, draw the lines 4H and 8& at right angles
to AB. Then divide the lines 8& and 4H each into four equal
parts, or one-half the number of divisions into which the lines
AR and CD were divided. Corresponding points have been
numbered similarly in the figure to avold confuszion. Draw
the dotted lines 1 1° and F1", the intersection of these two lines
giving the location of one point on the desired eurve, Draw
the dotted lines 22" and Fz2". The intersection of these lines
gives a second point on the curve, and in a similar manner the
intersection of lines 33 and F3", 55" and F5", 66" and F&", 7 7'
and F7" give the remaining points on the curve. Placing a
flexible rod or batten on the points thus located, the completed
eurve may be drawn in. The remainder of the pattern shown
in Fig. 1 may be completed by laying off the width of the plate
at a sufficient number of points.

The problem of eliminating the smoke nuisance on loco-
motive and stationary boilers iz one which principally concerns
the operating cngineer and fireman, since more can be ac-
complished in this direction by proper firing and intelligent
operation of boilers than by changing the design and construc-
tiom of the boiler. A number of devices have, however, come
into use, from which advantages are gained in eliminating
smoke, Since these effect somewhat the design of a boiler
and itz construction they are of importance to the boiler
maker. Most common of such mechanical appliances are me-
chanical stokers, pneumatic fire-box door closers, hollow brick
arches, and also such devices as strong blowers in the front
end of locomotives and steam jets directed on to the fire
through the fire-box side sheets,
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Qil Burners in Scotch Marine Boilers.

A Scotch marine botler of average length 12 a short boiler in
which to burn oil. Its furnaces and combustion chambers, un-
aided by fre brick, are poor supporters of the combustion of
oil vapors, however good heating surfaces they may be for
coal fuel. Such are the advantages of using oil fuel, however,
especially in the case of a tank steamer carrving a cargo of

-

heating chamber, which forms a part of the foundation of the
pumps which deliver the oil from the bunkers to the burners.
This chamber 15 heated by the exhauvst steam from the pumps.
Steam passes m at the upper side and exhausts directly below
at the bottom.  In this manner the oil is heated to a tempera-
ture somewhat less than the temperature of the exhaust steam.
The pump pressure put on the oil in the heating chamber is
about 5o pounds per square inch and is automatically regu-
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EECTION OF SCOTCH BOILER ARD PLAN OF FURNACE, SHOWING ARBANGEMENT OF DIL BUENERE.

oil, that numerous devices have been introduced to make the
ordinary Seotch furnace a successful oil burner.

The illustration shows a wvertical section and also a hori-
zontal section through one furnace of a Scotch marine boiler
installed in the steamship J, M. Gufey, of the J. M. Guffey
Petroleum Company. This 1s a joo-foot tank steamer with a
capacity of cartying 45500 gallons of oil. Although not
ariginally intended for a tank ship, she was remodelled while
under construction for this purpose. The fuel-oil tanks have a
capacity of 332 tons, which 15 ample to ran the wvessel for a
round trip between New York and Port Arthur, Tex, From
the fuel-oil tanks the oil is first delivered into a cylindrical

lated by a pop valve located on the opposite side of the pump,
which returns the surplus discharge to the pump suction.
There are two botlers in the ghip, each 14 feet in diameter
by 12 feet z inches long, with three furnaces each 46 inches in
diameter, The total heating surface is 4.212 square feet. In
each furpace of the boiler are five burnerz. The location of
these burners at the mouth of the furnaces iz indicated in the
cectional drawing. The oil 15 atomized threugh the bumers
by steam at Bo pounds presszure. The diameter of the steam
nozzle is %4 inch; the diameter of the il nozzle is 332 inch,
and it iz situated centrally in the steam nozzle, forming an

annular steam opening about 1/16 inch wide. In this manner
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perfect atomization is effected with the smallest expenditure
of steam, and combustion begins within the extension hoods
on the furnace ends instead of at the rear of the furnaces,
Matural draft supplies the air for combustion. The air is
drawn through the lower part of the furnaces and passes
partly through the highly heated brick-lined hoods and partly
through the inclined brickwork forming the bottoms of the
furnace chambers. It is thus thoroughly divided and heated
before coming in contact with the vaporized oil, so0 that rapid
and complete combustion is the result,

In order to secure complete combustion with the oil vapors
at discharged from the burners, it is absolutely necessary that
the temperature of the furnace be maintained at a high degree
near the front where the oil enters. Therefore brick-lined
chambers or hoods are fitted at the front of each furnace. In
the plan view of the furnace the adjustable openings through
which part of the air is drawn into these hoods are clearly in-
dicated, as well as the construction of the inclined brickwork
through which the rest of the air passes into the hottom of the
furnace. Thizs brickwork acts in the nature of a bed of hot
coals for heating the air as it passes through,

The inclined bottom in this setting not only insures an
entrance of air throughout the entire length of the furnace,
but also increases the heating surface over that of the ordi-
nary coal-grate sefting and cavuszes a higher temperature in
the bottom part of the furnace near the combustion chamber.
The tank over the bridge wall serves hoth to mtenzify the com-
bustion, and to retard the gases =zo that there iz no impinging
effect upon the back plates and stay-bolts. The success of
this installation is apparent from the fact that after about five
months of continuous service the stay-bolts and flue-beads
showed no signs of injury, while the flues were always clean
and smoke was seldom, 1f ever, seen at the top of the stack,
The furnace fronts can be easily removed for inspecting the
boiler whenever neceszary, and aleo all parts are easily acces-
sible, The position of the fire-brick work makes it durable
and prevents burning of the furnace castings.

For starting the fires in the main boiler, steam must be
furnished from another source for the pumps and burners,
For this purpose an upright 15 H. P. donkey boiler iz used.
Though no reliable data i1s at hand, the results from this in-
stallation seem to indicate a consumption of about 1.32 pounds
of oil per indicated horsepower per hour, including all the
auxiliary machinery.

Locomotives Using Superheated Steam Prove Exceeds

ingly Satisfactory.

Mr. H. H. Vaughan's experience with locomotives using
superheated steam, as related before the American Society
Mechanical Engineers, has not been free from vexations and
annoying troubles, but it has on the whole been exceedingly
satisfactory.

The troubles encountered are being overcome as experience
develops their cause, and the saving obtained is apparent in the
reduction of the amount of coal used per ton mile an various
divisions of the road as superheated lacomotives are introduced,
The additional capacity of the engines and the reduction of
the work required of the firemen, enabling trains to be handlea
better. and the development of an engine which in extremely
cold weather can be as easily maintained as a simple engine
with an economy equal or superior to that of a compound is
an important advantage to any railroad working in northern
latitudes.

So far as can be seen at present there is no valid reason for
discontinuing the application of superheaters, and the writer
expects that a considerable increase in the number in use will
take place in the next few years,

Strength of Riveted Joints.

BY J. C. BLACK.

A series of tests was made at the civil engineering labora-
tory of the University of California during the spring of 1906,
te investigate the influence of some of the commoner defects
in riveted work upon the strength of joints. As stated in the
report of the tests published in the California Jowrnal of Tech-
nolgy, no attempt was made to investigate efficiency or pro-
portions, and the entire object of the work was the demon-
stration of the effect, if any, of certain features of riveted work
commonly considered defects,

Az shown in the tabulation of Table I, the tests included:
1. Well-made joints having punched and reamed holes; {2}
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joints having holes punched without reaming; (3} joints in
which the heads of rivets were cooler than customary when
driven; (4) joints in which the heads were hotter than cus-
tomary when driven; (5) joints in which the pressure on rivets
was maintained longer tham uszual; (6) [no joints of this
number] ; (7} joints containing burned rivets, the rivets having
been heated in the forge until they “spit” upon removal, then
carried to riveting room and placed in regular petroleum
heater; (8) one joint having extra large holes: (g) [no joints
of this number]; (10} joints having holes eccentric. All plates
were of M4-inch Carnegie “tank steel”; rivets were 34-inch soft
steel of Carnegie manufacture. Exeept where the contrary is
stated (in the case of joint No, 8) holes were 13/16 inch in
diameter. Riveting was done with an Allen pneumatic riveter,
The fact that specimens were small and were held by hand
while riveted, may have had the effect of reducing the quality
of the work, since in large work the plates are held stationary,
and thus afford better apportunity for a direct blow from the
machine. In general, the rivets were driven by a single blow,
and the pressure was maintained for only an instant.

The rivets were heated in a petroleum heater, and the scale
was knocked from all before driving—a practice which is not
always followed in ordinary work. Only lap joints were used,
and each confained two rivets, although there were two de-
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signs or types of joint—the first being in the nature of a
single-riveted lap jeint, see Fig. 1, 234 inches center to center
of rivets; and the gecond having the pitch line of rivets in the
direction of stress, see Fig. 2, 214 inches center to center of
rivets. All joints were designed to fail in the rivets, although
in some cases the plate itself gave way, at a point very near to
what should have been the ultimate strength of the rivets.
The edges of all joints were planed off near the center to
allow the proper attachment of brackets for deformation
measurements, In the first type of joint the holes were drilled
in each edge of each plate just opposite the rivets, see Fig. 1;

The
manner the
Many of the specimens bent to a
certain extent before failure
giving silky fracture.

stopping the machine except in the special cazes noted.
E=] E

curves here shown indicate in a very satisfactory
behavior of each joint
Fivet failure was always in shear,
Table I gives in a condensed form the

data obtained from the tests. It shows, first of all, 2 wide
variation among each of the various gquantities, and it is now
regretted that tests were made on so large a variety of speci-
mens, as a larger number of tests on jonts of cne or twao kinds

{with, of course. well-made jonts for standard) would have
been of greater value,

Joble No. /
Tobulgtrorn of 7Teslts.

o| First | ield |uite- |AmeuntDeform-| Defarm -

SO L i : of |atienetiation at
Jont | Characteristre | Holes ;;;.'._E Siip | Pornt ;ire i B v

s é ts | 16s.| ths. | im. . I

14 | well made PER |k|\r| 7ooo0|3i goc|498400| .0097|.00/3 0230
18 | well made PA&AR |l|r|i2foo|29 s00 |48 f0e| 0050 | .00EF .dido
2A | well made P |l|p|24 coo| 37 00|47 750| . 0035 | . 0015 aite
2A" | well made P klp|ts aaal J2s00 |54 ces| 0060 | . 0020 La2io
2B | well made -] K| r|14 000|332 500 |58 650| 0080 | .0020 -FLr
28" | well made P 1| pl150oo|36 00| 54350| 0010 | .0015 | L0170
2c | well made P l|r|15 000 34 0o0| 53800 ,00fa | .0020 .ol Jo
3A coel heads P K|l r|18 coo| 29 ooo|FFooe| ----| . 0030 Or3s
38 |rosl heods P 1 p|22 $00| 32 00053 000| 0043 0022 o135
3¢ |cool heads P |1|plzooco| 36 100|54 150| 0073 | .0012 | .0130
‘45 het heads - t Pli8 aoo 34 2e0| 51 joe| 0080 | .0040 L0210
48" | hot heads - K| r| & coo| 26 s00| 54600 0050 | 0008 | o115
JA %Sﬂjgg::dﬁem H K| r|z4 0oc|l 36 500 |58 s50| 0048 | .0022 | , 0055
3B ¥ P&AR |1| r|23 00| 37 500 |52 000| .0030 | .0025 | .0105
SC | pressure held?| PER |1|r|26000|33500 |=nm-m L0027 | .0033 L0140
TA burned rivets | P4R |1|r|t1o 0ool 3o coo|S150e| 0115 | .0005 LOITS
78 | burned rivets | PER |1|r|iz so0| 34 000 |48T00| 0040 |, 0030 | .0/8F
8 Fetn holes P&R |K| 1|10 00038 500 |57300| .0073 |.000] | 0240
104 .ﬁo!l:scceni‘rr&,g*:m P K| r| 9 ooo|l 28 coa|s3400| 0100|0015 L0190
108 " = faml P |l|r|18000|l3s200|50500|.009T |.0035 | 0210
log & b Mm| P 1| r|20 0o0| 28 0co|45900 | .00]0 | .0035 | .0i60 .
1eD : Bin, P |L|r|2e0 000 36 0ac|52100|.0045 |.0030 | .0235

the holes were tapped to receive a No. 8 screw,  In the second
type, holes were drilled midway between rivets, see Fig, 2, and
were tapped as before.

The tests were made in a 200000-pound Olsen machine, and
defarmations were measured with an Olsen compressometer.
After the joint had been clamped in the jaws, and the planed
edges brought into a vertical position, brackets were serewed
to the edges as indicated in the sketch, see Fig. 3. Each
bracket contained a small, accurately finished brass plug,
marked (&) in sketch, and upon which the points of the com-
pressometer arms rested. It can be seen from the drawing that
when a tensile foree is applied to the joint the plugs (b) will
be drawn toward each other.

Loads were applied as shown in the plots, in increments of
1,000 orf 2,000 pounds, and the test carried to failure without

Curves plotted from the results showing the deformation for
different loads indicate very plainly the three periods so fre-
quently mentioned by writers on this subject as being mani-
fested in a joint as it passes from a state of zero stress to
failure, First we have the period in which the deformation
iz small and is practically proportional to the stress; second,
comes the period of sudden or marked slip; and third, the
period in which the joint recovers its strength, and again has
amall deformation per unit stress. The period continues until
the yield point is reached. If we wish to add a fourth period
we may include that extending from the yield point to rupture,
The curves further show that what I have designated as the
“first slip” is not a sudden shpping over any appreciable dis-
tance, and, in fact, there seems to be no such sudden slip at
any point within the range of readings taken. The ratio of
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stress to strain is merely less during this period. The be-
ginning of the first slip, or se
point at which the rivets com

We find from the I

able tha
COmmences at co

1l period, probably marks the

bear directly on the plates.

one excepiion, the first slip

derably lower values in joints of the single-

riveted type than in other joints of the same serial number, and
¥i

We also find that the amount

15 greater in the joints first mentioned than in the

having rivets in the line of force,
of firsgt slip

latter. Among the other guantities there seems to be no such

regulanity, one of the joints being affected more in one case and

less in another. The style of joint should not in the present
case affect the ultimate strength, since long before this point is
reached, both rivets would be i full bearing. This point is

amply proved by the fact that with the exception of joints

FIG. 4.
having eccentric holes, both rivets broke suddenly and together.
Contrary to what was expected, it i1s noted that
are genc

feformations

ally greater, and the stresses at the various points
less for joints having punched and reamed holes than for those
When reaming was

1/16 inch and reamed 13/16

in which the holes were punched full size
done, the holes were punched
inch.

The results of testz on rivets driven with cool heads do not

warrant any very certain d tions. They seem to indicate,

however, that there is little, if any, difference between this class

of work and the ordinary. The same may be said of those in
which the heads were hotter than the points.
har e

e definite results, and judg-

The jllil1':—~ in which the pressare e maintained 3o

seconds on each rivet showed maor
ing from the table we may infer that this proceedure de-
creases deformations and raizes the ||.|i|'| of first n.:i|'|. 1_;'i.-."|.'|

point, and ultimate strength. The stress at the point of first

slip is inereased by about 4o percent, and that at yield point by

about 8 percent. Although these results are quite marked, the
maintenance of pressure for the time of 30 seconds would
doubtless be found poor economy in any work except where
some special feature demanded the wtmost strength from each
rivet. It is quite possible, however, that a maintenance of pres-
sure for a period much less than 3o seconds, and still longer
than customary, would have a beneficial effect, and this pont
tigated.

In the case of joints made with burned rivets, the stress at
first elip was a little low, but there were no features of marked
variation from the well-made joints.

Joint WNo, & (having 33-inch rivets and 15/16-inch holes)
gave high yield point and ultimate strength, which was to be
expected, as the rivet metal would be forced into the holes in
driving, thus increasing the cross-section of metal to be
sheared, The strength of such work where the joint would
be subjected to vibrations or other stress than simple tension,
would probably be considerably diminished, since rivet heads
were in this case small, owing to driving of the metal into
holes.

The joints having eccentric holes gave large ships throughout,
though the ultimate strength was high, and the yield point but
little lower than normal. In two cases these joints failed in
one rivet first, the other holding for some time at about its
single shearing value. It was desired to find how the rivets
filled the holes and the nature of the contact in the various
caszes, and with this end 10 view a number of rivets were driven
in strips of plate, and the plates then sawed down, cutting the
rivets not quite to the center. On the zawed surfaces the
contact seemed to be very close, and in some places it was im-
possible to find the line separating rivet and plate. The sur-
faces were afterwards planed off and then polished, and this
brought the spaces between picces of metal plainly into view.

The photograph, Fig. 4, shows very clearly the various con-
tacts. The closeness of that between plates is noticeable. The
plates were painted before riveting. The dark lines between
rivets Nos. 13 and 14, and between Nos. 13 and 15A, as well as
the striations on No. 17, were defects of finishing the surface,

should be inve

and have no bearing on the riveted work itself, All of the
holes mn these cut specimens were punched and reamed. No. 7

was a rivet burned until “spitting.” and then driven; No. 124
was ordinary work struck three times; Nos. 12B and 12C were
struck twice each, each blow being nearly instantaneousz: No.
13 was a rivet whose head was almost black when driven, it
was struck twice; the head of No. 14 was extra hot when
it was struck three times; No. 15A was driven in the
ordinary manner with the exception that the pressure was
maintained 15 seconds; on No. 15B the pressure was main-
tained 20 seconds; the nivet in No. 16A was extra hot all over,
it was struck ence; No. 17 was a 34-inch rivet driven in a
15/16-inch hole, and was struck three times. The results show
he contact in the case of rivets struck two or three times
, and that it does not seem to be materially improved
X e maintenance of pressure for 15 seconds. The rivet
whose head was cool gave poor contact, though such work in

driven,

the test proved as strong or stronger than ordinary. The rivet
driven w an extra hot head developed a good and uniform
contact, although it had been expected that the part of the
hole nmear the point would be imperfectly filled. The rivet
driven extra hot did not appear to h: as good a contact as
some of the others, though this mav be due to the fact that it
was at the end of the plate.

Mo, 17 (the 3j-inch rivet driven
in 15/16-inch hole) was noticeably loose.
gave a rather poor contact.

Joints Nos. 1B, 2B, 3B, 5B and 10B were tested in repeated
stresses as follows: After the stress had reached a point near
[p,000 pounds, it was removed by running the machine back,
and the test recommenced from zero. After reaching a second
point higher than the first, the stress was again removed, and

The burned rivet
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this process was repeated several times. The results are shown
in detail by the dotted lines in the plots. These results show
that in every case, a permanent set occurs even for loads not
exceeding 10,000 pounds, and from the manner of attaching
apparatus, it would seem that the only deformation registered
must be that of the slip of the joint. Hence we infer that there
is a slip at all loads, but that there 15 alse a tendency to re-
cover, even before reaching the point of first slip. The partial
recovery would he expected after the first slip was passed, since
we judge that the rivets are then bearing on the plates and
their elasticity would come into play. Just why there should
be even slight recovery before reaching this point i3 not entirely
clear, since friction is supposed to be the only force acting.

Three rivets were tested in double shear. They had not been
heated and were just as taken from the keg. It will be noted
that since they were in double shear, each should give an ulti-
mate strength about equal to that of one joint. The three
double shearing values were 4148 pounds, 35820 pounds,
3B.070 pounds (average 19,700 pounds),

We may now sum up the results of the whole series of tests
and examinations of cut sections. We have no positive proofs
of the various points, but the indications are as follows:

First. That the strength of rivets in a joint having holes
punched without reaming is greater, rather than less, than in
one in which heleg are punched small and reamed to size.

Second. That the exact temperature of the rivet or of a
particular part of it i3 immaterial to the strength of the joint.

Third. That a maintenance of pressure for 30 seconds
materially increases both the strength and rigidity of the joint
—the first sometimes by as much as 40 percent.

Fourth, That rivets burned so that they spit when taken
from the fire do not necessarily cause a weakness in the joint,
although thev do not properly fill their holes.

Fifth. That a rivet 3/16 inch smaller than the hole which
it is to fill, will fill the space tolerably well though not perfectly.

Sixth. That joints in which the holes are not perfectly con-
centric lack rigidity, but give ultimate strengths about up to
standard.

Seventh. That the shearing value of a rivet is materially
greater after driving than before, this probably being due to
increased eross-section.

Estimating the Horsepower of Boilers and Engines.

BY A. 5, ATKINGON.

In estimating the horsepower required for any given plant
the owner frequently makes the mistake of not taking into
due consideration the relation existing between the boilers,
engines and grate area. Purchasing a boiler of a given rated
horsepower, and then finding that it does not come up to the
requirements, produces ill feeling and injures both manufac-
turer and owner. It does not follow that there has been any
misrepresentation on the part of the makers, for the boiler
under given conditions will fill the contract, but the owner has
not carefully considered certain facts which are of prime
importance. A good boiler harnessed to a poor engine cannot
give good service, and insufficient grate area or poor fuel will
make the best of boilers inferior in operation. A practical
engineer engaged in installing steam plants should be thor-
-oughly familiar with all of these features,

The flexibility of the modern rating of the horsepower of
boilers is apparent to engineers, and there is a good reason for
it. Usually a safe margin is left in designing a boiler for a
plant, This margin of safety is seldom placed lower than 10
percent, and often it approaches 20 percent. Thus, if a
so-horsepower boiler is needed at least 8o horsepower is con-
sidered ezsential to make allowances for the difference be-
tween the commercial rating and actual ocutput in operation.

A go-horsepower engine can be gperated by a 53-horsepower
boiler, but in many cases a 65-horsepower boiler is ordered for
the wark. F

The external dimensions of a botler do not decide the output.
Unless the number of square feet of heating surface is taken
into consideration there is pretty sure to be trouble. A
s5-horsepower boiler with 700 square feet of heating surface is
manifestly more economical and satisfactory than a 6s-horse-
power boiler with something less than the same amount of
heating surface. In external dimensions the two may be ex-
actly alike, occupying the same amount of space. The differ-
ence between these ratings is found in the unit of surface
required to produce 1 horsepower. Thiz unit differs all the
way from 10 to 13 square feet. If the former unit is chosen
it 15 quite evident that a much larger output can be obtained
in figures on a smaller total area of heating surface. For this
reason it is quite important in buying a boiler to know the
number of square feet of heating surface supplied and the
unit of surface wsed in computing the commercial horsepower
output. When a low uwnit 15 vwsed the boiler may be able to
produce the full horsepower, but it will be accomplished only
under forcing. The best of fuel must be used and the fire must
be forced continually. The result is that unless a wide margin
of safety iz left the plant will prove unszatisfactory and unequal
to the work required of it

It is a common fact that the unit of surface equivalent to
I horsepower wvaries a good deal in the different types of
boilers and also in individoal boilers of each class, The only
safe method is to use a different unit for measurement in the
horizontal boiler, the locomotive and all other types.

The next point to congider is the engine itgelf. The amount
of steam required to produce 1 horsepower varies a good deal
in different engines. The size and style of the engine must
be carefully estimated before the boiler is selected. The fact
that engines differ so materially makes engineers very con-
servative in stating the size of boiler required to operate them.
If the engine iz rated at 50 horsepower, the size of the boiler
required runs all the way from 40 to 55 horsepower. If the
engincer 15 familiar with the umit of measurement used in
computing the horsepower of the boiler he can come fairly
close to estimating the size required.

To make an ideal combination of boiler and engine it is
essential to know the dimensions of the boiler, its capacity for
generating steam, the square feet of heating surface, and the
weight of steam required for the engine to be coupled with it
The former points are obtained by a careful study of the unit
of measurement and the type of the boiler. The latter must
be obtained from the amount of steam consumption per horse-
power. This may wary all the way from 20 to 32 pounds. En-
gines are even more variable in their output than boilers, and
their connection with boilers is something that needs a good
deal of technical knowledge, A boiler capable of evaporating
a certain amount of water to furnizh steam for a so-horse-
power engine, which consumes 2o pounds of steam per
horzepower-hour, can show unusual economy and efficiency of
operation, but if the steam consumption®is 28, or even 3z,
potinds per horsepower-hour the output of the boiler i3 meas-
urably decreased.

It is quite common to lay the blame for an inefficient plant
upon the beiler and not to consider the engine. For instance,
a plant in which a boiler of 100 horsepower was installed, and
which had received its rating by using a low unit of surface
measurement, had an old type of engine which tock 32 pounds
of steam per horsepower-hour. Instead of developing 45
harsepawer in the engine as expected it was barely possible
to get more than 4o horsepower, and even that was obtained
only by forcing the fire. The boiler was condemned by the
owners, and ther thought they had been deceived by the
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manufacturers. [t was only after a good, practical demonstra-
tion that the owners were induced to change the engine. A
new type was installed, and the immediate result was that
over (0 horsepower were obtained. The faunlt all along had
been in the engine, and not in the boiler,

It is a peculiar and important fact not always recognized
that when the steam consumption of the engine increases the
actual horsepower of the boiler decreases. It apparently re-
fuses 1o carry the double load, and the poorer the engine the
less actual service will the boiler do. A boiler capable of
developing 50 horsepower when coupled to a good engine with
low steam consumption will eften decline to a 45-horsepower in
actual operation, This close relationship between the twao
indicates emphatically the necessity of selecting the engine
with as much care as the boiler.

The proper proportioning of boilers to engines is & particular
mece of work, Cmne of the best ways is to allow at least 11 to
12 square feet of heating surface of the boiler for each rated
horzepower of the engine of the four-valve non-condensing
type. But to assume this same proportion for other tvpes of
engines would prove fatal 1o good engincering practice. For
the single-valve automatic cut-off engine there should be
allowed at least 12 square feet of heating surface. A still
further increase must be allowed for throttling engines. As
high as 14 to 15 square feet must often be allowed for this
type, owing to the possibility of the engine working beyond its
rated power,

It is common sense applied to engineering to make a thor-
ough technical study of each individual boiler and engine
before arriving at any definite capacity of work, and it is by
taking sweeping generalizations of rules without regard to
the actual conditions of the case that so many troubles appear.
The capacity of the boiler is expressed in pounds or the prob-
able evaporation from 212 degrees per hour, but the capacity of
the engine 15 somewhat different. It iz commen in general
practice to assume that a single-valve non-condensing engine
will average 30 pounds per horsepower-hour, but any test of
a number of such engines will show that there is quite a varia-
tion in this. Seme average much less consumption and others
maore, depending upon the design of the engine. Likewise
for a four-valve engine, 26 pounds of steam are allowed per
horsepower-hour, and for the compound type only 22 pounds.
Condensing engines take from Io to 15 percent less, and they
are, therefore, more econemical and efficient in their operation.

Suppose & well-designed boiler is chosen for its work with
any of these different types of engines. It is guite apparent
that its capacity will vary as greatly as the consumption of
steam does by the different engines, If a 1oo-horsepower boiler
iz used with a single-valve non-condensing engine the output
will be about as rated, but if a compound engine consuming
only 22 pounds of steam per horsepower-hour is used the
horsepower will equal 137, Therefore, the relation hetween
the boiler and the engine will prove so elose and important
that an enormous saving may be obtained or daily loss
sustained with the same boiler. The fault iz not with the
boiler but with the engine.

In another way the capacity of the boiler and its efficiency
depends upon the grate and the fuel burned. It cannot pro-
duce its highest generating capacity unless heat in the furnace
is properly developed. With inferior coal the full capacity of
the boiler cannot be obtained except by forcing and constant
feeding. If the grate area is insufficient it will be impossible ta
generate sufficient heat at all points of the heating surface to
obtain a maximum generation of steam. The necessary quan-
tity of fuel required to produce a given evaporation of water
must be taken into account. The several formulas adopted for
ascertaining this fact do not always give an exact result. The
ratio of the heating surface to the grate surface must be ex-

actly ascertained, and also the weight of the coal burned per
square foot of grate surface per hour. It is possible by using
these quantities in a formula to obtain the maximum evapora-
tion that can he reasonably expected under favorable firing
conditions. This maximum is often used in zelling boilers, so
that the man who does not leave a safe margin is apt to meet
trouble. An engineer making such estimates is always careful
to distinguish between the maximum possibility and the actual.
Few boilers come up to the maximum, and it is a great mis-
take to figure on such a basis. [t is here that so much trouble
i5 cawsed by not making allowanees for the difference between
the commercial and actual horsepower of any boiler.

The effect which the nature of the coal has on the boiler's
capacity may be illustrated in a typical cage. If in figuring on
a boiler the weight of the coal used is put at 30 pounds the
capacity is nearly doubled if the weight 15 placed at 15 pounds.
It is possible to make such a difference in the wvery best and
very poorest coal, but in ordinary steaming work mo such
variation would be apparent. In regions where a very high
grade, heavy coal is the common fuel, it is possible to get the
maximum work gut of a boiler without trouble, and the boiler
may be much smaller than another used where a low-grade
fuel must be burnt. There iz gquite an item of economy found
in this adaptation of boiler to the fuel in uwse. In installing a
new plant with boilers the first question to be settled should,
therefore, be the kind of eoal that will be vsed.

Fourteen to 15 pounds of coal per square foot of grate
surface are commonly figured upon in many parts of the
country where hand firing is done. With mechanical stoking
and good fring this may be decreased to Ir to 13 pounds.
Forced draft always changes the conditions and makes quite
an important variation in the efficiency of the grate and boiler
output. The flexibility of the boiler, the engine, and the
grate and coal is a matter which invalves the whole estimate
of the horsepower of a plant in a technical study. It 15 not
easy for one not thoroughly versed m all these matters to
choose a boiler and engine without making some mistakes.

Punching Boiler Plate.

Punching the rivet holes in hoiler plate is not considered
good workmanship, both because the holes cannot be accurately
located in this way and because the action of the punch and
die injures the metal. Most punches are provided with a small
tit or projection by which the punch can be centered in a
center punch mark made by the layer-out at the proper lacation
of the center of the rivet hole. This is supposed to secure the
accurate location of the hole, but in practice it 13 an easy matter
for the punch to slip a little off center, especially when the
work iz being run off rapidly, then when the plates are bolted
together the holes will not match fairly.

The metal around the rivet hole is injured in two ways. In
the first place it is made brittle, and in the second place the
shape and action of the punch and die causze it to be left in a
torn and ragged condition, and the hole itself is of such shape
that it is hard to make a rivet fill the hole completely and
make a steam-tight job. The ordinary form of punch and die is
shown in Fig. 1. The diameter of the end of the punch is
usually 1/16 inch larger than the diameter at the top, while the
diameter of the top of the die is 1/32 inch larger than the
diameter of the end of the punch. Although these are standard
dimensions, they are sometimes varied, and it would be well
to know how changing the form of a punch affects both the
effort required to punch the hole and the material which is
being punched.

When a punch similar to the one shown in Fig. 1 is brought
into action a certain effort or foree iz required to drive the
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punch through the metal. Since the separation of the metal is
due to the shearing action between the edge of the punch and
the edge of the die, the force required to drive the punch
through the plate is easily calculated by finding the area of the
section of plate which is sheared and multiplving this by the
shearing strength of the material. The area to be sheared has
a length equal to the length of the circumference of the end
of the punch and a width equal to the thickness of the plate,
Thus with an inch punch and 34-inch plate the force required
to drive the punch through the plate equals 3.0416 3 1 % 3§ %
42,000 = of.ofo pounds.

Experience has shown that by the time the punch has been
forced one-third of the way through the plate the metal is
entirely sheared off, 5o that the entire effort required to punch
the hole is expended through a very small part of the stroke
of the punch, and during the remainder of the stroke the
only effort required is that necessary to push the punching
out through the hole. This shows the necessity of having a
heavy fly-wheel on the machine, Sufficient energy must be
accumulated by the fly-wheel during the greater part of its
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stroke, so that the force expended in punching the hole will
not decrease its speed to such an extent that it cannot pick up
enough energy to punch another hole on the next stroke.

Since the metal is entirely sheared off by the time the punch
has passed only a third of the way through the plate, it is
evident that the metal cannot have been cut off smoothly, and
the rough. jageed appearance of the hole shows that this has
not been the case,

In light plates this effect 15 not so apparent, and the hole is
fairly smooth from the side from which the punch enters,
where the hole will have a diameter equal to the diameter at
the end of the punch, down through to the under side which
rested next the die in the machine, and which will have a
diameter equal to the diameter of the top of the die.

In thick plates the diameter at the top of the plate where the
punch first enters would be equal to the diameter at the end
af the punch, and the diameter on the underside of the plate
which rested on the die will be the same diameter as the top
of the die, but in the middle of the plate the metal will have
torn out so that the diameter D7 (Fig. 3) will be greater than
either I or D). Figs. 2 and 3 show the effect of punching holes
i both light and heavy plate.

Funches are sometimes made of the form shown in Fig. 4,
in order “to distribute the effort required to punch the hole
through a longer part of the stroke of the punch. The end
of the punch, which is tapered to the width B, enters the plate
first, and offers only about one-guarter the resistance of the

entire punch, By the time the punch has penetrated the plate
the distance A, that is, until it is punching the full size hale,
which would represent the greatest effort required, the metal
under the section B has been almost entirely sheared away,
and therefore the force necessary to drive the punch through

the plate rapidly falls off, and for the remainder of the stroke
the effort diminishes rather than increases,

The form of standard punch shown in Fig. 1 works very
well when the punch is new, but if the punch iz slightly worn
it will begin to bind. and in addition to the rezistance offered
by the shearing of the metal under the punch there will be a
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certain additional resistance due to the side pressure of the
punch in the hole. In order to obviate the effect of this side
pressure the punch shown in Fig 5 is sometimes used. The
sides of this punch are parallel to within a short distance of
l!.!r end of the punch, when it iz flared out to the required
diameter or 1/16 more than the body of the punch. Tt is
evident that there can be no side pressure on thiz stvle of
punch.

It might well be asked what efect will be made in the hole
by varying the relative sizes of the punch and die. We have
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FIG. 4. Fra. .

ceen that the uswal custom of making the die 1/32 inch larger
than the punch gives a tapersd or cone-shaped hole and on
thick plates leaves a ragged edge. Could this not be obviated
by making the die smaller or larger?

Making the die smaller greatly increases the effort neces-
sary to punch the hele and shortens the life of the punch.
Therefore, although a better hole would very probably be
obtained, it is hardly poszible to usze a smaller die. Increasing
the size of the die would lessen to a certain extent the effort
required to punch the hole and would prolong the life of the
punch, but at the same time it would exaggerate the taper of
the hole and tend to leave the metal in a more ragged and
raough condition than before.
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The Cost of Boiler Construction.

The attention of those who are accustomed to upheld the
dangerous lap-jointed boiler on account of 1tz cheapness, iz
vited to the article published elsewhere in this issue on the
This
article gives a complete analysis of the cost of a boiler of this

subject of estimating the cost of a return-tube boiler.

type designed for a certain pressure. first when it 1s constructed
with a lap-jointed shell, and second when it 15 constructed with
a butt-jointed shell. Tt is found that by using a butt-jointed
shell the thickness of the shell plate can be reduced sufficiently
so that the smaller first cost of the lighter shell more than
offsets the extra cost of the added work on the butt-strap joint,
and that the total cost of 3 butt-jointed shell 15 less than that

of a lap-jointed shell

This

During the coming year we expect to devote much more

Means You.

space than heretofore in each izsue of Tre Boiwer MAkER to
the publication of items of personal interest regarding boiler
mikers throughout the country. As we must necessarily de-
pend upon our readers for much of this news, we trust that all
who take any intercst in the doings of other boiler makers will
help us make this department as complete and interesting as
possible by sending us each month a number of items regard-
ing any change of location or business ar of promotions, efc,
wof either themselves or any of their friends who are connected
with the boiler making industry. In connection with this we
alen wish to urge our readers to contribote more freely to the
weolumns of our magazine, by sending vs from time to time

short articles describing any intercsting or unuseal work,

methods of doing the work, er improved machinery and tools
which they are using; queries regarding subjects on which they
would like the opinions of others, and discussion on the many
live topics which are presented by others. The preparation of
such short articles requires practically no time, since .jt i5
necessary to send vs only the essential details and specifica-
tions, together with such sketches, blue prints and photo-
All such
contributions are always paid for promptly upon publication

graphs as may be necessary to illustrate the article.

at our regular rates,

A Much-Needed Change.

In the annual revision of the general rules apd regulations
preseribed by the Board of Supervising Inspectors of the
United States Steamboat Inspection ervice for the construc-
tion of marine boilers this year, an attempt is to be made to
change the role governing the allowable working pressure to
be carried on boilers. At present the rule provides that the
working steam pressure must not produce a stress in the
shell of the boiler to exceed one-sixth of the tenszile strength
of the material of which it 15 made when the longitudinal seam
15 single riveted, but when the shell iz double riveted and all
holes are fairly drilled, 20 pércent may be added to this pres-
sure, This rule practically disregards the strength of the
riveted joint in the boiler shell, a sufficiently large factor of
safety being provided to allow for the wealness at the joint.
A steam-tight single-riveted joint eannot be designed which
will have much more than 30 or 53 percent of the strength of
the solid shell, Including such a value in the computation for
the safe working pressure of a boiler for which the pressure
has been determimed by means of the present United States rule
we find that the factor of safety is really only about 3s.
Similarly with the double-riveted joint. if it is to be steam-
tight, it is impossible to design a joint that will be much
mare than 7o percent as strong as the solid shell, and if this
value were used in the computation it would again be found
that with the 20 pereent additional pressure which 1s allowed
for the double-riveted joint in accordance with the present
marine law, the factor of safety would again be about 3.5

It is apparent that this is n needlessly indefinite and inexact
rule for determining the safe working pressure of a boiler,
The strength of any riveted joint, as compared with the solid
plate, can be readily caleulated, Therefore, since the strength
of the joint can be accurately determined, it is absurd not to
include this value in the computation for the strength of the
botler,  If due allowance has been made for the weakness of
the joint in the shell, then a proper factor of safety may he
used, and it will be known that this factor represents exactly
the difference between the safe working pressure and the burst-
ing pressure of the boiler.  Also, the added advantage will be
gained that any strengih added to the boiler by the .1_15(- of an
exceptionally strong joint will add directly to the working
pressure allowed on the boler,

It is expected that this rule, as amended for 08, gill take
account of the foregoing facts and that in addition to this a
definite and complete rule ar set of formule will be given for
determining the strength of all types of riveted joints,
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Information Wanted.

Mail matter addressed to the following members of the
International Master Boiler Makers” Association has been
returned to the secretary. Will anyone knowing the present
address of any of these gentlemen kindly communicate with
Mr. Harry D Vought, 62 Liberty street, New York.

W. H. Jenkins, Albion Iron Works, Ltd, Victoria Can.

Jamez Smith, Union Iron Works, San Francisco, Cal,

M. L. Tooling, Union Iron Works, San Francisco, Cal.

James O Donnell, Union Iron Works, San Francisco, Cal.

George Lasker, Stationary & Marine F. B. M., Kansas City,
Mo.

Frank Fox, Stationary & Marine F. B. M., Livingston, Mont.

William Schollar, N. A. F. & 5. F,, Needles, Cal.

T. J. Burns, G. H. & 5. A. R. K., El Paso, Tex.

William Shofield, Jr., 5. P.. El Paso, Tex.

E. H, Holmes, Power & M. Machine Company, Cudahy, Wis.

J. D. Good, g6 Fullerton Avenue, Chicago, 1L

H. Fiecher, Diickson Mig. Co., Seranton, Pa,

S. McCloud, R. R. B. F, D. & K. G., Grand Junction, Cal,

William Lawler, D. M. & N, E. R., Proctor, Minn,

D. M. Davis, Down Draft B, Co., 5t. Louis, Mo,

Charles A, Gormley, Queenshoro B, Works, Long Island,
MY

E. Kimmer, M. F. R. B., 5t. Lonis, Mao.

John McIntyre, B. . B. F., M. C. B. B, Jackson Jet, Ia.

A, W, Ritchie, Potson Iron Company, Toronto, Ont,, Can.

P. H. O'Donnell, 248 4th Avenue, Pittsburg, P

. E. Parker, R. R. B. F, C. & A. R. K., Slater, Mo.

George Thomas, B. F., Southern Pacific, Kern City, Cal

C. L. Long, C. H, & D, B R, Cincinnati, Cthia.

Jos. Shirley, McDonald Eng. Co., Ft. Williams, Can,

D, J. Grace, F. B. M., C. . 1. & P. . B., Horton, Pa.

Elish B. Fisher, 64 Grand Avenue, Chicago, IIl,

G. W. Beauer, T. R. & C. R. R., Toledo, Ohin.

Lee B. Carr, A, F. B. M., Erie Railroad, 533 State Street,
Meadville, Pa.

W. M. Loney, C. P. & H. L. BRy., Jacksonville, Fla.

C. H. Watker, Montreal L. & M. Company, Montreal, Can.

Charles Wheelan, R, R. B. B, B. & A. R. R. Shops, Spring-
field, MMass.

H. Keller, . & C. E. R., Chattanooga, Tenn.

Charles Kline, Springfield B, & Mfg. Co., Springfield, I1L

John K. Bourn, s12 Western Reserve Building, Cleveland,
Ohino. )

W. Padge, L. & N. B. R, New Decatur, Ala,

J. C. Bellis, B. B, B. F., Southern Railway,
D. C

J. Zobresky, K. R. B. F., Great Northern, 5t. Paul, Minn.

E. W. Briston, Quintard Iron Works, New York City,

TJohn J. Smith, F. B. M., C. P. R. B, Box 206 Riverstake, D. C.

E. J. Sullivan, I. C. B. B, Freeport, Pa.

William Cour, F. B. M., O. M. K. B.. Maohile, Ariz.

James Toomey, B. F., M. E. C. B. B., Waterville, Mo.

William Wunder, E. B. F. B., Great Northern, 5t. Paul,
Minn.

Henry Webker, 2638 Tulane Avenue, New Orleans, La,

Charles A. Klein, F. B. M., Odlum-Taylor Company, 700
WNew Raleigh Road, Memphiz, Tenn.

Timothy Ahern, N, C. R. R.. Paterville, Man.

J. Barron, 548 East Columbia Street, Alliance, Ohio.

William Snyder, R. R. B. F., R. Railroad, Wilmington, Del.

I. T. Bond, Clarksburg B. Works, Clarksburg, W, Va.

T, C. Tessem, 308 East Grand Awvenue, Springfield, T

R. 1. Kelly, 31074 Smith Building, Pittshurg, Pa.

C. L. Wells, R. B. B. F, T. & P, R. R, Marshall, Tex.

5. 5 Graham, Graham Boiler Works, East Grand Forks,
N. D.

Washington,

PERSONAL.

C. E. Lester, formerly assistant foreman boiler maker
with the Erie Railroad, has been promoted to general foreman
boiler maker of all Erie lines west of Salamanca, with head-
quarters at Meadville, Pa.

E. McKexzie is located in New Haven, Conn,
holds the position of round-house foreman boiler maker for the
MNew York, New Haven & Hartford Railroad.

K. F. Allen, for five years layer-out on the Southern Pacific
Railway, has taken a position as foreman of the Pacifie Coast
Boiler Works in San Francisco, Cal.

Crartes M. Reesg, late of the American Locomotive Com-
pany's works at Richmond, Va., will shortly assume the position
of general superintendent of the W, J. Oliver Manufacturing
Company, Knoxville, Tenn.

W. A. Corwirivs has been made genmeral manager of the
naticnal department of the National Tube Company at McKees-
port, Pa., succeeding George C. Crawiord, recently appointed
president of the Tennessee Coal, Iron & Railroad Company.

GeorGE A, GarLincer, formerly a traveling representative
from the Chicago office of the Independent Pneumatic Tool
Company, has been appointed manager of the Pittsburg office
of this company, at 1210 Farmers' Bank building, Pittsburg, Pa.

where he

QUERIES AND ANSWERS.

Discussion ond answers to the questions published in this
column are selicited from our readers. Al such confributions
will be paid for at our régular rales twhen acceptable for pub-
Iication of they are accompanted by the nawme and address of
the writer,

—8hould the seams of & steam boiler be calked both inside and
outside? 1f calked on only one side, which should it be? L. A,

A —It i5 not necessary to calk the seams of a boiler or a
pressure tank both inside and owtside, although it makes a
very good job to do =0, If only cne side is calked, it should
always be the cutside. The outside iz not only easier to get at
in order to do the work, but if only the inside were calked and
a leak started, the water would run along between the plates
and the exact location of the leak could not easily be found
and recalked. Whereas, if the outside is calked, any point at
which a leak ocours can be readily seen and the leak at once
stopped.  Calking both the outside and inside has the ad-
vantage that water cannot get between the plates and work
out arcund the rivets, and therefore it will not be necessary
to calle the rivets as thoroughly,

h—What is the allowable working I:‘|:|:r1:=15l:|r«: an a boiler fAue 25
inches in dinmeter and 42 inches long made of 3-inch plate? 5. A, M.

A —The British Board of Trade rules provide that circular
furnaces with longitudinal joints welded or made with single-
hutt straps double riveted, or double-butt straps single riveted
shall be allowed a working pressure equal to

gooon ¢ the square of the thickness of the plate in inches,

{length in feet 4= 1) % diameter in inches
provided this does not exceed that found by the following
formula:
0,000 ¢ thickness in inches

digmeter in inches
Substituting the figures given in the inguiry
40,000 X 375"
———— — 112.5 pounds per sguare inch.
(354 1) 25
The second formula gives
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0,000 X .37

L3

: 135
23

Therefore since the value 1125 pounds given by the first
formula does not exceed that found by the second formula
(135), 1128 pounds per square inch may be taken as the al-
lowable working pressure on the flue

The second formula limits the crushing stress on the ma-
If the longitudinal
joints, instead of being butted, are lap jointed in the ordinary
way and double riveted, then 75,000 should be vsed instead of
o000, but where the lap is beveled and so made as to give the
flues the form of a true cirele, then So000 may be used.

When the material or workmanship is not of the best
quality, the constants given above should be reduced—that is
to say, the oo,000 may become 20,000, the 80,000 may become
Jooo0, and the o000 may become 60000, When the material
and workmanship are not of the best guality, such constants
may be required to be further reduced according to the cir-
camstances and judgment of the surveyor. Some of the con-
ditions of best workmanship are that the rivets shall always
be drilled after the bending is done and when the plates are
i place, and the plates afterward taken apart, the burr on the
holes taken off and the holes slightly countersunk from the
outside.

terial to 4,500 pounds per square inch.

ENGINEERING SPECIALTIES.

A Portable Lever Punch.

The illustration shows a portable hand lever punch, to be
used for punching sheets, angle-bars, ete. It has a capacity of
a I4-inch hole in T4-inch stock. The total weight is only 16
pounds, and it has a gap of 2 inches. A hole may be punched

within 3¢ inch of the heel of an angle-bar. The handles, which
are of a truss pattern, are of half-round steel. The punch may
be clamped to a bench or held in any common vise jaws if it 13
desired to use it as a stationary punch. The manufacturers are
Armstrong-Blum Mapufacturing Company, 104 North Fran-
cisco avenue, Chicago, TIL

A New Crane Pipe Machine.

This machine is one of the latest models, and embodies
the most modern improvements in the manufacture of pipe
cutting and threading machines. It is very substantially and
compactly built, consisting practically of but three pieces.
All working parts are so placed that strains come directly on
top of the base. The motor is located on top of the machine,
directly over the bed, where it can be best taken care of, be
out of the operator’s way and protected from chips. Of the
quick-grip and sliding die head type, the machine was de-
signed for use where rapid prodoction is essential.

The gripping chuck is of a specially constructed type, so
designed that any pipe may be either gripped or released by
moving a lever, without stopping the machine. [t contains
four jaws made of high grade steel, with eight removable
roller contact teeth, which will grip (without slipping) pipe
that is not perfectly round. These jaws are adjusted by an
internal eam operated by a worm and gear. The rear end of
the spindle contains an independent three-jaw chuck, used for

centering or gripping long lengths of pipe. To facilitate the
operation, removable bushings are supplied to fit in the
spindle to guide pipe through the gripping chuck.

The die head iz movable, and carries with it adjustable ex-
panding dies in gets of six, pipe-centering pumdes, and
patented air cutting-off attachment, operated by an air pres-
sure device controlled by an air cock. The opening and
closing of this cock governs the working of the two cutting-
off tools. This is said to be the most efficient and satisfac-
tory means yet invented for cutting off pipe. The dies are
of high-speed steel, made extra long, and will cut threads for

extra heavy flanges of fittings, and =till maintain the exact
taper on the threads. For threading pipe below 4-inch an
extension die head is supplied, which should always be used,
as it supports the dies and prevents them from bending. The
dies may be removed from the head by taking off the caver,
which immediately expozes all the dies,

A rotary oil pomp is supplied, and particular attention has
been given to the distribution of oil on the dies. The belted
machine containg a three-step cone pulley, which, with back
gears, gives sufficient change of speed for all sizes of pipe
within the range of the machine. These machines are
furnizhed for engine, belt or motor drive, the capacity being
pipe from 234 to 6 inches,

Dimensions: Countershaft pulley. 2o inches diameter by
6-inch face; countershaft speed, 125 revolutions per minute;
weight, 0000 pounds; floor space, g feet 6 inches by 4 feet 6
inches.

A QGigantic Planer.

Probably the largest and heaviest metal working planer
ever built has recently been shipped from the Bement-Niles
works (Philadelphia) of the Niles-Bement-Pond Company.
The total weight of the machine is 845,000 pounds, or 42214
short tons. Four motors with a total capacity of 20774 horse-
power are required to operate this remarkable toal

The machine is, in general effect. an extremely large planer,
but in addition to the movements found on a standard ma-
chine, many new ones have been added. Each head is fitted
with a slotter bar, independently driven by rack, giving a
cutting speed that is practically constant from one end of the
stroke to the other, and a quick return. Through mator and
change gears the cutting and return speeds can be changed
as desired. Each head iz arranged for transverse planing,
having a planing movement across the bed which can be varied
within desired limits, and having a quick return. The move-
ments for slotting and transverse planing make it necessary
to throw out the regular driving mechanism to the table and
connect it to a separate feed motion, which, in this case, is
entirely distinet from the regular feed maotion. This throwing
out of the driving mechanism, however, means simply that the
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pneumatic driving clutches are thrown into and left in their
idle position.

The machine is fitted with its own air compressor and motor,
thus making it independent of the air supply in the shop, to
which, however, it can be connected if it seems desirable. A
complete switchboard iz furnished for control of all the motars.

The distance between uprights 15 14 feet 4 inches; the maxi-
mum distance from table to bottom of cross elide is 12 feet
2 inches ; maximum stroke of table i3 30 feet; maximum stroke
of slotter bar is & feet; total width of bed 13 feet; length of
bed Go feet: table wavs 15 inches each in width; tool slides 7
feet & inchez, with 4 feet wvertical traverse; cross rail 13 long
enough to admit full traverse of either head between the
posts ; face of uprights 2 feet 6 inches; vertical height of cross
slide, including the top rib bracing, is 5 feet,

The main driving motor is too horsepower; slotting and

cross-planing motor is 50 horsepower; lifting motor to cross
slide 20 horsepower; traverse motor for heads on cross slide
71 horsepower; air comprezsor motor 30 horsepower. The
cutting and return speeds are variable through the motor,
which has a 1 to 1% variation and further range hy change
gears. The cutting speeds are 14 to 25 feet and return speeds
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52V to 6514 feet per minute. The same style of drive is vsed
for the slotter, and gives a cutting speed of 1844 to jo feet,
and return speed of 37 to 71 feet. Cutting speed for cross
planing is 1154 to 19 feet, and return speed 335 to g3%: feet. The
cross traverse speed to the heads is 2o inches per minute; the
vertical speed for raising and lowering cross slide is 26
inches per minute,

The main drive from the 1oo-horsepower motor iz through
the gearing to the pneumatic reversing clutches at the base of
the upright. The speed of these clutches can be varied to
some extent by changing the speed of the motor, and a great
variation obtained by the simple reversal of two change gears.
The pneumatic clutches are of the N-B-F type, with a large
number of friction digks, whereby great friction area is ob-
tained in a comparatively small compass. These clutches, as
their name implies, are operated by compressed air, A small
valve, easily moved by hand, controls the stopping, starting
and reversal of table, and handles satisfactorily the power
given out by the large driving motor. In the handling of this
amount of power in a motor-driven planer, it is onnecessary
to state that it would be quite impracticable if a belt-drive were
employed. From this point on to the rack the drive is, in prac-
tically every respect, that which is found on any planer, ex-
cept that in this instance it is exceptionally heavy and powerful.

Among the many other new features, not the least is the
pneumatic feed for the cross heads, On the side of the up-
right, just above the gearing, is a cylinder with piston rod
extending to the left. This rod carries a rack which meshes
into a gear near the bottom of the vertical feed shaft. This
shaft has, on its lower end, a bevel gear meshing into another
bevel gear on & horizontal shaft, which transmits motion to
the vertical feed shaft on the left-hand upright. The move-
ment of these feed shafts is constant at all times, and variation
in amount and direction of head feeds is obtained by adjust-
ing the connecting rod in the slotted eranks on the ends of the
eross-slide, These cranks are gradvated in such a way that
definite cross and vertical feeds ean be obtained, and by using
at the same time the cranks on both zides, an angular feed can
be given to the tool, which is at times desirable, as the whaole
heads were not designed to swivel. The valve for controlling
the air to the feed cylinder 15 thrown automatically at each end
of the stroke, this movement being taken from either the main
driving gear train to the table or the slatting gearing when
slotting is being done. To throw out the feed it is simply
necessary to close a valve, cutting off the air supply.

Owing to the great weight and large dimensions, it was
impracticable, both from the manufacturing and the shipping
standpoint, to make the bed or table in one piece. They were,
therefore, divided to bring them within reasonable limits, The
central section of the bed is divided longitudinally into three
parts, and the two end sections into two parts each, or seven
parts in all. The total weight of the bed is about 275000
pounds. The table is made in two sections, divided longitudin-
allv in the center, and weighs about 140,000 pounds,

An Improved Gage Cock.

The gage cock shown herewith is known by the trade name
of “Excelsior,” and is manufactured by the Lunkenheimer
Company, Cincinnati, Ohio. The eock i3 made in two parts,
held together by the umion ring 4. That part to which the
lever J iz attached contains the operating mechanism and parts
mast liable to wear. The other part of the gage cock is
serewed into the water column, and containg an emergency
valve, which is easily opened or closed by means of a wrench
applied to the nut It The object of this emergency valve is
to make it possible to remove the part containing the operating
mechanism. while pressure is on. It will, therefore, be seen
that, should accident happen to the cock, or should it be found

necessary to clean the same while pressure is on, it can readily
be accomplished by simply closing the valve I

Another important feature in the construction of the gage
cock is the renewable, reversible seat R, which aids in making

a very durable construction. The lever J is adjustable, and
can be turned to any desired position. A rope or chain can
be attached to it should the same be beyond reach from the
floor. The spring M will last indefinitely, owing to the fact
that there is no possibility of its becoming limed up, or losing
its tension. This iz due to the fact that it is not in the least
exposed to the escaping steam or water.

A Combination Foot Power or Belt Punch.
The illustration shows a small machine which will be found
useful for punching light iron. When uged intermittently the
punch may be operated by foot power and when continuously

by belt power. In either case the fly-wheel is driven and the
change from one form of power to the other can be quickly
made. The capacity of the machine is such that a 7¢-inch hale
can be punched in %-inch stock. The slide or ram iz fitted
with an adjustable gib to take up any wear which might appear.
The total weight of the machine is 500 pounds, the height



January, 1008

THE BOILER MAKER 31

from the floor to the center of the flv-wheel 50 inches, and the
total flaor space required 1o by 2814 inches. The stroke of the
punch is 34 inch. This wseful machine is manufactured by the
Automatic Specialty Company, Sixth and Bavmiller streets,
Cincinnati, Ohio.

SELECTED BOILER PATENTS.

Compiled by
DELEERT H. DECKER, ES0., Patent Attorney,
Loanw awp Trust BUiLniNg,
Washington, D. C.

Beaders wishing copies of patent papers, or any further information
regarding any patent described, should correspond with Mr. Decker.

Brooq46. WATER-FEED REGULATOR. Thomas G,
Rakestraw, of Detroit, Mich., assignor to U, S, Boiler Supply
Company, of Detroit, a corporation of Michigan.

Claim—In a water feed regulator for boilers, a water
column  having communication with the beiler, a steam
cylinder communication with the water column through
a pair of passages, the eolumn being contracted longitudinally
mtermediate its sides, a piston in the cylinder, float valves
ararnged within the column for reciprocation to open and close
the passages between the cylinder and column, alternately, to
aperate said piston, the float valves being arranged upon oppo-
site sides of =said longitudinal contraction, and a shut-off valve
in the feed pipe to the boiler controlled by the piston. Four
claims.

f72,456, BOILER. Lloyd Rowan, of Shawneetown, II1.

Adgim.—A  boiler constructed with a cylindrical shell, a
series of furface cylinders in said shell, a shell forming a com-
bustion chamber to the rear of the first mentioned shell, a series

of tube sections arranged at the rear of the combustion
chamber, a steam drum extending longitudinally above the
shells and tube sections, connection from said shells and tube
sections to said steam drum and return fwes extending
throughout the steam drum, substantially as specified. Four
claims.

B56814 STEAM BOILER. Edgar L. Arnold, of Alex-
andria, Minn.

Claim.—In a steam boiler, the combination with a fire box
and a grate positioned within the fire box adjacent the front
wall thereof, of a hollow cylindrical flue barrel secured at its

forward end in an cpening in the front wall of the fire box
and extending rearwardly with its rear end terminafing slight-
ly short of the rear wall of the fire box, the barre] being closed
at its said rear end and being entirely open at its front end,
flues extending into the barrel through the open front end

thereof, and opening through the rear end thereof, zaid bar-
rel  being  spaced completely from  the walls of the
fire box except at the point of connection of its front end
with the front wall of the fire box, the rear end of the flue
barrel being located in a plane considerably removed from the
vertical plane occupied by the rear end of the grate, and a
brace rod extending mnto the flue barrel through the open front
end thereof and secured at its rear end to the closed rear end
of the flue barrel adjacent the lower end thereof. Chne claim.

B6h,771. BOILEER. Alexander B. Burns, of Green Bay,
Wis.

Claim.—In a fire box for boilers, a double-wall jacket, front
and hottom openings therein, closure-strips for the openings
interposed between the douhle-walls, in combination with an

ash-pit frame for supporting the fire box at the bottom apening
therein, said frame being open at its front, and a door-plate
secured to the front of the ash-pit frame and front-walls of
the fire box around the opening therein, Two claims.

867,784, T-FIPE. William H. Bellmaine, of Pocatelln, Ida.,
assignor of one-half to George Stone, of Pocatello.

Claim —The ecombination with a boiler having a smoke-box,
flue sheet and dry steam pipe, of a case fastened to the flue
sheet within the smoke-hox, a tube passing through the case

and flue sheet and engaging the dry steam pipe, means located
within the casing and engaging the end of the tube within the
casing for fastening the tube In place, and a steam pipe com-
municating with the casing and located in the smoke-box.
Fourteen claims, .

Bor631. STEAM GENERATOR, Charlez Bakehaus, of
Sigourney, la.

Claim—In an apparatus of the class described, the combina-
tion with a support, of a cylindrical receptacle carried by said
support, said receptacle provided with a vertical end, a safetv
valve carried by said vertical end, said vertical end provided

with an opening between said safety valve and the lower por-
tion of said receptacle, removable means closing said opening,
a supply pipe extending through the lower portion of said
receptacle hetween said opening and said support, and means
engaging said supply pipe outside of said receptacle for secur-
ing sald receptacle agamst mdependent movement upon said
support. Six claims.

#5801z, FLASH-BOILER. Andrew L. Riker, of Bridge-
port, Conn., assignor to Stanley Motor Carriage Co., a corpora-
tion of Mass.

Claim.—A hoiler comprising a plurality of superposed coils
connected i series, successive convolutions of each of said
coils rising pradually and comtinuously from the inlet to the
outlet end thereof, the connections between successive coils ex-
tending closely adjacent the source of heat. Eight claims.
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BS7o7e. STOKER. Charles A. Knowlton, of Erie, Pa,
assignor 1o the American Stoker Co., of Erie, a corporation of
New York.

Claim.—In a stoker, the combination of a feed box arranged
to deliver fuel from beneath the fire; a fuel support in the form
of a twyer cap for said box; a grate arranged at the side of

said twyer cap and adapted to carry fuel from said cap: said
grate comprising reciprocating grate bars; a carriage for sup-
porting said reciprocating grate bars; rollers for supporting
said carriage ; and means for reciprocating said carriage later-
ally relative to the direction of feed through the feed hbox.
Seven claims.

868,455, STEAM ASH-REMOVER
Jonas A Kretzer, of Mound City, Mo,

Claim.—In an apparatus of the class described, the combina-
tion of a fArebox including a grate, a collecting chamber below
the grate, a hopper between the chamber and grate, a duct
leading from the chamber, an inclined plate for directing the

FOR BOILERS

ashes and cinders into the duct, a steam discharging pipe ex-
tending through and supported on the inclined plate and ar-
ranged in axial alinement with the duct, and a deflecting device
at the outer end of the duct. Three claims,

B68.832. ROCKING GRATE. George C Andrews, of
Minneapolis, Minn.

Claim—The combination with a hoiler having an approxi-
mately cylindrical fire box, of a sectional circumferentially ex-
pansible grate supporting ring, legs or spacing projections con-
necting the sections of said ring to the said boiler, of a plur-
ality of toothed grate hﬂT;I:_?Jl:lllt]lflJ on and supported by said
supporting ring. Two cl; “8s,

86g,000, SAFETY DEVICE FOR STEAM-BOILERS,
Charles Letteri, of Columbus, Ohio.

Claim.—A steam boiler having an opening in its shell be-
tween the steam and combustion chambers, a closure for said
opening located within the boiler and secured to the shell

T
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at said opening and to a rigid part of the shell removed from
the combustion chamber, said closure adapted to be ruptured
when subjected to abnormal heat due to the lowering of the
water mn the steam chamber, Three claims.

260,158. UPRIGHT STEAM-BEOILER.
of Tacoma, Wash.

Claim—The combination with an upright bailer, of a casing
inclozing the same sn as to leave a space around and at the
top of the boiler, said casing consisting of a cvlindrical shell

Samuel I}, Brear,

having at its lower end, at one side, a lateral extension from
the top of which extends a smoke flue, and brackets secured to
the wall of the fire box upon which said casing rests. Two
claims.

8og.212. FEED-WATER HEATER. Thomas M. Mona-
han, of Middleport, Ohio, assignor of one-fourth to John B.
Lindzey and one-fourth to Curtis B. Smith, of Middleport.

Claim.—In means of pre-heating the feed water for locomo-
tives, the combination of the boiler, a feed water supply-pipe
for the same, an injector to force the water through the pipe,
a tubular housing open at opposite ends where it connects to

the supply-pipe mentioned of which it forms an ingerted part,
said *housing being provided with a lateral port open towards
the side of the boiler and an upwardly extended part where
it is also open, a screw-cap fitted to this open part, a check-
valve near one end of the housing and below this screw-cap,
and a short horizontal pipe connecting the housing at its
lateral port with the side of the boiler. One claim,

800,575, FURNACE-DOOR. Carl J, F. Johnson, of Cleve-
land, Ohio, assignor of one-half to Carl W. Carlson, of Cleve-
land.

Claim.—A door for furnaces and thes like comprising a hol-
low structure, a vertical partition dividing the same into two
longitudinally extending chambers, passages connecting one
of zaid chambers with the opposite outer face of the structure,
air supply connections for said last named chamber, and water
supply connections for the remaining chamber, Seven claims.

8oo600. SUFPERHEATER. Max Toltz, of St. Paul,
Minn., assiznor of one-fourth to Charles Gilbert Hawley, of
Chicaga, I11

Claim.—A locomotive boiler containing a substantially cir-
cular row of enlarged fire flues and provided with a dry-pipe,
in comhbination with a substantially circular saturate steam

header connected to said dry pipe, a substantially ecircular
superheated steam header, a throttle valve provided in the lat-
ter, steam feed pipes connected thereto, and a plurality of
superheater elements occupying said enlarged flues and having
their ends connected to respective headers. Seventeen claims.

869.805. LOCOMOTIVE-BOILER. Sidney A. Reeve, of
Worcester, Mass., assignor to Charles F. Brown, trustee, of
Reading, Mass.

Claim.—A locomotive type boiler comprising a tubular shell,
a vaporizing-chamber therein, a preheating-chamber therein
embracing and having a common steam-space with said vapor-
izing chamber and located mainly in the lower part of the

tubular shell, a gas-chamber in line with the shell located
forward of said vaporizing and preheating chambers, and a
steam superheater situated in said gas-chamber, and com-
posed of a series of superheating-sections located mainly in the
upper part of the gas-chamber out of the line with the fire
tubes. Nine claims.
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BOILER SHOP OF THE THOMAS C. BASSHOR COMPANY.

The boiler shop of the Thomas C. Basshor Company, engi-
neers and contractors, is located at the junction of Bush street
and the Baltimore & Ohio Railroad, at Baltimore, Md. The
shop is a modern steel structure 250 feet long by 110 feet wide

one side of the shop, just outside the building. The Arst of
these spur tracks makes it poszible to ship the imished product
direetly from the erecting floor into the cars by means of a
large electric overhead traveling crane, which spans the en-

1

FIG VIEW OF THE MIDDLE BAY I¥ THE
It is divided into three bays or aisles, the middle one being
Maost

of the machine tools are located in a hine between the side and

50 feet wide, and the two side bays each 30 feet wide

center bays, thus leaving the space in the center of the shop
entirely free for the erection of heavy work, and a large part
of the space in the side bays clear for the erection of light
work.

The tracks of the main line of the Baltimore & Ohio Rail-
road pass by one end of the shop. Two spur tracks lead
from the main line, one into the shop itzelf and the other along

LER

EMOr OF THE THOMAR C, FASSIHORE COMPAXY,
tire width and travels the entire length of the center bay of
the shop. The second spur track, which iz located just outside
of the shop, 15 wsed for unloading coal, bosler tubes and har
irom.  This material is stored in sheds located, as may be seen
from the plan view of the shop, Fig. 4, just outside the build-
ing, convenient to the erecting floor,

Ample provision is made for the rapid and economical han-
dling of the work throughout the entire zhop
derrick iz located just in front of the shop, by means of which

A large boom

material mav be unloaded directly from the main line tracks
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of the railroad, and either swung into the shop or placed on
trucks, which may be drawn into the building on a small nar-
rew-gage shop track. This derrick is operated by means of a
pair of Lidgerwood hoisting engines, which are also used for
hauling cars in and out of the shop. The location of the
derrick and engmes, and also the sweep of the dermick 18
plainly shown m the plan of the shop, Fig. 4. For handling
the work mzide the shop, the center bay is fitted with a Shaw
electric traveling crane of 30 tons capacity, which, as has
been stated. entire width and travels the entire
length of this part of the shop, The light material in the side
bavs is handled by means of everhead trollevs, equipped with
Yale & Towne triplex and Harvington improved chain hlocks.

spans the

In addition to this, each of the machine tools is provided with
an individual jily erane for handling the worl,

there are two high-speed punches of the Cockburn-Barrow
Machine Company's make, one with a 15-inch gap and the
other with a so-inch gap. Beyond these machines are a 36-inch
combination punch and shear, a punch and angle-iron shear
and a horizontal punch, all manufactured by the Cleveland
Punch & Shear Company. On the same side of the shop are
alse a pair of s-foot bending rolls, an angle-iron bending ma-
chine and a Lenox rotary bevel shear. Three power drill
presses are installed for drilling tube holes, etc. At the ex-
treme end of the shop is located the fanging fire, bending
plate and other appliances for performing the necessary black-
cmith work, On the opposite side of the shop 15 a 100-ton [0-
faat gap hvdraulic riveter, manufactured by R D, Wood &
Co. Water is supplied for the riveter under a pressure of
2,000 pounds per square inch by a duplex steam pump 16 by 27¢

FIG, 2,

EXTERIOHR YIEW OF BEaSSHOR BOILER SHOF,

Power for the shop is supplied by a zzo-volt Crocker-
Wheeler electric generator, driven by a 1oo-IL. P. automatic
Skinner engine, the engine and generator being direct con-
nected.  Steam 15 furnished by ane 150-I. P, horizontal return
tubular boiler of the company’s own make, The bailer is 18
feet long by 72 inches in diameter and contains seventy 4-inch
tubes, The working pressure is 125 pounds per square inch.
At present the power is distributed through the shop partly by
line shafting and partly by individual motors for each ma-
chine. It is the intention of the company finally to have cach
machine driven by an electric motor, and this change is being
gradually made, Besides the boiler, engine and generator, the
engine room contains one 500 cubic foot, two-stage American
air compressor for supplving the shop with compressed air
for the operation of the various pneumatic tools

Fig. 4 shows in detail the arrangement of the shop and lo-
cation of the machinery. The material, which iz received at
the end af the shop nearest the railroad tracks, 15 laid out at
this end of the shop and then passed on to the machines to he

punched, sheared and bent to shape. At this end of the shop

EHOWING THE LARCE EOOM DERRICE FOR UNLOADING MATERIAL.

by 12 inches, installed with an accumwulator 6 feet 6 inches in
diameter by 10 feet high. The work is held at the riveter by
the vsual form of hydraulic Lift. In the center of the shop,
on the same side as the hyvdraulic riveting apparatus, 15 a com-
pletely equipped tool room. Here all the neceszary machine
tools are installed for making and repairing tools,

Besides the tools already mentioned the shop has a complete
equipment of all the latest improved pneumatic tools, includ-
ing drills, chipping and riveting hammers, holder-ons, ete, An
B4-inch gap Allen pueumatic portable riveter 15 also in use.

All of the work turned out by this company, which consists
of practically evervthing m the sheet metal and boiler line, has
a special character, no work bemng carried in stock.  Boilers of
all descriptions are uilt to specificationz. The view given of
the erecting floor shows a number of corrugated furnace
boilers, aggregating a total horsepower of 1,700, which are
now under construction by thiz company, and also some special
plate work in the form of a water tank and tower. This pho-
tograph shows that the product of the company iz zhipped to
all parts of the country.
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Fid. 3.—VIEW OR THE ERECTING FLODR OF THE THOMAS C. BASSUOR COMPANY'S SHOF.
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Boilers of the Hamburg-American Steamer
Kronprinzessin Cecilie.

The Kronpriozessin Cecilie was buile by the Fredrich Krupp
Aktiengesellschaft Germamawerdt, Kiel, Germany, for the
Hamburg-American Line for serviee between Hamburg and
South American ports,  She 18 a vessel of 14,350 tons dis-
placement, with a length of g7o feet, a beam of 55 feet and a
mean draft of 25 feet. Accommodation is provided for 235
first-class, 40 secomd-clasz and 014 third-class passengers,
which, together with a crew of 200 men, make a total of 1,380
persons on hoard when all accommodations are taken

Two main engines of the four-evlinder, vertical, inverted,
direct-acting, guadruple expansion type, each capable of de-
veloping about 3,035 H. P. at 7o revalutions per minute and a
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feet 514 inches and are made in three courses, two being out-
side and one inside. The outside diameter is 15 feet 10 inches,
while the thickness of the plates is 1.6 inches. Each boiler
contains three Morison suspension furnaces in each end, with
a separate combustion chamber for each pair of furnaces op-
posite each other, The length of tubes between tube sheets is
= feet 10V4 inches, and they are spaced 4 inches apart in each
direction. Each end of each double-ended hoiler contains 414
tuhes, of which 184 are stay-tubes and 230 are ordinary tubes,
All have an autside diameter of 234 inches, with a thickness of
a.315 inch for the stay-tubes, and o.asys inch for the others.
The front tube sheetz have a thickness of 1.06 inches, while
the back tube sheets are 1.02 inches thick.

The taps of the combustion chambers, % inch thick, are sup-
ported by the ueual bridge girder, there being four on the
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SECTIONS THROUGH ONE oF THE DOUVBLE:-ENDER BOILERS,

steam pressure of 214 pounds per square inch, drive the ship at
a speed of about 13 knots.

Three double and one single-ended boilers of the cylindrical
type, working at a pressure of 214 pounds per square inch,
are located in one boiler room, and have a single funnel.
There are three furnaces at each end of the double-ended
boilers, and at the front of the single-ended one, making a
total of twenty-one fires. The furnaces have internal and
maximum diameters of 3 feet g4 inches and 4 feet 174 inches.
The thickness is 34 inch.  The grates are 5 feet 5 inches in
length, the grate surface for each double-ended boiler being
128.1 square feet, while the heating surface in each of these
boilers figures out at 5,382 square feet, or a ratio of 42 to I
The grate surface of the single-ended boiler is 4.0 square
feet, and the heating surface 2,152 square feet, which makes an
aggregate prate surface of 448.0 square feet, and a total heat-
ing surface of 18,208 square feet, or 40.7 to 1 of grate.

The double-ended hoilers have a length over the ends of 20

WITH DETAILE OF EIVETING, MANHOLES AND SLING STAYE.

central chamber and five on each of the side chamhbers. Each
carties six supporting bolts. Each of these girders, with the
exception of the one in each case nearest the shell in the side
combustion chambers, is supported in turn by two sling stays
214 inches in diameter, and carried each on a continuous pair
of double angles 6 by 6 by 1 inches, riveted to the shell. The
spacing of the screw stay-bolts in the combustion chambers is
=14 inches in each direction. These bolts are 134 inches in
dalameter.

Above the combustion chambers are twenty-one through
stays, of which fourteen have each a diameter of 27% inches
and are provided with washers 1034 inches in diameter, while
the others have a diameter of 214 inches and have 10lf-inch
washers. In the lower part of the boiler are zix stays of the
latter size, of which four are through stays, while the other
two, passing between the combustion chambers, are made up
of three sections swiveled together.

Each course of the boiler iz made of a zingle plate, with a
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butt joint and double butt straps, the latter having a thickness
of 114 inches. The strength of the outer courses in the boiler
shell has been computed as go percent of the uncut sheet, and
the inner course is given as BB.15 percent, with a thickness a
trifle greater than the outer. The riveting has been dane so
completely as to furnish a rivet strength in excess of that of
the unbraken shell by about 25 percent. The shell steel has
been subjected to tests which show a tensile strength of
66,850 pounds per square inch, with an extension of 20 percent
in & inches. The remaining plates show a strength of about
Go,000 pounds per square inch, with an extension of 25 percent.
The rivet material shows a strength of 62,500 pounds per
square inch, with an extension of 20 percent. The plates are
of Siemens-Martin mild steel, and the riveting, wherever pos-
sible, was done by hydraulic process.

The funnel, which has a circular section, consists of an inner
and an guter tube, with sufficient air space between them, the
diameters being 10 feet 254 inches and 12 feet 934 inches, re-
spectively. Howden's forced draft is used, and two ventila-
tors of 2 fest 1174 inches in diameter are provided for each
fire side in the boiler room.

Layout of a Taper Course withTa Flat [Side.

BY H. & JEFFERY,

In order to lay out the pattern as shown in Fig. s, the re-
spective side and end views must be drawn up. Fig. I rep-
resents the side view of the taper course as it will appear
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when rolled up into its true shape or position. Fig. 2 repre-
sents the relation of the respective ends. The dimensions
given in Figs. 1 and 2 show the small diameter to be 16 inches,
the length of the course to be 20 inches, and the large end to

be drawn with a zo-inch radins with the Hat side extending
8 inches heyond the center line.

Having drawn up the outline of Figs. 1 and 2, divide the
semi-citcle of the small end into any number of equal spaces ;
in this prohlem eight equal spaces have been taken. Now di-

vide the curved surface of the large end into the same
small  end.
and

Number the
together the

spaces as the
inclusive,

number of equal

spaces  from connect

I to o

e~ — ————— P mm————

-
|-:

spaces as shown. The writer's practice is to connect the spaces
together with dotted and solid lines, as thiz permits the layer-
ot to keep the layout from getting confused, as will be the
case when the lengths of the various lines are nearly equal.
It is well to connect together figures of equal value with solid
lines, and figures of unequal values with dotted lines.

The value of this method will be more fully brought out in
Figs. 3 and 4. It is not really necessary to draw up the side
elevation, Fig. 1, as about all the information required is the

Half Partarn

[T —_—

length, 20 inches, Fig. 2 is practically the whole foundation of
the problem,

After connecting the lines as shown in Fig. 2, turn te Figs.
3 and 4. Draw the vertical lines V-X in Figs. 3 and 4, 20
inches long, which is equal to the height of the COurse, as
shown in Fig. 1. Now draw the horizontal lines ¥-T, Figs.
3 and 4, at right angles to the vertical lines X-¥. Step off
from Fig. 2, on the horizontal line of Fig. 4. the length of
the dotted lines, Likewise take the length of the solid lines
of Fig. 2 and step them off on the horizontal line of Fig. 3.
Draw the connecting solid and dotted lines to the apex X.
These slant lines just drawn give the true length of the
lines for the pattern, Fig. 5.

In order to lay out the work rapidly, as well as to avoid
error, it is well to use two pairs of dividers; setting ane pair
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equal to the spaces of the large end and the other pair to the
spaces of the small end. Draw the vertical line, Fig. 5, from
I to 1, equal to the full line 1 from the base to point X, Fig. 3.
Step off one large space at the top and onc small space at
the bottom. "

Take the length of the dotted line 2 from the base to the
point X, Fig. 4; using 1 as a center, Fig. 5, draw an arc cutting
the arc previously drawn at the bottom. Then take the length
of the solid line 2, Fig. 3; using 2 as a center, Fig. g, draw an
arc cutting the arc previously drawn at the top. The balance
of the layout is carried out in a like manner, exercising eare
not to use the wrong line. Tt will be understood that the
plate is worked from the neutral diameter of the taper course
The wedge-shaped piece is merely 1804 inches at the bottom,
tapering off to nothing at the top. Assuming that this is a
butt joint, the pattern is complete.

How to Burn lllinois Coal Without Smoke.

BY L. P. BRECKENRIDGE.

SMOKE PREVENTION WITH THE HOBIZONTAL FIRE-TUBE EOILER.

The horizontal fire-tube boiler is much in use in the gmaller
units of from 50 to 150 H. P. It was brought into promi-
nence in the early dayvs of American steam hoiler practice as
the natural successor of the plain cylinder and flue haoilers,
all of which were externally fired. Tt soon became the stand-
ard type of boiler throughout manufacturing New England,
where in many places it still retains its position on account of
its cheapness and itz economical operation with all grades of
anthracite and many grades of bituminous coals, especially
those containing a high fixed carbon content.

With this boiler combustion takes place mostly on the grate
or at a short distance ahove it. AMany plants have been in-
stalled with this type of boiler, in which the grate has been
placed not more than 14 to 16 inches heneath the hailer. These
plants have burned anthracite coal successfully. With the in-
troduction of the West Virginia bituminous coals containing
small amounts of volatile combustible matter, the grates were
lowered under this type of boiler to 24 and 3o inches with
good effect.  5till, with either coal, much the greater part of
the heat was generated on or near the grate and the heat
made available for transmission was largely radiant heat.
The plates directly over the fire itself transmitted a corre-
spondingly large part of the heat of the coal to the water in
the boiler. The satisfactory performance of the fire-tube boiler
with Eastern coals, together with its availability, made it
naturally the boiler to be adopted by manufacturers moving
westward with the center of population. Tt is easily seen,
however, that with Illinos coals carrying 30 to 40 percent of
volatile eombustible matter and burned at rates which pro-
duce flame lengths of from 5 to 20 feet, this type of boiler as
usnally set iz by no means adapted for the smokeless con-
sumption of this kind of fuel. There is, in fact, no better
method of producing dense black smoke with I[llinois coal
than to install a horizental fire-tube boiler with the uswal
furnace, and hand fire such a plant with run-of-mine coal.
In =uch an outft all the fundamental principles for smoke-
less combustion are disregarded.  The method of introducing
the coal directly into the hot furnace, in fine dust and large
Iumps, prevents slow or uniform distillation of the gases; the
air supply through open doors, through holes in the fire, or
-throngh a fuel bed of varying thickness is neither correct
in gquantity nor is much of it properly heated: the mingling
products of combustion come in contact with the cool surface
of the plates of the hoiler, reducing the temperature of the
gases below the ignition temperature before combustion is
completed,

Having in view these defects of the usual plan of operating
the fire-tube boiler with Illinois coal, many ways suggest
themselves by which these faults may be corrected. It is
possible to burn Illinois coal witheut smoke with fire-tube
hoilers, but the furnace requires special treatment and such
settings are not common. The plans wnsually proposed are
either low-set stokers or extended Dutch oven furnaces.
When hand-firing is adopted the wing wall furnace or other
form of mixing baffles or piers is of great assistance. With
any of these devices careful firing is very necessary for satis-
factory results, The twin brick arch furnace which keeps the
gases away from the boiler plates altogether is an effective
smoke preventive, Careful firing with low rates of combus-
tion {12 to 16 pounds) per sguare foot of grate, assisted by
automatically contralled air supply, will often enable these
scttings to be run so as to escape the fines of city smoke in-
spectors, but they can hardly be compared as to smokeless-
ness with such settings as are emploved with water-tube
boilers. Horizontal tubular boilers are often adopted on ac-
count of their cheapness, and when such is the case the addi-
tion of any special furnace constructions or any special de-
vices to aid in smoke prevention, is seldom given any con-
sideration. From what has been said it is douhtless evident
why thiz type of boiler is so frequently found to be one of
our worst smoke offenders.

BURNING ILLINOIS COAL IN LOCOMOTIVE BOILERS.

The writer is compelled to admit that he doez not know
how to burn Illinois coal in a locomotive boiler under the
usual operating conditions without making smoke, Careful
firing is the most effective way of reducing the amount of
smoke made, but no fireman can be found skillful enough to
meet the exigencies which are always arising and to operate a
locomotive boiler in zervice without smoke even 75 percent of
the time when using Tllinoiz coal. It is not possible here even
to enumerate the many devicez which have been tried to
prevent smoke production on locomotive hoilers. The high
rates of combustion on the grate of this boiler, often reaching
150 pounds, and sometimes 200 pounds per square foot of
area, produce temperatures which soon destrov all forms of
fire-resisting material or other constructions not backed up by
water-jacketed metals. Were it not, however, for the many
and sudden changes in the conditions of operation imposed by
the very duties for which the locomotive is designed, all other
ohstacles might possibly be overcome and the locomotive be-
come smokeless.  Fortunately we can clearly see how to elimi-
nate the smoking locomotive from the thickly populated dis-
tricts by the use of the electric locomotive which now iz able
to meet the demands placed upon it for speed, acceleration
and tractive effort. It is alzo pointed out that the large power
plant will now produce the electricity needed for this service
with greater economy and at the same time burn Ilinois coal
without smoke.

HOW TO HAND-FIRE ILLINOIZ COALS 50 AS TO REDUCE THE PRO-
DUCTION OF SMOKE.

There are many small pawer-plant units that are hand fired
which smole badly, The construction of many of these fur-
naces i5 such that it is almost impossible to operate the plant
without smoke.  3till something might be done to reduce
smoke if the fireman exercised more care in firing. Whatever
can be done by the fireman in the way of properly introducing
the fuel into the furnace is just so much gained and it re-
lieves the auxiliary mixing devices or baffles if such exist
from just so much work later on. The best method of hand
firing for smokelessness is also the best method for attaining
economy. There are three generally recognized methods of
hand firing: (a) The spreading, (b) the coking and (c) the
alternate. The first'is satisfactory and generally uzed for an-
thracite; the second for coking coals and the last for non-
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coking coals. It is the alternate method that is best suited to
Hhngis coals. This method is described as follows. The fuel
bed area is divided into equal parts, two, four, or six, depend-
mg on the size of the entire surface. The fresh coal is fired
alternately on one-half of these areas at a time at such inter-
vals a: may be necessary to hold the steam pressure. De-
pending on the rate of driving, these intervals will vary from
I to 5 minutes. For small areas, first one-half the surface of
the fuel bed iz covered and then perhaps 3 minutes later the
other half. This method allows much of the air supply to
come through the bright fuel bed and thus become heated and
suitable for mixing with the highly volatile comtent which is
being rapidly driven from the freshly fired coal on the ather
side, . Just because fresh fuel has been spread over one part
of the fuel bed, the air most needed at that moment cannot as
easily flow through it, and another part of the fuel bed should
be left free for itz passage at that time. When the fuel bed area
is very large, some checker-board system of firing mav be
adopted, which, when alternately fired and left free for air
passage, will result in a large reduction in the amount of
smoke produced by the toa common method of spreading the
coal over the entire surface at each firing. [t must not be
forgotten that a large supply of warm air 15 needed immedi-
ately after fresh fuel is spread over a part or all of the fuel
hed; this is best supplied as just explained, but it may be
advantageous to provide for still mere air by leaving the fire
doors open slightly just after each firing. There are several
devices on the market which provide for an air zupply over
the fire, which are turned on with the opening or closing of
the fire door and which can be arranged to close at the end of
any desired time, depending upon the rate of driving and fre-
quency of firing found desirable. The firing of small amounts
of coal at frequent intervals produces less smoke than fring
latge amounts at longer intervals. The latter method, how-
ever, usually proves less tiresome to the fireman and is for
that reason maore frequently adopted.

THE DISTANCE BETWEEN THE BOILER AND THE GRATES.

Having n mind the horizontal fire-tube boiler, the distance
from the bottom of the boiler to the grates should be from
30 to 34 inches. At thiz distance the flame from Illinois coals
will sweep along the bottom of the boiler and much smoke
will result. 5till it must be borne in mind that a large part
of the heat to be obtained from the burning of the fixed car-
bon part of these coals 15 transferred to the shell in the form
of radiant heat and for this purpose the grate should be near
the boiler. While it is necessary in preventing smoke, that
the flames be kept from the cooling surfaces of boilers, this
cannot be accomplished by simply lowering the grates under a
horizontal fire-tube boiler, as the writer has unfortunately
been incorrectly quoted as having stated. For bailers of this
tvpe some form of furnace extending partly or entirely in
front of the boilers and either hand fired or fed by stokers of
the Murphy type would undoubtedly furnish a satisfactory so-
Iution to the smoke problem. As elsewhere pointed out the
smoke problem is not usually satisfactorily solved with I1li-
nois coals and the horizontal fire-tube boiler. The small unit
hardly warrants an automatic stoker. Tlesire for a cheap plant
prevents any special form of furnace and so it is that this kind
of a setting frequently proves to he a tronblesome smoker

THE PREFPARATION OF COAL FOR SMOKELESS BURNMING,

When the coal fed into a furnace is fairly uniform in size it
15 much easier to burn it without smoke than when it is of
different sizes. In all the settings deseribed in this article as
smokeless, the coal burned has been of such uniformity as to
meet this requirement, The standard commercial sizes are all
that are required, such as No. 1, 2, 3. 4 or 5. Take, for in-
stance, the chain-grate stoker; the very principle of it: opera-

tion, complete consumption of the coal while 1t travels the
length of the furnace, makes it very evident that if small
pieces of coal are just consumed, the very large pieces will
not be consumed.  Just to what extent it will pay to size coal
for regular use is not yet very clear, but experiments reparted
by Mr, W. L. Abbott in 2 paper before the Western Society of
Engineers (September, 19060, makes it evident that the in-
fluence of variation in 2ize of the fuel used is of much more
importance than has heretofore been generally believed. In
these tests the capacity, as well az the efficiency of the plant
tested, imcreased rapidly with the size of the coal used he-
tween the average sizes of 0.12 inches and 0.0 inches, after
which both these factors dropped again, The following table
indicates the general results abtained.
Effect of variation in size of Illinois coal screenings

Size in inches. Horsepower, Efficiency.

15 350 53
.20 525 fin
25 050 65
30 25 65
.35 fizg 63
A0 5350 LiTy]
45 500 5

50 525 :

Whether these results are generally applicable or whether
they apply only to the conditions existing in the operation of
a single plant it is difficult to say. The plant in which these
tests were made corresponds so closely to the plants deseribed
in the paper that it would seem very desirable that those oper-
ating such plants should take advantage of the results ob-
tained and be sure that the mere matter of inattention to size
should not be responsible for a capacity or efficiency loss of
from 5 to Io percent,

The washing of coal, which removes a considerable part of
the ash and sulphur, has proved very advantageous to many
plants, especially where capacity has heen an important con-
sideration, The washing, itself, however, does not make coal
burn without smoke. As explained elsewhere, the total vol-
ume of volatile combustible distilled per hour from each square
foot of grate area must determine those furnace proportions
necessary, with the various methods of coal supply to the fur-
nace, which will, with any kind of coal, prevent smoke. The
writer desires to mention in this connection that since he
began to use washed nut coal in his hot-water residence heater
and in his kitchen range, black smoke is seldom seen coming
from his chimneys. Previous to the use of this coal the kitchen
range pipe required cleaning at least once, sometimes twice
each year. Tt is now three years since this pipe was cleaned.
No soot now gathers on the underside of the stove lids as
was formerly the case. A fire is easilv maintained & to 12
hours in the residence heater. Experiments with two types of
residence heaters, which are now available for test purposes,
are in progress by the experiment station, and it is hoped that
more exact information concerning the relative value of va-
rious coals used in this kind of furnace will soon be available
The writer confidently believes that we shall soon know how
to burn Tllincis coals without smoke in residence heating
botlers as readily and surely az we now know how to burn
it under power-plant boilers.

Briquetted coal offers some opportunity for smoke redice-
tion in certain kinds of furnaces, and certain railroads have
reported favorably on its uze inside city limits. It does not
appear that it can compete with raw coal, certainly not in
MNlinpis, if -any consideration iz to be given to the eost. There
are conditions arising where the question of cost need not be
considered—such, for instance, as on naval veszels in time of
war. For this reason a series of tests is now being arranged
between the steam engineering department of the TUnited
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In these tests the gquestion of smokeless operation will be a
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Powdered fuel has been nzed with much success i places
where the coal has not been too ngh in volatile combustible

content, and where the cost of the coal ordinarily used ex-

ceeded $5 or 26 a ton.  Powdered fuel can be burned wathout

smoke and it can be burned with excellent economs It can
not, however, be cheaply reduced to pow et
The writer wall welcome suggestions relating to the smoke

problem fromm throgh

ings, hi

1t the conntry, also draw

e prints, ete. amd complete and reliable data pertaiming

T '\-II.'I'LI'II S5 TNFmace Constrinchon

Pneumatic Tools for Boiler Shops—IV.

Important Points on the Design, Operation and Care of
Pneumatic Drills, Hammers and Hoists which
are Used in Boiler Shops.
BY CHARLES DOUGHERTY,
OPERATION OF PNEUMATIC TOOLS
Under the above title it iz mrended to mention a few of
the uzes to which pneumatic tools have been applied in boiler
shop practice, and also to call attention to some possible uses.
It has occurred to the author that benefit would be
obtained were some svstem inavgurated by one of the trade

vasl

papers, wherchy the users of pneumatic tools could describe
through its columns novel and useful applications that might

not otherwise reccive the publicity that they deserve,

Aside
from the uses and records here described there must certainly

PRNEUMATIC TIAMMIHS.

1.—RIVETING UP

Pl SUPERHEATER TOMES WITII
have been occasions when necessily invented an application
that otherwise might never have zeen the hight of day, and for
this reason it is acknowledged that the uses herein described
are by no means all to which pneumatic tools may be applied

Aside from the general use of riveting hammers for driving
rivets and for which it was the original intention of the malkers
that the hammers should be applied, they may also he used in
conjunction with a swedge in place of the rivel set, for setting
up the corners around the mud-ring on the outside and on
the inside by substituting a bull nose m place of the original
set.  Thiz i being done with splendid results in the shops
of the Lehigh Valley Railroad Company, at Savre, Pa, An-
other way in which they arc used in many shops with con-

siderable success, is to fasten a long-strake hammer rigidly in
a perpendicular position by means of straps to a base or
The

hammer thus fastened can be vsed for scarling small plates,

upright in the shop directly over the flange blocks.

peaming angle iron nings, backing ont rivets in gmall courses,
driving rivets, scarhng and l.'.'.'ll'“l'lg small band ron rings,
time in the
boaler shop, and where oceasion requires hard or light rapid

and many other uses which arise from time to
Ilows,

A voke riveter can be used for all the purposes described
for the long-stroke riveter, with the possible exception of

knocking np mwd-ring corners.  Itg uses for course riveting,

|
|

FiG, 2.—CALKING A LAEGE MARINE AOILER WITH BENEUMATIC HAMMERS,

| angle riveting, smoke-stack work, tank work, ete, are too
| generally known to necessitate their description here, but it

might be of interest to some of the readers to know that it
has been used with good effect for jarring the scale from plates
either flat or rolled In courses

A jam riveter, aside from its original purpose, has been used
and found handy for cuiting off heads and backing out par-
ticularly hard rivets, where an oceasion for ample backing up
presented itself.  Another wse to which 1t has been put is
driving lap wedges, splitting up timber, etc, and also for
expanding tubes,

While the author feels that it is hardly necessary to call
attention to the proper method of deriving the best results
from the use of chipping hammers, inasmuch az  most
mechanics are familiar with the principlez invalved in their use,
yet he feels that it might be well to at least mention in a
casual way for the benefit of Leginners that the Proper way to
get the most work out of such a tool is to keep the eylinder
bushing hard wp against the shoulder of the chisel and the
chisel hard wp against the work, It was difficult to do this
with the first pneumatic hammers placed on the market, as it
required a man of enormous physical strength to withstand the
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shock resultant from the recoil of the blow of the piston on the
chizsel when placed hard against the waork., This was the result
of imperfect design. These defects have been extensively
minimized in the present up-to-date hammers, and it is now
comparatively easy for a man of light or mediom weight to
control the heaviest chipping hammers with the same degrec
of skill and efficiency as an operator of greater physical
strength, The old saying regarding the requisites of a boiler
maker that “brute strength and ignorance are the only quali-
fications necessary,” no longer holds good, and we see now
every day examples where the intelligent operator, even if
physically inferior, can accomplish a great deal more work
than one who while having greater physical strength does not
apply it Lo his work through the tool in an intelligent manner,

There is no department of a railroad shop where poneumatic
tools can be so effectively and economically employed as the
boiler and tank shop. There is hardly an operation in the

The pneumatic drill i3 used in the boiler shop for all classes
of drilling, reaming, tapping, running in stay-bolts, rolling

4 shows the apphication of the rotary dnll on

flues, ete. Fig
marine furnace work. It 1s so arranged on a nig that it can
he utilized at any point of the furnace without the necessity of
blocking. For tapping stay-bolt holes m locomotive Are-hoxes,
the drill may he suspended from an arm mounted on top of the
boiler, or it may be carried by a light overhead trolley, and
counterbalanced with a weight so that the only effort required
on the part of the operator is that necessary to hold the drill
up to its work. When used for drilling, a pneumatic drill is
usually secured in place and braced by an “old man” or heavy
bar of iron bolted to the work at right angles to the line of the
drill, az shown in Fig. s.

While this article 1z in the main conbined to pneumatic
riveters and drills, in view of the fact that they are the most
extensively used in boiler shop practice, we might mention that

FIZ 3 —ESPFECIAL ATTACHMENT FOR RIVETING FIPE WoORE.

construction of a boiler, tank, stack or up-take where the
preumatic tool does not play a prominent part; in short, this
can be called the pneumatic tool mecca,

Fig. 1 shows clearly the method of driving rivets in the dome
of a superheater, The manufacturers of the superheater shown
in the illustration had, previous to the use of pneumatic tools,
been strong advocates of the old hand method, but after the
hydrostatic test, when the boiler was completed by pneumatic
tools, they became radical advocates of the pneumatic tool
method of construction. Much has been said of the inad-
visability of nsing pneumatic holder-ons on steam-tight worl,
but this i an example that proves the fallacy of such state-
ments, as not one rivet had to be cot out by reason of the
failure of the head of the rivet to be hard up, and all the rivets
that could be conveniently reached were held on by pneumatic
holder-ons,

That pneumatic chipping hammers are now 50 constructed
as to strike a blow for calking that will stand almost any pres-
sure demanded by the inspectors is amply proven by Fig. 2,
which shows a large marine boiler on which all calking was
done by pneumatic hammers. Straight seam, leg, head or con-
nection work is easily accomplished and guickly done by the
use of the pneumatic chipping hammers, especially cylindrical
and straight line work,

For longitudinal seams on butted or lapped pipe work and
where the voke riveter is not available, an excellent method of
achieving good results is to form a brace from an angle of
sufficient length to take in one course bolted at each end, and
placed a sufficient distance from the shell to.allow a free move-
ment of the hammer. This acts as a guide and rest for the
operator, as is shown in Fig. 3.

all up-to-date shops are equipped with a stay-bolt breaker,
which., while somewhat cumbersome, is used extensively, aside
from its original purpose of cutting out stay-bolts, for cutting
off rivets, etc.

Some records that have been made with pneumatic drills
might prove of interest to the reader, but we feel sure that
gince these records were made they have besn exceeded by
others. We find records of where a pneumatic drill drilled
fifty-four 15/16-inch diameter holes in 70 minutes, through
#4-inch plate on the flange of 2 marine boiler, the furnace being
in position. This same work previowsly took by hand 8tz
hours. With a smaller gsize pneamatic drill a 74-inch hole was
drilled through I4-inch plate in 22 seconds. This work took 4
minutes with a flexible shaft and about Io minutes with a
ratchet drll.  Another drill made an average of 30 seconds
each drilling locomotive tube holes in copper 1734-inch outside
diameter under 7o pounds air pressure, In drilling test ar tell-
tale holes in stay-bolts, two men with two small pneumatic
breast drills ean drill 140 stay-bolts per hour, In tapping hales
in a fire-box, it takes about 32 seconds per hole with a pneu-
matic drill of suitable size, 2 minutes with a flexible shaft and
from 5 to 6 minutes by hand. Two men with twa drills can
tap out the holes and serew in 700 stayv-bolts in a fire-box in
14 hours. For reaming purposes the pnenmatic drill, especially
that of the rotary type, will do the work in about one-third of
the time required by a Hexible shaft and one-zixth of the time
required by a hand ratchet.

That the pneumatic riveting hammer as applied to steam-
tight work has come to stay is confirmed by 2 glance at same
of the following records: In riveting on a standard fire-hox
leg containing 253 34-inch rivets. a long-stroke hammer will
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do the entire job in g hours. The same job by hand took

15 hours, We find another instance of where 1534-inch rivets

were dreiven m p hail

r which stood 360 pounds pressure with
a pueumatic riveting hammer at about one-thard the cost
of old methods,  We alao have a report from a railroad shop

of a mud-ring being riveted on a consolidation locomotive by

the air hammer at a zaving over hand riveting of 67 pereent

THE CARE OF PNEUMATIC TOOLS.

The subject of the care of pnenmatic tools is apparently
such a trivial matter to a vast majority of users, where its
mmportance 15 of such magnitude, threatening as it does the
very life of the tool, that this subject i3 treated with other

""

000

Fig. d.—DpEVICE rom CENTERING A DEILL IN a CIERCULAR FURKNACE.

than ordinary comment. It is doubtful if anv piece of ma-
chinery which shows such large returns for its original invest-
ment, receives such abuse as do pneumatic tools, It is a ques-

tion whether any other piece of machinery pays a greater profit

n their highest efficiency
The
first essential to the maimtenance of pneumatic tools is that they
be kept thoroughly clean and oiled
Fach pneumatic hammer operated by valves has

on its cost than pneematic tools, v

15 maintained by being kept in gond working condition

Thig iz of the greatest
impartance,
of necessity an intricate scrics of holes or ports in the valve,

valve block and cylinder, There are no superfluons holes.
Each s there for a
how inconsequential.

the bl

immpair the efficiency of the t

purpose, no - matter how small or seemingly

It will be seen, therefore, from this, that

king of one or several of these holes ar ports will

i"'l":"'\-l.'l_lll'l'llll._ the Freat neces-
orit

foreign snbstance that would have a tendency to

sity of keeping th ahsolut clean and free from dirt
ather

ohstruct the free passage af air, or mterfere in any Way with

Or any

the moving parts. The same advice is given as regards drills.

Tt in their re-

designers of these tools are each experts

spective lines and know the value of each and every part in the

tool, and the relation of one part to another. Notwithstand-
ing the fact that each manufacturer of pneumatic tools issues
mstructions with every tool shipped from his factory, re-
garding the care of the tools, it is common knowledge that
the vast majority of users pay no attention whatever to these
instructions, Tt is the more to he regretted that such advice is
nat heeded, coming, as it doce, from those who are desirous of
benefiting their patrons and representing the opinion of experts,
We all know how much we value the words of a specialist in
sickness, and we value it so hecausze we must pay highly for it
The pneumatic tool user, however, very seldom appreciates
the advice given by the manofacturer of pneumatic tools (in
other words, the advice of the specialist) until such time as the

S it
L L

ViG, fh—orDiN ARy TYFE OF OLD Max" POk HOLDING A DREILL,

tonl begins to show signs of sicknezs, or in the parlance of the
boiler shop refuses to then they send for the
specialist with a long letter of complaint to the manufacturer
about the

“stand up,”

wor tools that are being sent out. The manufac-

turer sends a ‘-:'I'\.'I:1|:\1 in the form of a salesman or '||1||,;'|_1|_‘.'_|_;|.Ti|:
tool demonstrator, who simply puts into the practice the advice
:;i1'|'r| by the manufacturer at the time the tools were shipped,

namely, keep the tools svell cleancd, free from dirt and svell

oiled.  The result is that the wols are again in gond working
condition, but with considerable loss of valuable time to the
user, and it is strange to say that notwithstanding the lesson
thus tanght, some of the users revert to the old practice and
neglect eleaning or oiling the tools and keeping them in proper
shape for service.

It is essential to the good working and durabilite of all
pnenmatic tonls that they be kept clean and well .11'|..;~.:-|_ Do
not wait until the tool has stopped working on account of any
foreign substance or of the summing of poor o, If, I"""'-‘\-"-"\-'t'l.'.
the tool has stopped working, a good thing to do is to immerze
the entire tool m a bath of kerosene ail, allowing it to stay
there for such length of time as may be necessary for 1T'f-l_-
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kerosene to cut or loosen the foreign substance from the
mechanism of the tool, then remove the tool from the kerosens
bath, attach a hose and blow out thoroughly. Do this two or
three times until you are assured that the tosl is fres from all
obstructions. Then oil the machinery thoroughly with a gaad,
light-badied machine oil, of which there are a few good brands
on the market. Allow the tool to run free for a little while,
until such time as the light-bodied machine oil has been blown
through every working part of the mechanism. Be sure that
the oil used iz not a heavy oil that will become gummed from
the cold air. Most of the heavy oils do this, and as a result
the tool very often becomes inoperative, whereas with a light
il thizs would be avoided. :

An excellent method of guarantecing the life of all pneu-
matic tools and one that chould be in vogue in all hoiler shops,
is to construct a light tank capable of holding enough kero-
gene oil to totally cover as many tools as mayv be in use in the
chop. Have the tools immersed in this bath nightly and blown
out theroughly before siling in the morning. To insure the
long life of a tool it should be ociled frequently, preferably,
once every 2 hours for a drill, and once an hour for a hammer,
and certainly not less than three times a day for either a drill
or a hammer.

While the same general rules regarding care of pneumatic
tools may be applied 1o the care of pneumatic hoists, there is
one thing that should be addéd. Al pneumatic hoists are so
constructed or incased as to be made dust proof, hence there
is less need for frequent inspection of those in use in hoiler
shops or dusty roundhouses. Tt is good practice to go over
prieumatic hoists very carefully at least once a week, giving
them a therough bBlowing down with the air nozzle, to remave
all accumulations of dirt which may have settled an the ends
around exposed parts, and from which dirt is liable to drop
from time to time into the gears and moving parts, with a
corresponding tendency to cut or injure the mechanism, Where
it is not practicable to occasionally inspect the hoist, or where
time iz limited, it is advisable that kerosene should be blown
through it from time to time, and that it should be frequently
oiled.

Yoke and jam riveters and holder-ons, most of which have
but ome moving part, do not require such careful attention as
other pneumatie tools, but, nevertheless, should be kept reason-
ably elean and well giled. For, to quote the words of a prominent
expert and inventor of pneumatic tools, "It will handsamely
repay any user of pneumatic hammers to keep the inside of the
toals as clean and well oiled as the sportsman does his gun.”

In conclusion it may be well to impress a few facts upon
the users of pneumatic tools, which if adhered to may be the
means of avoiding needless worry,

Don't abuse the tool; treat it as yon would any high-class
piece of machinery.

Don't throw it down as you would a piece of scrap iron; by
doing so you may cause serious injury,

Don't wse a light tool on heavy work.

Don't run a chipping or calking hammer without first in-
serting the tool in the nose bushing—in other words, don't run
it light.

Don't neglect to keep the tool “hard up” against the work.
This applies to riveters also,

Don't start a tool that has been laying around in the dirt
umtil it is thoroughly cleaned.

Dion't attempt to “monkey™ with a tool when it gets out of
arder, if vou know nothing about its construction.

Don't run a hammer or drill unless all parts are tightened up.

Don't wipe a piston with dirty waste or a dirty rag; dip
it in oil and use your hand. .

Don't neglect to keep the toal clean, free from div and well
oiled,

Off-Set Dies for Corner Work.

Riveting up the corners of mud rings in locomaotive boilers
iz an operation which i3 usuvally performed by hand, simply
from the fact that there i3 not enough space to accommodate
the rivet dies, which are ordinarily nsed on a “bull” machine
or portable riveter, The illustration shows how by the use of
special dies this work may be done on a machine, thus saving
a vast amount of time. The dies aré aff-set and placed loosely
in the riveter so that they can be readily turned for driving the
rivets in opposite corners. A flat or button head die may be
used as desired. These dies are vsed in the Milwaukee shops

* -1yl

w0

Diee for
Riveling Cornars

DETAILE OF OFF-SET RIVET DIES ARD THEIR AFFLICATION TO THE CORNER
RIVETE TR THE MUD-REING OF A LOCOMOTIVE FIRE-BOX,

of the Chicago, Milwaukee & 5t. Paul Railway Company, and
we are informed by Mr. A. N. Lucas, peneral foreman boiler
maker of these shops, that the twelve corner rivets, three in
each corner of the mud ring, can be driven up with one ma-
chine in from twenty to thirty minutes at a cost of from
twenty-five to thirtv-five cents,

With the old method of driving these rivets by hand it took
four men from four to five hours time at a cost of from $4.50
to 85, Thus there i3 a great saving ganed, and an experience
of three years has shown that very good results can be obtained
by this method on both old and new work.

The total production of ecal throughout the world in 1006
has been estimated at 1,106470.000 short tons, of which the
United States produced 414,157,000 tons, or 37.4 percent of the
total. The United States produced 437 percent more than
Great Britain and 85 percent more than Germany,
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Lloyd's Register Boiler Rules.*

Rules for Determining the Working Pressure to be
Allowed in New Boilers.

CYLINDRICAL SHELLS OF IRON EOILERS.

The strength of circular shells of iron beilers to be calenlated
from the strength of the longitudinal joints by the following
formula :

EXTHE
— working pressure,
D
coefficient as per followimg table,
thickness of plate in inches,
mean diameter of ghell in inches.
percentage of strength of joint found as fol-
lows—the least percentage to be taken :
p—d
For plate at joint, B = —— * 100,
F
m

where

wmwmn

iz
T
b
i

For rivetz at joint, B = > 1oa; with iron rivets in
pwT
iron plates with punched hales.
i a
B = —
XTI
iron plates with drilled holes.
(In case of rivets being in double shear, 1.75 a is to be used
instead of a.

» g0, with iron rivets in

Where p — pitch of rivets.
d — diameter of rivets.
a4 — sectional area of rivets.
it = number of rows of rivets.

Mem.—In any case where the strength of the longitudinal
joint is satisfactorily shown by experiment to be greater than
given by thiz formula, the actual strength may be taken in the
calculation.

TABLE OF COEFFICIENTS —Iron Bolpers.

For Plates | For Flates | For Plawes
DescriFmion 0F Lowormunmal Joawr. d Inch Thick|} Ioch and Above
and Under. |Abave & Inch,|# Inch Thick.
p joint, punched holes......... ... 168 | 165 170
Lan joint, drilled holes. 170 180 150
Doulde buatt-strap joint, punched boles. 170 | 150 150
Double hutt-strap joint, drilled hales . 150 | 140 | 204

Note—The inside butt strap to be at least three-fourths of
the strength of the longitudinal joint.

CYLINDRICAL SHELLE OF STEEL BOILERS.

The strength of cylindrical shells of steel boilers is to be
calculated from the following formula:

Cx(T—2) =B

— waorking pressure in pounds per square

inch.

Where mean diameter of shell in inches

thickness of plate in sixteenths of an inch,

22 when the longitudinal seams are fitted with
double butt straps of equal width,

21.55 when they are fitted with double bute
straps of unequal width, only covering on
one sitle the reduced section of plate at the
outer lines of rivets,

¢ = 20.5 when the longitudinal seams are lap joints,

(o I s o
I n

; ;I;:::l:r.'.l:l: from rules published in 1907-8

1f the minimum tensile strength of shell plates is other than
28 tons per square inch, these values of C should be corre-
spondingly modified.
B — the least percentage strength of longitudinal
joint, found as follows:

p—d
For plate at joint, B = 10D
p
Hoxa
For rivets at joiat, § = — w Bs where steel rivets are
Bt used,
13 X [} L
B = -2 % 70 where iron rivets are
Pt used.

Where = pitch of rivets in inches.
= thickness of plate in inches.
= diameter of rivet holes in inches,
— number of rivets wsed per pitch in the longi-
tudinal joint.
g — sectional area of rivet in square inches,

(In case of rivets in double shear 1.75 a is to be used instead
of a.)

Wore—The inside butt strap to be at least three-fourths of
the strength of the longitudinal joint.

MNore—For the shell plates of superheaters or steam chests
enclosed in the up-takes or exposed to the direct action of the
flame, the cocfficients should be two-thirds of those given ahove.

FProper deductions are to be made for openings in shell,

All manholés in circular shells to be stiffened with compen-
sating rings.

The shell plates under domes m boilers 2o fitted to be staved
from the top of the dome or otherwise stiffened.

STAYS.

The strength of stays supporting flat surfaces is to be cal-
culated from the smallest part of the stay or fastening, and
the strain upon them is not to exceed the following limits,
namely :

IEDON 3TAYS

For stayvs not excesding 134 inches smallest diameter, and
for all stays which are welded, 6,000 pounds per square inch;
for unwelded stays above 114 inches smallest diameter, 7,500
pounds per square inch.

STEEL STAYS.

For screw stavs not exceeding 134 inches smallest diameter,
8000 pounds per square inch; for screw stays above 134
inches smallest diameter, 0000 pounds per sguare inch. For
other stays not exceeding 174 inches smallest diameter, g,000
pounds per square inch, and for stays exceeding 114 inches
smallest diameter, 10400 pounds per -5.t|u;1re inch. No steel
stays are to be welded.

STAY TUBEZS,

The stress 15 not to exceed 7,500 pounds per square inch,

FLAT FLATES.

The strength of flat plates supported by stays to be taken
from the following formula:
o we A
= working pressure in pounds per square inch.
FI

Where = thickness of plate in sixteenths of an inch.

P* = square of pitch in inches; if the pitch in the
rows 15 not equal to that between the rows,
then the mean of the squares of the two
pitches is to be taken.

C = o0 for iron or steel plates 7/16 thick and under,
fitted with screw stays with riveted heads.
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C = 100 for iron or steel plates above 7/16 thick,
fitted with screw stays with riveted heads.

C = 110 for iron or steel plates 7/16 thick and
under, fitted with stays and nuts,

C = 120 for irom plates above 7/16 thick, and for
steel plates above 7/16 and under o/16
thick, fitted with screw stays and nuts.

C = 135 for steel plates 0/16 thick and above, fitted
with serew stays and nuts.

T = 140 for iron plates fitted with stays with deuble
nuts.

— 130 for iron plates fitted with stays, with double
nuts and washers outside the plates, of at
least one-third of the pitch in diameter and
ome-half the thickness of the plates,

¢ = 16o for iron plates fitted with stays, with double
nuts and washers riveted to the ontside of
the plates, of at least two-fifths of the pitch
in diameter and one-half the thickness of
the plates.

£ = 175 for iron plates fitted with stayz, with double
nuts and washers riveted to the outside of
the plates, when the washers are at least
two-thirds of the pitch in diameter and of
the same thickness as the plates,

For iron plates fitted with stays, with double nuts and
doubling strips riveted to the outside of the plates, of the
same thickness as the plates, and of a width equal to two-
thirds the distance between the rows of stays, C may be
taken as 175 if P is taken to be the distance between the rows,
and 190 when F is taken to be the pitch between the stays in
the rows.

For steel plates, other than those for combustion chambers,
the values of O may be increased as follows:

£ = 140 increazed to 175

150 185,
1650 i 200
175 i 220,
100 - 240,

If flat plates are strengthened with doubling plates securely
riveted to them, having a thickness of not less than two-thirds
of that of the plates, the strength to be taken fram

[ O -
——— —working pressure in pounds per square

P
inch ; where ¢ = thickness of doubling plates in sixteenths, and
C. T and P are as above.

Note—In the case of front plates of boilers in the steam
space these numbers should be reduced zo percent unless the
plates are guarded from the direct action of the heat.

For steel tube plates in the nest of tubes the strength to be
taken from

140 % T
————— — working pressure in pounds per square inch;

P-l

where T = the thickness of the plate in sixteenths of an
ineh.
P = the mean pitch of stay tubes from center to
center.

For the wide water spaces between the nests of tubes the
strength to be taken from

G
= warking pressure in pounds per square inch;
Pﬂ
where P = the horizontal distance from center to center of

the bounding rows of tubes, and

C = 120 where the stay tubes are pitched with two
plain tubes between them, and are not fitted
with nuts outside the plates.

C = 130 if they are fitted with nuts outside the
plates,

¢ = 140 if each alternate tube is a stay tube not
fitted with nuts.

¢ = 150 if they are fitted with nuts outside the

plates.

160 if every tube in these rows is a stay tube

and not fitted with nuts.

C = 170 if every tube in these rows is a stav tube,
and each alternate stay tube iz fitted with
nuts outzide the plates.

The thickness of tube plates of combustion chambers in
cases where the pressure on the top of the chambers is borne
by these plates i3 not to be less than that given by the following
rule:

P WD
rn=———m
1750 ¥ (D —d)
Where P = working pressure in pounds per square inch.
" = width of combustion chamber between plates in
inches,
I} = horizantal pitch of tubes in inches.
d = inside diameter of plain tubes in inches.
T = thickness of tube plates in sixteenths of an

inch.

GIRDERS,
The strength of girders supporting the tops of combustion
chambers and other flat surfaces to be taken from the follow-
ing formula:
Cxd»T
= working pressure in pounds per square
inch.

(L—=P) ¥ DxL

Where L = width between the tube plate and. back plate
of chamber.
P = piteh of stays in girders.
D = distance from center to center of girders,

d = depth of girders at center.
T = thickness of girder at center. All theze dimen-
sions to be taken in inches.
For wrought iromn-

C = oo if there is one stay to each girder.

C = oo00 if there are two or three stays to each
girder.

(- = 10000 if there are four or five stays to each
girder.

= 10,500 if there are six or seven stays to each

girder.

¢ = 10800 if there are eight stays or above to each

girder,

For wrought steel—

C = 7110 if there i one stay to each girder.
L = 10,600 1f there are two or three stays to each
girder,
C = 11,850 if there are four or five stays to each
girder,
C = 12,440 if there are six or seven stays to each
girder,
= 12,800 if there are eight stays or above to each
girder,
If the minimum tensile strength of girder plates is other than
28 wns per squate inch, these values of © shall be correspond-
ngly modified.
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CIRCULAR FURNACES,

The strength of plamm furnaces 1o resist collapsing to be
calenlated as follows :

Where the length of the plain eylindrical part of the furnace
exceeds 120 tines the thickness of the plate, the working pres-
sure 15 to be calculated by the following formula:

1,075,200 % T°

= waorking pressure in pounds per square
LwxD
inch ; where the length of the plain cylindrical part of the fur-
nace is less than 120 times the thickness of the plate, the work-
ing pressure is to be caleulated by the following formula;
so s (goo T — L)
— working pressure in pounds per square
D incl,
— oputside diameter of furnace in inches.
— thickness of plate in inches,
= length of plain cylindrical part in inches, meas-
ured from the centers of the rivets con-
necting the furnaces to the flanges of the
end and tube plates, or from the commence-
ment of the curvature of the flanges of the
furnace where it is flanged or ftted with
Adamson's rings.

In the furnaces referred to below the formule given are
applicable if the steel used has a tensile strength of not less
than 26 nor more than 30 tons per square mmch. [f the ma-
terial of furnaces has a less tensile strength than 26 tons per
square inch, then for each ton per square inch which the
minimum tensile strength falle below 26, the coefficient is to be
correspondingly decreased by 1/26 part.

The strength of corrugated furnace: made on Fox's, Mori-
son's, Deighton’s or Beardmore’s plan to be caleulated from

I2so X (T —2)

Where

==

— working pressure in pounds per square

D inch.

The strength of spirally corrugated furnaces 13 to be caleu-
lated from the following formula :

gz = (T — 2)

= working pressure in pounds per square

D inch,

T = thickness of plate in sixteenths of an inch, and

D = outside diameter of corrugated furnaces in

inches.

Where

The strength of Improved Purve's furnaces with ribs g inches
apart, and of Brown's cambered furnaces with ribs either & or
g inches apart, to be calculated from the following formula:

L1603 (T —a2)

= working pressure in poundz per square
D inch,
T = thickness of plate in sixteenths of an inch, and
D = smallest outside diameter of furnaces in inches.

Where

The strength of the Leeds forge bulb fumace is to be calcu-
lated from the following formula:
T,250 % (T —2)
—_— = working pressure in pounds per square
0 inch.
— thickness of plate in sixteenths of an inch, and
P = smallest outside diameter in inches,

Where

The strength of Holmes' patent furnaces, in which the corru-
gations are not more than 16 inches apart from center to center,
and not less than 2 inches high, to be calculated from the fol-
lowing formula :

045 » (T —2)

— — waorking pressure in pounds per square
D ineh,

T = thickness of plain portions of furnaces in six-
teenths of an inch.
I} — ontside diameter of plain parts of the furnace

Where

in mnmches,

DONKEY BOILERS.

The iron used in the construction of the fire-boxes, up-takes
and water tubes of donkey boilers shall be of good quality and
to Lhe satisfaction of the surveyors, who may in any cases
where they deem it advisable apply the following tests:

| To Bexp Cowp THRoUGH AN ANGLE OF

THICKHESS
E oF i
ot | With the Grain. | Acrass the Grain.
a0 A
iy 7 g
im 55 =
Hu o b

The material ta stand bending hot to an angle of go degrees,
over a radius not greater than one and one-half times the
thickness of the plates.

GENERAL REMARKS ABOUT BOILERE UNDER CONSTRUCTION.

The surveyors will he guided in fixing the working pressure
by the tables and formuls annexed.

Any novelty in the construction of the machinery or boilers
to be reporied to the committee,

The boilers, together with the machinery, to be inspected at
different stages of construction.

All the haoles in steel boilers should he drilled, but if they be
punched the plates are to be afterwards annealed.

All plates that are dished or flanged, or in any way heated
in the fire for working, except those that are subjected to a
compressive stress only, are to be annealed after the aperations
are completed

Mo steel stays are to be welded,

Unless otherwise specified, the rules for the congtruction of
iron boilers . will apply egually to boilers made of steel,

The boilers to be tested by hydraulic pressure, in the pres-
ence of the engineer-survevor, to twice the working pressure,
and carefully gaged while under test,

Twao safety valves to be fitted to each boiler and loaded to
the working pressure in the presence of the surveyor. In the
caze of hoilers of greater working pressure than 60 pounds per
square inch, the safety valves may be loaded to 5 pounds above
the working pressure.  If common valves are used, their com-
bined areas to be at least half a square inch to cach square foot
of grate surface. If improved valves are used. they are to be
tested under steam in the presence of the surveyvor; the ac-
cumulation n no case to exceed 1o percent of the working
pressure.

An improved safety valve also to be fitted to the superheater.

In winch boilers one safety valve will be allowed, provided
its area be not less than half a square inch per square foot of
grate surface,

Each valve to be arranged so that no extra load can be added
when steam s up, and to be fitted with easing gear which must
lift the valve itself, All safety-valve spindles to extend through
the covers and to be fitted with sockets and cross handles,
allowing them to be lifted and turned round in their seats, and
their efficiency tested at any time.

Stop valves to be fitted so that each boiler can he worked
separately.

Each hailer to be fitted with a separate steam gage, to ac-
curatelv mdicate the pressure.

Each hailer to be fitted with a blow-off cock independent of
that on the vessel's outside plating,

The machinery and boilers are to be securely fixed to the
vessel to the satisfaction of the surveyor.
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SUMMARY.

The preceding rules are summatized in the follawing short
table, in which the method has been carried out of indicating
all such dimensions as are measured in inches by capitals, such
as are measured in sixteenths of an inch by gmall letters :

C and €' = coefficients.

W P = permissible warking pressure,

B and 8" = percentage of joint respectively of plate and

rivets.

mumber of rivets included within one piteh of

external row.

thicknesses of plates measured respectively in

inches and in sixteenths of an inch,
pitch in inches of rivels or stays in flat plates,
ar tubes in tube plates.

Pe¢ = distance apart of girders or cross pitch of stays
i inches.,

D = mean diameter of shells and diameter of fur-
naces in inches, measured as follaws: For
all plain furnaces, or made with ribs
{ Purves's}, with flanges (Adamson's rings)
or for Holmes™ furnaces, the outside diam-
cter of the plain cylindrical part is to be
taken, and the thickness of the plates meas-
ured at these parts. For Fox's and Mori-
son's corrugated furnaces the extreme ex-
ternal diameter is to be taken.

D and D, = effective external and internal diameters of
plain or stay tubes and effective diameter
of rivets, or of stays, in inches.

L or L' = length of plain cylindrical parts of furnaces
measured respectively in inches or feet.

L = length of girders measured in inches — internal
distance between tube and back plates,

H = depth of girders measured in inches.

A = sectional area of stays or stay tubes, or of
rivets, in square inches.

2 A = sum of areas of holes in tube plate in square
inches,

Iron boiler shells—

i

R —

T t
WP=Cw (EurB'}X—_—an’_‘){ (BorB) % —
] i)

TABLE OF COEFFICIENTS.

Joner. Dovece BuTr Stears.

Flates. C. | Liri]

& Inch, | i Inch. | Above, | i Inch. | i']ru:h |.r’\b€l"-"."

Thickness of Plates.

Punched . T R L e | 180 180 10061 | 11.24 | 11.87
DRed - .| 180 100 200 1124 1L.E7 | 12. 80
JomT. Lar Jomrs.
Plates. = B
Thickiisss of Plates, % Inch. | § Inch. |Al':|m'!. 4 Inch, | § Inch. Ahnvc
Puanched wdnianae . 66 [ o266 (a7 | wies 10081 | 10,61
DrII]u-i.| 170 | 1580 1hn | 10,61 | 11.24 | 31,87
Steel boiler shplls—
f— 2z

s e O R
D i

TABRLE OF COEFFICIENTS (.

T.Ei‘f.ﬁﬁu' oF STEEL, Tons 20 a2
Lap joints..... .. 18 [r.s 23 47
Bute straps of unequal widths. . 1873 '_ 24 28
Butt straps of equal widths, , a0 43 5. 14
RIVETEDF TOINTS.
P—0
Fercentage of plate B = » 10O,
P
A iy
Percentage of rivets B' = C % N or G5 N N
BT fiod
TABLE OF COEFFICIENTS.,
AATERIAL OF | Downie Burr Straps, Lap Jomrs,

Flate. River. = | oy fieh | B,
Iron, punched| Iron, .. ... 175 0 wi | 78 5
Tron, drilled. .| Trani. . .. 157 § 1938 i 0.3
Sieed, punched Iron...... 122.5 ag. 3 T 35.0
Steel, drlled . Seeel, 148.7 116 8 1] 66,7
£ : |

Stayed flat plates—
Cxe
If pitches are equal 7 P =
F
2R 2300
If pitches are unequal 1" P = =
P4 P A,

where 4 is the diameter of the greatest inscribed circle,

TanLe oF COEFFICIENTS—C.

Stay ends riveted, plates o 1:. e e A
Stay ends rlveter], plates a '\e 1 Inck. . T ;
Stay ends nuered, 'p'lule-.s uE o 7.-".., Inch. .
Stay ends nuited, plates above s inch
bm:.- ends nutied, plates %1 inch thick apd above .

Tmuhlc mits,

Dounle nuis and washers { ng.ngb
Drouble nuts and Fveted washers I?_.f_p'P:l: i pen
Drapble nuts and riveted washers (2P x T

1B x T, lengthways.. ... ... 1890 { 24p

Drauble nuts and doubling sl:rl.'pﬁ.

Tl.lhtph.Le P P R e s AR RO e s st JRES Y VLR RSE 1
Tube plate between nests of 1.'u!:u:s .| Beaded  Nutted
When there are two ﬂ'lhl-ﬂ tishse= ].nel'rrﬂn !a.ys o 120 130
When there is cne plain tube between u.u-s i 140 | 150
When every fube Is a stay lube., oo T 160 | 170

Mubling rlates W. P =C {3407 1t* is the thickness of the doobling plate
~ay. | in sicteenths of an inch,
STAYE,
Stays—
A ok
M = S e
PP Py P
Siav tubes—
A DF—p,
ey or O ¥
PxP.—%4 P Po—324d
— 0 —
| a: B
Tanme oF CoFFICIENTS. KRR i
| Iron. | Steel. | Tron, | Steel,
Screwed stays up to 14 inch effective dinmeter. ... | 6000 | 5,000 | 4,712 283
Herewed ﬂa?aa ove 14 Lm:h :Er-:cul.--: dlameter | T500 | 9000 | 5581 | 7068
Stay tubes.. Tl ] TAM [ 7500 | 5560 | BsU0
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1,000 (F— I} ¢
Tube plates— [ PP

L
H*T:
Gitders— W P—=C % —0mm
Lo (L—FP) 3w Pe

TABLE OF COFFYICIENTS C.

Mumber of Stavs per Girder, Trom Steel
CHE: . e . &, 00 | 1110
Two or three. . 0 10, 6
Four or five. . 10,610 11,850
Six of seven 10,500 12,440
Eight ar mare 10,500 12, =00

Boilers for Mills and Works in England.

Opinions of English Engineers as Reported by an
: Occasional Correspondent.

The opinions of English engineers and works managers on
boiler construction may be of interest to American readers.
The type of boiler in general use for all large works and
factorics in England is known as the Lancashire boiler—a
two-Hued varicty. For more than half a century it has altered
very little, hut pressures have steadily increased from 2o to 30
pounds, and even less, up to 200 pounds per square inch, with
100 pounds as the most usnal figure for new boilers. The
dimensions of the boiler in use in England have also increased

samewhat. This combination of large diameter of shell and

TYFITAL

INBTALLATIZH OF

FURNACES.
Plain furnaces when [ excecds 120 T—

1,075,200 X T 4,200 ¥ 350 F
WP = =
Bk D L

Plain furnaces when L is less than 120 T—

Do Lt

co ¥ (00T —L) Goo
WP =-— (1.5025 3 +— L")
I D
Fatent and other furnaces—
f—z

For measurements of [ see page 47.

Taprt oF CoEFFCIENTS FoR STEEL or D8 Tons avn MoORE C¥.

- - =
Corrugnted Aue, various Lypes 1,250
Purves’s ribbed flue S L'-“;E
Farnley's spirally corcugnted fue._ .. .,I-:
F T

Holmes's flue

b conlinwed. )

(To

ENGLISH MILL RIILERS.

high steam pressure has involved many practical difficulties in
construction. and has induced some mill and works owners to
favor the water-tube boiler. Other developments in boiler
construction have had a limited vogue., For a time crogs tubes
placed in the flues seemed likely to become very general, but
experience has told against them. and it is comparatively

With dirty or
water they are likely to cause corrosion, and even with

seldom that they are now fitted in England,
Impire
pure water they increase the diffieulties of cleaning and of
mapection.  Their value, from the point of view of increased
efficiency, is also in the opinion of English engineers debatahle,
In general engineering the construction of boilers should be as
simple as is consistent with satisfactory and efficient working ;
this principle applies with particular force to hoilers, becansze
time, of necessity, warps and corrodes them, and thorough
inspection can seldom be made more frequently than twice or
thrice a year.

The difficulties of the boiler maker increase considerably
with the steam pressure and the diameter of the shell. Bath
these call for greater thickness in the boiler plates and for more
rigid riveted joints, which tend to make the boiler stiff and
unyiclding. But the high-pressure Lancashire boiler in peneral
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LANTCASHIRE

use in England 15 subjected to very great differences of tem-
perature whilst i use, consequently the bodler must be sui
ficiently flexible to allow of unequal expansion without dis-
tressing any of the plates or rivets. For instance, the flues
always expand more than the main body of the boiler, and
hence they push out the end plates.
by the gusset stays connecting the end plates to the main
shell, and in particular the toe rivets in the angle-irons used
for holding the stays to the end plates are severely stressed.
If the end plates and gusset stays are made too strong, the
“breathing” of the end plates is more nearly restricted to
area between the flues and the stays, so that the bending at the
toes of the stavs is much more severe and is liable to lead to
corrosion and to leaky rivets. It 1s the boiler makers® art, for
in this particular, boiler making can scarcely be considered

This action 15 resisted

the

EQILERS OF THE TYFE USUALLY USED

IN ENGLISH MILLS AND WORKS.
a science, to know the happy mean between strength and
flexibility, It is because the water-tube bailer ean usually be
made both amply strong and flexible that it possesses a cerlain
advantage over its competitor, the Lancashire boiler, when
high pressures are required. Boiler makers have, however, in
England, steadily improved the Lancashire boiler, so that in
spite of the drawbacks, which have been described, this type
still holds the field for factories, works and general stationary
steam engine work throughout Great Britain

All rivet holes are now drilled accurately in position, so that
each part 15 properly placed relatively to its neighbors, and
none is called -upon to bear more than its fair share of the
stresses carried by the boiler, It iz hardly too much to say
that the high pressures to which Lancashire boilers are now
subjected would not be possible with punched holes for the

T T

SECTION OF LANCASHIRE EBOILER,

SETTING AHD FITTINGE

SHOWING
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rivets. The corrugated flue iz another device of English boiler
makers for giving the boiler flexibility, and one which is in
fairly common use.  Another feature which i coming into
prominence in England is the use of dished ends without
gusset stays. The end plates of the boiler are pressed to a
cambered or spherical shape, the radins of the sphere being
uwsually about equal to the diameter of the boiler. Even with-
out the flues, which when cold act as stays, such a dished end
i5 self-zupporting, and hence the gusset stavs can be abolished,
Experience in England with the dished ends is as yet some-
what limited, consequently it is ag vet too soon to assert that
they are an ungualified success. They appear, however, to
have given no serious trouble so far, and they undoubtedly
simplify the construction of the hailer,

In the wery numerous large factories of Lancashire and
Yorkshire the conditions are specially suited to boilers of the
Lancashire type. In the first place, the periods of working
are quite regular and are always known beforechand. The
result is that it is never necessary to put the boiler under steam
from the cold or the semi-cold condition, without allowing a

SALITTITITITE

i

EXD VIEW-—LANCASHIRE BOILER.

sufficient time for it to attain an approximately even tempera-
ture throughout. One of the principal claims of the water-tube
boiler is that it can raise steam in a very short time from the
cold condition without unduly stressing the tubes and the
jeints, but in practically all English factories such a qualifica-
tion counts for very little.
bailer requires more constant attention than the Lancashire
boiler if Auctuations in the steam pressure are to be avoided.
In some situations the witer-tube hoiler possesses undoubted
advantages, because it occupies relatively little Hoor space, but
where there are only two or three boilers the saving in space
is not very considerable, and is not often of any great conse-
quence except in the remodeling or extension of old factories.

The water-tube hoiler has, in the opinion of English engi-
neers, several defects; it is morc expensive than the older
“Lancashire” tvpe; when there are only two or three boilers
the radiation from the brickwork setting is cxcessive, and it is
at a disadvantage when the feed water is dirty or impure, The
tuhes naturally lead to accumulations of deposit, which besides
necessitating frequent cleaning are liable to canse overheating
ar wastage. Surface condensers are seldom wvsed in English
factories, so that the boiler feed water is of the same quality as
the condensing water. Another point against the water-tube
boiler is its comparative complexily of construction.

With the increase in boeiler preszures have come improve-
ments in material as well as design. Tt is usual to make all
high-pressure fittings, such as testing blocks, of cast or forged
steel instead of cast iron.  Similarly, the steam pipes are made
of mild steel, Many English engincers consider the super-

(On the other hand, the water-tube.

heater a part of the boiler, and improvements made in it during
the last few years have made it a very commdl acCessOTy of
the factory and warks boiler. To-day there are few objections,
unless of a commercial character, which ean be made against
its use. It is usually placed in the down-take at the back of the
bailer, and although in a few ipstances separate superheaters
with their own furnaces have been fitted, these are not to be
recomtnended on the ground either of economy or of reliability.

Rules for the Operation of Steam Boilers.

The following rules are prescribed by the department of
steam boiler inmspection and insurance of the Ocean Accident
& Guarantee Corporation, Ltd, 350 Broadway, New York, for
the management of all steam boilers insured by their company.

FRELIMIX ARY PRECAUTIONS.

See that water-level has not fallen; examine the joints and
seams to detect leakage, and the furnaces for evidence of
bulging.

Blow through thes water papes; open the blow-off cock to
remove any sediment; try the safety valve to insure its free
action ; raige the dampers to clear the flues of explosive gases;
and stir up the fire, heating the boiler and setting slowly.

GENERAL OPERATION.

See that a proper water-level iz maintained. Keep the
water-pape plasses clean, and the paszages clear by trving the
papes frequently.  {(Lack of proper attention to water gages
leads to more accidents than any other cause.)

Maintain a fire of even thickness, free from holes and clear
of ashes and clinkers. ({The proper thickness of fire increases
with the hardness and size of coal, and with the strength of
draft.) Repulate the fire, draft and feed to meet the demands
for steam, keeping the water-level constant to avoid priming
or burning of the plates, Ash pits are to be kept clear to
avoid burning the grate bars and to prevent loss of draft and
cfhciency.

Never attempt to stop a leak or tighten a joint when boiler
is under high pressure. Never cut in a boiler with a battery
until its pressure is egual that of the battery.

Before hanking fires run the water to the proper level,
which note, and see that the steam-pipe draing are open and
in working order.

ECONOMY,

Keep the boiler clean internally and externally and thoe-
oughly examine the plates and seams at frequent intervals, es-
pecially those in contact with the setting or exposed to the
direct action of the fire,

Always raise steam slowly and never light the fire until
water shows in gage glasses. Keep the furnace walls in good
condition and well pointed up. Allow the hoiler and brick-
work to cool hefore emptving the boiler. Prevent oil and
greasy matter from entering the boiler, as they lead to serious
mefficiency and to dangerons heating of plates.

EMERGEMCY,

In case of low water or evidence of distress, draw the fire
at once, unless very heavy, or unless the plate or tubes appear
to be red hot, in which case smother the fire with dirt or wet
ashes, leaving the fire doors open and ash pit closed. Warn
every person away from the boiler. If the engine or feed-
pump or injector are operating do not stop them, but if not
running do not start them, Do not attempt to blow off steam
until the fire is out and the plates are conl, and never blow off
rapidly or under high pressure.
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DETAILE OF PETTICOAT PIFE FOR LOCOMOTIVE NOTLER.

Layout of a Petticoat Pipe.

BY W. E O'CONNOR.

Sometimes the roundhouse boiler maker is called upon fo
make and hang a petticoat pipe for same particular locomative
which does not tteam well. In the absence of a blue print
or other information the accompanving sketches, together with
the explanation given herewith, show a very simple method of
doing this work. First, open the front door of the smoke-box,
and with a tape line measure the distance marked & in Fig. 1,
also measure the diameter of the smoke-box J, of the stack 4,
and of the exhaust nozzle marked C. Make a rough sketeh of
the front end of the bailer, iotting dewn in their proper places
these dimensions as they are taken. Afterwards, on a sheet or
table, draw a full-sized diagram of Fig, 1.

On the full-sized diagram draw the dotted lines shown in
Fig. 1 from the top of the exhaust mozzle to the top of the
stack, Then the distance B between these lines at the base
of the stack is the proper diameter for the straight portion of
the pipe.

In order that the lines and letters may be more clearly zeen,
Fig. 2 has been drawn, This may be amitted in practice. Make
the diameter B, Fig. z equal to B, Fig, 1. Multiplying the
diameter B by 1.6 will give then the diameter at the flared end
of the pipe 7. The angle of slope for this flared portion should
be about 45 degrees. Note that the flare line, Fig. 2, has been
extended to 5. The length of this line is needed, as it is the
radins which must he used for laying out the flared end. The
length of the pipe over all. marked E in Fig. 2, should be abant
10 inches less than the distance from the top of the exhaust
nozzle to the top of the smoke-box. The straight seetion of
the pipe should be made with an adjustable sleeve to regulate
the top draft.

The petticoat pipe is held in place by means of two sets of
bars, shown in detail in Fig. 3. These arms or supports are
usually made of common wrought iron bars 14 by 284 inches,
slotted where they are joined together to take two Mi-inch
holts. The smaller of these bars, two of which should e made
from the pattern, are riveted to the flared end of the pipe on
opposite sides with 3f-inch rivets. The larger bars, after
being bent as shown in Fig 2, are bolted to the smoke-box
shell with $g-inch bolts. Joining the bars together by means
of the Y4-inch bolts in the slots gives a means for adjusting the
height of the petticoat pipe and regulating the bottom draft

If care 15 wsed in forming the arms, laying out the holes, ele,,
the pipe will hang perfectly plumb, which iz the essential re-
quirement of this arrangement.

A Suggestion in Staying.

The staying of the square corner in a fire-hox is mot an
easy matter. Trouble arises from the fact that the eXpansion
of the fire-hox sheet is restricted by the rigidity of the stay-
halts.  Radial stay boilers usually give less trouble from this
cause than any other tvpe, but even here the corner stays are
very apt to leak.

An old engineering friend proposes the following plan far
staving the corners of the fire-box of any type of locomotive,
whether the Belpaire, as shown, or the osual wagon-top va-
riety. The inner or fire-box sheet is to he hent at such a ra-

STAVING OF FIRE-BOX CORNER.

dius at the corner that it will act as a section of a tube in re-
sisting the collapsing pressure. If the metal is of such thick-
ness that a 16-inch tube will safely resist an external pressure
equal to that carried hy the boiler, make the radius of the bend
in the corner of the sheet & inches, Da nat stay this curved
portion in any way, since it is in the form of a tube and is
capable of resisting the pressure, but extend the staying up to
the point where the sheet begins ta corve so as to give it
ample support. This would give freedom to both the fire-bax
and outside sheets for expansion and contraction and should
prevent some of the stay-bolt trouble, which is all taq preva-
lent in the locomotive type of boiler,
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Heat Stresses and the Formation of Cracks.”
BY CARL EULZER.

The guestion of the formation of cracks in iron and steel by
leat stresses has been widely discussed, especially in the case
of steam boiler construction. There 15 frequently doubt con-
cerning the nature of the origin and the action of such stresses
and concerning the true reason for the formation of the cracks,
Lacking any other satisfactory explanation. one is casily n-
clined to ascribe the canse of such occurrences either to the
material and its chemical composition or 1o the design of the
boiler, or perhaps to s construction,  Without doonbt one or
the other of these reasons enters mto a great many cases i a
greater or less depree, but it is also certain that cracks have
formed where no known reason will suffice for an explanation,
where material has failed, which fulfills all specifications, where
the design of the boiler is above criticism and where 1ts con-
struction has been proved excellent.

The object of this article 15 to describe one such case which
offers a striking example of the formation of cracks by heat
stresses, and for this reason it 15 necessary to try to explain
more fullv the action of such stresses.  For this purpose a

Fic., 1. —EIUBLE-WALLER CAST-IRON CYLINDER.

well-known ease of erack formation as it occurs in cast iron
might be briefly mentioned.

Let usz consider the condition: during the casting of a
double-walled cylinder, such as is shown in Fig, 1. It fre-
quently happens that while the casting is cooling, the outer
part of the mold is destroyed and the owuter wall of the
casting left partially uncovered, while the inner core has not
been removed. The outer wall is thus cooled much more
quickly than the inner one. This cooling of the outer wall
canses a certain decrease in the length [ Since the inner wall
is still in a moldable condition it offers no satisfactory re-
sistance to the premature shortening of the length, On ac-
count of its connection at both ends with the outer wall it is
forced, during the remaining time that the metal is contracting,
to withstand a compressive stress which may exceed the elastic
limit of the material. After the temperature of the cuter wall
approaches that of the atmosphere, the wall gradually forms a
rigid frame, within which the mner wall, which is still hot,
must cool and contract. Therefore, longitudinal stresses arc
sel up in the latter, which, under certain conditions, may canse
a fracture or circumferential eracks in the inner evlinder.
Every foundryman is well acquainted with this typical erack.

The formation of the cracks begins as soon as the linear
contraction within fixed paints is equal to, or greater, than
the doctility of the metal, The linear expansion of cast iron,
due to a difference of temperature of 180 degrees 9, 15 nsually
assumed to be cor of ite length.  On the other hand, the break-
ing elongation, assuming a modulus of elasticity of 14,220,000
pounds { 1,000,000 kilograms], and o mean tensile strength of
about 21,300 pounds per square inch (1,300 kilograms per
square centimeter), and also assuming that the elongation is

# v Zuitachrift des Versines Deutscher Ingentcare,” July, 1907,

proportional up to the breaking point, is about 0015 of the
length of the bar. Therefare, it is cvident that in the case of
cast iron, a fracture will ocour with a decrease of temperature
of about 270 degrees F.

To prove the accuracy of the foregoing statement, the fol-
lowing experiment may be performed. IHeat a bar of cast
iron, preferably in an il bath, to about 360 degrees F. and place
it in a rigid frame, with its ends fixed in position and entirely
free from stress. The bar will break after it has cooled off
so that its temperature has dropped from about 360 to about
g0 degrees, To avoid these harmiul stresses, especially in
large-sized steam cylinders, it is customary to construct the

San

FIG, 2. —Cpoza SECTION OF GIRTH JOINT, FHOWING PFOAITION OF CRACKS.

outer shell and the inner working cylinder separately and
afterwards join them together by shrinking., Sinee the work-
ing cylinder is in contact with steam on both sides, it rises to
a higher temperature than the outer shell, and so its connec-
tion to the outer shell must be such that it iz free to expand
in a longitudinal direction. In cases where this is not done,
where the connection iz rigid at both ends, cracks are formed,
due to the repeated thrusts of the mner cylinder. Also in-
aceurate measurements in allowing for the shrinking opera-
ticn are liable to cauze the addition of longitudinal cracks in
the outside shell.

While cracks in cast iron, due to the conditions just stated,
can usually be guickly seen, this is not the case with the
tougher mild steek  There such cracks are only formed gradu-
ally, and {irequently repeated action of these destructive

ctrezses i3 necessary until finally the flexible material gives
A typical case of this kind is described below.

way

PIG, 8, —CRO%E SECTION OF GIETH JOINT, SHOWING DISTRIBUTION OF HEAT
IN FLATES,

In this case the failure was in a fire-tube boiler of the fol-
lowing dimensions ;

Heating surface, 774 square feet.

Grate arca, 2582 square feet.

Waorking pressure, 103 pounds per square incl.

Test pressure, 170.4 pounds per sguare inch.

Diameter of boiler, 783 inches,

Length of boiler, 23 feet 6 inches.

Thickness of plate, 512 inch.

Number of courses, five.

Longitudinal seams fAtted with deuble riveted, double bute-
straps.

Girth seams double riveted.

The beiler was built in 180 by the Sulzer Brothers, at
Winterthur, Germany. The material for the boiler was Sie-
mens-bartin mild steel of fire-box quality. The best wrought
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iren was used for the rivets. Tests of the boiler steel made at
the rolling mill showed, as a result of five tests, a mean tensile
strength of 32,510 pounds per square inch, and an average
elongation of 301 percent, Minimum results given by any of
these tests showed a tensile strength of 51800 pounds per
square inch, and an elongation of 31 percent, while the maxi-
mum results were as high as 53,650 pounds per square inch for
tensile strength, and for elongation 28.5 percent.  Specimens
of the material afterwards tested at Zurich gave a mean ten-
gile strength of 48790 pounds per square inch, and an aver-
age elongation of 0.0 percent. The L}Iuﬂic limit determined

FIG, 4

=~FHOTOHGRAPHS SHOWING NATURE OF CRACKS DEVELOFED IN THE INHER

best appliances for building this type of boiler. The shell
plates were bent cold, and by means of a bending machine
of special construction it was possible to bend the plates clear
to the edge. So it was not necessary to shape this part of the
plate afterwards by hand. The circumference of the courses
was oblained by means of steel measuring tapes, so that the
inper and outer courses fitted into place without subsequent
adjustment. Also the rivet holes were drilled in place so that
the holes matched exactly, and after the holes were drilled
the plates were taken apart again and the burrs removed. By
¢ butt-strap seams for the longitudinal joints,

the vse of do

AND OUTER PLATES OF A DOUBLE

REVETED CIETH SEAM.

at Zurich was 36,130 pounds per square inch, and contraction
of area 69 percent. These tests showed that the material was
of excellent quality.

Chemical tests of the samples of plate made at Zurich
showed the following resulis

Percent,
T A0 By o ot oo el 0 o 1 RO S B 1
I e S S et S o1h
Manganese ..o R S
ST 0T b e e
12 e T e T S P 1 11

The carbon and manganese are therefore normal, ensuring
a steel of soft quality, while the proportion of sulphur and
phospharus i small.

The bailer, and especially its shell, waz constructed with the
greatest care, the manufacturers being supplied with all the

local heating of the plates was avaided. The riveting was done
with a hydraulic machine, =o that the pressure on each rivet
could be varied by changing the load on the accumulator ac-
cording to the size of the rivet. The riveting machine was
also equipped with a hydraulic plate closing-device of ap-
proved make. The calking, wherever the thickness of the
plate would permit, was done with pneumatic tools. In fact,
the greatest imaginable care was taken in the construction,
and the builders claim that the guality of the work was far
better than that obtained in many shops where the facilities are
frequently inadequate,

The hoiler was placed in service in the beginning of Janu-
1600 As far as can be ascertained at the present time,
a number of cracks appeared during the year 1005 in the rear
Deeper

cracks, especially in the second rear girth seam, appeared in

ary,

girth seam of the second course, which were calked.
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January, 1906, and also in February, 1907. These were re-
paired by calking. In April, 1907, these cracks opened up
again, and became so large that calking would no longer
suffice.  Whereupon the builders were notilied. A closer ex-
amination showed that cracks had formed n other girth
seams, both in the inner and outer plates, making a patch nec-
essary on the boiler shell, The nature of the eracks, their lo-
cation and their extent showed that the boiler had been sub-
mitted to a higher temperature than was customary,

Further investigation concerning the management showed
that the boiler had been forced beyond itz normal capacity for
a long time. This was made possible from the fact that a
chimney had been built which was larger than neceszary to
allow for a possible increase of boiler capaeity. It was also

FIG. 5.—THE TAFERED TIN-TEST FRODUCED MO CRACKE,

THE HOLE WiAS ENLARGED 34 PERCENT.

ALTHOUGH

found that only a little time was allowed for occasional clean-
ing. 5o that the boiler was necessarily cooled off quickly and
placed back in service again hurriedly.
have formed to no very great extent. Even in the places
where it was found in the greatest quantity it was only about
a tenth of an inch thick.

The evaporation obtained in

Scale appeared to

serTvice was estimated to be
about twice the normal capacity of a boiler of this kind. and
it 15 fair to assume that under these conditions the Lempera-
ture of that part of the boiler shell which was directly ex-
posed to the Hames must have been extraordinarily high in
proportion to what it would be under normal conditions,

Fig. 2 shows a crogs-zection through the girth seam. The
rivet spacing in the circumferential direction is 3.34 inches, the
rivets in the two rows being stagpered. Three different tvpes
of cracks can be distinguished in the seam as follows: The
circumicrential crack o in the inner course, extending from

FIG, B.—HOLES PUNCHED AT THE EDGE OF THE PLATE SHOWED THAT THE
METAL HAD KNOT NECOME HBREITTLE

the outside inward near the mner row of rivets: the cir-
cumferential crack b in the onter plate, extending from the
inside optward and located near the outer row of rivets; the
longitndinal erank ¢ in the outer plate, extending from a rivet
hole in the omter row of rivets to the edge of the plate,

Fig. 4 i3 a photograph showing how these cracks actually
The cracks @ and & at no point ex-
through the
reached through the entire thickness of the plate

Without further consideration 1t 12 clear that cracks of this
kind are not due to the tension caunsed by the steam pressure

appeared in the plate

tended  entirely cross-section, but the crack ¢

in the hoiler, since the longitudinal seams in which the
stresses from this cause were considerably greater were not
damaged in the least. Neither can the cracks be caﬂsjdcrc_d
as the ordinary fire cracks, where, on account of the rapid
cooling af the outer shell, the outer conrse of plate contracts
more quickly than the inner course, setting up a tensile stress
which frequently exceeds the elastic limit, so that the outer
shell finally cracks, This reason does not apply here, since
the cracks begin from the surface of the plates which were
turied toward each other, where there was no possibility of
local coohing.

The difference in temperature in the seam may be indicated
graphically as shown in Fig. 3, where the highest tempera-
ture is shown by the dark shading. The heat which enters

FlG, 7.—AFTER SEVEN YEARS SEEVICE THE PLATE COULD BE BENT FLAT
VPON ITEELF EITHER HOT O €OLD WITHOUT SHOWING FRACTURES,

the outer plate partly fows away to the right through the plate
itself and is partly transmitted to the inner plate, where, how-
ever, an important resistance is opposed to its passage. On
the other hand, the temperature in the nner sheet of the
seam 15 less than that of the outer sheet, because only a small
quantity of heat flows through it and it is protected in a cer-
tain measure by the overlapping outer sheet.

In considering the action of these heat stresses, it is fitting
to note the similarity with the double-wall eylinder, shown in
Fig. 1. The two cylinders shown in that figure correspond
to the twe courses of plate which are placed one within the
other, and the rigid connections at the end correspond to the
two rows of rivets in the girth seam.

The outer plate of the seam 15 prevented in its effort to
expand in a longitudinal direction, being held firmly by means
of the two rows of rivets. In the circumferential direction the
cffort to increase the circumference or the diameter 15 re-
sisted by the rivets themselves,

The force due to the expansion of the outer plate exerts a
pressure in a longitudinal direction against the rivets, setting
up a tension stress in the inner plate and a compressive stress
in the outer plate. The stress is evidently browght on the
surface of the plates which are turned toward each other.
The strength of this foree is evident from the fact that the
rivet holes were found to be quite perceptibly oval in the di-
rection of the length of the boiler,

It is
stresses as long as the exact difference in temperature is not
known. Assuming a difference in temperature of between 360
aned 720 degrees ., an average elastic limit for the material
for tension and compression of about 22,000 pounds per square
inch and a modulus of elasticity of 28 400,000 pounds, the ex-
pansion will amount to ooo7s of the length. The sum of the
expansion and contraction (oms of the length) is equal to
the lincar expansion due to the difference in temperature,
Since the coefficient of expansion of mild steel for the above
mentioned difference in temperature, 180 degrees F.. amounts
to about o015 of the length, therefore, when the difference of
temperature reaches 180 degres F., both the plates are stressed
beyond their elastic limit for either tension or compression,
A higher difference in temperature causes a corresponding

impossible to determine the exact measure of these
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excess over the elastic limit, and a frequent repetition of this
oceurrence, without doubt, leads to the gradual formation of
cracks, so that the inner sheet is placed under a tension stress,
and the outer sheet under & corresponding compressive stress
in a longitudinal direction.

Az soon as cooling begins, the shortened outer plate will be
prevented from shrinking freely by the stretched inner plate,
and the streszes in the seam are reversed, which starts the
cracks & Thus the seam is continually undérgoing a change
of stress, on account of which the cracks creep deeper and
deeper into the plate.

Similar conditions exist with the circumferential stresses.
When the boiler is heated up, the outer plate is subjected o
A compressive stress in the direction of the circumference,
since the free expansion of the plate is prevented by rivets.
The rivets themselves are subjected to a tensile stress, as is
shown from the faet that a number of the rivet heads were
found to be broken off, causzed, doubtless, by the above action.
When the boiler is cooled off again, the sections of plate which
have been permanently shortened, due to the compressive
stress when the boiler was heated, are now subject to a tensile
stress which tends to cange the longitudinal cracks ¢, Tt does
not follow that stresses in a circumferential direction are of
the same intensity throughout the entire girth seam, These
stresses vary in intensity from rivel space 1o rivet space, and
this fact accounts for the formation of cracks only where the
plate has been subjected to the highest temperature.

It was essential that the physical properties of the material
in the vicinity of the cracks should be tested after the seven
yvears service and compared with the original properties, as
shown by the tests which were made of the plate when the
hoiler was buwilt. For this purpose specimens of both the
infier and outer shell plates, cut both parallel and perpendicu-
lar to the girth seam, were tested at Zurich, giving the follow-
ing results:

FProperties. Farallel, Perpendicular,
Tensile strength. ... 48,100 47,100
Elastic Tt o vooee v eins 20,720 34,600
Contraction of area.... 66,07 61.0%
Elongation 2% a0 20,09

Specimens of the fractures showed the marterial to be finely
fibrous.

A comparison of the above tests with the tests made of the
material when the boiler was first built shows no very im-
portant changes. The numerical differences were all well
within the limit of what might be expected from the same
number of testz of any material.

A tapered pin test was also made, as shown in Fig. 5. by
drilling a hole between two consecutive rivet holes in the seam
equal in diameter to the rivet holes. This hole was enlarged
while the metal was cold by driving a tapered pin inte it until
the diameter had been increased 36 percent, or to 1.18 inches.
The metal around the hole did not show any tendency to crack.

In view of these tests the formation of cracks can hardly
be attributed to deterioration of the material, but mist rather
be ascribed to the differences of temperature between the over-
lapping plates of the double riveted girth joints.

It might be said in conclusion that a bailer of this kind
should not be kept in continued service under such extraot-
dinary strain as occurred in the foregoing case. In the exces-
sive overloading or forcing of the boiler is to be found the
main reason for the failure described above, and this case
gives an opportunity for boiler inspectors to make a special
point of preventing such service.

{n the other hand, the question arises as to whether steel
makers cannot produce hoiler plate which will better withstand
stith an excessive strain. The foregoing facts show that a
better material in the sense of being better able to resist such
stresses should have a higher elastic limit or smaller m{:du-[us

of clasticity. A decreaze i the modulug of elazticity 18 equiva-
lent to decreasing the tensile strength of a meterial which
has a certain ductility or percentage elongation.

Reparding the design of the boiler, the question arises as to
whether a single riveted girth seam 15 not better able to with-
stand conditionz of high temperature than a double riveted
seam, and this question must indeed be answered in the affirma-
tive, provided the single riveted seam is strong enough. The
amount by which one plate overlaps the other is less in this
case, and, therefore, there it a smaller concentration of heat
in the outzide plate of the lap. Also the section of plate which
is rigidly held between the two rows of rivets is dispensed
with, so that various conditions which were apparently harmful
in the case just cited would be removed,

Finally, calking the edge of the inner plate which lies next
the water in the boder will make a tighter joint than if the
outer plate alone is calked where there is a great variation of
temperature.

Corrosion of Marine Boilers.

Many and various have been the explanations offered for
the phenomena of mnternal corrosion in marine boilers, and
perhaps the present article may help to throw some light upon
the subject by presenting the now generally accepted facts in
brief form, and untangling some of the confusion arising
from the multitude of conflicting statements and observa-
tions. Professor Vivian B. Lewes—a recognized authority
on the subject of marine boiler deterioration—states that in
the presence of moisture, carbonie acid and oxygen simul-
taneously attack iron and steel, forming a thin laver of car-
bonate of iron. This is a very unstable salt, which almost
immediately breaks down into iren oxide and ferric hydrate,
liberating the carbonic acid, wlich, with a further supply of
atmospheric oxygen, continues the process of corrosion or
rusting. This process is further hastened by a certain de-
gree of electrolytic activity between the iron and the electro-
negative hydrated iron oxide. Inasmuch as the layver of
oxide or, az we commonly know it, rust, is highly porous,
the action progresses without interruption as long as the
conditions are favorable. The above general conditions ob-
tain when any iron or steel is exposed to the action of oxy-
gen, carbonic acid and moisture.

Internal corrosion is due chiefly to the presence in the
fecd water of some exidizing agent such as air, carbonic acid
gas, free acids or dissolved salts which have the property of
eating iron and steel, Often the internal corrosion is the
result of the presence of free fatty acids liberated by the de-
composition of greazes or oils, containing anima) or vegetable
fats, or oils introduced by Iubrication and brought inta cir-
culation by the surface condensers now in general use, The
rational remedy for this effect is to use no lubricants for
steam-swept surfaces except pure mineral oils, which cannot
decompose into acids,

Perhaps the most common cause of internal corrosion is
the dissociation of magnesium chloride (of which common
sea water contains about 245 grains to the gallon) into hydro-
chloric acid and magnesia. The acid attacks the iron with
great rapidity, forming a chloride of iron, which, as soon as
formed, is dissociated in its turn by the free magnesia, pro-
ducing oxide of iron {plain rust, black or red) and hiding its
owh action by reverting to chloride of magnesium—the salt
which started the trouble. It appears, therefore, that no
hope may be found for this trouble in the exhaunstion of the
injurious reagent by the formation of insoluble salts. but
that on the contrary the corrosion must continue indefinitely,
unless specific means are employed to neutralize the acid
elements or link them with other mineral bases for which
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they have a stronger affinity than for iron. If, therefore,
carhonate of lime is introduced into a boiler, it carbonic acid
will unite with the magnesium base of magnesivm chloride,
forming the highly insoluble magnesiom carbonate, while the
hydrochloric acid of magnesium chloride combines with the
lime base and forms highly stable and perfectly harmless
chloride of lime. It iz perhaps not amiss to add for those
readers who are not familiar with chemistry that the chloride
of hme above referred to 15 not the “chloride of lime” of
gencral household use, the latier containing an excess of
chlorine gas by virtue of which it is vseful as a disinfectant.
Electrolysis 15 a third form of internal boiler corrosion,
An electric battery might be made up of almost any two
elements or metals we could separate in an acid or alkaline
bath of electrolyte. Theoretically such is certainly the case,
and the amount and potential of the current obtainable
would vary with each different combination of metals, some
elements being strongly “eclectro-positive” and some strongly
“electro-negative.” The commercial battery, with its zine
znd carbon elements and its sal ammomiac electrolyte, gives
a high output for a low first cost and maintenance, and as
such has established its usefulness. With its brass and cop-
per fittings and connections, steel shell and tubes, and
elightly acid or slightly alkaline water for electrolyte, a ma-
rine boiler may be regarded as a great clectric cell, the iron
and steel forming the negative electrodes, and the brass and
iron the poszitive, The degree of electric activity—the out-
put, as it were—depends chiefly upon the strength of acidity
or alkalinity in the water. For every ampere of current thus
developed, a fixed amount of the positive electrode—the iron
—i5 eaten away, just as the zinc sticks are consumed in a
commaon electric bell battery, How far the corrasive effects
of magnesium chloride and the carbonic acid-oxygen combi-
nation contribute to hasten electrolyvsis, and how far electro-
Iytic action promotes “rusting,” have never been and prob-
ably never will be determined. Undoubtedly there are com-
plex inter-relations and reactions of which we realize little,
which, if better understood, might help to explain the ex-
traordinary  individual phenomena of pitting, grooving,
honeveombing and other distinct forms of corrosion, but, in
the present state of our knowledge, we can only classify theze

as varipus manifestations of the same general causes, pro-
ducing different results from reasons unknown, Figure I i3
a typical case of electrolytic corrosion of a plate cut from an
old main discharge pipe on a P, & O. steamer.

“Cold iron'" corrosion, so called, is a familiar cause of de-
terioration in laid-up boilers. The remedy for this is to re-
move any one of the three essential accompaniments of rusr,
carbonic acid, oxygen or moisture, The hoiler may be
emptied and thoroughly dried, or may be filled up com-
pletely and low fires maintained long enocugh to expel all air
from the water, after which all connections shonld be closed
tightly. It is partiol filling that is responsible for cold iron
corrosion,

One is hardly justified in explaining at length the ultimate
effects of corrosion of plates, tubes, stays, braces, furnaces

and pipes. If corroszion has advanced far enough to weaken
any part, the possible damage is limited only by the complete
destruction of the vessel by explosion and the death of all on
board. The most terrible phase of the subject is that all too
often corrosion proceeds to the danger point in out-of-the-
way corners, unseen and undetected by even the most vigi-
lant inspection, With the ever-increasing pressures now car-
ried in marine boilers, the necessity, always great, for adopt-
ing every possible measure to guard against corrosion is
doubly urgent, i

“Grooving” is a peculiar form of boiler corrosion, usually
occurring near seams or at bends and knuckles, The plate
becomes deeply grooved or scored, probably as a result of
surface cracks, undue calking of the seams, of expansion and
contraction strains, all exaggerated by acid corrosion,

A form of corrosion know as “honeycombing” iz illus-
trated by Fig. 2—part of a plate cut from an exploded boiler,
The plate was originally 14 inch thick, but was corroded to a
depth of 34 inch, the holes appearing as if drilled.

Pitting, uniike general corrosion, is marked by sharply de-
fined edges, resulting in holes and patehes of from %4 inch
to 6 inches or more in diameter, the depth of the pit varying

G, &

FIG. 4.

from 1/32 to ¥ inch or more. Such pitting is shown in the
case of a tube in Fig. 3, and of a plate in Fig. 4.

Many and various have been the attempts to devise a cure
for corrosion, but in nearly every instance such curative
means have followed the plan not unlike the dentist’s method
of scraping out the decayed area of a bad tooth and filling
the cavity. This plan is but a makeshift for a boiler, and the
various cements and compounds applied “to pits and corroded
areas are but temporary reliefs in the discovered zpots, and
afford absolutely no protection against corrosion in other
places. Neutralizing the acidity of the feed water will help
considerably, but it haz too often happened that the chemicals
used to this end, and particularly the nostroms sold by
boiler compound makers as removers of scale and grease,
have wrought a havoc of their own on the plates and tubes
far worse than the natural enemies they sought to repel
Zinc in slabs iz extensively used in the effort to divert the
clectrolytic action from the iron to the more electro-positive
zine, and while much good has been accomplished by this
method, it is but an incomplete remedy and a very expensive
one,

The only complete remedy for corrosion is to coat the in-
terior of the boiler with a strongly adhesive, elastic, contin-
uous layer of non-corrodible material. This must be very
thin so as not to interfere with the transmission of heat, and
of high conductivity. and it should be mefollic in nature in
order to hecome part and parcel of the surface of the iron it
is supposed to protect. This conclusion is the result of ob-
servation of succeszful rezults of a boiler compound in which
mercurial salts enter into composition, the action of which,
when subjected to high heat in a boiler under steam, is to
deposit a dark lustrous enamel-like coating over the entire
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wetted surface of the boiler and its tubes, That the com-
position as introduced with the feed water contains the neces-
zary corrective elements to neutralize acidity and precipitate
the harmful elements of the feed water is to be assumed as a
matter of courze, leaving the amalgam coating to envelop the
exposed surfaces and areas and preévent corrozion.

The anly living ex-president- of the United States, who has
immortalized some famous phrazes, not long ago said n effect
that a successful political party should be one for the “enuncia-
tionn of principles, not the denunciation of conditions.” And
= it should be inoall things, It is well that we should under-
stand causes and effects, but of greater importance even that
we should understand remedies, if there be any,

Georce P, Hurcains

Safe Loads on Staybolts.

BY GEORGE F. PEAECE.

In designing pressure tanks, boilers and vessels having flat
surfaces where stay-bolts must be used, the table herewith,
which has been worked out by the author and found useful in
such designing, may be rebed upon.

Te illustrate the use of the table, suppose that a surface
12 by 30 mmches iz to he staved against a pressure of 100 pounds
per aguare inch, and that we wish to use 34-inch stay-bolts.
The question is, what shall he the spacing for these? The
total area will be sy square inches, with a pressure of 100
pounds gives 54000 pounds to be supported. A 3-ipch bolt

TABRLE FOR FINDING THE SAFE LOADS ON STAYROLTS
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Boiler Repairs.

It is customary when a slight crack appears in a boiler plate
to repair the leak by drilling small holes at the ends of the
crack in order to prevent it from spreading any further, and
then calking the crack and covering it with a pateh.  This sort
of a repair job can be easily done by any good hoiler maker,
but there is one point which should not be overlooked and
that iz as follows: It is absolutely necessary that the small
holes which are drilled at the ends of the crack be located at
the extreme ends of the erack and not merely near the ends.
It is often difficult to tell exactly how far the crack extends,
and therefore these holes are sometimes located near the end
instead of at the end. In this case, continued use of the
boiler will develop the crack bevond the holes and the trouble
mugt he repaired again

While ardinarily careful investigation may fail to locate the
ends .of the crack, yet there is a simple way in which this
may be done which can be depended vpon.  First tub the plate
in the vicinity of the crack with oil, then wipe the oil off and
cover the plate with chalk. The oil which has penctrated the
crack will then be exuded and show plainly the extent of the
crack on the chalk, whereupon the holes mav be located in
their proper places and either a hard er soft patch may be
applied, according to the position of the damaged plate.

using United States standard thread would have ten threads
to the inch, and, if we allow a breaking stress of 60,000 pounds
per square inch with a factor of safety of 8, the safe stress
will be 7500 pounds.  From the table, a 34-inch bolt at 7,000
pounds will stand 2,114 pounds, and at 8,000 will stand 2,416,
At 7,500 it would stand half way between this, or 2,265 pounds,
To carry the 54000 pounds will, then, require 54,000 — 2,208,
or practically twenty-four halts, These should, of course, he so
spaced as to divide the area into equal squares —The Engineer,

THE FURNACE OF THE HORIZONTAL TUBULAR BOILER i3 exceed-
ingly simple in construction and easy of access, and less fire-
brick is required to line the furnace of this type of boiler than
i the case with any other type of boiler gencrating the same
quantity of steam. It 15 necessary to line the furnace with Gre-
brick from the grate bars up to the point where the lining
touches the shell and from the front to or beyvond the bridge
wall, In some cases the back CONNeECtion
lirebricle; but this is hardly necessary, as

15 also lmed with
a good quality of
eommon red brick will maintain the walls sufficiently tight to
prevent leakage. The fire door arches, jams and bridge-wall,
however, will need to be built of firebrick, or fireclay hlacks
properly scraped and balked mayv he substituted,
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Shop Lighting.

Boiler shops which are not provided with an electric plant
for power purposes seldom use electricity for lighting, for the
reason that when a manufacturer finds that he must go to
some outside company and pay a high rate for the electricity
used, the cost appears to be excessive. The electric light is
undgubtedly the most expensive form of artificial illumination
At the
same time, where high-priced labor and up-to-date machinery

which can be used for a shop or manufacturmg plant.

are in use, the loss of time for both workman and machine due
to poor and inefficient lighting, to say nothimg of a prr.h.lﬂh](‘
reduction in the quality of the work accomplished, mayv very
easily entail a loss which would exceed the added cost of the
electricity used for lighting purposes. Making use of some
figures quoted recently in “The Hluminating Engineer,” we
will assume that the average retail price for electric current
will amount to ten cents per kilowatt-hour. Using the kilo-

watt-hour as one wunit, a sixteen candle-power lamp can be
burned 18 hours by the use af only ane unit, that is, at a cost
of 10 cents. This makes the cost per hour of one sixteen
candle-power lamp only 55 mills.

The ordinary workman, receiving, sav, 20 cents per hour,
would have to lose only a trifle over a minute and a half out of
an hour to represent a loss equal to the cost of one light; while
a skilled workman receiving, say, 50 cents per hour, would have
to lose only a little over half a minute every hour to represent
a similar loss, In other words, the ordinary workman losing
13 minutes in a day of cight hours, or the skilled workman 5
minutes in the same time, would equal the cost of running the

lamp for the entive working day, These figures, of course,

re based on the assumption that the eleetric eurrent used
costs 10 cents per kilowatt-hour. As a matter of fact, elec-
tricity, when gencrated in large plants, can be supplied as
cheaply as 2 cents per kilowatt-hour, so that the average work-
man would have to lose only about 214 minutes in a working
day of 8 hours, and the skilled workman enly a little over a
minute to represent the cost of a lamp for a day.

The fact that electric lighting, even in cases where the cur-
rent must be supplied by some outside company, should, under
favorable conditions of shop management, pay for itself rather
than represent a loss to the manufacturer, is not the only
reason, however, for the use of this form of lighting. Anyone
who has worked zeveral hours at a stretch cramped up inside
a boiler in hot weather with a smoky kerosene torch wounld
not fail to appreciate the advantage of using an electric light

im place of the torch.

An English Opinion of American Boilers,

One of our English cumemporﬁu'ics recently made the state-
ment that the United States has the most dangerous lot of
steam boilers in existence, adding, furthermore, that this is
the statement of a fact which the records of boiler explosions
prove conclusively, This fact iz ascribed to bad workman-
ship, much of which, it is claimed, 15 far behind what would
pass as third-rate in England. In particular, it is pointed out
that it 15 =till an extensive practice with American boiler
makers to punch or drill the rivet holes in boiler plates befote
the shects are bent, a fact which contributes largely to the
failure of riveted seams, especially when they are of the lap
variety.

It cannot be denied that the number of boiler explosions in
the United States is exceedingly large as compared with other
countries. Neither can it be denied that it i3 an extensive
practice with American boiler makers to punch or drill the
We do
not wish to make any excoses for the faults which exist in
On the other hand,
we wish to point these out and, if possible, show how they
may be remedied,

rivet holes in boiler plates before the sheetz are bent.
American methods of boiler construction.

We are vet to be convinced, however, that
poor workmanship 15 the main cause for this excessive number
of explozions,

In general, boiler explosions may be due to the following
causes: faully material, poor design, bad workmanship, in-
cfficient management, lack of careful inspection, and finally to
It is impossible to obtain figures
showing the total number of boiler explosions which occur in
the United States per vear, the only information on this p.ninl:
Such records
are, of course, incomplete and represent only a small part of
the tolal number of explosions which oceur, and in such cases
as are recorded it is not always possible to determine the
exact canse of the explosion,

carelessness and accidents,

being the records of boiler insurance companies.

To draw any conclusions from
such incomplete statistics may perhaps seem useless, but if
such conclusions are to be drawn they will hardly point to bad
workmanship as the principal cause of boiler explosions.
Lack of inspection and carelessness in operation are respon-
sible for by far the greater number of these disasters.
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Convention Annbuncement.

The annual convention of the International Master Boiler
Makers" Association will be held at the Hotel Ponchartrain,
Detroit, Mich, May 26, 27 and 28 1008, The rates for the
hotel will be as follows: Single room without bath, $2 and
$2.50 a day ; two persons in a room without bath, $3, $3.50 and
$4; single room with bath, $3, $3.50, §4 and %5; two in room
with bath, $5, $6, 7 and $8. The use of the convention hall
and three committee rooms is to be given without charge.

Why Are Boilers Like Women?

Ist.—Because we cannot get along without them,

2d —Because one is needed in every home.

3d—DBecause when properly designed they are fairly good to
look upon.

gth.—Because it takes skilled hands to put them together.

sth—EBecause they require a lot of attention and need a
good man to take care of theém.

6th.—PBecause they can cavse a whole lot of trouble when
least expected.

gsth.—Because they are a man’s best friend when properly
cared for.

8th.—Because at times they do considerable weeping without
any good cause.

gth.—Becauze when properly cleaned, fed and dressed, they
will give good results,

1oth.—Because it would be a cold world without them

11th—DBecause they are all-powerful.

12th.—Because if you misuse them they will strike back.

13th.—Becausze it doez not take much to caunse a blow up.

14th.—PBecause some of them are poor steamers.

15th.—Because they are all sizes, both large and small.

16th.—Becausze they must be stayved to perfection.

FERSONAL.

Tre Cawtonw Bower & Ewxciveeming Comeawny, Canton,
Cthio, have secured as their Eastern representative Mr., Her-
man INieter. Mr. Nieter's office is at 2 Rector street, New
York City.

Epwin H. FowLe, formerly of San Francisco, Cal, has been

appointed representative for the Natiomal Tube Company, the

Western Tube Company and the Shelby Steel Tube Company
for the Rocky Mountain district, with offices in the Majestic
building, Denver, Col.

Warter Forees, aged 64, died recently of pneumonia at his
home 1324 Woodlawn avenue, Pittsburg, Pa. He was born at
Islay, Scotland, and came to this country when 18 years old.
He settled first in New York, but after living there several
vears, moved to Pittsburg, where he made his home until his
death. Mr. Forbes was a boiler maker, and his many years
of service in this trade had earned for him the well-deserved
reputation of a splendid mechanic.  He was employed for many
vears by the Pittsburg Locomotive Works, and later by the
American Loecomotive Company. Mr. Forbes is survived by
a widow, two sons and five daughters,

I. L. Crowe, formerly assistant boiler inspector at the port
of New York, has been appointed to the position of Tnited
States boiler inspector, vice Theodare T. Mersercau, resigned.
Mr. Crone was formerly a local inspector of hoilers at Port-
land, Me., and was transferred to New York some time ago
as an assistant, He has had long experience in the service
and proved himself worthy of the promotion.

“Technical Literature,” a monthly magazine of technical in-
formation for engineers, designers and constructors, published
by the Technical Literature Company, 220 Broadway, New
York, is henceforth to be known as “The Engineering Digest.”
Mr. E. Bjerregaard continues as manager of this publication,

4

James Croseie, who won first m the Champion
contest for the best essay on “"How to Heat and Drive Steel
Rivers” at the last convention of Master Steam Boiler Makers,
serverd his apprenticeship with Messrs, Hall, Ruszsell & Com-

pany, Ltd., Aberdeen, Scotland, Mr Crombie was connected

prize

with this concern for about twelve vears, when be left to enter

JAMES CROMBEIE,

the employ of Messrs, James Abernethy & Company, Ltd.,
Ferryhill Iron Works, Later he waz foreman boiler maker
for the Aberdeen Steam Trawling & Tishing Company. In
May, 1903, he left Aberdeen for Canada, and since then has
held the position of foreman boiler maker with Sawyer &
Massey, Hamilton, Ont. Mr. Crombie is the mmventor of a
successful device for discharging ashes on board ship, and has
contributed a number of valuable articles to the technical press,

COMMURNICATION.

Why Boiler Ingpectors Should be Practical Boiler Makers.

Epmrror THE BomLer Makes:

I would state that, from my observation and experience,
there iz not a department in any large city or State which is
more important than the Boiler Inspection Department,

This being self-evident and the importance of this matter
being conceded, the burden of condueting this office in a proper
and efficient manner devolves on the people who make the
rules, regulations and laws for the department and who are
alzo responsible for its financial condition

The duties of the Department of Boiler Inspection are
inspecting boilers and passing upon their safety and condemn-
ing them if they are not safe. Tt is obvions that thiz is a
highly important matter, and that consequently there should
be no incapable man engaged to Al these positions, and
further, with good men in these positions they should have
ample time to properly mspect the boilers. With these two im-
portant factors in mind, | would then like to consider, first,
who shall make these inspections; tecond, how shall thev be
made.

First—Who shall inspect boilers? 1 note with great in-
terest the stand that a certain inspector has taken against men
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qualifving for positions as boiler inspectors who are not prac-
tical and experienced boiler makers, 1 understand that some
of the suspended men who were recently suspended by the
inspector have produced letters of recommendation from cer-
tain firms, stating that thev have had vears of experience, but
failed to say what branch of industry it was in. We could
tightly ask the gquestion: Was it in a cornfield, the political
field, a carpenter shop, a blacksmith shop, a machine shop or
an engme room, or where did they get their experience?
None of the firms mentioned ever owned a hoiler shop, to our
knowledge. Some of the dismissed applicants who have se-
cured an appointment, so far as [ am able to learn, are not
practical boiler makerz, and I ask in the name of the American
people, do yvou wish to risk vour life and the lives of your
relatives and friends in the hands of incompetent boiler in-
spectors, men who never, m all their hves, had a day's ex-
perience in the construction or repairing of a boiler? T should
answer, no!

Who knows, better than a practical bodler maker, what a
boiler is made of 2 Who knows, better than a practical boiler
maker, how boilers are made? Who knows, better than a
practical boiler maker, how much abuse they will stand? Who
can tell the condition of the plates, by sound, better than a
boiler maker? Whao can tell, better than a hoiler maker, when
a bodler 15 in a dangerous condition? The answer is, none.

Thev, themselves, positively know from the experience they
have had m the shop, what no living man could learn from
books and what it has taken them a lifetime to learn by
hard work and hard knocks. There 15 only one class of me-
chanics in the world to-day whoe are actually capable of in-
specting steam boilers, and that class is the practical boiler
maker, and he alope. The man who has built boilers, who has
repaired them, who has worked in and around them under all
conditions, who has acquired a knowledge of the strength of
the material which hoilers are made of, by actual working,
bending and breaking of the plate and rivets ; men who are ac-
quainted with all the kinks of the trade, men who are familiar
with the cheap methods of manufacturing; men who know
good workmanship from bad; men who can tell the thickness
of the plate by sound, which alone requires vears of actual
working of the material as the sound changes with every thick-
nesz of plates ; men who have had vears of experience building
and repairing boilers, know exactly where to look for defects
and how they should be repaired.

His ear for this work is trained like that of a piano tuner,
and from working on the varieus thicknesses of material in
the shop he is able to determine by sense of feeling and sound
almost the actual thickness of the material at the different
places. No one can do this who has not been trained m a
hoiler shop. Flue: are sounded for thickness. Rivets are
sominded to find out if defective or hroken, Braces are sounded
for weakness or defects,

In testing the strength of tuhes and flues, he strikes them
in such a manner with his hammer that he 15 able to deter-
mine their toughness for holding power.  He has worked many
getz of flues, and has evidently broken off many beads, which
to an ordinary person, other than a practical boiler maker,
would look perfectly safe and sound, but from his practical
experience he is able to judge their actual holding value better
than apy other man who has not had years of hoiler-shop ex-
perience.

T desire to have those interested know of at least one of the
bad accidents which has happened through inefficient inspec-
tion. In June, 1903, a tubular boiler, which was used at the
power house of the R. C. waterworks at R. C.. Mich., was
condemned by a practical boiler maker, who 15 now holding a
position as boiler inspector. The boiler in question was not
used by the waterworks people after its condition was re-
ported to the anthorities, and it was taken out of serviee

Notwithstanding the fact that the boiler had been condemned
by a practical boiler maler, who had official authority to in-
spect boilers, a certain master mechanie, who is not a bioiler
maker, pronounced it O. K. and bought it (which action, we
are pleased to state, is not a practice of master mechanics),
and had it placed in a sawmill, where, on the very first day it
was fired up, the hoiler exploded and killed seven men.

This is a sample of what is going on in this great country of
good laws, There should be a law punishing a man doing
such things who pretends to know all about boilers; who de-
ceives others, when in reality he knows nothing about a boiler.
Man was made to mourn, sav: Robert Burns. but someone
will have to show the bailermakers some of these days why
men and their relations are made to meourn in this manner
through the blundering ignorance of some would-be boiler
expert. The day has come when people in authority will not
tolerate the appointment of any person to such a responsible
position as bailer inspector, bot will insist upon all boilers
being mepected by practical boilermakers.

This, then, should be impressed upon the minds of every
good citizen, that none but trustworthy, competent, practical
boiler makers should fill the responsible position of boiler in-
spectors. “What is worth doing at all is worth doing well”
and if a boiler is inspected at all it should be done by men whao
are thorough, practical boiler makers.

Second—How should botlers be inspected ? To give just a
faint idea of the amount of actual work which is required for.
a boiler ingpector to make such an inspection as is absolutely
necessary for the safety of the genmeral public, I will gmive the
following example: We will sclect a horizontal tubular
boiler, which 15 the simplest form of a boiler, and the one
which is in general use at the present time. Taking for this
example an average size, about 60 inches in diameter and 16
feet long, the first thing that an inspector must do i3 to make
arrangements with owner of boiler to have said boiler ready
for inspection on a certain day and hour. These arrange-
ments are, of course, made by chief inspector or his clerk.
To be ready for inspection would mean that the owner should
have boiler empty and all hand and manhole plates removed
and boiler cold =o that inspector would not be roasted to
death while making inspection. It is, of courze, at the in-
spector's own discretion whether he inspects the inside or
outside of boiler first. We will assume that he first inspects
the under side or bottom of boiler. In this event he crawls
into the furnace over the grate and scrutinizes that portion of
the hailer carefully, and assuming there are no visible de-
fects, he at once begins what is known as the hammer test,

He hammers every square foot of the surface of the boiler
as far as he 15 able to reach, sounding it for laminations or
other defects in the material, and carefully notes the sound as
he proceeds with the inspection. He next inspects the entire
boettom of the hoiler by this method, crawling through soot
and ashes until he reaches the extreme back end, and after a
careful inspection of the back head in regard to the condition
of tubes, he carefully studies the strength of bead on tuhes.
He then examines boiler on center line at bottom to see if it
is bagged. If soitisin a dangerous condition.  And why should
a bailer which is bagged be in a dangerous condition? This
is an easy question for a good, practical boiler maker to
answer, as he has, no doubt, eut out many similar sheets and
found the effects of a large bag on the riveted seams, which
would show, in many cases, that the great strain that cansed
the boiler to bag also caused the rivets to partly shear and
the metal to become thin in center of hag, thereby leaving the
boiler in a dangerous condition.

He 15 now through with the external inspection of hottom
of hailer, which (if thoroughly done with a view of safety in
mind)} has consumed the best part of an hour, if it is found
that every part thus far examined has been found in perfect
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condition.  But 1f defects are found, the time consumed wonld
be much greater.

The next step is to go to the front manhole under the tubes,
crawl in on the bottom of the boiler and make a close inspec-
tion for pitting or corrosion next to seam, and taking note of
measurements of braces on flat surface of head and sounding
same for defects. After this is done he inspects the blow-off
and feed-pipe and the water-column connection to see if they
are free from scale. Thiz part of the inspection, in all prob-
ahility, has consumed no less than one-half hoor. If every-
thing has been found satisfactory the inspector will order the
lower manhole plate put in, and the water turned on in order
that the lower portion mav be flling. He then makes his way
to top of hoiler for inspection there. Here he crawls into
boiler through manhole, which is usually located on top, and
proceeds with his inspection. He wvery carefully sounds the
top portion of the boller above the tubes, and especially along
the waterline if the boiler 15 located in a coal-mining district
and the water is used from a well in its vicinity. In such lo-
calities considerable matter is found in the water, which is
very destructive to boiler material along the waterline, as the
impurities seem to float on top of the water and attack the
material at this point {these are pomt: pained by practical
boiler makers in repaiting boilers in the different localities),

He then takes the measurement of the rivets in the longi-
tudinal seam to determine their pitch and diameter and sounds
all rivets to see if they are defective or broken. If rivets are
broken or defective, an expert boiler maker with hiz trained
ear for these sounds detects them instantly,. He next turns
hiz attention to the tubes and sounds them for thickness; if he
hasz zatizfied himzelf they are all right, his next step is to
examine braces which hold flat surface of boiler head above
tubes, taking the necessary measurements of same.  He sounds
every brace, together with rivets in both ends, front and back
head and takes note of any weakness or defects. He next turns
hiz attention to opening in boiler where the gage cocks and
water column are connected to see if they are clear or filled
with scale or sediment; after this is done he gives s atten-
tion to dome and carefully inspects same, measunng up braces,
sounding them for defects, and sounding parts of dome
Finishing this part of the inspection he crawls out of hoiler.
Az zoon as he gets out he orders boiler completely filled up
with water and top manhole put in. The time he has spent in
this part of the work would consume about 174 hours, if done
thoroughly.

This would make a total of 3 hours of faithful work.

While the boiler is being filled with water the inspector
should make the necessary calculations to determine the safe
working pressure. This should be done so that he can tell
how much water pressure to apply to determine whether or
not there are any invisible cracks or leaks; the safety valve
should be removed and a plate and gasket bolted over the
Opening.

After pressure has been applied the safety valve should he
screwed back again and the safety valve set to working pres-
sure allowed before turning boiler to owner.

The safety valve 15 removed to save strain on spring while
excess strain is on bailer.  The time to fill such a boiler nsually
takes about an hour, depending upon supply pipes and method
of filling same, and by the time he has applied the water test,
taken note of steam gage to see if it corresponds with his test
gage, and after making another inspection for leaks or in-
vizihle cracks he has consumed another half hour. This would
make a total of 334 hours, assuming that the mnspector had all
the necessary calculations in the form of tables so that he
could ascertain the safe working pressure in a few maoments.
He still has his pumps to disconnect and load inte his wagen
to go to the next place. In my judgment, if he completes his
task in 5 hours he has done well,

I may add that there is very little danger of breaking braces
by water test, if vou have examined them and found them
sound and allowed them a factor of safety of five or six. as
the water test usually applied is only 5o percent in excess of
working pressure.  The mgpector should set safety valve be-
fore he leaves plant or turns boiler over to owner.

The State boiler inspector’s office should be furnished with
a camplete detail drawing of every new hailer mstalled in the
State. This would facilitate an inspection, as all necessary cal-
culations could be made beforehand, in the nspector’s office
and compared with the inspector’'s report when turned in.

A thorough inspection is needed for the safety of the people,
and the fee stated in bill en boiler inspection laws for the
State of Oklahoma, %5, i3 not too large. The good people
would not ohject to pay this amount for a good, thorough in-
spection.

I believe that the majority of boder owners desire to know
actual conditions of their boilers and would feel well satisfied
to pay the sum named, if they were assured that their boilers
would receive a good, thorough inspection by a good, practical
hotler maker. T. J-H:

TECHNICAL PUBLICATION.

Marine Boiler Management and Construction. By C. E.
Stromever. Size 6 by o inches. Pages, 404, Figures, g5z
London and New York, 1o07: Longmans, Green & Company.
Price, 125. net ($4.00 net).

This is the third edition of a work which was issued first in
1803, It deais entirely with the return tubular boiler, popularly
known as the “Scotch” boiler, this type having stood the test
of many yvears of operation, The main addition in this edition
has been along the line of materials and better methods nf
working them, due to a better knowledge of their structures
and elements. This includes a study of the microscopic
structures of various steels, and also a study of gas analvsis
and its relation to the up-take and funnel,

The work is divided into eleven chapters, the last two of
which summarize the boiler rules of Lloyd's Register and the
Board of Trade. The other chapters cover. respectively,
boiler management, steam and water, corrosion, fuels and
combustion, heat transmission, strength of materials, mechan-
ics, boiler construction and design, The numerous illustrations
are all in the nature of sketches, showing the various parts and
the strains to which they are subjected, and the methods of
achieving definite results from given material. The subject of
riveting comes up for extensive treatment under the heading
of “Boiler Construction.” A comprehensive index at the rear
of the volume makes it easy of reference,

ENGINEERING SPECIALTIES.

A Handy Drill Post.

The difficulties attending the satisfactory fastening and ad-
justment of a drill post or “old man™ for work on curved sur-
faces, such as botler shell: and fire-boxes, are well known to
all shop mechanics. There have been many temporary make-
shifts fixed up to overcome the trouble in special cases which
were thrown awayv as soon as they had ansgwered their pur-
pose, and it was up to the next man to conjure up something
for himself.

For correcting this state of affairs at the Hornell shops of
the Erie Railroad, Mr. Thomas Kuhn, foreman boiler maker,
has designed and patented a device which, while answering all
the purposes of the rigid foot drill post, is alse available for
convenient adjustment on curved surfaces,

Az will be seen in the illustration, the only material differ-
ence in this device from the usual drill post is in the construe-
tion and method of securing the base, The hase here consists
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of a semi-circular piece of boiler plate 14 inch thick, flanged
so as to leave a 3-inch right-angle turn and a full half circ-
In the center of this base a 34-inch hole is drilled
and 13 inches from the circumference a series of equally
spaced holes are also drilled. The right angle flange i3 pro-
vided with 33 located 7% inch from each end,
and through these slots pass the bolts that are to zecure the

cular base,

% 28g-mch slots

device to its support.

The standard 13 of forged soft steel drawn square 10 inches
from the end, and in this square portion a slot %% x 6% inches
iz cut and two holes 3 inch diameter and 37 inches apart,
drilled at right angles ta the slot, permit pins to be dropped
through the standard and base, the back pin acting as a pivot.
By placing the standard at any angle with the base and drop-
ping the forward pin into one of the holes along the circum-
ference, any desired adjustment may be obtained.

Metropolitan  Injector, Model O.
The Metropolitan “1808" injector is a double tube injector,
made extra heavy throughout, which 15 especially recom-
mended for high steam pressures, hot feed water and severe

The vertical check valve is guided top and bottom and has a
large opening, The casing for this valve is independent of the
main injector casing and is joined to it by flange joints, an ar-
rangement which permits the check valve to be examined and
reground at any time and also permits the injector being re-
moved without removing the check valve from the delivery
pipe. The capacity may be regulated by increasing or de-
creasing the amount of steam fed in the lifting apparatus. This
injector is manufactured by the Hayden & Derby Manufactur-
ing Company, 85 Liberty street, New York City.

The “*Pilot"” Iron Body Gate Vaive.
The “Pilot” iron body gate valve is another addition to the
long list of steam specialties manufactured by the
Powell Company, Cincinnati, Ohio. The illustration

already
William

shows a strong, compactly built valve with every detail care-
fully worked out. The iron body is built for service and is
designed with heavy lugs on either side of the neck, carrving

conditions generally. Special attention 15 given m the con-
struction to obtaining durability and simplicity so that repairs
will be infrequent, but may be easily made when necessary.
It is equipped with special safety devices, which make it less
likely to be effected by the failure of the valves in the piping.

the stud bolts F.

I'he bonnet cap 4 has corresponding lugs
drilled from a template, which insures a perfect joint and con-
stant alignment at all times, and alzo allows the bonnet to be
replaced without unusual care after taking apart for inspec-
tion or repairs. Two semi-finished hexagon puts E large
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enough to admit wrenching down hard, with a joint of the
best packing material between the faces of bonnet and body,
make an absolutely tight joint for all preéssures up to 100
pounds. The brass stem [t and bonnet are chased and cut to
a true Acme thread of unuswal length to allow for wear. The
length of the thread keeps the stem i a true axial position at
all times whether open or clased. The knobby hand-wheel
gives a firm grip. even though the operator’s hands may be
oily. The dizcs are double, not a single wedge, with ball and
socket back, making them adjustable, They are hung in re-
cesses to the collar on the bottom of the stem. The discs,
working in a tapering seat, expand or collapse in opening or
closing, making a valve that will cloge down tightly without
straining or opening easily, no matter what the conditions
may be.

The Powell Filot gate valve is also made all iron. that is,
discs, stem and packing nut are of iron, not a particle of brass
being uzed on its construction. This all-iron Pilot gate valve
15 used principally in controlling ammomnia, cvanide solutions,
acids and all other liquids or gases that attack brass.

SELECTED BOILEE. PATENTS.

Compiled by
DELBERT H. DECKER, ES0Q., Patent Attorney,
Loan anNp Trust BUILDING,
Washington, D. C.

Readers wishing copies of patent papers, or any further information
regarding any patent described, should correspond with Mr. Decker.

860,660. SUPERHEATER. Max Toltz, of 5t. Paul,
Minn., assignor of one-fourth to Charles Hawley, of Chicago,
T01.

Claim.—A locomotive boiler containing two pairs of horizon-
tal rows of enlarged flues, in combination with horizentally
dizposed and divided saturate and superheated steam headers
having their upper and lower parts relatively between the

flues of the upper and lower rows of flues respectively, suitable
dry pipe and steam feed connections to said saturate and super-
heated steam headers respectively, and superheater elements
arranged in said flues and having their ends connected to ad-
jacent portions of respective headers. Twelve claims,

870455, LOCOMOTIVE-BOILER. James M, McClellon,
of Everett, Mass, o

Claim —In a locomotive boiler, a water-containing chamber
and a fire-box separated by a flue-sheet, flues extending from
said chamber and opening into the fire-box, a steam-genera-
tor associated with the firebox, said generator being separate
from the chamber, whereby the water in the generator may be
maintained at a higher temperature than that in the chamber,
and means to connect the top of the chamber to the generator
so that water will flow into the generator only when the
chamber is filled. Seventeen claims.

Briogn. LOW-WATER ALARM.
Seattle, Wash. d
Claim.—In a device of the class described, a tubular ellipse,
means arranged to form communication between the steam
erator and the interior of the ellipse, means extending
along the major axiz of and rigidly connecting the opposite
ende of the ellipse against longitudinal expansion, a sigmal

William Loudon, of

meounted adjacent the ellipse, and a rod extending along the
minor axis of the ellipse and rigidly connected at one end to
the ellipsé and at its opposite end to the signal to actuate the
same. Five claims

8ro306. FIRE-BOX FOR LOCOMOTIVE-BOILERS.
James M. AleClellon, of Everett, Mass. )

Claim.—In a boiler structure of the locomotive type, the
combination with a shell having flues therethrough, of a fire-
box having a water-chamber at the top and other chambers at
the bottom on each side, and inclined water-tubes connecting

each lower chamber with the upper chamber on the opposite
side of the fire-bax, said water-tubes covering substantially the
entire end of the shell, and means to cause all the hot gases
generated in the firc-box to pass through the net work of
water-tubes in transit to the flues. Twenty-four claims.

8ro008. FUEL-RETARDING MEMBER FOR FUR-
NACES, George L. Junge, of Pittsburg, Pa,

Claim—In a furnace in which the fuel is caused to travel
within the combustion chamber during combustion, a fuel sup-
port and a water cooled fuel retarding member having trun-

nions whereby said member is pivotally supported at an in-
terval above said fuel support, one of said trunnions being hol-
low to form a water passage communicating with the interior
of zaid member. Sixteen claims,

871000, SMOKE-CONSUMING FURNACE., Frank E.
Kelly, of Minneapolis, Minn,, assignor of one-half to Frederick
Kees, of Minneapolis, )

Claim.—The combination, with a furnace and ite grate, of a
blast fan having a discharge opening leading into the fire box,
a curved deflector arranged opposite and near the intake open-
ing of said fan, a water supply pipe extending through said

deflector and a second oppositely curved deflector arranged in
front of said water pipe and against which second deflector the
water i3 discharged and directed thercfrom against the curved
wall of said first named deflector and from thence delivered in
a thin sheet into the path of said fan. Two claims.

872,378, HIGH-PRESSURE STEAM GENERATOR.
Adolph J. Schaaf, of Pittsburg, Pa.

Claim.—A steam penerator comprising a battery of lower
parallel drums spaced apart and arranged in pairs, a supple-
mental upper drum arranged above each pair of said lower
drums and spaced therefrom, pipes between said lower drums
and upper drums, vertical rear and side walls spaced from said
lower drums, a combustion chamber within said walls, longi-
tudinal bridge plates between said lower drums, longitudinal
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bridge plates between said side walls and said lower drums,
longitudinal bridge plates between each of zaid upper drums
and its respective pair of lower drums, a smoke arch at the
rear ends of the drums, and a amoke hood at the forward ends
of the drums. One claim.

871,201, SUPERHEATING-BOILER. George Y. Bonus,
of Chicago, TII,

Claim.—In a boiler, a single compartment having a plurality
of fire flues passing therethrough, a portion of said Aues being
below the water line and a portion bemng above the water
line, a fire box located outside of said compartment at one end
thereof and communicating with zaid flues below the water

line, a header arranged at the front end of said fire box having
communication with the lower side of said compartment and
a plurality of inclined parallel tubes conmecting said header
and said compartment a short distance below the water line
serving as a lining for the fire box. Seven claims.

fraa01. STEAM-BOILER. Vincent Brady, of
Amherst, Nova Scotia, Can. :

Claim—In a steam boiler, a furnace and barrel connection
having lap-joint rims projecting on its front and rear sides

Harry

S i

respectively and offset portions integral with the respective
rims. Ten claims.

872,438 BOILER. John Lindner, of Waconia, Minn.

Claim.—In a boiler of the class described, a shell, a flue
sheet extending across the shell and dividing the front of the
boiler from the smoke box, a separate water jacket fitted
within the smoke box, and approximately annular in form in

cross section, the rear wall of the jacket fitting against the
flue sheet, and circulating pipes extending through said rear
wall and flue sheet. Four claims.

873004 BOILER. William G. Ross, of Chicago, IIl,
aszignor of one-half to Frank Sutherland, of Chltagl_‘l:

Claim.—A hailer comprising a heating chamber having ver-
tically disposed tube sheets at opposite sides thereof, a plurality
of tubes extending transverscly bhetween said sheets, nl11:| a
cazing fitting agamst one of said I:u1|1:_1~|1l:l_'l$ and having a
plurality of horizontal partitions extending toward and abut-
ting against the tube sheet and iu:urrnlln_r; a substantially water-
tight joint therewith, and a plurality of vertically d!.:almsed
partitions connecting adjacent h-:nnz-.‘ml_;ﬂ partitions, said par-
titions heing arranged to form a plurality of pockets each con-
pecting an adjacent pair of inbes, a second casing abutting

against the other tube sheet and having a corresponding sys-
tem of pockets, all arranged to cause water or steam to follow
a] tertuons path upwardly through said system of tubes. Two
claims, ;

872382, FURNACE STOKER. Edwin E. Slick, of Pitts-
burg, Pa. )

C'g&rirrl.—.-‘. stoker having a transverse sheli extending for-
wardly into a combustion chamber and terminating short of the
wall apposite said shelf to form a fuel bed space beyond the
shelf, and a series of independently adjustable pushers ar-
ranged to move on the entire width of said shelf and feed the
fuel forwardly across the shelf and combustion chamber, and
adapted to vary the amount of feed for the fuel across the
width of said chamber. Five claims.

874,174, TURBINE. William 5, Elliott and Frank M.
Faher, of FPittsburg, Pa. ; - :

Claim—In a turhine, a barrel or casing having inwardly
projecting webs supporting a bearing, a removable bushing for
said bearing, a turbine wheel having a forwardly projecting

. _@m%

shaft within the bushing, a stationary turbine member secured
within the casing at the rear of the turbine wheel, and rear
nozzle or supply chamber secured at the rear end of the casing.
Twenty-four claims.

Braz2=8.  TUBE AND FLUE CLEANER
Stormer, of Johnstown, Pa, ; 2

Claim.—A tube or flue cleaner comprising & casing, a fixed
diaphragm in the casing, a fixed shait held by and projecting
inwardly from the diaphragm, a rotary motor element loosely
operating around the shaft and provided with a forwardly
projecting rigid extension, anti-frictional devices interposed

Harry 5.

between the shaft and the rotary motor element, and a single
cleaning head having a shank loosely and separably connected
to and within the forward end of the extension in advance of
the shaft, the cleaning head and its shank having movement in
opposite lateral directions in addition to the rotary movement
imparted thereto by the rotary motor element, Seven claims.

f74.3%. STEAM GENERATOR. Thomas Reed Butman,
of Lake Bluff, Il

Claoim,—In a steam generator, a series of parallel. relatively
thin metal drums, water connections between said drums near

one end, a shell of relatively thick metal of greater cross sec-
tional area than the combined cross sectional areas of the
drums, wherewith zaid drums connect to open freely into the
upper part thereof, fire tubes extending through the lower por-
tion of the said shell and a grate beneath the drums. Seven
claims,

875,203 RIVETED JOINT.
Chapelle, Germany.

Claim.—A riveted jomnt comprising metallic parts provided
with rivet holes in register and having a recess adjacent each
of said rivet holes, a rivet provided with heads having a flat

Angust Hertwig, of Aix-La-

inner surface of each, and a projection upon =aid flat inner
surface of each of said rivet heads for filling said recesses to
increase and safeguard the shding resistance and the tightness
of the joint. Four claims.
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THE BOILER SHOP OF THE HARLAN & HOLLINGSWORTH CORPORATION.

BY CHARLEZ 5. LINCH

One of the most modern boiler shops in the United States
is that at the shipyard of the Harlan & Hollingsworth Cor-
poration, Wilmington, Del,, of which Mr. Daniel Gibson is the
foreman boiler maker. The building is of steel and brick con-
struction 3oo0 feet long and over 124 feet wide, and was built by
the American Bridge Company. Az shown by the photographs

photograph of the finished structure, by the use of many large
windows placed near together, Tt is heated by steam.

The shop is well equipped with traveling eranes for handling
the work, all of which are electrically driven, Electricity is also
peed to drive all machine tools, the power being distributed by
independent motors, built by the General Electric Company.

Fri. 1—sSPECTALLY DESIGHNED BEOILER-SHELL DRILL IN

it is divided into three aisles of the following dimensions: One
side aisle, 53 feet 7 inches wide, center to center of columns,
with a clear height of 57 feet 3 inches; one side aisle, 20 fect 2
inches wide, center to center of columns, with a clear height of
28 feet, and a center aisle, 39 feet 7 inches wide, center to center
of columns, having a clear height of 40 feet o inches. The
building is a fine specimen of modern steel structural work,
as it is light and exceptionally strong. The shop has been built
with a view of securing as good light as possible for the in-
terior, and this result has been obtained, as can be seen by the

THE WEST nay.

The electric current is gencrated in a central power house,
The
power house, which is under the care of Mr. James Marsh-
man, chiel engineer, 15 3 building of steel and brick construe-
ticn, 100 feet long and about Go feet wide, not including the
boiler house. Steam is furnished by the zoo-H, P. Stirling
water-tube boilers, at a pressure of 150 pounds per sguare
inch. The products of combustion are carried off by a fAue
from the three bailers leading to a stack 8 feet in diameter
and 150 feet high. From a ratlroad track in the yard a spur

which supplies power for the entire shipyard and works.
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runs to the boiler howse, so that all the coal used for generat-
ing power is brought directly into the yvard vpon cars. From
the cars the coal 12 conveved from a hopper underneath the
track to the bins oulside the boiler house. The bins have a
capacity of Boo tons of coal, and the conveyors, which were
built by the Link Belt Company, Nicetown,
Philadelphia, Pa., have a capacity for delivering 60 tons per
hour.

A Relly feed-water heater 30 inches in diameter delivers the

Engincering

feed water to the boilers at a temperature of 190 degrees F.
The water is pumped from the heater to the boilers by two
Warren feed pumps having cylinders 10 inches by 6 inches by
1z-inch stroke.

Two McIntosh & Seymour cross-compound, vertical con

Compressed air for the vard and boiler shop is furnished
by Franklin air compressors of the cross-compound type,
having evlinders 17 inches and 24 inches by 18 inches stroke,
Hydraulic pressure for the hydraulic riveter is obtained by
means of a Worthington pump, having steam cylinders 17
inches diameter by 16 inches stroke, and a plunger at the water
end 3 7/16 inches diameter. This pump supplies water at a
pressure of 1,750 pounds per square inch.

Besides the main engines and their auxiliaries there 15 in
the power house a fuel oil pump 3 inches by 2 inches by 5
inches stroke, which draws a supply of oil fuel from tanks in
the vard. Compressed air for burning the oil fuel is supplied
by a Clayton duplex air compressor, which has cylinders 19
There are also two

inches by 14 inches by g inches stroke.

Fig. Z—VIEW o

THE ERECTING FLOOR

densing engines, with cylinders 15 inches by 32 inches by 30
inches stroke, are direct connected to General Electric gen-
erators of 250 volts, 1,200 amperes, Theze engines develop 500
indicated horsepower at 150 revolutions per minute, with a
steam pressure of 150 pounds. The main condenser is cylin-
drical, the combined air and circulating pump having cylinders
12 inches by 16 inches hy 16 inches by 16 inches stroke.

The main engines are There 15 also
one so-kilowatt marine type generating set for night service,

which was huilt by the General

for day service.

Electric Company, and one
150-horsepower Curtis turbine direct connected to two General
Electric generators of 125 volts, oo amperes each at full load.
When the pressure at the throttle of the turbaine 15 150 pounds
per square inch it
mimite.

runs at a speed of 2400 revolutions per
The condenser for the turbime was built by the
Wheeler Condenser Company, [t has a combined air and cir-
culating pump 7% inches by 1o inches by 10 inches by 1o

inches stroke,

IN THE WEST

BAY, SHOWING COMPLETED BOILERS.

Worthington fire pumps, 18 inches by 10 inches by 12 inches,
which at yo revolutions per minute have a capacity of 10,000
gallons per minute,

Material which is vsed in the boiler shop is taken from a
spur track, which runs along one side of the building, by
locomotive cranes and delivered te any point in the shop as
required. After the material reaches the shop it is wvery
efficiently handled by the overhead electric traveling cranes
built by the Alliance Machine Company and installed as fol-
lows: In the 53-foot side hay there are two cranes, each of
5o tons capacity; in the 20-foot bay there is one crane of 13
tons capacity, while the middle bay is served hy one zg-ton
crane. Inm addition to the overhead cranes individual machines
are supplied with jib cranes and chain
necessary to hold the work at the machine

Starting at the south end of the middle aisle of the shop
the first machine on the right-hand side is a thread cutter,
which is used for cutting fore and aft stays and for cutting

hoists where it is
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FiG, 3,

=VIEW OF THE SHOF UNDER CONSTRUCTION, SHOWING ARRANGEMENT OF BAYS AND RUNWAYS

FOR CRAWES,

FiG, 4,—EXTERIOR OF "THE COMPLETED P,
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Actme threads from 2 up to 4 inches diameter. Besides this
machine there is a triple head bolt cutter for screw stays up to
2 inches diameter

presses for deil

Beyond the bolt entters are two small drill
These
machines are driven ]'I_'.' a -\|I1:.=',||_-' motor from a shorl counter
shaft.

Beyond the drills is a set of 17=-foot hornzontal light bending

ng tell-tale holes in the ends of stavs,

tolls, which are uzed for bending plate up to 34 inch thickness,
These rolls were hilt by the Bethlechem Steel Company, and
are driven by a separate motor, which is geared directly to the
machine.
machine of special design.

Mear the bending rolls 15 a three-liead tube hole
Thiz machine haz a traveling bed
and cross-heads, which enable the tube zheet to be drilled and
the tack holes put in the r"|.|1'|!_'|_' with one setting of the ma-

chine, Another machine of special design and construction is

THE NOLER-SHELL DRETLL.

FIG, S.—ONE OF THE HOUSINGS OF

used for making all round or oval openings in plates, such as
manholez, handholes, ete. With this machine an oval can be
put in in any direction and the front finished in one setting,
Both of these special ‘machines were built by the Bethlehem
Steel Company and are motor driven,

In the punching and shearmge department is a No, 4 Hilles &
Jones punch, driven by an independent motor and served with
a jib crane equipped with a chain hoist, one No. 6 Hilles &
Jones combination punch and shear with g 48-inch gap, also
driven by an independent motor and supplicd with a jib crane
and chain hoist. On the opposite side of this bay are one
Cleveland punch and shear, two No. 3 Hilles & Jones punches
with z6-inch gaps, one Hilles & Jones flange punch with &inch
gap, one Hilles & Jones splitting shear, one Hilles & Jones
No. z punch with 3o-inch gap, one Lemmox rotary bevel shear
and one small set of light sheet iron bending rolls 6 fect long
between housings. The last six machines are driven by a short
length of line shafting.
the building, as all other machines are driven by independent
mators.,

Beyond the punches and shears there is a heavy radial drill

Thiz is the only line shafting used in

far drilling brace holes 3 and 3% inches in diameter. This
drill is bolted direct to one of the steel columns, and is driven
by an independent motor, There is also one f-spindle multiple
drill, built by the Niles Tool Waorks, which is used for drilling
holes up to 184 inches diameter,

Another machine of special design, which was built by the
tethlchem Steel Works, is a set of vertical bending rolls.
These rolls have a capacity for bending plates 12 feet & inches
wide and 2 inches thick, and are motor driven.

O the left-hand side af this bay, in addition ta the punches
and shears which have heen mentioned, there iz a large plate
edge planer, which has a wide field of usefulness. The planer
15 geared -:|i1'|_'|._"1|}' to a motor and will plane a clear I'?“.E.Th of
34 feet in one sctting.  Besides the plancr there is also a drill
press bolted to one of the columns with an arm, which gives an
effective radius for the drill of 11 feet, The machines in this
end of the shop are served hy a 25-ton electric crane built by
the Alliance Machine Company, of Alliance, Ohio,

At the south end of the east bay of the shop iz located a
fimely equipped tool room, and above this tool room is the
gpace degvoted to laying out. On the west side of the bay 15
a radial drill press for ]:g’hi drilling, which has a clear radins
of 444 feet. This drill is also driven from the line shafting
which was mentioned above. Tt was built by the Niles Tool
Waorks, On the east side of this bay are located the fires for
flanging and smith work, Besides four Hange fires for fitting
purposes there is one So-ton fanging machine, built by the
Morgan Emgineering Company, on the well-known Twedell
gvstemn. The So-ton flanger is served by one circular fire and
one round fire, the work being handled by a s-ton hydraulic
jib erane. The work at the four Atting fires is handled by
means of two 5-ton hydraulic eranes,

A large oil-burning furnace for straighténing and annealing
plates ig built ints the north and west wallz of the shop. The
furnace is 12 feet wide by 20 feet deep, and in front of it are
located the slabs for straightening plates,

The west bay is served by two zo-ton cranes, built by the
Alliance Engineering Company, one of which has a double
trolley, The hydraulic riveter 15 located at the north end of
this bay, and 15 a large machine having a 17-foot 6-inch gap.
The different pressures that can be applied to a rivet are 23,
g0, 75, 100, 125 and 150 tons. The riveter 15 the product of the
Bethlehem Steel Company

One of the most mteresting machines in the shop is the
specially designed boiler shell drill, photographs of which are
shown, Thiz. machine, which waz also built by the Bethlehem
Steel Works, has theee heads, each head being equipped with
four spindles. The boiler shell iz placed on end on the center
table, while the heads have a wvertical movement on the
housings, and the housings a circular motion arcund the shell,
as shown by the cireular track. Thus with this machine rivet
holes can be drilled rapidly and accurately at any height as
well a5 in any position on a cireular shell.

The stay-bolt holes in the back heads of the boilers are to be
drilled and tapped by means of a four-spindle horizontal drill,
At the present time this machine has not been set up, but it is to
be in operation shartly. The remainder of the west bay is left
free and used as an erecting floor. A complete test room is
being built for the purpose of testing completed boilers, but
the eguipment has. not vet been installed.

Along the west wall of the shop, that is, in the bay which
is used as an erecting floor, are placed a nomber of Knatt
rivet-heating furnaces. One of these furnaces is also placed on
the platform of the hydraulic riveter. Comnpressed air for
these furnaces is supplied by a blower loeated on a platform
about 15 feet from the ground in the north end of the west bay.
The switchboard for controfling the power in the shop is also
located on this platform,
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Estimating the Cost of Repair Work.

BY JAMES CROMBIE

In the January issue of the Bomer MAKER a very intercst-
ing and helpful article was published regarding the cost of a
return tubular boiler. In the present article the writer will
take up in a somewhat similar manner the cstimation of the
cost of a few repair jobs, trusting that some of our success-
ful veteran boiler makers will be led to do the same and thus
give the vounger men in the trade the benefit of their ex-
perience on this important point,

In a contract shop one is called upon to face all kinds of
problems, especially in a shop where much repair work is
carried on. It may be that a steel mast must be replaced or
that several plates must be taken from the bottom of a
steamboat, and the Aoor plates, frames and plating in the way
of repairs made good, or it may be that 30 or 4o feet of the
bulwarks must be taken down and renewed, or the bow of a
boat may have been smashed in a cellision, so that the stem
and shell plating are badly twisted, all of which must be made
good to pass the imspector. It may be neceszary to put in
new coal bunkers or to take down the old funnel or smoke-
staclt and erect a new one. The donkey or upright boiler
may be in need of repairs. Several photographs were pub-
lished in the Bomer Maxer during the past wvear showing
how one of these boilers had blown up, tearing up the deck of
2 steamship and blowing the main funnel overboard. TRe-
pairs may be necessary on a water-tube, locomotive, return-
tube, Scotch marine, or any other tvpe of boiler, but in every
casze. no matter how large or how small the job, the ques-
tion with which we are confronted iz: “What 15 your price
pon the job:™

The foregoing gives but a suggestion of the many different
phases nf repair woik ow. which it is necessary to estimate the
cost and to estimate it correctly, not only so that there will not
be any loss, but also so that the price will stand favorably as
a competitive bid.

Take the following job of repain work as an example. The
price iz asked on the work pecessary to renew the fire-box or
cone of an upright or donkey hoiler, including a new up-take
pipe and a new collar or flange to fit the up-take pipe and
outside head. In the following analyvsiz no account will be
taken of the cost of material, as that is not o much a ques-
tion of estimation, since it can be figured out exactly, -

Assume that the boiler is 36 inches in diametir, 6 fect 6
inches high and has two cross-tubes riveted in the cone. The
up-take pipe is 814 inches in diameter by 33 inches long. The
tap of the cone is flanged in the center to fit this pipe, the pipe
then extending up through the crown or top of the hoiler, It
was found that the flange for the pipe on the outside was
pitted and grooved so that it had to be cut off and a new collar
made to fit the pipe, this collar, of course, to be riveted to the
top of the boiler.

A fair estimation of the time taken for this work would be
as follows : Removing the old fire-box, a boiler maker and an
apprentice, 17 hours; flanging the bottom of the cone to fit
the outer shell, which is 36 inches in diameter, and receszing
the fire-door hole, welding the up-take pipe, which iz 814
inchez in diameter and 33 inches long and made of 7/16-inch
Lowmoor iron, and flanging the collar for the up-take pipe
(the collar must be machine flanged and all the other work
hand flanged) will take a boiler maker 22 hours and two
helpers 22 hours each; laying out the new cone (two plates in
the cone), punching, scarfing four corners, rolling up, fitting
in the head and two cross-tubes, riveting up on the hydranlic
machine, calking and testing the job will take a boiler maker
170 hours, an apprentice boiler maker 30 hours, helpers 130
hours and a boy 30 hours.

Total time on the-job;

Cents Per Hour. Hoitrs,
Boiler maker ..ciuinivesis 24 200 $50.16
Apprentice boiler maker.... 10 47 4.70
15 [ 1 o A i £, e R 15 270 40,50
15 ] e et e e R {1 30 3.00
Estimated cost of 1abor. .o ivamsi i samnpsnasss  OR30

All material extra (two cross-tubes were bought, welded and
flanged, but had to be fitted into the boiler, allowanece being
made for this in the above estimate for the time of the
helpers).

As another instance of estimating the cost of repair work,
figure put the cost of converting an old land or Galloway tvpe
boiler into an oil tank. The boiler is 3o feet long, 8 feet mean
diameter; all rivetz 7% inch in 15/16 holes, machine driven.

JOB Kd. 1,—VERTICAL DONEEY EBOILER.

The work required for this job 15 as follows: Removal of two
flues, closing up of the fue holes at each end of the boiler,
calking and testing with cold water.

Both flues must be cut at each end where they are riveted
to the boiler heads, and the front head must be cut out in
order to allow the flues to be taken out. Cutting out the rivets
from the back end of the fiues, the front end of the beiler and
all the rivets attaching the gusset stays to the fromt end
plate would take two boller makers 20 hours each. The flues
would have to be worked out with chain blocks and rollers if
there were no crane near the job. Taking out the flues and
fitting on the front plate, also fitting on two plates;, each 36
inches in diameter, and two plates, each 42 inches in diameter,
to cover the flue holez in both the front and back boiler
heads would take one boiler maker 36 hours, an apprentice
botler maker 40 hours, and helpers 165 hours. The time re-
quired for riveting, including the riveting of the front head
to the shell, also to the gusset stays and the riveting of the
four plates on the flue holes, would be as follows: One boiler
maker 40 hours, one helper 35 hours, one boy 24 hours. The

calking and testing would take one boiler maker about 30
haurs,
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Total time on the job:
Cents Per Hour. Hours.
Boiler maker ............. 24 125 $30.00
Apprentice Loiler maker.., 10 40 4.00
Helpett i e nainsnsnmny 15 204 30.60
Boy il s e 24 2.40
Fostimated 0ost Of TaDO. .o wowmam v v s s, SO0

All material extra.

As a third example of the estimation of the cost of repair
work consider the repair of a small Scotch marine boiler, On
examination it is found that the water has been allowed to
get low, cansing the crown sheet and back of the fire-box to

F—--"'—-._ = g 28

£
N -

the head could be taken to the drill and the pieces drilled out.
If the tubes are not beaded at the fire-box end they could
easily be worked out of the tube holes and the tube plate cut
adrift from the fire-box,

The cost of the above work would be estimated as follows:
Cutting out, two boiler makers 18 hours each at 24 cents an
hour; total, $8.64; laying out, spacing the holes in the flange
of the fire-box back sheet after it has been flanged. 1 hour at
a cost of 25 cents; shearing and flanging the back sheet of the
fire-box, which is 36 by 28 inches, finished size, the flanging to
be done on a hydraulic machine, one hoiler maker 114 hours
at 24 cents per hour, two helpers 134 hours at 10 cents each per
hour: total eost B4 cents. Rolling the side sheets, fitting up
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JoB MO, 2. —CALLOWAY BOILER.

buckle and draw in the stay-bolts. The tubes are also in bad
condition and the sides of the fire-box grooved and pitted.
There iz no manhole in the boiler, only small sludge doors or
handholes. The boiler is 42 inches in diameter by 34 inches
leng, and contains a single furnace 22 inches in diameter, 23
tubes 214 inches in diameter by 5 feet & inches long. The
plates are 5/16 inch thick, except the tube plates, which are
34 inch thick.

To do this job in good shape the boiler must be sent to the
shop and the back head cut out, all tubes taken out, all stay-
bolts cut out, all rivets around the furnace mouth cut out,
and the furnace itself removed. The crown, sides and back
of the fire-box must be removed as well as all the stay-bolts

157511

EXD VIEW OF GALLOWAY DOILER,

and tubes. O course, in laying out the riveting and stay-balt
work, one must be governed by the stay-bolt holes and rivet
holes which are already in the boiler. There are eighty-two
stay-bolts, seventy-two rivets around the fange of the back
head, and thirty-eight rivets around the furnace mouth, be-
sides those connecting the fire-hox to the inside tube sheet and
tubes, The rivets are 34 inch in diameter, spaced 174 inches
between centers.

The quickest way to get the boiler apart would be to drill
the stay-halts out of the shell plate on each side. Then cut
and back out the rivets in the flange of the back head and at
the furnace mouth and cut the tubes at the front end. The
boiler could then be turned up on end and the back head, to-
gether with the fire-box, furnace and tubes all lifted out of
the boiler at the zame time. The stay-bolts could then be
broken off between the back head and the fire-box, after which

the side, top and back sheet of the fire-box, also punching all
stay-bolt holes for 1-inch stay-bolts; onme boiler maker 10
hours at 24 cents per hour, two helpers 15 hours at 15 cents
per hour each; total cost $0.06.

The fire-box can be riveted around the flange of the top
sheet and across both seams at the bull machine and then
calked inside before the back sheet iz bolted on. The fitting
up and riveting at the bull machine would require 2 hours’
work for one riveter at 2o cents per hour, two hours for one
helper at 16 cents per hour, and 2 hours’ work for one boy
at 1o cents per hour, making the total cost gz cents.

The back sheet of the Are-box must then be riveted up by
hand; since a man could not go into the fire-box, the rivets
must be held on through the tube holes. Riveting up this
plate would take two boiler makers 3 hourz each at 24 cents
per hour, one holder-on 3 hours at 16 cents per hour, and one
boy 3 hours at 10 cents per hour, making the total cost $2.22.
Drawing the furnace and fire-box into place and bolting it up
ready for riveting would take one beiler maker 5 hours at z5
cents per hour, two helpers 5 hours each at 15 cents per hour,
making the total cost $2.75,

There are 110 rivets to drive azound the furnace mouth and
backhead, all of which must be driven with a pneumatic ham-
mer, taking about 3 minutes for each rivet. Including turning
the boiler around on rollers, this work would take one riveter
about 514 hours at 20 cents per hour, two helpers 514 hours
each at 15 cents per hour, and one boy §%4 hours at 10 cents
per hour, making a total cost of $3.30.

By slinging the boiler from the flange of the back head, the
furnace mouth could be riveted on the bull machine, and then
by turning the boiler upside down and suspending it from the
tube holes, the back flange could also be riveted up on the
bull machine. Although sixty rivets could easily be driven
per hour with the bull machine, in order to allow for the time
taken to sling the boiler and turn it upside down, it would be
safer to allow 1.34 hours for driving sixty rivetz. This would
take one riveter 214 hours at 20 cents per hour, one helper
214 hours at 16 cents per hour, one helper 24 hours at 15
cents per hour, one boy 214 hours at 10 cents per hour, making
the total cost $1.53. Thus we see that by driving these rivets
on the bull machine the work can be done for $1.53, whereas
when driven with a pneumatic hammer the cost is $3.30,
making a difference of $1.77 in favor of hydraulic riveting in

.
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this case. Therefore it would be better to use the hydraulic
riveter, not only as it is cheaper, but also because better work
can be done than with the pneumatic hammer.

Tap all the stay-bolt holes, run in the stay-bolts, fit them
and cut them off with the machine, With a good air drill
each hole can be tapped in I minute. Allowing 6 minutes as
the total time required for each stayholt, for eighty-two stay-
balts the total time would be approximately 824 hours, requir-
ing two men at 16 cents each per hour, or making a tatal cost
of $272 Riveting up the stay-bolts wonld take two hailer
makers 9 hours at 24 cents per hour, and one helper o hours
at 16 cents per hour, making a total cost of $5.76.

It would take a boy about 114 hours to get the new tubes
from the storeroom and grind off the sharp edge from one end
of each tube, making a cost of 15 cents. Inserting and ex-
panding the tubes would take one boiler maker 10 hours at
24 cents per hour, making the total cost 82.40.

Inserting the through stays in the steam space at the top
of the boiler, of which there would be two 134 inches in di-
ameter, would take one hoiler maker 2 hours at 24 cents per
hour, costing 48 cents,

The remaining items of this job are testing; two boiler
makers § hours each at 24 cents per hour, making a total of

[

One plate 41 by 32 by 5/16 inch for back of fire-box
One plate 72 by 15 by 5/16 inch for sides of fire-box b263 Lbe.
One plate 42 by 15 by 5/16 inch for top of fire-box

All fAlange steel at 2% cents per pound.............. $5.02
126.5 feet 2l4-inch diameter tube at 15 cents per foot. 1808
Rivets, 75 pounds at 3% cents per pound. ........... 2.63
Eighty-two stay-bolts at 20 cents each.............. 16,40
el e S e R e ) S B 75
HH S et 1 LM e e e L
"Fotalfar Tabap st ipann e =8 40,00
Total for material and labor....................... $03.68
Thirty percent for fixed charges.............. 28.10

$121.78
Erohty iocpercent GEbatal s i e e 12.18

$r33.06

The total estimate for the repairs would be quoted at $135.

The stay-bolts in this estimate are quoted at 20 cents each,
but can be made for less than this, They may be made like

=

JOB WO, 3.—SINCGLE FURNACE SCOTCH BOILER.

$z2.40; taking off and replacing valves and fittings; one engi-
neer 20 hours at 22 cents per hour, costing $4.40, and fitting
on the up-take, two helpers 5 hours each at 16 cents per hour,
costing $1.60.

Having found the cost of each different operation we will
now find what the total cost is:

BT e T A T P R e o e e S D R -1 |
L e e e B L .25
Shearing and flanging back of fire-box. ............... B4
Fitting up fire-box and punching stav-bolt holes. .. ... o.of
Riveting fire-box at hydraulic riveter, .. ............. 02
Hand riveting back of fire=basx. ... ...cooieceinninns 222
Drawing furnace into place in shell of hailer......... 2.75
Riveting furnace mouth and back end of boiler, hy-

AR R tiva TR iRt i iy E T 1.53
Tapping holes and fitting in stay-bolts. ............... 2,72
L A E s R e e e e 5.76
Boy getting out tubes from stockroom ............... 15
Inserting and expanding tubes.. ... ... .00 ivsssnnsn. 2 40
FER b throngheatars oo A8
e T e o o e e e LT 2.40
I e e o 51 ] - b S D 160
Enminess sl valyes, et T TR R 4.40
Estimated cost of labor. .. ....ooooo i iiviiiiiine . 4BI2

Adding 5 percent for unexpected expenses, as the furnace
may he tight or the stay-bolt holes may be pitted inside and
require tapping out for large stay-bolts, our total now is
$4B.43, say $40.00.

The new material required for the entire job and its cost is
as follows:

rivets in the rivet header, six being squared on the head and
cut off at each heat. With a good long heat on the bar and
the fires kept full, 2 man can make from 300 to 500 per hour.
A handy man at 18 cents per hour will thread 120 per hour ih
a good machine,

In the early part of this article the writer has not given the
material, as that is always an easy matter to work out: it is
the time that iz the most uncertain thing to figure on. * We
must know our men when we are working out our estimates
and decide who will be the best man to put on cach class of
wiorh,

il Fuel.

Petroleum is being used extensively az a fuel, not only on
the Southern railroads of the Tnited States, where the loca-
tion of the road near the oil ficlds assures a vast supply of
such fuel which is both accessible and economical, but also in
the warships and navies of foreign countries, which are obliged
to import nearly all of the oil which they use. At present
Great Britain makes use of oil as a supplementary fuel in
many of her largest battleships and cruisers. The huge Dread-
nought carries a supply of 1,500 tons of it, while several of the
torpedo-hoat destroyers use it exclusively. Great Britain is
dependent for the larger part of this fuel on the United States.
In 1906 the United States produced 4,587,000.000 gallons of
petrolenm, while the next largest source of supply, which is
the Baku fields of Russia, praduced only 1.846,000,000 gallons,
The quantity exported from Russia was very considerably less
than that exported from the United States, That the amount
exported from both of these fields, and especially from the
United States, will be greatly increased in the next few vears
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is practically certain. The British Admiralty alone iz pro-
viding for the construction of immense storage tanks for oil
at Portsmouth and Plymouth. Tanks are to be erected
at Portsmouth capable of holding 20000 tons, and possibly
more.  In addition to this, one tank ship has already been boilt
by the British Admiralty for transporting fuel from Texas
to Great Britain, and it is understood that within the next
few years a fleet of perhaps twenty tank ships will be in
commission for this purpose,

Honest Work.

BEY TAMES ROS5AN,

Grave charges had been launched against one John Saunders,
who was the owner of a boiler shop in one of the busiest lake
ports. As yet no boiler trust had developed, so they were naot
charges of acts in constraint of the trade, But they were
worse; they were charges of graft. For some cause or other
all the trade of the port had gone to Saunders of late, and
his competitors were loud in their complaints, charging him
with both graft and coercion in order to obtain a monopoly of
the trade,

I was the man sent to investigate, and found conditions baf-
fling. They were a curious lot -around the waterfront of this
old lake port, taciturn and stolid: men who minded their own
business and cared not how wagged the rest of the world,
The installation and repairing of boilers and machinery in the
huge crafts at the docks presented a busy scenc. Tt was a
fact that the shop owned by Saunders did all the work, but
approach one of the men on the subject and immediately he
would become the silent Carthusian,

There seemed to be but one subject those men would talk
on, and that was the gale, the big gale of September. A half
dozen big, black, twisted hulks lying on the beach near the
harbor bore evidence to its force. But it will, perhaps, be best
to tell of the gale in the words of one Flynn. Flynn is a man
of parts about the port; he can talk. This, in connection with
the fact that he was an officer of the only ship that came
through the gale, has made him a famous man, He iz the
keeper of a tavern and iz waxing fat on the spoils of the
CUTIONE.

“Yes,” he began, after T had done the handsome thing at the
bar, "We were nearing the harbor, running before it when the
snow set in g0 thick that it would have been sheer madness to
attempt entering.  So we broonght her about and headed her
into it. And, Oh! h | after that it was just water and
water and water; tons and tons.and tons of it. Everything
movable went overboard. Rivets snapped and shot oot like
rifleballs, Plates and beams twisted and bent as if they were
made of putty. But, believe me sir, the Monarch didn't budge
an inch; no, sir, she didn't peeter out and drift on the beach
stern forninst like the rest of them. She stayed right there
bucking it until the gale wore itself out, and then we en-
tered the harbor in smooth water. And T believe if Old Nick
himself had had a 6-inch cable on her he conldn’t have budged
her an inch nearer the shore™

“And how was that? I ventured.

He leaned clase to me and answered in a whisper: “You
see, MeDonald was engineer of her, and he worked her. God
bless him, how he did work her!” That was about all the
information obtainable from Flynn, and my next move was
naturally to find MeDonald

I found him in the company of Saunders. 1 had been told
that they were inseparable chums, We found much to talk
about. Saunders was the busiest manufacturer of the place,
and MeDonald had lately heen elevated to the position of chief
engineer of the proudest fleet sailing from the port. They
were successful men, men of energy, men of stremgth and

daring. But touch the subject of the heroism displayed in
bringing the Monarch in through the gale and immediately
they froze and became as silent as stone, They were not
men of emotion and sentiment.

Tt hecame evident that I had to look farther, and in due
time it eame. TFagan, the oldest boiler maker of the place,
told it. And he told it while lying on his back driving a
34 rivet with a 14-inch swing to his hammer.

“Shure,” he aid, “Oi was one of the first onez to work for
Saunders whin he started the little old shop. And it was the
queer cuss he was. Niver a minnit did Oi think he'd amount
to what he is to-day. Somehow there didn't seem to he any
business in the chap. It looked as if he was always afraid
that ke wouldn't get a job good enough ; he was what O8'd call,
slow. Now, if ve'll stand a bit to one side, out o’ me light,
0§11 tell ye about what sort o’ an ochmadhaun he was. Blinky-
eyed Burnham was foreman for him then. The same Burn-
ham what started for himself later, and went up the spout last
summer. Blinky was the smart one. When we were on the
first real big job the shop had, a big 14-foot Scotch kettle, we
found that after Hanging and fitting one of the heads, there was
a 16-inch crack right across it. Saunders, whin he saw it
nearly threw a conniption fit. But Blinky, the foreman, tapped
him on the shoulders soft like and said: ‘It's all right, Old
Man, shure Oi'll ix that up. O kin plug that =0 no man will
ever gee it’ Oh, Oi tell ve that Blinky was a smart one
i meself knew he could do it, for Oi had seen it many a
toime, Well, sir, Saunderz wint to the office and sat down
with his head in his hands for a long toime, Oi guess, he just
naturally had to have it out with himself, He thin came back
in the shop loike a man possessed, grabbed Blinky by the
shoulders and said: ‘Cut that head out and throw it away”
Ye can belave me or not, but 0§ thought the man had gone
daffy, and so did the rest of them. We knew what it meant
to him, just starting in, to throw away a boilerhead. Blinky
tried to argue with him and towld him of a dozen cases
where he had done it. “Why, says he, ‘ye remimber thoae big
boilers they turned out last summer over at the big shop of
Thompson's for the boat called Miami? Well, gir, there were
cracks 2 feet long in those boilers, and they never showed a
sweat under the test after Oi doctored them up' But it was
no use, we had to cut it out. Saunders carried on like a
crazy man, and kept saying: °'If a man buys a boiler he don't
buv a lot of scrap-iron. After that there was all sortz of
trouhle, waiting for a new head. Time expired on the con-
tract, and, {H guess, it was a case of no money too. O be-
lave to this day that he would have gone up the spout if it hadn't
heen for that McDonald. He was going engineer of the boat
the boiler went in, 0§ belave they called her the Monarch, and
that engineer-chap had a pull and smoothed it over some way."
Here the old fellow had a hot rivet jumping out of the hole
every time he hit it, and shooted to the man inside: "Get on
there, ye ornary brat, or O'll knock it clane through ve!”
Then to me again: “Shure, it's a pity the min we have to
work with now-a-dayz "

The rest of the story was a long time coming. PBut at last
it arrived. And it came from a tattling clerk who was working
in the offices of the steamship company. T doubt if this man
served the best interests of his employer, becausze he told tales
fram the inner sanctum which should have been held sacred
I will let him tell it in his own words,

“Holy Moses, but it's fierce the way the Old Man and that
McDionald, whe is chief engineer, carry on sometimes. They
fight like cats and dogs. Only the other day the Old Man
says to him: ;

“*Say, Mac! How much steam did you have on the hoilers
of the Monarch when vou held her out there in the big gale?

“The engineer looked at him kinder queer like, and
answered :
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“T don't know.'

A

at him,
“‘No, I am not!" the engineer answered, waxing hot around

Tim MecDonald, you are a liar!" the manager snapped back

boilers for our new ships iz something which we leave en-
tirely at the discretion of the chief engineer.”
“‘And the chief engineer reached across the desk, took his

hand and zaid: ‘*Thank wou, =ir'”™

BACH
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Front or Domc sHowineg
END WHICH FAILED

DOME OF THE BOILER WHICH EXPLODED AT THE PAREFIELD MILL.

the eollar. ‘And now while we are on the subject, T might
as well say, that Saunders is going to have the contract for
the boilers in those six new steamers we are building

“The Qld Man looked at him sharp like, and said: Yes, if
he is the lowest bidder.”

“ Highest or lowest, I don't care which, he gets it!
McDonald shouted.

“‘There arg vast possibilities in that, Mec," zaid the man-
ager, looking at him through the narrow slits of his partly
closed eves.

" *Now, look-a-here!" the big engineer continued, jumping to
his feet and thaking his fist under the Old Man's nose. ‘T am
honest, and you know it. So we will leave that out. But
there are certain things about which we can not afford to take
any chances, no matter what the consideration. And one of
them 15 the boiler of a steamboat.

“'Ah, I see where the shoe is pinching,' the manager in-
terrupted. ‘You refer to the fact that Saunders built the
boilers for the Monarch, while those of the Miomi, our other
boat which foundered in a pgale, were built clsewhere. PBut,
remember Mc, perhaps the Miomi was not properly han-
dled.”

*‘McDonald was still facing him with blood in his eye, and
threw back at him: ‘Old man Farnum was engineer of the
Migmi, and went down with her. He tanght me evervthing T
know about the trade. I knew him well enongh, and was with
him long enough to say that he was not the man to let his
boat drift on the beach as long as rivets and braces held to-
gether, You can take poison on the fact that the AMiami had
her tryout.’

“*And we know she failed, the Old Man supplemented.
‘And we also know that the Monarch came through success-
fully. But when I ask vou how much steam vou had to carry
to do it vou tell me that vou don’t know.'

“‘And I don'ty McDonald snapped back. ‘Tt had gone far
bevand the reckonming of the gage. No man knows how much
steam was on these boilers. But all men know that there was
sufficient to zave the boat from wreek, And all men know
that there were no flaws in those boilers, or none of us would
be here to tell the tale’

“The Old Man sat thinking in silence a long time, then he
gaid, slowly and deliberately: ‘Mr. McDaonald, the matter of

Explosion from a Boiler at Parkfield Mill, Nelson,
Lancashire.

This boiler, which is one of a pair, is of the Lancashire
type, and is 3o feet in length, and 8 feet in diameter inside.
Each flue is 3 feet 2 inches in diameter inside, and is tapered
at the back end. Five Galloway tubes are fitted to each flue.
A horizontal dome o feet in length and 2 feet 8 inches in
diameter was connected to the shell of the boiler by means
of two necks 834 inches in diameter. The ends of the dome
were flanged inwards and were zecured to the shell of the
dome by rivets 34-inch in diameter, pitched 274 inches apart.
The front end, which was flat, was fitted with a manhole door,
the opening being 15 inches by 1134 inches. An outer com-
pensating plate 434 inches wide by 3¢ inch thick was riveted
arpund the manhole, The back end of the dome was dished.
The boiler and dome were made throughout of Siemens'
Martin acid steel plates. The shell plates were 3% inch thick,
and the dome shell and ends were 9,/16 inch and 3§ inch thick,
respectively.

A stop valve was fitted on top of the dome, to which hoth
boilers were connected by means of a pipe 8 inches in di-
ameter,

The vsual mountings were provided for each boder, includ-
ing a high steam and low-water safety valve and a deadweight
safety valve, which were adjusted to blow off at 180 pounds
per equare inch; a steam pressure gage was also fitted—
Page's Weekly.

Cost of Maintaining Brick Furaaces.

It 15 a well-known fact that brick work deteriorates more
rapidly with high than with low temperatures. But due to the
fact that recent experiments and current engineering practice
have shown that Dutch ovens and firebrick-lined furnaces are’
essential to smokelesz and economical combustion of most
fuel, it 15 desirable to know what additional expense will be
entailed m a steam plant which is thus equipped, due to the
deterioration of the firebrick. Mr. A. Bement has recently
published some figures on this point, taking as a basis the cost
of maintenance of two electric plants, each fitted with water-
tube hoilers and served by chain grate stokers, one of the
plants bhemng equipped with a tile roof furnace chamber, while
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the other had its boiler exposed dircctly to the fire, as is the
common practice in many installations made by manufacturers.
Presumably the other details of the two plants were similar.

It was found that the average cost per boiler for repairs for
a period of two years was $2s0 for the apparatus with a tile
roof furpace, and $170.48 for the apparatus without the tile

roof chamber, showing that there was greater expense entailed .

for maintenance of brickworle in the plant having tile roof
furnaces of about $%0 per annum per boiler,

That is not the end of the story, however, as an important
saving iz effected in the plant fitted with the tile roof furnace.
Thiz saving is due to the fact that complete and smokeless
combustion of the fuel is obtained, resulting in a higher
efficiency of the boiler, or, in other words, a smaller coal con-
sumption per unit of work. This saving of fuel amounted to
about $r.000 per annum per boiler. 5o that the net gain due
to the prezence of the tile roof furnace and consequent higher
temperature iz about Fozo.

Layout of a Hemispherical Tank Head.

Fig. 2 chows both the plan and elevation of the end of a
evlindrical tank which iz provided with a hemispherical head.
The hemispherical head is built up of a number of plates joined
together with seams which are arcs of great circles on the
sphere. The end of the head is formed by a dished plate, in
arder to do away with the awkward form of riveted joint
which would be necessary if the various sections were con-
tinued to the top of the head.

The dimensione of the various plates forming the head are
usually determined in the following way. Setting the trams at
a length equal to the radius of the tank, that is ¥4 D, the ele-

Additien for Btandard Di=k

™ w3y 43 B 2 W BRI 2oz 1R
Outeide DHameter of Flolshed Head in lnches
Pro. -1

vation of the head is divided into three equal parts, as at
points L and T. LT is then the diameter of the dished plate
which forms the end of the sphere. With the trams still set
at a length equal to 32 D, divide the circumference of the
tank shown in the plan into six equal parts. With the trams
set to a length equal to 4 LT, draw the plan of the dished
plate and divide its circumference into six equal parts corre-
sponding to the divisions in the circumifercnce of the tank.
The head is now divided into seven scctions, six of which are
exactly alike; the seventh being the dished plate. If the di-
ameter of the tank is large, the head may be divided into a
greater number of sections, since the number of sections does
not affect the method of laying them out. The head may be
made in seven sections for tanks up to 14 or 15 feet in di-
ameter, as then the plates would be only approximately 7 feet
wide and 7 feet long, but for tanks of greater diameter eight
or nine sections would be used.

In Fig. z the dotted lines show the position of the rivet
lines, while the solid lines show the edges of the plates. Tt is
customary to make the dished plate, and also the first course
of the cylindrical part of the tank, outside plates,

To lay out the dished plate it is simply necessary to strike a
circle whose radius equals %4 LT plus a certain allawance
which must be made for the extra material required when the
head is dished, This allowance varies according to the di-
ameter of the plate. Approximately the proper allowance is
shown by the curve Fig. 1, on which are plotted in inches the
necessary allowances for heads of different diameters. For
example, if it is necessary to lay out a head which is to have
the standard dish and be 72 inches outside diameter when
finished, laok on the curve for the diameter 72, The curve at
this point, as shown by the vertical scale, reads 2 inches. That
iz, 2 inches should be added to the finished diameter of the
head for the size of the plate when it is laid out before dish-
ing. Therefore, when the plate is laid out it shoold be 74 and
not 72 inches in diameter. Instead of using the radius R and
making the above allowance, when laying out the head, a
radius equal to the length of the line LI may be used, which
will give at once the correct diameter of the plate.

FIG. I.

The layout of one of the irregular sections ig shown in Fig.
3. First draw the line OF of indefinite length, and then with
{2 as a center, with the trams set to a length equal to 134 D,
that is, 134 times the diameter of the tank, draw the are DEC.
The length of this are should be equal the length of 1/6 of the
circumference of the tank, From E, lay out the distance EF
equal to the length of the curved line XT, which is also equal
to 1/6 of the circumference of the tank. Properly speaking,
if the sections are not to be dished, but simply rolled flat, the
line EF should be slightly shorter than 1/6 the circumference.
The allowance is so small, however, that it may be neglected.

Having located the point F, next locate the point M, at a
distance from F equal to 1% times [, the radius of the dished
plate. With M as a center, and with the trams set to the dis-
tance 1% K, draw the arc A8, making the length of the arc
AB equal to 1/6 the circumference of the dished plate,

Having located the points 4, B, C and D, it yet remains to



MarcH, 1008

THE BOILER MAKER "

75

draw the curves 40 and BC. These may be drawn as the
arcs of a circle whose radius is 194 D, or the same as that used
for the arc DEC. Setting the trams to a length 134 D, with
points A and D) as centers, strike arcs intersecting at the point
N. Then with the point N as a eenter and the same radins,
draw the arc A0, In a similar manner locate the point § and
draw the arc BC, This completes the pattern, which, if suit-
able allowances are made for inside and outside plates, will
answer for each of the six sections in the head. The arcs AR,
BC, CD and D4 represent the location of the rivet lines, and
therefore the amount necessary for the laps should be added
outside this to obtain a complete pattern.

superintendent of motive power's office of the C., B. & Q. By,
lines east of the Mizzouri River, and a classification made of
the conditions under which the failures occurred, with results
as shown below, These failurez include only ruptures:

Number. Percent.
1o Wlashanpe Caoling o o Dy 3 e
2. Washing—Uzing Nozzles......... 16 4T.0
3 Washing—=TFilling ................ 2 5.I
4. Washing—After filling. ........... s 17.9
5. In shop-or house, cold.. ........... ¥ 17.9
tisInchouses et st o dane s e ol ey 5.2
7. Discovered arriving at terminal. ... 2 5.2
;)
(M
= s
Sl 5
= i
'J‘.N

FiG, I,

Failures and Specifications of Firebox Steel.*
BY M. H. WICKHORST,

In general, fire-box sheets fail in one of two ways; first,
gradual failure—the sheet may have a good many small cracks
which are mostly in a vertical direction, These cracks are
thickest radiating out from the stay-bolts and frequently run
from one stay-holt to another in the same vertical row, but
never between stay-bolts horizontally,. These cracks are
almost always on the fire side and at times extend through the
thickness of the sheet, first going through next to the stay-
balts. Such sheets are almost always accompanied with more
ot less corrugation, and the cracked and corrugated condition
is almost always confined to the lower half of the sheet. Sec-
ondly, sudden failure, or rupture; the sheets may fail by a
single crack or rupture from a foot to several feet long. In
bad cases, the crack may extend from the mud-ring to the
crown sheet, hut ordinarily the erack is confined to the lower
half of the sheet, extending upward from the mud-ring or
from a few inches above it, and is always near the middle of
the side sheet longitudinally. Such sheets may show no cor-
rugations and may show very little, if any, other defects. The
failures of the first kind are of gradual formation, but those
of the second elass occur suddenly.

About two years ago a lot of records and papers concerning
failures of fire-box sheets were gathered out of the files in the

e
* From a paper

presented before the American Society for Testing
Materials.

It will be noted from the above that 717 percent occurred
while the engine was heing washed, this including 41 percent
where nozzles were being used at the Hime: 17.0 percent oc-
curred while the engine was cold under other circumstances,
making a total of 80.6 percent for the failures while the en-
gine was cold, and thus leaving 10.4 percent for such failures
while the engine was hot, but it is not improbable that if the
full details were at hand of the conditions attending the
failures in these latter cases, that in some, or perhaps all, the
records would show the engine had been cold.  When washing
the boilers, cold water had probably been used in all cases, and
the above fipures would ceem to argue very strongly in favor
of keeping the boiler continuously hot, and to use a method of
washing out where the boiler does not get cold, say not below
150 degrees F.

TEMPERATURE TESTS OF FIRE-BOX STEEL.

If the metal iz at any time heated to a red heat, or to near a
red heat, failure from thiz canse would be the maturzl result,
and in order to get some information concerning the tempera-
tures actually attained by locomotive fire-box*sheets, ete,
under conditions of service, I arranged a method of test which
consisted of boiling water in a can with thin sheet steel sides,
with a bottom of I4-inch boiler plate, 4 inches in diameter,
brazed to the sides, The boiler plate has a hole drilled into
the side 14 inch in diameter extending to the middle of the
plate. Heat iz supplied by a specially constructed “pepper-box”
burner, which gives a lot of gas flames over a flat, cirenlar area
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of about four inches in diameter. The junction of the thermo-
conple i5 inserted mto the hole in the plate to the middle, and
the temperature is read on a galvanometer. Some preliminary
results showed that if a fire-box sheet (including flue sheet)
or the flues are free from secale or mud, the temperature of the
metal probably does not at any time exeeed the temperature
of the water more than so degrees F., providing, of course, the
circulation is sufficient to keep the water always in contact
with the metal. Under the conditions of this experiment, with
no scale or water on the plate, the metal attamed a tempera-
ture of about 1,300 degrees F., and it may be noted that with
Lg-inch =cale the metal attamed a temperature of about 200
degrees above the temperature of the water, and with Ly inch
something over joo degrees.

In a locomotive fire-box, the average temperature of the
metal, if not protected by the water, would probably run be-
tween 2,000 degrees and 3000 deprees F., and with scale 14
inch thick and with water in the boiler, the experiments indi-
cate that the metal, including fire<box ends of the tubes, can
readily attain a temperature of several hundred deprees above
the temperature of the water, and it i3 not unlikely in zome
cazes the metal actually attains a low red heat.

The action of the heat causes the water to flow upward he-
tween the tubes, and the counter current must flow down-
ward between the tubes and shell of the boiler. The water
evaporated from the side and other sheets of the fire-box is
probably supplied mostly by a current flowing backward along
the bottom of the barrel of the boiler. When this current
reaches the flue sheet it divides, hali going to each side water-
leg, the current finally ending in the back water-leg where the
two side currents meet.  Of course, while this backward move-
ment of the water is going on, the formation of steam also
maintaing an upward movement. Thig circulation carries all
solid material that is light enough to move with the water
into the pack water-leg, where the circulation is probably least
rapid. The heavier particles of mud and very light scale de-
posit on the back mud-ring up as high as the fire line, which
iz about 6 inches above the mud-ring. There i3 on the back
mud-ring a cubic foot or so of guiet water space into which the
mud and lime sludge is first carried, and when this space is
filled up, deposits accumulate on the side mud-ring, and finally
accumulations may occur on the front mud-ring. Critical ex-
amination of the mud deposits in a hoiler after the water is
drawn out is apt to show very little, if any, mud on the front
mud-ring, and a depth of & or 8 inches on the back mud-ring,
with more or less mud on the sides. No mud i3 apt to he
present in the barrel of the boiler, as determined by a view
through an inspection hole in the back flue sheet under the
fluez, Where there are alsn scale deposits, these will be found
mostlv in the barrel of the boiler and on the front mud-ring, as
scale is too heavy to be carried round by the cirenlation, but
the mud deposits will be found abont as T have described above.
Up to a height of 4 or 6 inches abave the mud-ring, the mud
accumulations remain below the fire line and cannot cause
overheating of the sheects, but if more mud is allowed to ac-
cumulate in a boiler, it cannot be taken care of in this space.
Such excess mud makes more or less trouhle by keeping in the
water circulation, depositing quickly on the tubes, crown sheet
and particularly in the side and back water-legs as soon as
active steam production stops, and in this way is apt to cause
overheating of the side and back fire-hox theets by preventing
free access of water.

If by means of a blow-off arrangement the back mud-ring
can be kept free from mud, it would seem clear irom the above
considerations that the boiler can be kepht free from excessive
mud accumulations, since all the mud iz earried by the circula-
tion into the back mud-ring. A blow-off in the middle of the
hack water-leg, right above the mud-ring, removes mud from

where it tends to aceumulate most, but experience has shown
the author that the mud is removed right around the blow-off
cock, but on either side the accumulations are not disturbed.
This led ta trial of blow-off pipe laying on the full length of
the back mud-ring and perforated with holes spaced about 4
or G inches apart, This arrangement has been tried somewhat
extensively, and experience thows that mud can by this means
be thoroughly removed from the boiler without the necessity
of coaling down the boller and washing.

Where water is treated with soda ash, the function of the
sada ash is to cause the lime and magnesia salts to come down
as a sludge instead of adhering as scale, and the circulation
then carries the sludge into the back water-leg, where it can be
successfully removed through a perforated blow-off pipe placed
on the back mud-ring. By a combination of treatment of
water with soda ash, the perforated blow-off pipe mentioned,
and system of blowing out at terminals, engines can be made
ta ron regularly 5000 miles between wash-outs and without
change of water other than obtained by the blawing out at
terminals,

The water supplied into the boiler by means of an injector
has a temperature ranging from 150 degrees to 180 degrees F,
while the water in the boiler has a temperature with modern
engines not much below 400 degrees F. Where water is in-
jected into the boiler through an ardinary check valve placed
on each side, this water drops to the bottom of the boiler
nnless there issactive steam production going on to promote
circulation.

If an engine is standing still, as, for instance, at a statiom,
and the injector is on, the injected water secks the lowest part
of the boiler, which would be the water-legs around the fire-
bhox. In order to know what was the extent of the segrega-
tioty of such injected water, some tests were made with ther-
mometers inserted into the side of the boiler. The apparatus
consisted of a brass oil cup and extended about 4 inches into
the water, and thiz held an ordinary chemical thermometer
and a puard made of paz pipe, which protected the ther-
mometer,

It will be noted that the oil cups were inserted into the left
front corner of the outside fire-box sheet, one about on a level
with the crown sheet, one about 7 inches above the mud-ring,
and two applied in between. They were placed just a little
ahead of the back tube sheet. One thermometer was also ar-
ranged in the delivery pipe just below the boiler check, in
order to get the temperature of the water before entering the
bodler.

The method of test was to get the water level at or near to
the bottom of the glass, raise steam pressure to 195 pounds, as
shown' by the gage on the engine, and take temperature read-
ings. The tests were made in the roundhouse, steam being
produced by firing the engine with bituminous coal. They
were intended to simulate the condition of an engine that has
just arrived at a station, and whose injector is applied to
pump water while the engine iz standing =till. Having ob-
tained the water level and pressure asz before mentioned, the
injector was applied and the boiler filled to the top of the
glass, temperature readings being taken every minute in most
of the tests. .

SPECIFICATIONS FOR FIRE-BOX STEEL.

The extreme limits for tensile strength of the various
American specifications require fire-box steel to have 5o,000
pounds per square inch as a minimum and 65,000 pounds as a
maximum. In foreign specifications, the minimum limit sesms
frequently to run below sopo00 pounds per square inch
Formerly the American requirements for tensile strength were
g0000 pounds 25 o minimum and 60,000 pounds a8 2 maximuom.
About fifteen yearz agn these limits were raized and were
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made 55,000 ta 65,000 pounds, respectively, based apparently on
the initiative of the Pennsylvania Railroad Company., Within
the last few vears, however, there haz been a tendency to lower
the limits, and the present limits of the American Railway
Master Mechanics' Association are 52,000 fo 62,000 pounds.
It will be seen irom what has been presented above that, under
ordinary conditions of service, the locomotive boiler {ineluding
fire-box, and especially the lower parts) is frequently subjected
to severe overheating, differences of temperature and severé
and sudden changes of temperature around the lower parts of
the fire-box and lower flues, It seems to be the result of ex-
perience that the harder grades of fire-box steel do not stand
these abuses satisfactorily, but seem to develop cracks and
ruptures, and very soft steel under similar conditions scems to
stand these abuses a longer time before failure occurs, and, in
fact, may become badly corrugated and distorted and still re-
main serviceable, It has been my experience that, as a general
proposition, where fire-box sheets fail from single rupture
without otherwise being badly cracked or corrugated, that the
carbon runs toward .25 percent or higher and may run as high
as .35 percent.  On the other hand, the sheets which fail by cor-
rugation and gradual cracking generally contain carbon between
.12 to 25 percent. It seems, therefore, that as a gencral propo-
sition, the softer grades of fire-box steel give better service
than the harder grades, and the C, B. & ). Ry. Co. has re-
cently changed the requirements for fire-hox steel to tensile
strenpth running from 50,000 to 58,000 pounds per square inch,
the former limits being from 35000 to 65000 pounds per
agquare inch.

It seems clear to the author, however, that the problem of
long life of fire-hox steel 13 not 30 much a question of quality
of steel, but iz mostly up to the railroads. By suitable treat-
ment of the water supplies, a proper arrangement for deliver-
ing feed-water into the boiler, and proper methods of caring
for boilers in roundhouzes and elsewhere, long life can be ex-
pected with any grade of fire-box steel, and most of the com-
plaints of poor steel are then apt to disappear.

CONCLUSION.

In conclusion, the author suggests that long life of fire-box
steel is to be obtained: First, by suitable treatment of feed-
water; generally plain soda ash treatment to destroy all sul-
phate of calcinm will answer the purpose, but where the water
iz very hard, softening with lime will also be desirable; second,
by avoiding consideérable and sudden variations of temperature,
duoe to cold feed-water dropping to the bottom of the boiler
when active steam production is not going on. Some feed-
water arrangement should be unsed which will not allow the
water to thus segregate; third, by keeping the hoiler con-
tinuously hot and avoiding wash-outs, especially with cold
water; a blow-off pipe on the back mud-ring connected to a
blow-off cock in the back corner in conjunction with a system
of blowing will keep the boiler free from all accumulations if
the water has been suitably treated. The blowing out iz also
necessary to keep the concentratiom of the water below the
foaming point, say 200 parts per 100,000

If the above are done, probably the guality of fire-hox steel
is of secondary importance; but the author suggests that the
quality of steel called for in the specifications of the Ameri-
can Railway Master Mechanics' Association, tensile strength of
£2.000 to 62,000 pounds, will probably in general be most satis-
factory.

WaTeR-TUBE BoILERS for locomotives have not proved suc-
ceszful in most cases. There are, however, fifteen such loco-
motives fitted with Brotan water-tube botlers, which are in
operation on the Austrian State Railways. Tt is claimed that
their performance has been so satisfactory that nineteen more
locomotives are to be built with the same type of boiler,

The Ageing of Mild Steel.

A few months ago, in a paper presented before the Iron and
Steel Institute, Mr. C. E. Stromeyer, chief of the Manchester
f]ingland} Steam Users' Association {sce THE BolLEr Mager
of August, 1007, page 245), mentions several failures of steel
plates and structural shapes, which seem to mdicate that some
qualities of mild steel might have the property of changing
their nature with age. In order to decide this point Mr. Stro-
meyer carried out pumerous tests, the results of which, in a
great measure, justifed his opinion,  Since that paper was
presented, additional tests have been carried out, the results
of which have been embodied in a second paper and presented
before the Institute at its September, 1907, meeting.

The additional tests included the following: One set of
samples of plate with sheared edges, which had been laid aside
for nine weeks and then stored for twenty-three weeks in ice
in a cold chamber at a temperature of 16 degrees below zero,
after which they were taken to the boiler works and each
sample, while still coated with ice, was bent with a sledge
hammer until it cracked ; a second set of samples with sheared
edges, which had been lyving in a storeroom for thirly-two
weeks, were bent in the same way at ordinary temperatures;
four sets of samples, which had been annealed, planed and
nicked on their edges, were also bent till the nicks cracked, one
lat having been bent immediately after nicking, another after
waiting twelve weeks, and the present lot after waiting thirty-
two weeks., Five other lots had been subzequently annealed,
planed and nicked on the edge, one of which was bent at once,
one after boiling for 15 minntes, and one after being placed in
the steam space of a Lancashire boiler with a working pressure
of 120 pounds and kept there for seventeen weeks. One had
been placed in a store for seventeen weeks, and another had
been taken to the cold chamber within a few hours after bemg
picked and left there seventeen weeks. All of these samples
were bent at the same time at ordinary summer temperature,

When the samples were bent, the ductility of the metal was
measured, both by the increase in length of the outer edge of
the plate, and also by the comparative length of the radins of
curvature of the mner surface,

The results of these tests revealed a very mild deterioration
in the steel with time. A few cxceptions were noted, but in
these cases the steels were highly phosphorie, which might ac-
coumt for their erratic behavior. With the majority of such
zamplez there was a marked or medivm falling off in duc-
tility. Sometimes this was very sudden, the full effect heing
produced within twelve wecks, while with other steels the
ageing process seems to have been a gradual one and could
not be zaid to have been completed after waiting thirty-two
weeks, In one instance a sample was found to be much more
brittle after waiting ffteen years than when it was six
maonths ald.

The ageing process is accelerated by exposure to heat. This
was very apparent from the fact that samples which were
boiled only 15 minutes showed practically the same results as
thoze which were kept thirtv-two weeks, Not content with
the knowledge that boiling for a few minutes has the same
effect as placing a sample aside for a few months or weeks,
it was decided to place other samples in the steam space of a
Lancashire hoiler working at 120 pounds per square inch.
These samples were allowed to remam for seventeen weeks,
but as the boiler was not used continuously, the true steam-
ing period was probably somewhat shorter. The effect of
this steaming was practically the zame as that obtained by
boiling for a short time. It was also noticed that long-con-
tinued steaming cauges more brittleness in the neighborhood
of an injury, guch as a nick or crack, than by merely boiling
for 15 minutes.

The samples which were placed for seventeen weeks in cold
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storage, with one or two exceptions, preserved 30 percent
more clongation than those which had simply been kept under
ordinary conditions, and 5o percenlt more than those which
had been boiled. It is thus evident that cold storage does less
to harm mild steel than steaming.

As the experiments were carried out on a heterogeneous
lot of steels, some being from failed boilers, and others
known to contain an excess percentage of silicon, phosphorus
or sulphur, they go far towards dispelling the belief that pro-
longed and inmtense cold may cause zome steels to become
brittle. The reverse is rather the case, for, according to these
experiments, prolonged exposure to heat, and not to cold, tends
to make mild steel brittle. For fear that these remarks may
lead to a misunderstanding, it 15 desired to mention here that
there 12 nothing in these experiments to show whether mild
steel is more or less brittle when cold than when hot, and that
on this point one has to be guided by experience, according to
which steel rails are known to snap more frequently in cold
weather than in warm, and that boilers have practically never
failed by cracking when in use. Explosions are usually due
to other causes,

The Bursting Point of Flanged Fittings.

About four years ago the Crane Company, of Chicago, I,
entered upon a series of tests to determine the average point
.at which flanged fittings of various sizes would burst under
hydraulic pressure. The company had, of course, access to
all rules laid down in engineering text books, but most of these
roles had been made from experiments on cylinders and not
on fittings, so it was deemed advisable to establish by actual
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destruction the ultimate strength of fittings of various kinds
and sizes. All tests were made by bolting blind flanges to the
openings of the fittings and then admitting water through a
small opening in one flange,

At the time the fttings were cast, test bars were run out
of the same ladle, so that specimens of exactly the same
material would be available for testing the quality of the
material, These test bars were found to run very uniformly,
the variation in thirty heats being only 20 percent between the
highest and lowest bar, while the average variation was only
about § percent. As test bars cast from the same ladle and
the same mold at the same time will show a variation in
strength, it was concluded to accept the average strength of
all bars made for these tests as the strength of the metal in
the fAttings,

The bars averaged in tensile strength ferrosteel 33,000 pounds
per square inch, and cast iron 22,000 pounds per square inch.
The average results of the destructive tests on the fittings gave
for ferrosteel 2,060 pounds per fitting and for cast iron 1,203
pounds per fitting. Therefore, the ferrosteel fittings showed
stronger than cast iron by 637 percent, while ferrosteel bars
showed stronger than cast iron by 50 percent.

Faor the purpese of more accurate comparison between the
bursting point of fittings and the tensile strength of test bars
cast at the zame time, a few examples of 12-inch extra heavy
tees are given. The average results show that the ferrosteel
fittings burst at 2,033 pounds and the east iron at 1,466, while
the tensile strength of the test bars was 33005 pounds per
square inch for ferrosteel and 22,226 for cast iron.

THE BOILER MAKER

Using these destructive tests as a basis, a rule was formu-
lated which when applied to Hanged fittings can be used to
determine the thickness of metal for a given pressure, or the
metal being known, can be used to determine the pressure
required to rupture it. The rules proposed are as follows:

Rule Na. 1.—Thitkness of metal not being known, to de-
termine the bursting point—

T
—_w 45 = B
D
where T = thickness of melal.

D = mnside diameter.

& = 65 percent of the tensile strength up to 12
inches diameter, larger sizes use G0 per-
cent.

B = bursting point.

For the working pressure, divide the result by a factor of
safety of from 4 to 8.
Rule No. z—Bursting point being given to determine the
thickness of metal—
B w D’
T —
5
These rules work out fairly well for all cases, but it is not
to be expected that they will apply absolutely to every indi-
vidual fitting, as there are always some irregularities in cast-
ings and the final strength of the metal in the fittings is in-
fluenced by many things, such as the condition of the sand,
fluidity of the iron, time of shaking out, etc,
The nature of the fractures in the different fittings 15 clearly
shown in the illustration,

The Development of an Irregular Connection by
Triangulation,
BY J. E. BOSSINGHAM.

This problem i3 a good exercise for the student on the
drawing board, also it is a practical methed of laying out a
smokestack base, connecting directly on to a return tube or
locomotive type of boiler. The “sketch showing stack base
connection to a eylinder” gives a good idea of its practicability.
You will notice that Fig. 1 15 only one-half of the elevation,
and that Fig. 2 is only one-quarter of the plan view; this is
all that is necessary in the development, as all the other parts
are similar, thus reducing the working lines and saving a
large amount of gpace and unnecessary work.

Having determined the smoke outlet required for the size of
the boiler, first draw an indefinite line 4 A, and at right angles
to this line draw line B B, then draw the quarter section plan
view of the oblong end as shown in Fig. 2, making it the

Skerch ehowing
Stpck Base UConnection
o a Cylindar

SRt

SKETCIT OF THE COMPLETED CONNECTION.
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same area as one-quarter of the area of the circle. (The ob-
long is the size of the opening in the cylinder on line &, look-
ing up or down through elevation, Fig. 1.) Then with R as
a center, draw the arc C of indefinite length. Make the dis-
tance 7 to 11a, Fig. 1, any required height, and at point 7
extend an indehnite line X at right angles to A A, from the
points 1 and 11, Fig, 2, on line B B extend dotted lines until
they intersect arc C, alto extend a line from 7, Fig. 2, up to
the line X. From point 1 draw a line to point 11, Fig. I
This gives vou the outline of one-half of the elevation Fig 1.
Now space the quarter circles of the plan view, Fig. 2, into the
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perpendicular lines, making the distance between them equal
to the distance from 11 to 22, Fig. 2 Then draw lines from
11 to 22, 22 to 33, 33 to 44, 44 to 55, 55 to 66 and 66 to 77, the
length of the lines is the true spacing in laying out the de-
velopment of Fig. 7. :

To secure the triangles in Fig. 4, first erect the perpendicu-
lar line E E. Set off on line 1t from line £ E a distance
equal ta 1-11, Fig. 2. Likewise take from Fig. 2 the distances
2to 22, 310 33, 4 to 44, 5 to 55, 6 to 66 and 7 to 77 and set
them off from line E E. Then the lines drawn from the inter-
section of E E and X to the several points set off from the

o
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DETAILS OF LAVOUT OF IRREGULAR CONHECTION.

same number of equal spaces. Extend dotted lines from the
points 2, 3, 4, 5 6, Fig. 2, up to the line X, Fig. 1, also draw
dotted lines from 22, 33, 44, 55, 66 and 77, Fig. 2, up to the arc
C, Fig. 1. From the point 77, Fig. 1, space off on arc C equal
spaces as a2t points & ¢, 10, 114, and from these points drop
dotted lines down to line ¥, Fig. 2.

On the plan view, Fig. 2, connect the points 2 to 22, 3 to 33,
410 44, 5 to 55,6 to 66 and 7 to 77, alsa 7 to 8, 7 to 0, 7 to Io.
The lines 1 to 11 and 7 to 1Te have already been drawn. These
lines constitute the base lines for the direct triangles as shown
in Figs. 4 and 6. Then from point 1, Fig. 2, draw a dotted
line to 22, also from 2 to 33, 3 to 44, 4 to 55, § to 66 and 6 to
77, these make the base lines for the diagonal triangles Fig. 5.

To secure the actual distanee to step off on the layout of
the intersection on the arc C, it is necessary to draw another
set of triangles, as shown in Fig. 3. To secure the different
sets of triangles, extend lines of indefinite length at right
angles to line 4 A from the points 11, 22, 33, 44, 55, 66, 77, 8,
9, 10, 11a. To complete the triangles, Fig, 3, first draw two

hypothenuses of the triangles are the true Iengths of
the lines with corresponding numbers on Fig. 1 (note, the
lines on the elevation of Fig. 1 are not the true lengths. They
are only filled in to show more clearly the different points of
the plan, Fig. 2).

To secure the true length of the dotted lines of Fig. 1, pro-
ceed in same manner, Erect the line F F, Fig. 5, and with
distances 1 to 22, 2 to 33, 3 to 44, 4 to 55, 5 to 66 and 6 to 77
from Fig. 2, set off on lines 22, 33, 44, 55, 66 and 77, and with
these points connected with the intersection of line F F on
X you have the true length of the dotted lines on Fig. 1.

The lengths of lines 7 to 8, 8 to 0, 0 to 10 and 10 to 114, Fig.
6, are secured from Fig. 2 and set off in the same manner as
in Figs. 4 and 5.

To develop the layout, Fig. ¥, first erect the perpendicular
line 1 to 11 equal to 1-11, Fig 4. Draw a short arc egual
to 11-22, Fig. 3, from 11, Fig. 7. Then set off from 1, Fig. 7,
a distance equal to 1-22, Fig. 5. Draw another short arc from
1, Fig. 7, equal to the space 1-2, Fig. 2, and with a distance
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equal to 2-22, Fig. 4, lay off an are irom 22, Fig, 7, cutting the
short arc previously drawn at point 2, Fig. 7. Proceed in like
manner on both sides until you have laid down all the lines
up to 7-77, then with a short arc from %7, Fig 7. equal to
77-8, Fig. 1, set off from 7, Fig 7, a distance equal to 7-8, Fig.
6, cutting the short arc at point 8 Fig. 7. Proceed in the
same manner with all the triangles of Fig. 6, using the same
spacing on poinls 8 to 9, 9 to 10, 10 to I1a, as in Fig. 1

Diraw straight lines from points 7 to 110, and a smooth curve
through all other points and you have one-half the develop-
ment of the irregular surface as shown in the sketch. All
allowances must be made for material, laps and flanges.

Proportions of Steam Boilers.
BY _THHN' CODE,

The measure of efficiency of a steam boiler is the number
of pounds of water evaporated per hour per pound of com-
bustible, the evaporation being reduced to the standard of
“from and at 212 degrees F." By evaporation from and at 212
degreeg F. iz meant the equivalent evaporation of feed-water
at a temperature of 212 degrees F. into steam at atmospheric
pressure,

The capacity of a boiler 13 expressed m the number of
boiler horsepower developed. A boiler horsepower i3 the
term given to the evaporation of 30 pounds of water per hour
from water at 100 degrees F. into steam at 7o pounds pres-
sure, or the evaporation of 3434 pounds per hour from and at
212 degrees F. %

GRATE AREA.

Azmiming a g4o-horzepower stationary tubular boiler, the
problem iz to find the required proportions of heating surface,
grate surface, as well as the size of tubes, thickness of shell,
etc. As each boiler horsepower is equivalent to the evapora-
tion of 34%% pounds of water per hour, then the equivalent
evaporation per hour of a go-horsepower boiler would be
345 = 40 = 1,380 pounds of water per hour. One pound of
average coal will, under favorable conditions, evaporate from
& to 10 pounds of water per hour. Assuming for an average
value a2 then the number of pounds of coal required per

1,380

hour would be — 150. ‘With good combustion 12 pounds

0.2
of coal would be consumed per square foot of grate surface

per hour. As we must burn 150 pounds of coal per hour, the
150

grate surface required would he = 12%% square feet.
Iz

NUMBER AMD SIZE OF TUBRES. "
The area through the tubes should be at least 1/7 of the
grate area, The grate area has been found to be 1284 square
feet or I1a%4 3 144 square inches. Therefore, the area through
12%4 3 T44
the tubes should be ———— =
i
3%4-inch tube iz the most common size vsed in a boiler of this
size, and so 3% inches will be taken as the outside diameter of
the tubes, The tubes are approximately 4-inch thick, and
therefore the inzide diameter is 3% inches. The sectional area
of a tube 334 inches inside diameter iz 7854 % (1%4)° = B.205
gquare inches. Dividing 257, the total tube area, by 8295, the
area of one tube, we find that thirty tubes are necessary.

257 square inches. A

MAMETER OF SHELL.
Having found the number of tubes, we must find the di-
ameter of shell to correspond.  Allow 3 the diameter of zhell
above the tubes and a space for a large hand-hole, say 6 by 8

inches below the tubes, and lay out the tubes so that there will
be 1 inch vertical space between the rows with two inches in
the center to allow for a good circulation. The least diameter
of shell that can be used under these conditions is 42 inches,
With a gz-inch shell, by placing the center of the top row of
tubes 354 inches above the center line there will be a space of
214 inches from the shell to the thied row of tubes and a height
of 17%% inches above the top row of tubes

LEMGTH OF BOILER.

Having determined the diameter of shell and the number and
size of tubes, the next thing is to get the length required for a
go-horsepower bailer. The bailer must be made of sush length
that there will he sufficient heating surface. A fair ratio of
heating surface to grate area is from 4o to 45. Assuming, in
this case, 42 square feet for every square foot of grate area,
then there should be 42 » 12%4 or 525 square feet of heating
surface in the boiler, Now, determine the amount of heating
surface per foot of length in a 42-inch shell containing thirty
3ta-inch tubes. A 304-inch tube contains 132 square inches of
heating surface per foot of length. 132 % 30 = 3000 square
inches, ar dividing by 144, 2774 square feet of heating surface
per foot of length for the thirty tubes. Two-thirds of the
circumference of the shell is reckoned as heating surface. If
the shell iz 42 inches inside diameter, the mean diameter will
be 42 plus the thickness of metal. In general practice this
size boiler 13 made of quarter-inch plate, but as we wish a first-
class job we will use 5/16-inch steel. Therefore, the circum-
ference of a shell 42 5/16 inches in diameter is 132 - inches,
and two-thirds of this, or the amount which is reckoned as
heating surface, 15 88 inches: 88 % 12 = 1,056 square inches of
heating surface on the shell per foot of length; 1,056 square
inches equals a little over 7 square feet. Therefore, adding 7
square feet of heating surface per foot of length of the shell
to the 2714 square fect of heating surface per foot of length
of the tubes, we have 3434 square feet as the total heating
surface per foot of length of the boiler. This could be slightly
increased by adding a few feet more for two-thirds the area of
the back head, minus the area of the tubes, but in this caleula-
tion this area may be omitted, as it iz small in comparison,

Now, we have found that the boiler must have 525 square
feet of heating surface, and that there are 3434 square feet of
heating zurface in each foot of length of the boiler. There-
fore, dividing 525 by 3472 we get 15.2 feet, or say 15 feet for
the length of the boiler. This gives ug about 13 square feet of
heating surface to the horsepower, In general, manufacturers
have their own ideas as to the amount of heating surface
which should be allowed per horsepower, the values ranging
from 10 to 15 square feet to the horsepower.

RIVETED TOINTE.

We have now determined the principal dimensions of the
boiler, such as the lemgth, diameter, number and size of tuhes,
area of grate and heating surface. We can now proceed with
the details of the riveted jointz and the bracing. In order to
get the proper size for the rivets, use the rule given on page
4 of Boiler Rules and Formulas, compiled for the Master
Steam Boiler Makers' Association, This rule is as follows:
“Extract the square root of the product of the thickness of
the plate in decimal parts of an inch and the following con-
stants. Commercial sizes of rivets 1/16 smaller than the hale
to be uzed.”

The constant should equal 2.25 when the joint is to be a
double-riveted lap joint between plates up to and including 14
inch in thickness. As we have decided to use a 5/16-inch plate
and a double-riveted lap joint, thiz constant may be used. The
square root of 3125 % 225 — 838 inch or 13/16 inch: this is
the size of the rivet hole; the rivet should be 1/16 inch
smaller, or 3 inch.
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The pitch of rivets may be found as follows;

AxSEWN
P=D+4
i B
where } == pitch in inches.
A=arca of one rivet in square inches,
5 =shearing strength of rivets in pounds per square
inch.

N —=number of rows of rivets in joint.
t —thickness of plate in inches.
T —=tensile strength of plateg in pounds per square inch,
D = diameter of rivet hole in inches

Multiplying the area of the rivet hole, 51840 by 38000, the

chearing strength of the rivets, we get 10,703 Multiplving this

by 2, the number of rows of rivets in a double-riveted lap joint,

we get 30400, The thickness of the plate 3125 times the ten-
30406

sile strength of plate, 60000, equals 18,750

— 21001,
18,750

Adding the diameter of the rivet, 8125, we get 20126 inches,

or apout 274 inchez as the pitch of rivets for the longitudinal

seam.

For the single-riveted circular seams, carry out the zame
.computation, the only difference being that there i3 only one
row of rivets, and therefore 19,703 should not be multiplied
by two. . This gives the pitch as 2l inches.

After determining the diameter and pitch of rivets, figure oot
the strength of the riveted joint. The strength of the solid
plate for one pitch of rivets will be 234 » 5/10 X 0000 =
53000 pounds. The strength of the net section of plate left
after punching or drilling the holes will be {278 — 13/16) X
g/16 % 60000 = 38,484 pounds. The shearing strength of the
rivets will be 3Boo0 3 51840 (area of one rivet) » 2 — 30408
pounds. Therefore, the net section of the plate i3 weaker than
the rivets, and the percentage strength of the joint will be de-
termined by the percentage strength of the net section of plate

38,484
—_— % TD0 = 71400 percent.
53,000
2AFE WORKING PRESSURE

The allowable working pressure may now be determined for
the boiler as follows: Multiply the tensile strength of the
material, Go,000, by the thickness of shell in inches, (3125, by the
percentage strength of the joint, 714, and divide by the radius,
21, multiplied by the factor of safety, 5. Carrving out this
computation, we find the safe working pressure to be a little
aover 127 pounds per square inch.

ERACING,

Assuming that the heads are to be 7/16 inch thick, it is neces-
sary to determine the number and spacing of the braces neces-
sary to stay the segment of the heads above the tubes against
a steam pressure of 127 pounds per square inch, The center
of the top row of tubes is 304 inches above the center line of
the head. It may be assumed that the top row of tubes will
securely brace the head to a width of 2 inches above the tubes
and also that the flange of the head will securely brace a strip
3 inches wide all around the edge. There would then be left
to be staved a segment 1034 inches high of a circle 36 inches
in diameter, as shown in the diagram. To get the area of this
segment, find the area of a cirele 36 inches in diameter, This
equals 1,007.88 square inches. Dividing this by 2 we get 508.04
square inches as the area of the semi-circle. Subtract from
‘thiz the area of the rectangular portion above the center'line,
which is braced by the top row of tubes. This portion 13 33
inches long by 714 inches wide, making a total of 23825 square
inches; soBgq — 238.25 = 270.60 sguare inches, area of seg-

ment. The pressure on this area will be 271 x 127 = 34,417
pounds.  Allowing 6,000 pounds to be carried by each brace, we

34417

have — 2.7 hraces. Therefaore it will tale six braces

3,00

to securely brace the head.

THE STACK.

In laying out the front extension and stack for a 40-H., F.
boiler the width of the extension and also of the stack saddle
will depend on whether the boiler has a hali-arch front. If
30, the extension will project over, and a wide extension
would interfere with firing. An extension 16 inches wide
would probably be satisfactory, and on this a stack saddle 12
inches wide could be fitted.

The writer’s plan is always to allow one-sighth more area
in the up-take than the area of the tubes and one-fourth more
area in the stack than in the tubes. The area of one tube
314 inches in diameter is 8.205 square inches, and as there are
thirty tubes the total area is 248.82 square inches. Therefore,

DIAGHRAN OF BOILER HEAD SHOWIMG SECMENT TO EE BRACED.

the area of the up-take should be 104 = 24883 = =270.050
square nches. As the opening for the up-take iz to be rec-
tangular in shape, 12 inches wide, with circular ends, it 1%
necessary to determine the length of the_opening in order
that its area shall be z7ogs6 square inches. The area of the
circular ends, which are 12 inches in diameter, equals (12)* X
7854, or 113.0076 square inches. Subtracting this from 270936,
total area, leaves 1608584 square inches, the area of the rect-
angular part of the opening. As the width of this is 12 inches, the
166,858
length will be , or about 14 inches. Therefore, the
12
np-take or saddle will be 12 by 26 inches,

As stated before, the area of the stack is to be one-quarter
more than the tube area, or 183 ¢ 24885 — 311.0675 square
inches, Looking up thiz value in a table of areas of circles,
we find that the nearest diameter corresponding is 20 inches.
Therefare the diameter of the stack will be 20 inches,

Mow for the height of the stack. There are many com-
plicated ways in which thie might be figured, but it would take
a "Philadelphia lawver” or a first-class mathematician to work
them out. A simple rule vused for many yvears by the author
and, so far as he knows, original with him, iz as follows:
Take the value in square inches which has been found for the
tube area (in thiz case 24885 square inches), mowve the
decimal point one place to the right, and extract the square
root of the result. The result will be the height of the stack
in feet. Moving the decimal point one place to the right in
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the wvalue for the tube area of the go-H. FP. boiler esives
2488.5, and the root of this 15 40.1. Therefore the
height of the stack should be 49 feet, This iz the height from
the top of stack to the top of grates, and as the grate should
be at least 3 feet below the bottom of the boiler, the boiler itself
being 3 feet 6 diameter, the whole length of the
stack will be only 42 feet 6 inches

BOMIALE

inches in

The writer is aware that thie stack is about 12 feet higher
and 2 inches greater in diameter than the standard stacks sent
out for this size boiler, but

after the boiler iz 1n «

there are generally complaints

peraticn that there 15 not enoapgh draft,
or that the boiler 15 a slow steamer, and it 15 all due to the
fault of not having stack enough, There are probably but
few shops that have not had the job of lengthening stacks
where, if there had been sufficient area in the stack, it wounld
have worked all right. The writer has known of stacks which
had more than 100 square inches less area than the tubes, It
must be undergtood that the whole area of the stack is not
efficient draft area. The smoke arising will cling to the sides
and form an eddy from I to 2 ir deep on the surface of
the stack, so that in a 20-inch stack the diameter of the efficient
draft area is really only 16 or 18 inche:. This is the reason
why the author alwavs allows one-quarter more area in the
stack than in the tubes

Boilers for the U. 5. S. Yankee.

It may not seem to be a very unusual or remarkable accom-
plishment to the boiler makers in a large, modern, up-to-date
contract shop to build three double-ended boilers each 13 feet
10 inches diameter and 20 feet long, with six furnaces and
separate combustion chamberz, but to carry out thiz work
successfully and rapidly in a navy yard, where the equipment
of the botler shop is suwitable only for repair work and small
jobs, 15 a feat worth noting. The boilers for the United States
ship Fankee, photographs and drawings of which are shown
herewith, were built at the Charlestown (Mass.) MNavy Yard,
under the supervision of Mr. J. R. Truckses, master hoiler

SIDE VIEW OF THE BOILER,

maker.  In this yard the boiler shop is small, and as yet has
not been equipped with modern machinery and cranes for
handling large and heavy jobs of boiler construction.  An
endeavor is now being made, however, by the head of the
Department of Steam Engineering, Commander George E.

EXT VIEW DOF THE BOILER, SHOWING METHOD OF DRILLIEG FURNACES.

Bird, U. 5, N, to secure an appropriation for the enlarge-
ment of the boiler shop at this yard and the installation of
electric cranes and more modern machinery. Certainly the
work done at this vard with the available facilities speaks well
for the ahbility and ingenuity of the master boiler maker, and
should be a good argument to be used by the chief engineer in

AHOWING DETAILS OF RIVETING.
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his request for an appropriation from Congress to modernize
this plant.

The boilers of the Fankee are the largest ever constructed
in a government navy vard, and have been the source of
considerable favorable comment from outside manufacturers
who have been fortunate emough to witness their construction.
The boilers are 13 feet 10 inches mean diameter by 20 feet
134 inches long outside the heads. They are to be operated at
a steam pressure of 170 pounds per square inch, and will
weigh when completed 68 tons each. Each boiler has six

corrugated furnaces with separate combustion chambers and
504 3-inch tubes. The grates are each 6 feet 10 inches long by
3 feet 314 inches wide, making a total grate area of 138 square
feet. There is a total heating surface in each boiler of 352607
Heating surface of tubes,

square feet, divided as follows:

T k Biay lalig for Beak of
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ened with 1 s/16-inch rivets in 134-inch holes, spaced 434
inches between centers, The percentage strength of plate at
these jomnts is 60.60, and of the rivets 68.6.

The boiler heads are all flanged inwards and joined to the
shell with donble riveted lap seams fastened by 1%4-inch rivets
in 1 5/16-inch holes, spaced 314 inches between centers. The
percentage strength of the plate in the jomnt is G255, and the
percentage strength of the rivets 7o.15. Each head is in three
sections, the tube plate, which iz 34 inch thick, the furnace
plate 1% inch thick and the upper portion, which is in the
steam space of the hoiler, also 13§ inches thick, The upper
plate is joined to the tube plate with a triple riveted lap joint,
fastened by 134-inch rivets in I s5/16-inch holes, spaced 374
inches between centers, the percentage strength of the plate
being 6z.5, and of the rivets 70.15. The tube plate is joined to the
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LONGITUDIMNAL AND SECTIONAL ¥IEWS OF YANEEE BOILER,

2840.08 square feet; heating surface of furnaces, 24225 square
feet: heating surface of combustion chambers, 443.74 square
feet. The ratio of heating surface to grate area is therefore
25.55. The area ever the bridge wall is 3.11 square feet, and
ite ratio to the prate area 1 to 7.42.

The shell of the boiler iz constructed of three courses of
three plates each, the middle course being the outside course,
The plate iz open-hearth mild steel of 60000 pounds tensile
strength 1% inches thick. The longitudinal seams of the shell
are triple riveted butt joints, the butt straps being of plate 1
inch thick, fastened with 1%4-inch rivets in 1 5/16-inch haoles,
pitched 8 1/16 inches between centers. The inner rows are
2 5/16 inches apart and the outer ones 3 5/16 imches. The
percentage strength of plate at the joint 13 83.72, and the per-
centage strength of rivets 0327, All rivets in the boiler are
of mild steel of 58000 pounds per square inch tensile strength
cand about 48000 pounds per square inch shearing strength.
The girth seams of the shell are triple riveted lap joints, fast-

_I_ I 'h:... doxgdes vt wa'ke Rlsiaed i Bhell
R e B T ———_
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WITH DETAILE OF TUBES, ETAYS, RIVETEP JOIRTE, ETC-

furnace plate by a single riveted lap joint fastened with
1 3/16-inch rivets in 1% -inch holes, spaced 254 inches between
centers, the percentage strength of the plate being 523 and
of the rivets 316, The furnace holez are all flanged outward,
and, of course, the manhole openings are flanged inwards.

The corrugated furnaces are each 7 feet 8 3/10 inches long
and 43 inches outside diameter. The inside diameter is 30
inches, and the thickness of the plate 14 inch.

The combustion chambers are all 2 feet 614 inches wide, the
tube plate being 34 inch thick and the wrapper and back plates
0/16 inch thick. The bottom of each chamber is stayed by
three 314 by 3% by %4-inch angles riveted to the combustion
chamber, but not to the shell plate. The tube plates just over
the furnaces, but below the nests of tubes, are stayed by hori-
zontal angle-bars 4 by 3% by 54 inches, and also by diagonal
stays 2 inches in diameter, fastened to the tube plate by means
of crowfeet. The sides and backs of the combustion chambers
are staved by ordinary stay-bolts, 194 inches in diameter at the
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threaded portion at the end which is reduced to 1% inches at
the plain portion in the middle, Thesze stay-bolts are spaced
614 by 814 inches on the sides and 734 by 734 inches on the
back. All the bolts are nutted inside and out. The tops of the
combustion chambers are supported by girders, four for each
chamber. Each girder is composed of two plates 2 feet 6 11/160
imches long, 734 inches deep and 3 inch thick. Each girder
has three stay-bolts 134 inches in diameter, equally spaced in
the direction of its length. The girders arc in no way stayed
to the shell of the boiler.

The tubes are all seamless, cold-drawn steel, 3 inches out-
side diameter, 7 feet 4°4 inches long. In each boiler there are
324 plain tubes, No. 8 B. W. G, and 180 stay tuhes, No. 6
B. W. G. The tubes arc spaced 484 inches horizontally
and 4 inches vertically,

In the steam space of the bailers there are fourteen through
stay rods, each 24 inches in diameter, besides four diagonal
stays 174 inches diameter on each head. The through stays
are prevented from vibrating by means of slings from the
shell in the middle of the boiler. The portion of the heads
between the tube nests is stiffened by two 5 by 4 by 34-inch
angle-bars riveted back to back. The lower part of the heads
around the furnace ends iz braced by six through stays 213
inches in diameter.

There is a 12 by 16-inch manhale in the shell af the bailer,
giving access to the steam space, and five 11 by 13-inch man-
holes in each head in the furnace plate. These manholes are
properly re-enforeed and strengthened, as shown by the de-
tailed drawings.

FPhotographs, Figs. 1 and 2, give a good idea of the size of
the boilers and the design of the riveted joints; while Fig 2
shows the method of drilling the furnace end: with a Haesler
rotary drill

The Petticoat Pipe.

The petticoat pipe in some form has for vears been a feature
of American locomotive practice and iz more or less of a
necessity in view of the limited dimensions of the smokestack
on the modern locomotive. It serves in a great measure the
same purpose as the tubes of an injector do in inducing the
flow af water. The draft of air passing through the flues is
led imto the bell mouth of the petticoat pipe by the action of
the exhaust, and it 12 essential that in the event of the petti-
coat pipe being separate from the smokestack its size at the
upper end should be proportionate to the size of the smoake-
stack, and it should be set exactly central with the exhaust
nozzle and smokestack. The effect of the petticoat pipe in
regulating the draft in the smoke-box is coincident with the
deflector sheet, and both are intended to create a vniformity
of draft through the flues, so that the heat sheuld be equally
distributed over the entire area occupied by the flues.

Exact rules canpot be laid down for the location of the
petticoat pipe. The distance from the top of the exhaunst pipe
to the lower edge of the petticoat pipe is uspally made about
equal to the diameter of the smokestack. A slight change of
the height of the pipe has often a considerable effect on the
draft and consequently in the steaming qualities of the engine.
The uniform appearance of the flues is the best test of the uni-
formity of draft. Where the draft is strongest the Aues are the
cleanest, and if flues are partially choked with soat or ashes it
iz conclusive proof that the draft has not been safficiently
strong in that locality to keep them clean, Generally spealk-
ing, if the petticoat pipe is set too high, the draft will be
strongest in the lower flues, and if the pipe is set 100 low, the
upper flnes will receive the strongest amount of draft. In
view of these facts, very little experimenting should be neces-
gary to obtain the best working height at which the petticoat
pipe should be kept.

Tt need hardly he stated that in the case of badly propor-
tioned or badly set petticoat pipes the effect on the fire is of
the most pernicions kind. In cases where the fre 15 burned
rapidly out in some portion of the fire-box, it is safe to as-
sume that the cause of the trouble is in the petticoat pipe, :L_rlrl
a slight change of position in the pipe will show some variation
in the fire-box. The petticoat pipe has long been in service on
American locomotives, but it is only in recent years that it is
being slowly applied on some of the Enropean railways. The
tendency on American locomotives is to make the petticoat
pipe a mere extension of the smokestack projecting towards
the center of the smoke-box, and doubtless this method will
eventually become standard —Railway and Lecomative Engi-
Heering.

A Unique Boiler Plant.

In any plant which includes 3 sawmill there iz unavoidably
a lot of refuse wood, sawdust, etc, which cannot very well
be used as fuel except in a specially designed furnace. The
amount of this refuse is usvally large, and therefore a furnace
or battery of boilers so arranged as to give good results when
fired with this kind of fuel should prove a means of economy.
Such a plant has been designed by the Moran Company, of
Seattle, Wash,, for use in their shipyard. This plant has been
in successful operation for some time, and while it has proved
ecomomical in that the refuse from the sawmill could he burned,
the cost of maintenance of the plant is excessive, owing to the
character of the boilers and the deterioration of the material
caused by the gases from the refuse.

The general arrangement and details of construction of the
plant are shown in the drawing. There are twelve vertical
cvlindrical tubular boilers, each 15 feet long and 5 feet in
diameter, arranged in the form of a circle, the diameter of
which (through the centers of the boilers) is 19 feet 834 inches,
They are set snugly together and the external sections are
heavily coated with magnesia boiler covering. Each boiler
is individually supported on the concrete foundation and due
allowanee has been made for expansion and contraction. There
are cighty-seven 2la-inch tubes in each boiler. The average
working pressure is 135 pounds per square inch,

Inside the battery is a circular combustion chamber 14 feet
6 inches in diameter and 18 feet high. The top of this chamber
is closed by a sheet-iron dome 15 feet in diameter and 6 feet
high. Completely covering this dome and flaring to the outer
edge of the cirenlar row of boilers is a conieal sheet-iron shell
20 feet in diameter at the bottom, 8 feet at the top, and 18 feet
& inches high. The steel stack, 8 feet in diameter, fitz into the
top of this conical shell. Underneath the boilers 15 a circular
furnace 24 feet 1o inches in diameter. The grates are sup-
ported at the center by a steel pier 4 feet 404 inches in diam-

s

eter and 6 fect 302 inches high,

The combination of grates
forms a flat cone, with its apex two feet above the base.

The refuse conveyer from the mill dumps the fuel into a
sheet-iron hoppet situated 4o feet above the floor level. From
the hopper the refuse falls into a chute, z feet 6 inches by 3
fect, which leads into the circular chamber under the dome.
Here the foel strikes the deflection plates and falls in a fairly
even layer on the grates below,

The chamher under the dome, inte which the refuse falls,
is usually half full of burning fuel and subjected to intense
heat, much of which 15 absorbed by the adjacent boiler shells.
After combustion, the hot gases pass up through the tubes
in the ordinary manner and come out in the conical chamber
surronnding the interior dome ; from here they pass through
the spark arrester and find their way up the stack. The top of
the stack is 140 feet above the floor level, so there is ample
natural draft.
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A 7-inch header in the form of a ring surrounds the 12
boilers, from each of which is tapped a 4-inch copper pipe lead-
ing into the header. Inasmuch as the upper ends of the
boilers and a portion of the tubes are subjected to heat from
the combustion chamber, the steam delivered into the header
is materially superheated, so that the boilers easily attain
normal economy. The feed-water connections screw into Spe-
cial cast-iron fittings at the lower ends of the boilers, Each
boiler has its individual safety valve, gages, hlow-off and other
fittings, The ashes drop into a circular pit containing the ash
conveyer, which carries them out and deposits them in the
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Concerning Side Sheets.

A test made some time ago on the Delaware, Lackawanna &
Western Railroad to investigate the presence of a film of
steam against the fire-box side sheet and referred to during a
discussion before the recent convention of the Traveling En-
gineers’ Association, 18 one of the indications of interest in
the ever live subject of improving boiler design.

In preparing for the test referred to, a gage cock was ap-
plied to each side water-leg of a high-pressure boiler on a lo-
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PLA¥ A¥D ELEVATION OF THE MORAN EKEFUSE BOILER PLANT.

bay. The boiler house 15 of sheet iron, circular. There is a
space of 8 feet 3 inches between the hoilers and the inside wall
of the house.

These boilers arc as nearly automatic as can be in a plant
of this size. One man on each shift operates the battery easily
and efficiently. If repairs are required on any boiler, it is not
necessary to shut down the whole battery while the defect is
being remedied, but the pipe connections are unfastened and
with a nearby derrick the boiler is remaved bodily, the hole left
in the combustion chamber being temporarily bricked up.
This has been accomplished in a single night without cansing
oné hour's operating delay,

comotive in freight service. The gage cocks were inserted in
the outside sheets and so adjusted as to reach within 1§ inch
and 14 inch of the side sheet on each side respectively, The
gage cocks were placed 22 inches above the mud-ring and at
about the center of the length of the fire-box. Each gage cock
was introduced into a washout plug, which was in turn screwed
into the outside cheet.

Careful obzervation of these gage cocks while on the road
showed that, upon opening a gage cock through one-quarter of
a turn, steam would be discharged while the engine was worl-
ing with full throttle and the safety valve unseated, while a
solid stream of water would be drawn off when the throttle
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was clogsed. These observations indicate wery clearly that
water does not remain in contact with side sheets when an
engine 15 working hard, but rests =olidly against the shects
when the throttle is closed. Evidently the intense heat de-
veloped by the increased rate of combustion of the fuel on the
grate at a time that the engine iz working hardest causes an
insulating film of steam between the fire-box sheet and the
water, After the throttle is closed and when the heat from
the fire becomes less intense, it zeems that this film of steam
dizappears and the water i3 allowed o come in contact with
the sheet again,

bottom, as well as by increasing the width of tridge between
boiler tubes. It would be instructive to learn to what extent
longer lives of fire-box sheets have been obtained by im-
provetnient in design of boilers to provide for better circula-

tion. Svstems of treating boiler feed-water and systems of

washing locomotive hoilers with hot water have produced very
beneficial results, and with the advantage of such improved
canditions, it would be intercsting to know to what extent the
railways at large have profited by the investigations and reports
of the master mechanics’ committee an improvement in boiler
design,—Rathway Master Mechamic.
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LONGITUDIRAL AND TRANZVERSE SECTIONS OF AUXILIARY BOTLER,

This test corroborates in a measure the results abtained by
similar tests made on the A, T. & 5. F. Railway and referred
to by Mr. George R. Henderson, in his remarks before the
convention of the Railway Master Mechanics’ Association in
1904, when he said that from experiments made by gage cocks
put through the outside sheet so as to extend within different
distances of the inside sheet, apparently a film of steam about
14 to 3 inch thick waz found against the side sheet.

The presence of a film of steam between the side sheet and
the water is injurious to the metal, as it causes the sheet to
crack and to bulge between stay-bolts as well as to leak at
stay-bolts. By displacing the water immediately adjacent to
the sheet, the metal 15 allowed to reach a temperature higher
than that of the surrounding water, when the rate of com-
bustion is highest and the heat from the fire is most intense,
When this film is dissipated the water comes in contact with
the averheated sheet, reduces the sheet to the température of
the water and causes sudden contraction in the metal. Con-
tinued repetition of this process naturally causes the sheet to
deteriorate materially.

That these cracks which develop in side sheets have their
origin in expansion and sudden contraction, due to the metal
being subjected to an intense heat and then suddenlv cooled,
geems to be evidenced by the fact that sheets begin to crack
on the water side.

It iz believed that the presence of a film of steam against
the fire-box side sheet of a locomotive boiler cannot be elimi-
nated entirely, even though the depth of the volume of water
surrounding the sheet should be increased bevond practical
limits. The ill effects of this insulating film of steam are ag-
gravated by poor circulation and by bad water, which has a
tendeney to foam and prime.  Alleviation, then, may be looked
for with good water and with good circulation,

In the last few wyears much attention has been directed to-
ward improving circulation by widening the mud-ring, and by
s designing that the water-leg is wider at the top than at the

An Auxiliary Boiler.

On the revenue cutter No, 15, now under construction by the
Fusey & Jones Company, Wilmington, Del, is to be fitted an
auxiliary boiler, as illustrated. The steam and water drum
will have a diameter of 42 inches.

This boiler, of the horizontal return fire-tube type, desipned
for 200 pounds steam pressure, will be 5 feet 4 inches in out-
side diameter and 7 feet 3 inches long. It will have one cor-
rugated suspension furnace ¥4 inch thick, 30 inches inside di-
ameter and 5 feet 10 inches lomg. There will be seventy-six
steel tobes, No. 11 B. W, G., 214 inches outside diameter and
g feet 4 inches long. The grate surface will be 125 square
feet, heating surface 206 square feet, calorimeter area 1.7%5
square feet. The ratio of heating to grate surface will be
23,57, and of grate to calorimeter area 7.1 to 1,

The wptake and funnel will be of sufficient size to give at all
points a clear area equal to at least one-seventh the grate
area. The uptake will be of three thicknesses of steel plate
with double spacing of 2 inches. The funnel, which will meas-
ure 48 feet in height above the base line, will consist of inner
and outer casings § inches apart. The inner casing will he
made of No. 7 U. 5. 5 G plates in the lower half and No. g
in the upper. The outer casing will be of No, 12 plates —
Marine Engincering.

According to statistics given by the Iron Age the produc-
tion of structural shapes in the United States in 1006 reached
a total of 2,118,772 gross tons. This is a marked advance over
the output of 19035, which was 1,660,510 tons. This gain, which
amounts to 27.5 percent, was grealer than the gain in any other
line of finished material, the increase of all forms of rolled
products being about 16 percent. For 1094 the total preduction
of structural steel was 040,146 tons; for 1903, 1,005813, and for
1goz and 1901, 1,300,326 and 1,013,150 tons, respectively. The
average for the four years, 19o1 through 1oo4, is therefore
1,080,600 tons, or about one-half the total production for 1g06.
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Layout of an Up-take.

BY HEMNREY MELLON.

Two views of the up-take are shown in Fig. 1. The upper
view i3 a side elevation and the lower view a plan, one-half
of which is divided into triangles for the purpose of laying out
the pattern. Instead of laying out the pattern at once, ac-
cording to the lines through the rivet holes, lay it out to the
flange lines where the sheet is hent to fit the angle-iron at the
bottom and where it is fanged to At the vertical stack at the
top. After the pattern has been drawn to these lines the re-
quired amount can be added for the flanges and laps.

It will be seen from the plan, Fig. 1, that the up-take has
an oblong base, while the top iz of circular section, to At an
ordinary round stack. Also it should be noted that the centers
of the top and bottom of the up-take do not coincide. This
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in the plan view. These triangles have been drawn in Figs.
2 and 3, the dotted lines and sclid lines having been separated
in arder to avoid confusion. All lines in Figs. 2 and 3 are
numbered to correspond with the lines in the plan, Fig. 1, so
that the true length of each line shown in Fig. 1 can readily
be obtained from either Fig. 2 or Fig. 3 when required,

We are now ready to lay out the pattern for the up-take, or
rather the half pattern, since the up-take will be made in two
zheets, which are of exactly the same dimensions. First draw
the line 1-1, Fig. 4, and with 1 as a center and the trams set
to the distance 1-2, the half length of the straight portion of
the oblong base, Fig. 1, draw an arc through the point 2.
Froem the other end of the line with 1 as a center, with the
trams set to the length of the dotted line 2, Fig. 2, draw an
arc intersecting the one previously drawn locating the point 2.
Also with a pair of dividers, set to a length equal to the length
of one of the equal spaces in the large semi-circle, Fig. 1, lay:
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DETAILS OF LAYUOUT FORE AN TFP-TAEE.

frequently happens in eases where some obstacle prevents
erecting the stack directly over the center of the oblong base.

As the surface of the up-take forms an irregular tapering
article it muost be laid out by triangulation; that is, the sur-
face must be divided into a number of triangles, the length of
whose sides can be easily found, so that the triangles may be
laid out flat in the pattern. To locate the triangles divide the
semi-circle which represents one-hali of the upper base into
any number of equal parts. In this case it has been divided
into eight equal parts, numbered as shown, from I to o, in-
clusive. Also divide the semi-circle 2-6-10, which forms the
curved part of the lower base of the up-take, into the same
number of equal parts, numbering the points of divizion in a
similar manner. Now connect the points which have the same
numbers in both the upper and lower bases by solid lines, as
lines 2-2, 3-3. 4-4. 5-5. etc., also draw the dotted lines 1-2, 2-3.
3-4, 4-5, 5-B, etc.

The lines just drawn divide the surface of the up-take into
triangles, but the length of the lines shown in the plan is
not the true length of the lines as they must be laid out in the
pattern, since whatever is shown in the plan is simply a plan
view, and represents the true size only when the line lies
entirely in a horizontal plane. Sinee the two bases are parallel,
and each line is drawn from one base to the other, the true
length of all the lines can be found by drawing right-angle
triangles, the height of which is equal to the distance between
the flange lines in the upper and lower bases of the up-take,
the other side being equal. to the length of the line, as shown

off the space 1-2 in the upper edge of the pattern, Fig. 4. Then
with 2 in the lower edge as a center and with the trams set to
the length of the solid line 2, as measured from Fig. 3, draw
an arc inlersecting the are previously drawn through the point
2, locating the point 2 in the upper edge of the pattern. Pro-
ceed in a similar manner to locate the points 3, 4, 5, 6, 7. &,
9 and 10, then add on the flat portion of the pattern which
forms the front of the up-take, Lay off the required space
at both top and bottom for the flange, and beyond this the
necessary amount for the lap all around the plate, Space in
the rivet holes at the required pitch and the pattern is
completed.

Marine Boiler Plate Tested by the Government.

During the year ending June 30, 1007, 5824 marine boiler
p[aFes were tested in the mills by assistant inspectors of the
United States Steamboat Inspection Service, Of thiz number
4,751 were accepted and 1,073 rejected. The following reasons
are given why the rejected plates failed to pass inspection: Six
were spoiled at the shears after inspection, 30 were lost in the
shipping house, 410 failed to show the required tensile strength,
47 were deficient in elongation, 11 were laminated, 61 were
light gage and Bo heavy gage, 101 failed to show the re-
quired contraction of area, 150 were rejected on account of had
surface and 168 because they failed to come up to the Tequire-
ments of the bending tests.
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Riveting vs. Welding.

Riveted joints have always been an expensive and trouble-
same part of a boiler to construct.  An ideal boiler shell would be
ene in which there were no seams, o that the entire shell would
be one homogeneous piece of metal, all parts of which were
equally strong. A riveted joint must dlways be weaker than
the solid plate, unless the plate at the joint is up-set so that
its thickness iz greater than the thickness of the rest of the
shell, an operation which for practical reasons is impossible,
The best-designed riveted joints rarely have more than go per-
cent of the strength of the plate which they join, while the
ordinary double riveted lap and butt joints have a very
efficiency, ranging from 65 to 85 percent.

it takes skilled labor and expensive ma-

chinery to lay out the seams and punch or drill the rivet

much less

Furthermore,

holes and drive the rivets, and, even with the best work,
there is apt to be trouble in making the joints steam tight, for
the rivets mmst be thoroughly up-set in the holes and the
edges of the seams carefully calked.

It has been estimated in the case of a yz-inch by 18-foot
horizontal tubular boiler built to withstand a pressure of 125
pounds per square inch that the total cost of labor and ma-
terial used in the boiler would be about $561, of which $448, or
Bo percent, is the cost of material, and $113, or 20 percent, is
the cost of labor., Of this amount, the cost of labor on the
riveted joints alone—that is, of laying out the rivet holes,
punching, riveting, etc.—is about $21, or 19 percent of the cost
of labor, and 3.7 percent of the total cost of the boiler, The
additional material; that is, butt straps or laps and rivets,
costs about $21, or 5 percent of the cost of material and 3.8
percent of the total cost of the boiler. Therefore, the cost of
the riveted joints alone iz ahout 8 percent of the total cost of

the hoiler. This is assuming that the longitudinal joint is a
double riveted butt joint and that the holes are punched and all
rivets driven on the bull machine
used, ot if the holes were drilled or the rivets driven by hand,
the cost of the riveted joints would be increased.

If a stronger joint were

The only passible substitute for riveting seems to be some
form of welding in which the metal itself is structurally united
in such a manner that the finished product forms one homo-
geneons piece of uniform quality and properties throughout.
Furthermore, in order for such a system to be of any practical
nse, the tensile strength of the welded joint must be as great
or oreater tham that of a riveted joint, and the cost of doing
the work, imcluding the fixed eharges on the apparatus, must
not be greater than the cost of riveting, that is, it must be less
than 8 or 10 percent of the total cost of the boiler,

The ordinary method of welding by mechanical means, such
as hammering, cannot be vsed in welding hoiler shefls, both
for practical reasons and becanse the strength of a weld made
in this manner is alwavs uncertain. There has recently come
imnte use, however, a system known as autogenous welding, in
which the metal itself 15 raised to a temperature sufficiently
high to cause it to be its own joining material; that iz, the
parts are joined together by the fusion of their own substance
without mechanical aid. Such a process requires that only a
small area of the metal in the vicinity of the joint be raized to
a high temperature, and for thus purpose electricity was first
While the cost of electricity for this purpose is not
excessive, the ctrength of the joirt is only about 40 or so
percent of the strength of the metal, 2o that it is rarely used,
except on castings.

used,

The sccond stage in the development of autogenous welding
was the oxyhydrogen blowpipe, and this is now successfully
used on light plates. It is claimed that a joint of perhaps o3
percent of the strength of the metal can be made. The tem-
perature (2,000 degrees Fahrenheit) obtainable with this hlow-
pipe is, however, somewhat less than the melting point of mild
steel (between 2,700 and 2800 degrees Fahrenheit), so that
for thick plates the heating must be continued for some time,
and therefore the consumption of oxygen and hydrogen rapidly
increases with the thickness of metal being welded, making
the cost of welding thick plates prohibitive.

A still more recent development is the use of the oxyacety-
lene blowpipe, and this seems to have been fairly successful,
since a very high temperature (3000 degrees Fahrenheit) can
be obtained with it, so that even thick plates can be welded
rapidly without the use of an excessive amount of fuel. Both
oxygen and acetylene can be produced or obtained commer-
cially at a reasonable price, and the apparatus required is not
very complicated, the blowpipe itself being a small brass in-
strument weighing only about 2 pounds, which can be readily
handled by an inexpericnced worleman,

At present, the nse of autogenons welding will probably be
confined to repair work, for which it seems particularly well

adapted on account of its portability. It certainly will not

be used for welding the seams of large hoilers or pres-
sure tanks until it is absolutely known that a reliable weld
can be made which will be at least 85 percent as strong as
the metal itself.



ManrcH, 1008

THE BOILER MAKER 89

Convention Announcements.

Contrary to the usual custom, the annual convention of
the American Boiler Manufacturers’ Aszociation of the United
States and Canada will e held during the summer months,
The place of the meeting, this year, 15 Atlantic City, N. J.,
and the date July 14, 15 and 16, The headguarters of the
association will be at the hotel Marlborough-Blenheim,

The officers of the Boiler Maker Supply Men's Association
will meet in Detroit, March 7, to perfect arrangements for
the entertainment of the Master Boiler Makers when they
come to Detroit for their annual conventiun on May 26, a7
and 28, 1gof.

PERSONAL.

CrarLes E. Trick, of Boonton, N. J., formerly foreman
boiler maker of the New Jerzey Boiler Company, has taken the
position of general foreman hoiler maker at the Philadelphia
Iron Works, Philadelphia, Pa.

A. TurLe¥y has recently heen appointed aszistant foreman
botler maker of the Erie shops at Meadville, FPa., to fill the
vacancy caused by the promotion of Mr. C. E. Lester, who 1s
now general foreman boiler maker of all Erie lines west of
Salamanca, N. Y.

J. A. Doarveercer, formerly foreman boiler maker with the
Norfolk & Western Railway Company, at Roanoke, Va, has
heen appointed master boiler maker with jurisdiction over all
the boiler work of the entire system of the Norfolk & Western
Railway, Mr. Doarnberger has always heen an active member
of the Master Boiler Makers' Association and has contributed
much to the discussions carried on at their annual conven-
tions.

Avick MacFarLann, formerly of Boston, Mass,, has recently
gone to Halifax, Nova Scotia, to work as a journeyman boiler
maker for the Edward Evans' Steam Boiler Works, Mr
MacFarland was born inm Scotland, but has spent the past
thirty-five years in Boston. He has alsa worked as a boiler
maker in other parts of the world, having been in South
America for seven years. Mr. MacFarland's long connection
with the boiler-making industry has given him a thorough
knowledge of the business, from laying out to riveting up.

Jouw Cook, of Springfield, Ill, one of the oldest boiler
makers now actively engaped in the industry, recently cele-
brated his seventieth hirthday. Mr, Cook has spent nearly
fifty-six years of continuous work in a hoiler shop, and,
furthermore, has three sons and one grandson who are now
holding prominent positions in boiler shops in different parts
of the country. Mr. Cook's vigor and interest in his trade are
evidenced by the numerous contributions and suggestions
which appear over his signature in Tme Bomer Maker and
other technical papers.

COMMUNICATIONS.

The Opinion of an Old-Time Boiler Maker.

Emitor Tue Boiwer MAEER:

On page 50 of the Febroary, 1008, issue of Tme Boier
Maxes there is an article embodying the rules prescribed by
the Ocean Accident & Guarantee Corporation, Lid., 350 Broad-
way, New York, for the operation of steam boilers. In this
article it is stated that a leak in a boiler should never be
calked or tightened while the boiler is under high pressure.
The inspector who laid down that rule cannot be a hoiler
maker of very wide experience, for it is common practice to
calk leaks while a boiler is under pressure, especially when it

is being tested under very high pressure, say one and one-half
times the ordinary working pressure. I have calked leaks on
bath large and small fire-tube steam hoilers three or four times
a week for seven years while the boilers were under 180 and
200 pounds pressure. There were always about four of us
hammering on our calking tools for about an hour at each
tesk,

I have also many times hammered up a stay-bolt in a boiler
which was under pressure when the holder-on was using a
zo-pound sledge and I was using either a 3 or 4-pound ham-
mer. In all such cases the stay-bolt was made tight while
the pressure was on the bailer,

The large English bailers described in the same issue of
Tue Boieer Maxker, or Lancashire boilers as they are called,
are a very poor type of boiler, because the amount of heating
surface is small. The only available heating surface iz that
of the two large. Alues and under half of the shell. If the
Englishmen can afford to build boilers with such small heat-
ing surface, land and coal and also firemen must be cheap in
England. Goon-N ATURED,

Usge and Abuse of Stavbolts.

Emitor THE BoiLer Makes:

The safest and most effective staying for locomotive and
marine boilers iz a subject of the highest importance. The
frequent discussions and conflicting opinions  advanced from
time to time as to the best methods, ete, are evidence that there
is mo well settled or uniform plan adopted for this important
feature of boiler construction, While it is agreed that metal
of high quality and vibratory power is necessary, there seems
to be mo unity of thought as to the best design of stay-bolt
that would come nearest to the qualities of safety, economy
and endurance. The strenuous service, the prevailing neces-
sity of rapid heating and cooling of bailers, causing extremes
of temperature, the adoption of high pressures and the fre-
quent failures of the constructive parts, often followed by
serious results, should attract to the subject our deepest
thought and attention.

Stay-holts have a diversified mission. To the tensile strain,
nged in zustaining the fire-box sheets in normal position, are
added irregular bending forces, dus to expansion and con-
traction. The outer ends of solid stav-bolts are usnally at a
temperature of less than 300 degrees, while the inner ends
are strugeling at a temperature of between 700 and Boo de-
grees F. Torsional strains are also very often in evidence, due
to untrue alignment of holes, and thus we obtain from the
first day in service, forces bordering on dangerous fatigue of
the metal. However, premature or early breakage iz often
directly due to impure metal or metal not sufficiently cohesive
to long endure the frequent reversal of forces, It is quite evi-
dent that to obtain reasonable endurance, iron suitable for
stay-balte must receive special attention in manufacture,

The solid stay-bolt, as usually intradueced, is far from heing
safe or satisfactory. Breakapes at best are frequent, and
unless well covered by regular, capable and experienced in-
spection, they become a hidden source of danger. We should
also remember, that while hammer sounding is somewhat as-
suring, it sometimes fails to detect bolts actually broken, and
the sound test is never ecertain to discover those partially
broken. The latter at times are numerous and form an un-
suspected danger. The truth of this will be apparent to any-
one making an inspection of the stay-bolts on exploded sheets.
It can likewise he seen on fire-box sheets which are removed,
because they are crooked or bulged.

Drilling tell-tale holes in the outer ends of salid stay-bolts
offers neither safety nor economy. The purpose (self-warners
when broken), it is true, is desirable, but they fall short of ex-
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pectations. The drilling process, when well done, forms a
weakiness in the stay at a point where much strength and
flexibility are required, but when the drill is run off on an
angle or not held in line with the center of the bolt, the re-
duction in strength becomes serious. The tell-tale or blind
holes often Il with dirt, which becomes packed in so hard
that the seli-warning feature becomes nil. Some object to
drilling tell-tale holes because of the inconvenience of doing
the work, and the time, labor and expense involved. The
writer's experience is to the effect that while the expense is
important, it is as nothing compared to the resultant weak-
ness, due to drilling followed by breakage, delays to equip-
ment and expense of replacements.

Considerable thought and attention are now given to flexible
stay-bolts,  The principle at first sight strikes one as having
considerable merit, but on deeper thought, the flexible action,
under service conditions, will be found not only impossible, but
also to involve some serious objections. The inside end of the
“Flexible" is attached to the fire sheet in the usual way, the
outer end of the bolt with round head resting in a prepared
sleeve of corresponding lines, the whole covered by a serewed-
in cap. The idea is that the apparent loose attachment of the
head to the outer sheet would respond freely to expansion
and contraction movement of the inner ends without causing
any wvibratory strains on the body of the bolt. This, however,
is an appeal to theory and does not in practice bear out ex-
pectations,

The failure of the flexible action of the head and the con-
sequent breakages just under the head, are due principally to
the immense friction between it and the sleeve, brought about
by the constant strain of the stay in supporting the sheets.
In other words, if the bolt is to be of any use as a stay be-
tween sheets, ite prip at the ends deprives it of any flexibility
other than that obtained by the vibratory action on the body
of the bolt. Under the conditions it is as rigid and liable to
break as the ordinary solid stay-bolts, and if the “Flexible”
develops any marked endurance as compared with the solid,
it is due to a superior quality of metal, nothing else,

It is plainly as necessary to cover the “Flexible” stay-bolt
by regulation ingpection as with the solid type, and as a matter
of safety it should be done. From the style of attachment to
the outer sheet, it seems impossible to detect the broken bolts
by hammer sounds on the inner ends. This leads to the neces-
sity of removing the caps on the outer sheets in order to dis-
cover those actually broken. This means considerable time
and expenze, and not infrequently delays power.

A most undesirable practice in connection with the intro-
duction of the “Flexible” stay-boltz is the necessity of cutting
large holes in the outer sheets of the fire-box for the purpose
of fitting the sleeves and caps. The holes are of such size for
a I-inch stay, that for a sheet bearing stay-bolts 4 inches
apart, it reduces the stock between the edges of hales to 234
inches. This iz an act of mutilation of the outer sheets that
seems hard to justify.

The attention of the writer was called to the use of hollow
stay-bolts. The bars from which these bolts are made have a
central hole formed by being rolled in the center. This prac-
tice assures salidity, increases tensile strength and high elas-
ticity of the metal and prevents any possible defective welds,
all being gualities necessary to endurance in stay-holt service.
Having had some prior experience with hollow bars made in
this manner, and being troubled with broken stay-bolts on
several mountain engines, due to variation of pressure fol-
lowed hy extremes of temperature several times a day, the
undersigned had some hallow stay-bolts placed on surfaces
giving the most trouhle from broken bolts.  As the solid bolts
and those having drilled tell-tales were removed, they were
replaced by hollow bolts.  After about a year of this practice,
it was noticed that the stay-bolt work at the short-run termi-

nals was very materially reduced. Prior to this, the life of
the solid stay with tell-tale drilling was between five and nine
months, depending on location of the stay, while after this
time, a little gver a year, no record was found of a single hal-
low bolt having been broken, although most of them were lo=
cated in what was considered the breaking zone. Longer
periods of experience with the hollow bolt developed equally
poad results, the endurance of the hollow bolt being remark-
able under the severe conditions existing.

The great endurance shown by the hollow stay-bolts is at-
tributed to several causes, The method of rolling, both at the
center and outside of the bars, creates a substantial unity of
the tmetal, assures freedom from improper welds, the pure and
high quality of the metal, forming the base from which the bars
are rolled, tends to both strength and elasticity, the very guali-
ties required to endure continued reversal of strains longer
than iron manufactured under ordinary methods.

The self-warning principle of the hollow stay-bolt is highly
appreciated by those directly in touch with power. Elimi-
nating the hammer tests, together with the feeling that no
dangerous number can be broken without compelling atten-
tion, is regarded as a very satisfactory condition, as it is a
positive assurance against boiler explosions or other troubles
due to broken stav-bolts.

It is well known that the strength of wrought iron de-
creases after reaching 350 degrees F. Moderately high fire-
hox temperatures canse solid stay-bolts to reach the deprecia-
tive heat, this being one of the causes which shorten their life
With the hollow stay-bolts in service, a streamlet of cool air
passes through each bolt to the furnace, thus holding the metal
at a lower temperature, rendering both strength and endurance
that cannot be obtained with the use of the highest possible
grade of iron in the solid stay-bolt. The greater endurance of
the inner ends of the hollow boltz as compared to the solid iz
very noticeable, This is due to the in-rushing oxygen through
the hole, cooling the ends of the bolts and reducing the waste
of the iron, due to the high Leat of the fire.

On engines whose fire-boxes were fully squipped with hol-
low stays some fault was found because it was thought too
miuch cool air was entering the furnace. While there was
some doubt of this by those who had watched the matter
closely, vet it was thought best to reduce the center holes
from 3/16 to ¥4 inch, which was done. The amount of oxy-
gen supplied through the Ig-inch openings seemed to be suffi-
cient to consume the gases and the assistance to combustion
was quite apparent,

It is said that a few have closed the center holes at the
inner ends of the hellow stays with a couple of blows of the
hammer, claiming the entrance of too much cold air. This
practice, I am certain, should be discouraged. In order to
obtain full benefits from the hollow bolt, the air should be
permitted to pass through a YM-inch hole to the fire. This
will hold the stay-bolt to lower temperature, add to its
strength and flexibilily, cause greater endurance to the inner
ends, and while aiding combustion will add noticeably to.the
efficiency of the furnace and afford a double advantage for the
detection of breakages, should any occur, as the annular hole
passes entirely through the bolt, and failure at any point will
immediately make itself known.

Hollow stays, with both ends open, will never stop up, as
the current of air passing through them always keeps the
holes free from sediment. Furthermore, the hollow bolt saves
material and time in application and renewals, and also pre-
vents injury to sheets in making renewals, as the operator has
a central hole for his drill to follow.

We seem slow to realize, but it is no less a fact, that almost
daily in some part of the country broken stay-balts are re-
sponsible for waste of property, for injury to persons, and for
destruction to life. Jomx Hickey,
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TECHNICAL PUBLICATIONS.

Steam and Entropy Tables. By Cecil H. Peabady, pro-
fessor of naval architecture and marine engimeering, hassa-
chusetts Institute of Technology. Size, 53 by 0 inches
Pages, 131 4= XXIV. New York, 1007: John Wiley & Sons.
Price, $1.00. London: Chapman & Hall, Ltd. Price 4/0 net.

This iz the seventh edition of tables caleulated twenty years
ago to accompany the author's “Thermodynamics of the Steam
Engine.,” Since that date important experimental investiga-
tions have been made, and this information has been used in
recomputing the tables and in making certain changes facilitat-
ing their use. All the tables for saturated steam have columns
of entropy, due to vaporization, and the table in metric units
has been made into a conversion table, by aid of which prop-
erties can be found in either metric or Englich units, or a
combination of the two may be used.

The introduction deals at some length with the properties of
steam and other vapors, going into the svbject from the
theoretical standpoint and making vse of the caleulus.  The first
table covers saturated steam on the basis of temperature in
degrees Fahrenheit. The second table covers saturated steam
on the basis of pressure abselute in pounds per square inch.
The third table covers saturated, steam in metric and English
tinits, based on temperatures., The next eight tables cover
properties of saturated wapor of ether, alechol, chloroform,
carbon-disulphide, carbon-tetrachloride and aceton in metric
units, and of ammonia and sulphur-dioxide in English units.
The remaining tables include one showing the specific gravity
and specific volume of liquids, one showing the volume of water
at different temperatures based on its volume at 4 degrees C.,
conversion tables between inches of mercury and pounds per
square inch, and a table of corrective factors for superheated
steanm,

The Temperature-Entropy table occupies fifty-two pages of
the book, and is followed by tablez of Naperian and common
logarithms.

Simple Problems in Marine Engineering Design (Includ-
ing Turbines). By J. W. & R. M. Sathern. Size, 434 by 714
inches. Pages, o0 + XI Glasgow, 1908: James Munro &
Company. Price, 2/6 net.

This is the second edition of the work, which iz divided into
six  sections: Simple Engineering MMathematics; General
Problems: Engine Design; Boiler Design; Marine Turbine
Design ; Speed, Consumption and Horsepower Problems, The
work is replete with rules and examples, and is intended to he
used in connection with a theoretical work covering much the
same subjects. With a good knowledge of the general fea-
tures of the problems, however, the work is entire in itself,
and would serve simply as a guide in the working out of the
various features of marine engines, turbinezs and boilers. In
each case the answer to every problem is given as a check to
the work, and the total number of problems is sufficiently great
to give a considerable scope in character. In many caszes the
problems are made more than usually specific by reference to
the name of the ship under consideration.

QUERIES AND ANSWERS.

Discussion and answers o the guestions published in this
column are solicited from owr veaders. Al such confributions
will be paid for at owr regular rates when acceptable for pub-
lication if they are accompanied by the name and address of
the wriler.

Q.—Can you furnish me with a sketch showing the method of laying
put the hottom of a hemispherical tank? I have gotten ssveral rules
out of a book, but have not as yet been able to get them to come out
very satisfactorily. I should be glad to bave some of your contribu-
tors furnish this sketch for me, TARE.

A —See page 74

O.—How do you find the working pressure of a boiler? J. L. A.

A —If the diameter of the shell, the thickness of the shell,
and the character of riveting are known, we can figure the
working pressure according to the formula:

Tt
Pe oo
LD ¥ f
where T is the tenzile strength of the steel of which the shell
iz made; f is the thickness of the boiler shell in inches; D) is
the diameter of the boiler in inches; and f is the factor of
safety., Suppose we assume that we have material with a
tensile strength of Go,000 pounds per square inch, and that the
shell has a thickness of 34 inch and a diameter of 150 inches.
If we take a factor of safety of 6, we find that the allowahle
Go,000 34
———————— — 100 pounds per
75 M 6

square inch. This assumes that the longitudinal seam is
single riveted. If it is double riveted, we can add 20 percent
to the above figure, thus giving a boeiler pressure of 120 pounds
per square inch.

¥

boiler pressure would be: P =

ENGINEERING SPECIALTIES.

A New Albree Portable Riveter.

Where the work is heavier than the tool it is much more
convenient and economical, if not absolutely necessary, to keep
the work in a stationary position and vuse a portable tool, This
practice is particularly desirable in riveting heavy and un-
wieldy structural and boiler work. The hydraulic riveter 15 not

practical for this service, on account of the difficulty of pro-
viding high-pressure water lines and carrying away the ex-
haust water, An air-driven machine, however, similar to the
one shown in the illustration, which is manufactured “by the
Chester B. Albree Iron Works Company, Allegheny, Pa, is
admirably adapted for this work, as the air is conveyed to it
by a rubber hose, and the exhaust takes place directly into the
atmosphere,

The riveter illustrated has a 6-inch reach, will drive a ¥§-inch
rivet, and weighs 850 pounds, When desired this machine may
be equipped with the maker’s universal bail, which will hald
it suspended in any position. It will be noted that only a
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comparatively small cylinder is used, the necessary pressure
being obtained by the toggle leverage shown, and as the rivet
is driven by one squeeze the nomber of rivets the machine can
drive is practically unlimited, Therefore, the amount of rivet-
ing that can be done is merely a question of getting the ma-
chine from one rivet to the next; in other words, the cost of
riveting 1s almost entirely the cost of moving the machine.

To show what has been done with such a machine, under
favorable circumstances, the astonishing record of 12,000 rivets
driven in ten hours' time is elaimed. The work was a long
plate girder, and the machine was sugpended from a trolley
on an overhead runway., The operator, with practice, had
become very expert in moving the machine from one rivet to
the next, the spacing being equal, and several heater boys
keeping the holes ahead of the machine full of hot rivets. The
rivets were 34 inch diameter and driven hot, and the dies were
replaced by cool ones at given intervals.

The next best record known is 10,000 rivets in ten hours'
time, under very similar conditions, These fizures, of course,
are merely of interest to show what has actually been done.
The type of work, of course, iz all-important. On boiler worl,
where the rivet must be steam-tight and well driven, no such
record could possibly be made,

Portable riveters have a wide range in practice and seem to
be coming more and more into favor,

A Display Stand for Wrenches,

A convenient and usefnl display stand for wrenches has
recently been placed on the market by the Frank Mossberg
Company, Attleboro, Aass, This company manufactures thirty-

two different sizes and types of wrenches ranging from 5 to 10
inches, Different wrenches are desipned to mect all conditions
and reguirements of a machinist or boiler maker. In order
to display these wrenches to the best advantage the stand
shown in the illustration has been designed.  Its wsefulness is
at once apparent.

A Boiler-Water Circulator,

This device has been placed upon the market by the British
Boiler Water Cireulator Syndicate, of Nottingham. It is
claimed not to require any structural alterations whatever to
the bailer, and that it can be removed, inspected and replaced
by an ordinary workman in about two hours, The object of
the appliance is to merease the water circulation and facilitate
steam generation by giving greater freedom to the gas-con-
taining globules formed on the heating surfaces, It is entirely

automatic in action. The feed water sent into the boiler must
first pass through the apparatus illustrated, where it is not only
heated, but is also cleanzed and softened, while, further, the

grease is extracted, The feed inlet is indicated, and the set-
tling chamber for impurities is also shown. The sediment,
ete,, can be ejected by means of a blow-off cock and pipe, and
in fact the only attention necessary is that wanted for occasion-
ally blowing out the impurities which are trapped. The con-
struction is perfectly simple, and there arc no delicate parts.
The uvsefulness of moving water rapidly over the heated
surfaces of boilers is now being recognized, and in increased
steaming capacity and in the vse of impure or dirty water this
appliance should show advantages.

An Oxy-Acetylene Welding Apparatus.

The development in all directions which has taken place dur-
ing the past vear in the introduction of modern methods into
hoiler-shop practice has been very marked, but probably the
most radical change of all is in the application of the oxy-
acetylene hlowpipe. This is new being employed as a substi-
tute for riveting and brazing, and its uze is giving rise to new
methods of manufacture, which affect, not only the design of
the boiler itzelf, but also make a material modification in the

construction of many of the ordinary
fittings used.

The process of welding by means of the axy-acetylene hlow-
pipe is comparatively new to this country, though in Europe it
has been developed om an exceedingly large seale. The cause
af this is no doubt to be traced to the fact that until within a
very few months it has been impossible to obtain oxygen in a
suitable form in sufficiently large quantities at such a price as
would warrant its application in this manner. Now, however,
that the direct production of exygen from the atmosphere by
means of Dr. Carl von Linde's system of fractionation is being
actively carried out on a commereial scale, an extensive plant
far this purpose having recently been equipped at Buffalo,
W, ¥, by the Linde Air Products Company, 155 Chandler
Street, it 18 reasonable to suppose that this method of welding

will be largely used in the boiler shops and shipyards of this
conntry also.

mountings and steam
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It must be recognized that, from the very nature of the
process, a scam welded in this way does not possess quite the
game tensile strength as the original material. The reason of
thiz iz abviously due to the fact that iron and steel plates awe
gome appreciable percentage of their strength to the mechani-
cal process to which they have been subjected in the mills,
It is, however, claimed that, on the average, the tensile strength
of such a welded seam is only about 15 percent less than that of
the original material. With thin sheets the falling off is less
marked and an ultimate strength of over 30 tons per square
inch at the joint has actually been recorded.

With this, as indeed with any other process, the results ob-
tained are largely dependent on the persomal equation of the
operator, both in regard to the guality of the work turned out
and the speed at which such welding can be done. It may,

lAﬂETYLEHE

OXYGEN
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however, be stated that the method presents no particular
difficultics, and any ordinary workman of average intelligence
very quickly becomes proficient in its application. A general
idea of the speed at which work of this nature can be done
may be gathered from the following table, in which the ap-
proximate foot-run welded per hour i3 given for various
thicknesses of plates:

Thickness of Flates, Inches. Approximate Foot-Run Per Hour,

M 35
g 20
4 10
LS fi

These figures are average results, obtained by working on
cold plates. By previously heating the parts to be welded, in
the neighborhood of the seam, the time and cost of making the
weld may be reduced from 3o to 50 percent in the case of
plates I3 inch in thickness and upwards,

It iz not claimed that the uze of the oxy-acetvlene blowpipe
will entirely supersede ordinary forge welding, but it is such a
elean, eanvenient and portable tool that it enables a large va-
tiety of different and complicated welding to be carried out
i sifu where riveting would otherwise be necessary. Since
the cost of the process compares very favorably with that of

riveting, it therefore greatly extends the scope of welding.
Tt is impassible to enumerate in detail all the work which may
be rapidly and economically executed by this blowpipe, but
among many other applications may he mentioned, in par-
ticular, its use in welding flanges on pipes, and in the con-
struction of superheaters. FProbably one of the widest fields
for the adeption of the process is in keeping down the “heap.”
There are wvery many instances, particularly in pressed steel
wark, where, owing to the development of a small zplit or the
opening of a seam, a large and valuable piece of work has to
be scrapped. A few minutes' application of the blowpipe
will, at an almost insignificant cost, in most cases enable such
a Haw to be repaired and the piece put into usec.

A still more interesting application of a modified form of
the welding blowpipe is a “cutting” blowpipe. It iz a matter
of minmites only, by means of this tool, to cut out sections of
plates up to aver an inch in thickness, with such extreme pre-
cisipn that practically no hand work is suhsequently required.
This system 15 a great advance on the present costly and la-
borions methad now generally employed, and it 15 applicable,
not only to the formation of manhole and other openings in
boiler and tank work generally, but also in marine construc-
tion in forming openings in decks and bulkheads,

The actual ontlay involved in installing such a welding in-
stallation is comparatively trifling, even including the acetylene
generator, which, for ordinary shop worl, is indispensable.
For outside work, and for use in emergency, a small cylinder
of dissolved acetvlene may he used.

Cme of the illustrations represents diagrammatically a com-
plete oxv-acetylene blowpipe installation, with the exception
of the acetylene generator, which may be placed in any suitable
position at any convenient diztance from the blowpipe appa-
ratus. The plant consists of the blowpipe, the hydraulic back-
pressure release valve and a cylinder of oxygen fitted with an
automatic pressure regulator.

The oxy-acetylene blowpipe (Fouché patent) iz also illus-
trated. Tt is a low-pressure blowpipe, constructed on the
well-known injector principle, and is very carefully designed
and proportioned to meet all the special conditions with which
an oxy-acetylens blowpipe must comply. Tt is perfectly safe
for vse, being o constructed that the flame cannot strike back,
The gases are well mixed in the injector chamber before they
issue from the nozzle of the blowpipe, and it iz claimed that
the nozzle itself is so designed that the possibility of carbon-
aceous deposit in the orifice is practically obviated,

SELECTED BOILER. PATENTS.

Compiled by
DELBERT H. DECEKER, ES(., Patent Attarney,
Loaw awp Trust Bummwe,
Washington, D. C.

Readers wishing copies of patent papers, or an
regarding any patent described, :‘hn:-uld;I correspond with Mr. Decker,

875020, AUTOMATIC STOEER. Henry E. Wallis, of
Terre Haute, Ind, assignor to Wallis Stoker & Manufacturing
Company, of Terre Haute.

Claim.—In a stoler of the chain grate type, the combination ;
with a suitable supporting frame, a pair of chain-supporting
shafts journaled one at each end of said frame, an endless chain
grate carried hy said shafts, a substantially horizontal suppert
far said chain grate between said shafts, of means for driving
the shaft at the inner end of the structure whereby the tight
side of the belt will be the live side, a coking plate arranged
abave the chain grate, a pivoted tail-plate forming a connection
between the inner end of said coking plate and the chain grate,
and means for successively delivering small quantities of fuel
to the coking plate. Five claims.

874,423, BOILER. William J. Ogan, of Dayton, Ohio, as-
sigmor to Ogan Mechanical Appliance Company, of Daytan,
Claim.—In a bailer, a shell, a fire tube formed of upper and

further information



94 THE BOILER

MAKER Marca, 1008,

lower curved plates within said shell, one end of said fire tube
terminating in a bell shape, means for supporting said bell end

“'ii]lip the shell, a fire-box to which the other end of the fAre
tube is connected, and a series of water tubes extending across
the fire tube throughout its length, Three claims.

874.470. CIRCULATOR FOR STEAM BOILERS. Edwin
I. Wheeler, of Brooklyn, N. Y.

Claim.—The combination of a boiler provided with a man-
hole having a removable cover, means for securely locking the
cover in place, a rotary shaft extending through said man-

hole cover and having a bearing thereon, an agitator mounted
upon the inner part of said shaft s0 as to be maintained within
the body of water within the boiler. Three claims.

874071. WATER ELIMINATOR FOR STEAM BOIL-
ERS. James Long, of Minot, N. .

Claim—The combination with a boiler and a steam conduit
leading therefrom of a water eliminator comprising a two-part
hollow bulb rigidly secured together, a drip cup in the lower
gection of said bulb having a drain pipe depending into th?
boiler, a perforated dome-like partition in the upper section o
satd bulb, forming a supplemental condensation chamber in the

top of the bulb, a drain tube seeured to said perforated dome-
like partition at a point outside of said perforations and leading
from the lower portion of said supplemental condensation
chamber into said drip cup, an annular deflecting rib on the
under surface of said dome-like partition, outward of the per-
forations thereof, and one or more annular deflecting ribs on
the upper interior surface of said supplemental condensation
chamber. One claim.

875835, STEAM RBOILER SUPERHEATER. Francis J.
Cole, of New York, N. ¥.

Claim.—In a steam boiler superheater, the combination of a
steam header which is divided by transverse partitions into a
plurality of mmmunicaiiuglsteam receiving compartments and
a plurality of communicating steam delivery compartments,
and iz provided with openings or nozzles for the connection
of the receiving and delivery compariments to a steam supply
pipe and a steam delivery pipe, respectively, a plurality of

irs of superheater pipes having their forward portions bent
aterally to communicate with the steam receiving and de-

livery compartments, respectively, and beolts  independently
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connecting the pairs of pipes to the steam header. Twenty-two
claims.

875,340, STEAM BOILER. Francis J. Hickey, of Sacra-
mento, Cal, S

Claim.—In a locomotive tvpe of boiler having internal fire
tubes, a furnace inclosing the rear and lower part of the boiler,
from which furnace the tubes extend, said furnace being made

-

in detachable sections, and removably secured to the boiler
abave the water-line. Three claims.

876,728, GRATE. Jame:s Reagan, Philadelphia, Pa

daim.—In a prate, a plirality of choppers, a plurality of
hiting fire-bars intermediate said choppers, a rocking bar for
said choppers, means for actuating the rocking bar, a con-
necting bar for said lifting fire-bars, and means for actuating
the latter. Sixteen claims,

876,810. FURNACE DOOR. Haze Hamilton Magwire,
Mantpelier, Idaha.

Clatm—A door for furnaces having an opening formed
therein and provided on its rear face adjacent to the sides of

said opening with vertical overhanging flanges arranged in
downwardly converging relation and a hood embodying
straight sides having beaded front edges engaged with said
flanges and an inclined rear portion. Four claims.

- B76p12. FLEXIBLE STAY-BOLT. Harvey A Pike,
New York, N, Y.

Claim.—A stay-bolt structure, eomprising a bolt suitably se-
cured to one portion of a boiler shell and having a head at the
other end of the same, a sleeve-plug fitting the other shell and

having a seat for the head of said bolt, said bolt being een-
trally bored, an independent plug fitting said sleeve plug for
normally retaining said bolt in place, a tube extending from
said independent retaining plug and entering the bare of the
bolt, and a centrally hored screw plug for securing the upper
end of said tube in said independent plug. Twelve claims.
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A WELDED BOILER.

BY CHAS

Having been identified with the boiler making industry for

some thirty vears, the writer noticed in a recent number of
Tae Boorer Maxer a description of the
This immediately awakened a
more of its use as hied to the boiler shop. 5o,
B. M. Brennan, the owner and manager of the Connes
Boiler Works, Bridgeport, Conn., he vizited a local welding
shop to witness a practical demonstration of the art. This

oxyv=acetylene process
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of welding. dezire
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BEWNNETT

inch plate and were punched full size for twenty-five 133-inch
burr side out. The boiler, thereiore, really con-
inches wide the entire length of the

hoiler, and a tube drum in the apper part of the boiler to se-

tubes wath

of a waterleg 2

cure the f heating surface.

great

he edges beveled for an inside
contact, forming a "v" filled with steel of the
ade as the plates themselves in the process of welding.

The plates were rolled and
outside to he

Sdme g

WELDING THE DDOR RING TO THE

appeared to be cleverly done, but, like
“we had to be shown™
was suggested by the writer, and this

demonstration certainky
the men from Missouri,

A design for a boiler
was approved by Mr. Brennan, who furnished and formed the
stock for the sample boler, which 15 shown in the photograph
and whose dimengions are given in the line drawing. The
material used was flange steel of 60,000 pounds tensile strength,
furnished by the Glasgow Iron Company, Pottstown, Fa. The
shell of the boiler 13 4 feet long and 23 inches in diameter;
the furmace about 24 inches long and 19 inches in diameter
A tube drum 23 inches long by 15 inches in diameter 15 fitted
in the upper half of the boiler. All shell plates are made of
guarter-inch steel. The two flat heads for the drum are 5/16

SHELL WITH AN OXVYV-ACETYLEKE

BLOW-PIFE.

After the plates were welded the water space was closed up
with flat rings of 5/16 inch stock placed nearly flush at the
After assembling the
shell and furnace the door openings were 1 the
The door ring of quarter-inch plate was

ends i a manner suitable for welding.

cut out with
oxy-acetylene Hame.
formed of the proper size, 1o by 1T inches and welded, after
which it was set in place and welded inside apd out

The inner drum was assembled and welded in the usual
manner, after which a 1%4-inch pipe flange was welded inzide
the furnace at a point convenient to connect the botlom of
the drum with the pipe for circnlation, also a 1M4-inch pipe
nipple was welded to the shell near the top for a connection
for a hydraulic test. The tabes were placed in the drum and
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expanded and beaded i the or linary manner with an ordinary
cxpander and beading ool : .

A hydranlic test of 240 pounds per square inch applied
the drum proved that the job was perfectly tight and strong.
A similar test of 200 pounds per square inch applied to the
shell section developed slight leakage in certain places, which,
however, were quackls rewelded.
was applicd to all parts of the

A vigorous hammer test

ler while under pressure and
it Tesulted in no perceptible defect or weakness

The guestion of the commercial value of welding as com-
pared with fanging, rviveting aml calking, conld not, in the
writer's opinion, be taken seriously in favor of either side
with the present information at hand, yvet it is verv likely that

for small zhops which do a miscellancous line of work this

15
' ~
]
|
L u
= I+ PIFE
|
| 23" i
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apparatus can be nsed to o good advantage in many ways with
only a small or mode The
points described in this article would certainly not  furnizh

ite cost for shop toels amd labor,

sufficient data as to actnal cast of this process when nsed com-
iTl'El"Ci?l'jl}'. az the design of the boiler, like many others, could
be simplified to leave less welding surface, llowever, formmg
blocks and additional shop labor 15 to he considered.

Plate of 14 inch thickness appears to weld very nicely: no
doubt heavier material could be worked to hetter advantage
with additional heat applied and the resalt would very likely
be a more economical consumption of gas. The writer will
endeavor to keep in touch with this new process of welding
& as to be able to inform the readers of Tne Boer Maker
as to ite practicability and the extent of its use in this vicinity,

The photograph gives a very good idea of the ease with
which thiz kind of work may he performed.  The apparatns

comsists principally of a small brass blow-pipe which can be
casily handled in one hand, as it weighs only about 2 pounds,
Thiz blow-pipe is connected by means of rubber hose or tubes
to the oxygen supply and also to the acelylene generator
Suitable safety valves are arranged to prevent a drop in pres-
sure of one of the gases, causing the other to Al the tube and
cause an explosion. The gases are not mixed until they arrive
at the blow-pipe. The temperature produced by the flame 18
sail to be about 3,000 degrees F., or perhaps more  This
flame iz directed on to the parts to be welded and, as it is
smiall, heats only a small portion of the plates in the vicinity
of the weld, Its high temperature guickly raises the tempera-
ture of the plates to the melting point, and as a small bar of
stecl is held on the junction of the plates, which are being
welded at the same time, this bar is melted drop by drop and
united with the plates, joining them together.

The proportion of oxygen and acetylene can be varied to
ohitain the temperature hest suited to the work. The appear-
ance and character of the flame wvary somewhat with the
mixture, so that it is easv to see just by watching the flame
whetl the best heat is being obtained, This is a peculiar char-
acteristic of the oxy-acetylene flame and one which is not found
in blow-pipes using ordinary gas or hydrogen. M course, it
is necessary to carefully guard the eyes of the operator, since
the flame 15 very brilliant.

Overcoming a Leak.

A leak developed in a horizental tubular boiler at the point
where the feed-water pipe went through the boiler head. The
feed-water pipe was a 134-inch brass pipe, which passed
through the boiler head about 4 inches above the tubes. The
hole for this pipe in the tube sheet was 2 inches in diameter
and tapped for a 1%-inch brass bushing. The pipe extended
14 feet inside the boiler towards the back head and then passed
aver the side and down below the water line. The bushing in
the front head leaked badly, although the boiler was new and
everything should have been tight,

THE FEED-FIPE WAS CLAMPED TO A DIAGHNAL BRACE.

All effarts to stop the leak were of no avail, until finally
the hoiler inspector advised getting two flar pieces of iron,
whieh eould be clasped one end aroond the feed-pipe and the
other aronnd one of the braces, as shown in the illustration.
The brace took off the pulsation of the fecd-water pump, and it
was found that the leak stopped in a short time—X, .
Talles, Chicage Engineer,

A unique method of transporting a boiler was resorted to
in the case of one sent to New Alexica by the Kingsford
Foundry & Machine Works, Oswepn, N. Y. The boiler was
of the cylindrical marine type, designed for 150 H. F., and
the roads were so soft that they would not support wagons
with such a load. By rigging a pipe through the furnace for
an axle the boiler was rolled o miles over and around the
mountains.
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Some Remarks on the Design, Construction and
Working of the Marine Boiler."

BY RICHARD HIRST.

In bringing this paper before the society the writer wishes
it to be understood that it 15 not his intention to put forward
anything novel, but simply give a few opinionz upon the prac-
tice of boiler construction which has come under his notice
during a long experience,

Boiler construction during the last twenty years has greatly
improved, and has permitted the increased pressures now
adopted. The unprovement 15 due to the superior machinery
available, the quality of steel as compared with iron, and the
greater care (aken in the workmanship, punching being now
nearly a thing of the past, and drilling becoming almost the
rule.  In the old days boiler plates were made under the steam
hammer from faggoted irom serap, and as they were small,
a much larger number had to be used in the building of a
shell than is the case to-day. The introduction of heavy rolls
has permitted a greatly increased width of the plates to be
made {s5ome mills being capable of rolling plates 13 feet wide,
and of great length) ; very often a single-ended boiler shell
15 now made with only two plates in the shell. In the early
days of thick shell plates it was the practice 1o heat them 1o
a cherry red before bending, and in many instances the fur-
paces in the shops were not long enough to take in the whole
length of the plate; therefore, about three parts of the length
would first be furnaced and the other part furnaced after-
wardz, One such instance caused a rupture in the shell at the
point where the two heats met; the shell failed under the
water test, and opened out about 3/16-inch the full width of
the plate. Cold bending was then resorted to in vertical rolls,
and with less liability to any twist taking place in the hend-
ing or setting up £traing by unequal heating. The first thick
plates bent cold that came under my notice were bent in
horizontal sgqueezers with concave and convex surfaces, great
care having to be taken by marking off the parallel lines to
avoid twisting, and in order that the butt joints should be fair

On the introduction of the wvertical rolls there was less
chance of twisting, the rolls being set at right angles to the
surface plates; large plates arc very easily handled in most
shops, and the great advantage of doing away with the center
seam and keeping the joints away from the boiler bottom
tends to lengthen the life of the boiler, WVertical squeezers
are now largely used. They permit the curvature being cor-
rectly made right up to the ends of the plate. This i not poz-
sible with rolls,

Where the width of the plate can be made to tale the length
of the boiler, the butt straps are the same length; but in the
case of double-ended boilers it is not g0, and where the points
have to be broken it iz pood practice to fit the straps under
the next strake, taking the first or onter row of rivets in the
circumferential seam. Some makers butt them up close to
the next ring and fit an outside cleat or patch, which has an
ngly appearance. Now with regard to the riveting: the per-
centage strength of the joint should be about egual, but any
difference of strength ought to favor the riveting; 1. ¢, say
the plate has the strength of BS pereent, the rivets should not
be less than 8% percent, care being taken that the holes are full.
A slight fin left beyond the heads, showing that no mdre metal
could be got in the holes, is not an eye-sore, and a sure sign
that long encugh rivets are being used. When riveting shells
under a hvdraulic riveter they become hot at the part being
riveted, and should be allowed to cool by turning the shell,
and the work proceeded with at another part whilst the other
portion is cooling, as by so doing sounder work will result.

* Read before the Mersey Foremen Boilermakers' and Iron Ship-
builders’ Association, Liverpool, England.

Where compensating rings have to be fitted, zll such rings
should be riveted on the shell before the holes are cat out,

All man-hale
in fact, as neat
The plates of the doars should be
sufhciently thick to prevent buckling under pressure. The
load on a 16-inch by 12-inch door at 160 poands is abont [ol4
tons. Where flanged necks and domes are fitted, care should
be taken that the plates are of sufficient thickness to prevent
any hending action

and this often prevents subsequent ruptures
doors should be a good fit in the apertores;

as a paston i oa cyvlinder.

In a caze which came under the writer's
notice, when the valves were being adjusted, the dome moved
on the neck portion quite readily, owing to the thinning of the
plate in Hanging. EBrackets were afterwards fitted to keep the
dome in position,

When drain cocks or drain bolts are Atted, brass plates and
plugs are not good for the plating, as they set up galvanic
action and destroy the shell plating, and have been the cause
of several men losing their lives, The big -headed bolt, fitted
from the inside, made of iron and nutted outside, 15 the best
drain arrangement.

When the end plates are Hanged in the ordinary way, tight-
ness under steam depends upon the flanging and plating
where the lower front, tube and upper plates come together,
Good fitting is necessary.  If theyr coold be turned in a lathe,
good surfaces would be obtained; then if efficiently riveted
in place, less calking will be reguired. End plates are
left with much decper flanges than used to be the practice,
The advantage i= a better attachment, az the circumfierential
seams at those parts are not so near the fave of the ends, and
can be much more readily called,

Flanges for furnace mouths are generally bored out true
This does not prevail everywhere, but thers is no doubt that
it improves the work. Tube plates when being drilled should
have good, smooth surfaces in the holes, and before being
taken off the drilling machine each hole should have a coating
of il to prevent any rust depositing before the plates are
used, The oil must be cleaned off before the tubes are rolled
in. There are now a great number of styles of furnaces in
use besides the original plain ones.  These are made in several
different ways, but the Fox, Morrison and Deighton are first
lap-welded in plain plates and afterwards corrugated in the
rolls. Most of the other tvpes are first ribbed or corrugated,
and then bent in the circle and welded. In passing, I would
remark that the portion to be Hanged should always be taken
from the bottom part of the ingot, and wlen two plates are
taken from one ingot the center or nearest bottom portion is
the flanged end, which, in some cases, is rolled 1§ inch thicker
at that end, to allow for any wasting that may occur in
flanging,

Some boilermakers weld the furnaces to the back tube plates,
whilst others thin the tube plates at that point, more espe-
cially when the bottle-neck furnaces are fitted. As most
of you are aware, some vears ago a great number of furnaces
failed at the back ends at the return flange. The writer was
at that time instructed by the committee of Lloyd’s Register
to wisit the works of the different furnace-makers, with in-
structions to pay particular attention to the flanging process.
It was then found that the radii at the comier and back ends
were very small, to small, in fact, ‘that the blacksmiths, to
get them into the required shape, had to fuller them to such
an extent and take heat upon heat that it was no wonder they
failed and cracked under working conditions. Some of them
were almost cut in two before leaving the several works. This
was not the fault of the furnace-makers, but of the engineers
who designed them. Failures at these particular corners are
NOW & Very TATe OcCUTTence.

More care is taken in the plating of the combustion
chambers, and larger radii are used at the bends of the tops
and sides than used to be the case. In some works, after
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flangimg, the surfaces are either filed or ground at the corners,
and sometimes over the whole of the Banged surfaces, taking
out the hammer marlks, and this brings the two surfaces much
closer together, making sounder work possible,

The combustion chamber bottom plates should always be
amply thick to allow for the wasting at those parts; doubling
platez ghould never be fitted in combustion chamber bottoms,
One caze came under the writer's potice where the inside
plate had buckled considerably between the rivers, while the
lower or steam-side plate had not sltered its curve. The inner
plate got overheated, and the steam had gol between the two
plates and set out the one on the fire side, with the result above
mentioned.

It may not be out of place to describe how the tubes are
made before dealing with the fitting of them, ~ Strips of plates
are rolled the requisite length and width, and are then
bevelled on the edges at opposite sides. They are then
furnaced, and when suffciently hot are brought out and
passed between two rolls, which are each grooved to the half
circle, and work i a vertical position, The leading ends,
i, £, the ends that first enter the rolls, are partly folded in-
wards, and as the tube enters the roll it is received upon a
mandrel, shaped zomewhat like a2 boy's spinning top. The
mandrel iz about & mches long, and is placed just between the
grooved rolls, and into the flat end is screwed a long rod, the
tube being pushed over the mandrel. The weld is then com-
pleted the whaole of the length by this one passage through
the rolls. The tubes are then laid on surface plates and
straightened or turmed, such treatment being all that is re-
quired for making and fairing except cutting for length.

The Serve tubes are made in a similar way to the above
deseription, with the exception that the ribs are rolled in the
plates instead of being left plain. The ribs are on both
gfirfaces until the last passage between the rolls, then the
opposite rib is crushed into its fellow, which leaves omne
surface plain and the other ribbed. The reason that this
method 15 adopted is becaunse it would be impossible to com-
mence at first with the plain and ribbed surfaces unless the
provision was thug made for the surplus material that must
accumilate between the ribz, The plates are then bevelled
an the edges, and treated similar to the plain tubes, only the
mandrel is grooved to receive the ribs. The process is not
as simple as in the case of the plain tube, a number of them
being spoiled when they were first being made by the men
failing to catch the fibs direct into the grooves in the
mandrel, Before fitting tubes into the boiler some firms
grind the scale off both ends at the fitting parts, which 15 a
good thing, bringing the surfaces closer together than would
be if the scale was left on. All plain tubes should protrude
sufficiently far through plates to admit of them being driven
back when it may be necessary beyond the face of the back
plate, Some makers bead them at the back ends, and others
leave them plain. It iz a matter of opinion which iz the hest,
but when headed ever there is less surface for deposit,

Stays are now almost all made of steel. Tt is the writer’s
opinion that good iron is the best material for the screwed
stays, but for the large stays steel 15 best. Less diameter,
and, of course, less weight, is necessary than if made of ron.
Taking first the large stays, it was difficult to keep them tight
under steam when first high pressures came into practice, and
very often they were screwed into both end plates.  Again,
‘the holes were slightly countersunk, lead rings and cement
filled in underneath the nuts, but what did more to prevent
the leakage was the setting hard up of the inside nuts he-
fore tightening up the outside ones. Perhaps the best bar
stays are those with the ends crushed up, the bottem of the
screw threads being the same section as the body of the bar,
care being taken that the inside nuts will slip along the bar
without a great amount of dressing. Care should alse be

taken in screwing the ends, as, unless the dies are good, steel
crumbles and will not close the same as iron, very often
leaving broken threads. Iron iz, i my opinion, better than
steel for the smaller stays, because I consider they are less
liable to snap suddenly. They have a longer life, and the
carrosion in iron is not so short and acute as in the case of
steel, With the drilling and screwing machines now in use
better work is done, and nothing looks better than even
length of stays and protuberance not more than a thread
through the nuts. Scme firms insist on a very small hole
being drilled in the end of the stays just beyond the thickness
of the plates, as this acts as a tell-tale when the stay gives
way; but, of course, all such work costs money. Girder stays
should be fitted sufficiently eclear of the tops and made to
take both vertical and crown plates at the same time, and
not project beyond the thickness of the vertical plates,
where they prevent scaling by the overhang. When the boiler
i5 subjected to the hydraulic test, care should be taken
te let down the load gradually in pounds as it was put on,
and not to take it off in tons, more damage being done by
such sudden lightening of the load than twice the working
pressure will ever cause. When subjecting boilers to test
after repairs, one and a half working pressures is sufficient
test to find any defective work that may exist Where the
prenmatic calking machine can be wused, neater work can be
done; but with good plating less calking is required, and the
less the better.

Double-ended boilers, to suit certain conditions, are still
frequently used, and are quick generators of steam;: but in
the past they have not been altogether a blessing, racking,
a5 they do, the furnace ends, especially when the combustion
chambers are common, causing the landing edges of the seam
to crack from the rivet holes, and the flanges at the
furnace ends to split. Separate combustion chambers are,
the writer's opinion, the best design, and less liable to ruptufl:
at the parts mentioned. When the end plates are fanged out
the heel of the flanges should be zet back: tighter work is ob-
tained, as the plates are easily closed under the riveting ma-
chine.

With regard to double-ended boilers, when the punching
of shell plates was general, and the pitching of the riveting
fiot so carefully thought out, the plate section was often re-
duced to such an extent that the shell of these boilers very
often split between the rivet holes, several such cases having
come under the writer's notice. One instance was where the
crack extended & fect 3 inches circumferentially, and was re-
paired as follows: The rivet heads of the original seam
were left in, but cut off flush and closed as far as possible, and
the square edge of the landing bevelled away; a large joggled
plate curved to about an inch less radius than the boiler
bottom, lapping the seam about 1 foot each edge, was fitted,
with a single row of rivets at each edge about 4 inches E:iwh,
and when fitted it was pumped up with a solution of boiled oil
and lead. The boiler bottom was not otherwise disturbed.
By cutting out the defective plate the bailer would have been
considerably weakened.  Such repairs have never given trouble
exeepting where the hottoms have been cut out. Front and
back end seams when flanged outwards often waste through
leakage, and can be made tight if sufficiently high to get a
blow at the rivets, First cut out the original rivets and dress
the edges of the plates as far as practicable, and then bend a
rovind bar the same diameter as the thickness of the end shell
plates to the same radius as the boiler; Aange the plate to the
shape of the molded bar, thus stepping the rib of the seam,
and make the plate sufficiently wide to talee hold of the bailer
bottem and end plate—say for a distance about 1 foot ver-
tically on the back end, and the seam longitudinally on the
shell. Longer rivets will be required, but the new rivets in
the patch will form part of the eireumferential seam. Smaller
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rivets can be used at the edges of the patch, and this has been
proved an effective repair. When the ends are fanged inward
i the ordinary way, and wasting of plates and rivets has taken
place, making it necessary to cut out the fronts, scarphed land-
ings are better than bull straps, and should be double riveted
if possible. The wasting of front ends is usual in boilers
placed too low, through the cooling out of ashes when clean-
ing fires, the flanged plates being more vulnerable to corro-
sion than plates which have not been worked in the fire
Wasted rivets in the bottom of the circumiferential seams are
often found to be worst at the back of the seams, the heads
facing the man-hole being as good as the day they were put
in. This is caused by heavy iron rakes being drageed over the
heads when the dirt and deposit are being cleaned out, and,
therefore, wooden rakes should be vwsed. It must not be for-

gotten, however, that one great advantage of the Scotch boiler,

15 the room in the bottom for deposit.

! We fnd furpaces pitted the worst at the line of the bars.
This is due in some instances to narrow water spaces, but very
often to neglect in keeping them clean, causing them to crack.
Doubling used to be common in such cases with plain furnaces,
and this not only increased the liability to further cracking,
but always meant renewal of furnaces. Where half-angle
bars are fitted too high and the ends come into the bed of the
fire the same thing happens. The furnaces split away from
the rivet holes of the angle bars, Where it is possible to
repair a damaged plain furnace the patch should be Atted
on the fire side, so0 that when it is renewed in most cases the
same size of patch will do. When they are fitted on the
steam side the landing edge of the furnace iz burnt away, and
thiz means a bigger patch at each repair, Few of the patent
furnaces can be repaired with any satisfaction.

Combustion chambers waste more at the bottomsz and
lower back ends, and this is due to the deposit left in when
the boilers have been blown down. Instances have occurred
af such wasting, due to the feed-water impinging on the upper
backs and s=ides, and frequently around the necks of the
stays small cavities of corrosion will often be found, It has
often occurred to the writer that a great deal of this corrosion
could be prevented if the combustion chamber bottoms were
cleared of the hot deposzit when the boilers were blown down
or run out. Grooving is sometimes found at the landing
edges of combustion chambers, and one such casze recently
wat the cause of all the combustion chamber having to be
entirely renewed. The deep center hoxes were fitted in three
plates, and the wings in two at the backs, whilst the sides
were fitted in two plates, and the bottoms each with one
plate, care being taken that the landing edges of the riveted
seams were placed 5o as not to catch the fame. Every
screwed stay was renewed, These repairs were done without
taking out any of the furnaces or tubes, the boilers being
single-ended. In another case of repairs to a double-ended
boiler which had been leaking so badly that the vessel was
towed in from sea, the writer found the flanged corners at
the furmace ends sprung to such an extent that he could
insert his fingers. The firebox was common to both ends,
and all the rivets at the sides were leaking, and a great
number loose. The tube plates were buckled and the tube
holes oval, some of them 34-inch, and the crown plates were
buckled. This case was repaired by cutting ecut all the tubes,
rivets, crown stays and plates, the latter being badly buckled.
Spectacle tube plates were made with hales larger than in the
original, and all the holes in the tube plates were faired. This
was done to prevent the rosehits getting away from the truth.
The crown plates and all the riveting were renewed, as were
the ordinary and stay tubes. The repair was done without
cutting out the furnaces,

In the raising and lowering of steam pressures, time and
.care should be taken. All grease and fatty matter should

e prevented from entering the bailer, and all scale-preventing

and cleaning compounds avoided. Leakage, be it ecver 5o
small, often gives trouble, and the writer has a case in mind,
when the compound engine was first introdoced, of an able

engineer who had been used to the jet condensing engines
having drilled small hales, about 3/16-inch diameter, opposite
the port in the blow-down eacks, By so doing he thought to
avoid scumming by opening the cocks in the usual way. The
result was that, at the end of a long voyage, he found the
boilers just like zalt pans, and all the backs buckled and the
tubes leaking. In another case six Cornish land boilers,
which were fed from a tank into which several factory engines
exhausted, the furnace of the one nearest the tank collapsed
with 10 inches of water in the glass. When the boiler was
blown out nothing but a fine dust was observable. The
boiler was put inte wse again, and the furnace collapsed as
before. It was then decided to cut off the feed tamk, with
the result that there was no further trouble. This clearly
proved that the fine dust which was first seen must have been
highly charged with grease. The majority of cases where
furnaces have collapsed are due to greasy deposit, and in
many instances have occurred after the boilers have been under
banked fires. They are caused by the grease settling on the
furnaces, which had previously been held in suspension when
under steam. It is the writer's opinion that frequent wash-
ing out of boilers, the use of zinc plates, common soda; and
sometimes a small quantity of lime, will keep a boiler healthy.

Fatches have recently been fitted to boilers by means of
welding, known as oxy-acetylene process, Mr, Ruck Keene,
a colleague of mine, has read a paper on the system. This
form of repair may accomplish what ordinary calking can-
not cuare; but, iIn my opimon, boilers treated by such a
process must always be regarded with a certain amount of
guspicion, and should be kept under verv careful observation.

Renewing Tubes in a Horizontal Tubular Boiler.
BY J. E. SEXTON.

While the renewal of boiler tubes is properly the work of
the haller maker, the engineer who knows how to and can do
it 15 just so much more valuable to the emplover. The pur-
pose af this article is to describe the method employed by the
writer, together with the tools required.

First, it is essential to place a distinguishing mark on the
front and rear heads to show which tube is to be cot out, asing
chalk or soapstone for the purpose, and the best way to make
sure that the helper at the other end of the boiler marks the
same tube that you do is to run through a strip of wood 4 or 5
inches longer than the tube. As such a strip is of use farther
along in the process T make a length of 74 by 2-inch pine to
serve bath purposes, Next, with a hammer and a heavy cape
chisel having a wide cutting edge, which is less liable to cut or
mar the boiler (see Fig. 1), face the beads on both ends of the
old tube until they are fuszh with the heads of the bailer,
Then, at the front head, with a diamond-point chizel such as
iz shown in Fig. 2, cut a slot or channel, /16 inch wide, in
the bottom of the tube extending inward to about 34 of an
inch beyond the inner edge of the head, making sure that
the groove iz cut in the tube only and that the head is not
cut or even marked by the chizel. Do not drive the chisel
clear through the tube, either,

With an offset chisel, Fig. 3, carefully turn up the edges of
the tube at both sides of the cut, until the tube-end rezembles
the condition shown in Fig. 4, when it will be found that this
end of the tube has been released from the head. In cutting
the slot, ezpecially after the cutting edge of the chisel has
gone beyond the thickness of the head, if the chizel is allowed
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to go through the tube it will be the source of considerable
trovble, as it will cause the tube to spread. Hence, st this
point extreme care must be used.

If a tube is corroded and muddy, it will be harder to re-
move and the method will have to be changed somewhat.
Considerable force is required sometimes to remove such a

tube.  Instead of oue :lot in the bottom of the tube, two are
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cut, about 34 of an mch apart, and the offset chisel is used as
before, except that the 3g-inch piece 15 turned up until it looks
like the letter C, with it back toward the front of the boiler.
Then proceed as before, turning the edges of the cut upward
as far asz they will go. A hook on the end of a chain or rope
may then be inserted in the loop formed by the C-piece. This
takes care of the front end.

At the other end of the tube insert the end of a piece of
shafting about 1o inches long and a little sinaller in diameter
than the outside diameter of the tube. The end of this shaft-
ing should be turned so that it will enter the tube about one
inch, with an easy fit, and by giving a few taps on the outer
end of this improvised mandrel the tube will be loozened at this

rig, 4.

end. Then, by working the tube backward and forward it can
be released altogether,

The next step is to mark the new tube so it can be cut to
length. Insert the 7§ by 2-inch piece of pinc into the holes the
old tube came out of until ene end of the strip extends through
the rear head about 5732 of an inch., Haold it there and pro-
ceed to place a mark on the end extending from the fromt
head s/32 of an inch from face of the head. This gives the
proper length to which to cut the new tube. Then, while the
tube is being cut to length, take a half-round second-eut file,
or a finish-cut file, and carefully smooth up the heads around
the holes, removing any marks or cuts which may have been
made in taking out the old tube. This is to prevent fu-

ture leaks. Next, push the new fubes into place and
station the helper at the rear end with a tube ex-
pander, being sure that the ends of the tube are equidistant
from the heads, It iz advisable to inzert oue end of an 8-foot
section of I-inch pipe in the fromt end of the tube, for a
distance of 1z inches or so, and exert a downward pressute
on the lever so provided to prevent the tube from turning
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while the rear end is being expanded. As soon ag the tube
is tight at the rear end, proceed to expand che front end.

A self-feeding expander, Fig. 5, will give good results, es-
pecially if a ratchet wrench is used to turn the spindle, for
otie can tell by the feeling just when to stap expanding, A
raonkey wrench will do, however, if a ratchet wrench is mof
available.

The beading comes next. This requires a special tool sim-
ilar to that shown in Fig. 6. Place the long prong of the tool
inside the tube, with the short prong pressing against the
tube-end. Then bead the tube-end thoroughly throughout the
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circumference, for if it 12 only beaded here and there it will
prove very unsatisfactory. When both ends are beaded, use
the expander lightly in each end once more, to remove the
marks made by the beader.

If both hand-hole plates are tight and the blow-off valve
works O, K., fill the boiler with either hot or cold water until
the tube is covered, and if the tube does not leak water it will
hold steam, and the boiler iz ready to put into commission.
If the tube leaks, re-expand it very lightly. Ordinanly, a
man and helper can renew a tube in an hour with ease,

—FPover.,

Layout of a Double Angle Pipe from the same
Miter Line.

BY JOHN E. LAKDIE.

First draw the plan with an angle of 38 degrees, 48 inches
off the center and 116%% inches long. Now project the elevation
with a rise of 30 inches, with the center of the miter line in the
same plane as the center of the miter line in the plan.

Place the miter line of the clevation A as at 4°, so that the
points I-g are in the same line as 1-g in the plan; then project
the lines up in the plan until I intersects I, 2 on 2, 3 on 3, etc.
Where these lines meet gives the line of intersection. Now
we can lay off the patterns for both end sections.

Space off the sheet into the same number of parts as the
circles. Draw lines from the line of intersection over to the
pattern.  The other line of intersection B is found in the same
way as A.

Mow we will find the true length between centers of the miter
lines, as both the plan and elevation are foreshortened views.

(6a)® 4 (48)° = 3,600 4 2,304 = 5004.
v 5,004 = 7681 inches,
This gives the length of the plan,



Apwir, 1008, THE BOILER MAKER 101

Now we will find the length of the elevation. elevation, The details of the remainder of the layout are
(70.819% 4 (30)° = 5004 4+ oo0 = 6,504 clearly shown in the drawing.

VEBas = 825 inches as the length of the  Of course the main difficulty with this layout is the proper

center part between centers, location of the lines of intersection at each end of the plan

DETAILS SHOWING CONSTRUCTION AND DIVELOFMENT ©OF TIE PATTERNS FOR A POURLE-ANGLE FIPE

By reference to the drawing it will be seen that the numbers  view of the pipe.  After these lines are located the develop-
liave heen moved around half way. This is done to bring the ment is carried out in the ordinary manner-for cylindrical
high part in line with the lowest part, or so that they would — surfaces. Care must be taken to keep each line numbered or
be in the same relative position as they were in the plan and  lettered with the same character in each view,
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Estimating the Cost of a Small Scotch Boiler,

BY JTAMES CROMBEIE.

In the March number of Tne Boier Maxer the writer
described the method of estimating the cost of repairing a
small Scotch marine boiler in which the crown sheet and back
of the fire-box had buckled, due to low water. It was found
that ta make the necessary repairs would require an expendi-
ture for material and labor amounting to $135, and that after
the repairs were made the boiler could be allowed only 43
pounds workmg pressure,

In the present article an estimate is made of the cost of
building an entirely new boiler of the same dimensions but
capable of carrying 125 pounds workimg pressure. The bailer
is 42 inches in diameter, 84 inches long, and contains one fur-
nace 22 inches in diameter and twenty-three 2%4-inch tubes,
The segment of the heads in the steam space is braced by two
2t4-inch throogh stays. The top of the fire-box is stayed
from the shell of the boiler by stay-holts,

The first thing to do is to find the thickness of shell plate
necessary to withstand a working pressure of 125 pounds per
square inch. The British Board of Trade and the Canadian
Marine Rules, which are almost identical, give the following
formula for the strength of a cylindrical boiler shell :

Where I = inzide diameter of the shell in inches; ! =
thickness of shell plate in inches; fi = tensile strength of the
plate in pounds per square inch; F = safe working pressure
of steam in pounds per square inch; £ = efficiency of riveted
joints (the least to be taken) ; F = factor of safety.

PYD¥%F
Then't =
s 2 E
Assuming a double riveted lap joint with an efficiency of

125 > 4= X §
7o percent and a factor of safetyof 5; thenf—=———
2 x Bo000 % 70
= 3125, or 5/1% inch,

If the holes are all punched small and afterwards reamed
out fair, the plates taken apart and burrs removed, then a
factor of safety of 4.3 may be used. In this case the working

2% 3125 3 D0,000 % .7
pressure P = —
42 X 4.5

The boiler would be allowed 125 pounds pressure if -34-inch
plate were used with double riveted butt straps; but in this
estimate 5/16-inch plate will be uzed with a lap joint.

The size of the shell plate can now be determined. Its
width, of course, is equal to the length of the boiler, 84 inches,
Its length is equal to the cireumference of a circle the
diameter of which is measured ta the center of the thickness
of the plate. The inside diameter of the boiler is 42 inches,
and the thickness of the plate is 5/16 inch. Therefore, the
mean diameter is 42 5716 inches, The circumference cor-
respanding to this 42 5/16 % 31416 = 132 15/16 inches.
Allowing 4% inches for the lap and waste in trimming, the
actual size of the shell plate is 13274 by Bg'4 by 5716 inches,
The weight of a cubic nch of mild steel s 2833 pound
Therefore, the weight of the shell plate equals 137.5 = 84.5 =
3125 w2833 = 1020 pounds,

Having determined the size and weight of the shell plate,
the next item 15 the furnace and the main flue. The Canadian
Marine Rwmles on furnaces and flues are as follows:

[

Working pressure = —————

i o Tl 4

Where f iz the thickness of the furnace in inches; L the

— 1388 pounds

length of the furnace; I} the diameter of the furnace, and
a constant determined as follows:

= go,oo0, when the longitudinal seams are double riveted
and htted with single butt straps, or single riveted and fitted
with double butt straps; O = 65,000, when the longitudinal
seams are lap jointed, single riveted and heveled; © = oo,
when the longitudinal seams arc lap jointed, single riveted,
punched and not beveled,

Ten percemt should be added to the result given by the
above formula, providing it does not exceed that found by the
following formula :

o000 3 thickness of plate in inches

Outside diameter of flue in inches,
As the furnace in the boiler for which we are giving an
estimate is only single riveted, and not beveled, the constant
will be fio,oo0, Using a plate 33/64 inch thick for the furnace,

60,000 ¥ (33/64)°
= 110

we find for the working pressure
(a5 4 1) X =22

pounds, Adding 10 percent to this gives'127.6 pounds as a
working pressure.  As we are building a boiler to withstand only
125 pounds, it will be seen that a furnace or main fue 33/64
inch in thickness will be sufficiently strong.  Other rules will
probably not require such a thick plate, and as it 13 desirable
to have the furnmace wall az thin as possible consiztent with
strength, it would be better to use a 7/16-inch plate for this
purpase,

The size of the furnace plate would be 72 by 65 by 7/16
Therefore, its weight would be 72 % 65 » 4365 ¥ 2833 =
580 pounds.

The back head before flanging iz 47 inches in diameter by
5/16 inch thick. Therefore, its weight would be (47)*
B34 ¢ 3125 X 2833 = 154 pounds. The fronmt head is also
47 inches in diameter, but would be 3§ inch thick. Therefore,
its weight = (470" % 7834 % .375 » 2833 = 185 pounds
The tube sheet is 41 by 32 by 34 inch, and would weigh 130
pounds. The back of the fire-box is 41 by 32 by 5/16 inch,
and would weigh 116 pounds. The sides and crown of the
fire-sbox could be made from a plate 114 inches long and 15
inches wide by 5716 inch thick, which would weigh 151 pounds.
The total weight of plate uzed in the boiler may now be
summed up as follows:

Pounds.

]| T2 I T SN 1,020
IR b s S G R e R S T S =80
Back:end of boiler: bl sy TR
Eront ot B e Dy e 185
T i orm e s m e e e R BT )
| ZE T I T T et S I e
© Bides and crown of fire-box. .. ... 000000 151
AT i e e

It will be noted from the illustration that in the ornginal
botler on which repairs were made there were only two
through stays supporting the heads in the steam space. The
total area to be supported in each head s 220 square inches,
or 110 square inches per stay.  IL 18 now necessary to find what
working pressure these stays are capable of withstanding. The
formula for the working pressure of a flat surface stayed at
regular intervals is:

ST i S )
e o
5§ —6

Where ¢ = thickness of plate in inches; 5§ = surface sup-
ported by one stay in square inches: P = working pressure in
pounds per sguare inch; C = a constant (in this case 125).
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Substituting as follows m the above formula we have: $250. As there are seventy-two lioles to be punched moeach
entd of the shell plate, and sixty-live for the lomgitodinal zeam,

125 (16 % 3195 L 1)F

= 43 pounds working pressure per
10 — G
square inch; 43 pounds per sguare inch s then the highest
working pressure that could be carried on the old bailer after
it was repaired, unless additional stays were placed in the
steam space.
Solving for 5, the area to be supported by one stay at 125
125 (16 3 3125 4 1)°
pounds working pressure, we find § = — —
125 4+ O
+ 6 = 42 square inches. The diameter of the stay rod may be
found from the following formula
Let d = least diameter of stay in inches; { = area supported
by one stay in square inches; P — working pressure in pounds
per square mch; K — constant; f = =afe stress allowed on
ome stav in pounds per square inch.

the total number of holes to be punched in the shell plate is
274.  The punch would average about five holes per minute,
so that the plate could be slung and punched in one hour,
Cost, one puncher one hour at 17 cents ;) two helpers, one hour
each at 15 cents; total, 47 cents. Shearmg the inzide of the
lap joint, turning over the plate, heveling three edges in the
Bevel shears, turning over the plate agam, thinning out two
mside corners of the plate at the fire, and then rolling up the
plate would take one boilermaker an hour and a half at 24
cents per hour; two helpers one hovr and a half each at 13
cents; total cost, 81 cents.

In the furnace plate there are 140 holes to be punched, which
would take one puncher one-lialf hour, two helpers one-half
hour each, making a total cost of 2334 cents.  Beveling the two
ends, thinning out two corners of the plate at the fre and
rolling up would take onc hoiler maker ane hour; two helpers
one hour each; making the total cost 54 cents,

- 22 T
o T

L

S ALL SIMGLE FURMACE 3COTCH NOTLER,

Loz
B,000

orho  01gh  oI40
4,300 5000 5500 G000 7,000

Wrought iron stays, made from solid bars, which have not
been worked in the fire, are allowed a stress of 7,000 pounds

Value of £ = 0108
i

0135 0130

£500

Therefore, from the preceding table, K = w0135 The
formula is d = K = v P % A4 Solving, d = 01335
¥ 125 3 42 = 078 inch.

Therefore, the least diameter of the stay, or the diameter
at the bottom thread, must be as great as 078 inch. A 1%4-inch
screw stay, seven threads to the imch, is 1,067 inches in diameter
at the bottom of the thread. It would be necessary to use five
of these with double mits and washers, the washers to be at least
three times the diameter of the stay and two-thirds the thick-
ness of the plate. Stay bars, 114 inches diameter, 3614 feet long
at 4 pounds per running foot, would weigh 146 pounds. The
balance of the total cost of the material for the botler s,
therefore, as follows:

146 pounds of stay-bar iron at 2 cents a pound........ $2.08
10 pounds of nuts and washers at 214 cents per pound.. . 25
12604 feet, 2045-inch diameter, tubes at 15 cents per foot. 1808
110 pounds of rivets at 314 cents per pound............ 3.85
&2 stay-bolts {70 pounds) at 2 cents per pound........ 140
3 handhole doors with covers............0000 e 300

3 gaskets for handhole doors.....ooooiii i .30
2,354 pounds of plate at §2.10 per hundred pounds..... 4043

Total cost of material for new bailer, . . ERoa3

We will get an estimate of the cost of 11hmr hy t.J-LI-HL up
each operation in turn and fnding how many men will be
required to do each part of the work and how long it will
take them.

In the first place, laying out the boiler would take one layver-
out about ten hours, and at 25 cents an hour this would cost

The plates for the heads are each 47 inches in diameter.
Therefore, they can be fAanged in one heat. The inner tube
sheet and back of the fire<box can also be fanged in one heat;
all four plates being finished in three hours, including changing
the dies, or formers. The men required would be one boiler
maker at 24 cents an hour; three helpers at 16 cents an hour
each. Therefore, the total cost for three hours' work would
he $2.16, The front end and tube sheet are then marked for
the furnace holes, Punching the furnace holes would take
one puncher half an hour, and two helpers half an hour each;
making the total cost 2384 cents, The front head and tube
sheet then go back to the Hanger, and the hole is flanged in
each plate in one heat ) the time for Banging out furnace holes
would be one boiler maker an hour and a half; three helpers
an hour and a half each; total cost, $1.08

Punching seventy-two holes around the flange of each head
and also the holes around the flange of the tube sheet and
back of fire-box, as well as all stay-balt holes for Zg-inch stay-
bolts and three small hand holes, will take one puncher an
hour and a half; two helpers an hour and a half each; total
cast, jols cents, Drilling forty-six pilot holes and cutting out
forty-six tube holes for 2l2-inch tubes will take one helper
eight hours, at 17 cents an hour; total cost, $1.36. Fitting the
tube sheet on the furnace and fitting out the fire-box will take
one boiler maker twenty hours; two helpers sixteen hours
each; making a total of $0.60, Reaming rivet holes will take
twao helpers five hours at 15 cents an hour ; total cost, $1.50.

Riveting in the front head and the lap joint of the shell on
the bull machine would take one handy man two and one-half
hours, at 20 cents an hour ; one helper two and one-half hours,
at 16 cents per hour; and one boy two and one-half hours, at
10 cents an hour, Riveting the lap joint of the furnace around
the flange of the imner tube plate, one handvy man an hour
and a hall; ene helper an hour and a half; onc boy an hour
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and a hall. Riveting the sides and top of the fire-box Lo the
tube sheets, and alzo riveting up the furnace mouth and back
end of the boiler after it is in place would take one handy
man twoe and one-half hours;
;oone boy two and ene-half howrs.

ong helper two and one-half
The total cost, there-
fore, for hydraulic riveting would be $2.90.

Riveting the back of the fire-box by hand: two boiler makers
three hours each ; one helper three hours; one boy three hours;
total cost $2.22. Drawing the furmace into the boiler, bolting
up, etc., will take a boiler maker five hours and a helper five
hours; total cost, $1.05

The stay-bolt work includes tapping of stay-bolt holes, run-
ming in the stay-bolts, setting them and eotting them off, and
would regquire two helpers e¢ight and one-half hours each, at
1 cents an hour; making a total cost of $292  Riveting up
the stav-bolts would take two boiler makers nine hours each,
and one helper mine hours ; total cost, §5.76.

Getting the new tubes from the store room and grinding off
the sharp edge from one end of each tube would take a boy
about an hour and a halt, costing 15 cents. Inserting and ex-
panding the tubes would take a boiler maker ten hours at 29
cents an hour, costing $2.40. Inzerting five through stays in
the steam space would take a boiler maker four hours at 24
cents an hour, one helper two hours at 15 ecents an hour;
making a total of $1.26.

The remaining work on the boiler includes calking, which
one bailer maker could do with an air hammer in ten hours,
at a cost of $2.40; testing the boiler with hydraulic pressure,
requiring two boiller makers seven hours each at 24 cents an
hour, at a total cost of $3.36; also in the stay-bolt work no
account was taken of the time necessary for heading and
threading the stay-bolts and stay bars. Heading the stay-
holts in a bolt machine will take ene handy man half an hour
at 22 cents per hour, at a total cost of 11 cents; and thread-
ing the stay-bolts and stay rods would take one handy man
two hours at 18 cents an hour, at a total cost of 36 cents

Having determined the number of men required, the time
taken and the cost of each operation in building the bailer, we
can now tabulate the total cost of labor as follows:

hours

Laying omt.. ; fz2.50
Funching 5I1-.-:l1 p[atc .............. A A7
Flaning and rolling shell plate............. 1
Punching the furnace plate......... Kol 2334
Flaning and rolling furnace plate.......... 5
Flanging heads with the hydraulic press, . .. 2,16
Punching furnace holes. . .............. 2334
Flanging furnace holes.................... 1.08
Punching rivet holes in fanges of heads. SFoLs
Bl tiobe heles o s e anaiiae 1.36
Fitting up the fire-box. . ... ccovnovan 000
Reamuig -towet bioles. ..o .. 1.50
Riveting, hydraulic machine. .............. 2.0
Ravetinip b hand - cerem s e v iyt 2.22
Fitting the furnace intg the shell ... ..., .. 1.05
Tapping holes and |—I.'|.1.'iII|.{ stav-bolts. ... ... 2.72
Riveting stay-bolts. . R T s.70
Grinding tube ends. S AT S A i
Inserting and exp: mdmg l.111:|es ............. 2.40
Fitting up the through stays............... 1.26
gl e s e S 2.40
Testing 3.36
Heading imy-bolfs AT
Threading :\-1.-"!].'5--.-.-.-.-...-... ......... K]
Total estimated eost of labor... .. ... $46.8714
Total for material. ... Bo.15
Total for material and labor. . ......... 212701

Coe bundred and twenty-seven dollars and one cent repre-
sents merely the cost of material and labor in the boiler, and
makes no allowance for depreciation of machinery and other
fixed charges. In this case 3o pereent of the cost of material
and labor will be taken as the amount of fixed charges. This
might vary in different shops depending on the kind of equip-
ment which the shop has, the facilities for handling material,
etc.

Thirty percent of $127.01 = 38.10; $127.01 ¥ 38.10 = f1bs.11,
the cost of the boiler. To this must be added a certain per-
centage for profit to get the zelling price to be quoted to the
purchaser. Allowing 1o percent for profit, the selling price
would be $181.62.  Therefore, the price quoted for the boiler,
exclusive of mountings, such as valves, up-take, etc, would
probably be $18s.

We found in the article which was published in March that
the eost of repairs for this boiler would be $135, so that the
difference in the price of the estimates for repairs and for an
entirely new boiler is only $50 in favor of the repairs. Further-
more, it should be remembered that even after repairs are
made we still have the old boiler, and it is capable of carrying
only 43 pounds working pressure, unless extra stays are placed
in the steam space. Evwven then it would not be allowed 1o0
pounds working pressure, while with the entire new boiler at a
cost of only $50 more we have a boiler which could have 125
pounds working pressure,

Explosion of a Thermal Storage Tank.

Cm Dec. 20, 1006, a thermal storage tank at the works of the
South Metropolitan Electric Lighting & Power Company, at
Greenwich, England, exploded. It was one of four similar
drums, and the circumstances were so remarkable that, after
the coroner's mquest on the bodies of two men who lost their
lives, the matter was adjourned until further light could be
thrown upon the accident by scientific examination of the steel
of which the drum was constructed.

The drum was made by Babeock & Wilcox, and was one of
a pair connected with one of their boilers; it was used in the

Shauider causing
indentation.

Atind
Snag

g af Rivetfer
Leg of Rivarter

“THE TKDENTATIONS WERE CAVZED TV TINE
RLIND ENAF ON THE EIVETER,

usual way for supplying hot feed to meet the peak load, Tt
was § feet in diameter by 22 feet 6 inches long. It had dished
anid fanged ends 25 inch thick, riveted into the barrel, which
was 34 mch thick. Near the right-hand bottom side of one
of the drum ends, and right at the knuckle of the flange, a
slight leakage of steam hecame evident after the boiler had
heen at work only a few weeks, The leak, on examination, was
found to issue from a hair crack 2 7/16 inches long, which was
not considered serious by varions persons who examined it
It was, however, nnder nhservation, and whilst a boiler in-
spector was examining it the end was blown out of the drum,
and the drom ilself was projected o5 vards backwards, de-
molishing two walls in its flight. There were 3 feet of water
and 160 pounds pressure in the boiler at the time, The frac-
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ture took place circumferentially through the dished end at
the knuckle of the flange, and thus a-complete disc was blown
out. On examination by the Board of Trade inspector the
opinion was formed that a circumferential crack had existed for
some time, The end plate was cut in two, and one part was
gent to the National Physical Laboratory for complete ex-
amination and test, The end of another sound drom was re-
moved by the makers and also subjected to tests.

The exploded end plate is remarkable on account of the
fracture, and because of a series or “chain” of indentations, as

Smaitgr Indent ablong

‘._,_,.--F.I"d‘ll"ﬁ urg
Chain of Indentations uf Loy
desp and aif rownd plate.

FIG. 2.—RELATIOR OF FRACTURE T0 INDENTATIONS
they were described, which exists all around the plate at a
short distance from the knwckle: their position i section
through a single indentation 13 indicated i Fig. 2, and they
were deseribed as being up e about 1 anch diameter by 1% inch
deep.  The adjacent indentations in many places touch each
aiher

At the Board of Trade examination Mr. Bewden, chief en-
gineer to the Electricity Company, zaid that the boiler had
been tested to 230 pounds hydranlic pressure, and put to work
in August, 1906, There were never any symptoms of tronhle
with water hammer., When he examined the erack in the end
plate 1t appeared to be about 33 inch long, but later, when a
microscope was brought to bear, it was found to be 2 7/16

FiG. 3.—END OF TANEK,

EHOWING RAGIED EDGE OF FRACTURE.

inches, 1t was extremely fine, and wasg evidenced by a small
leakape of steam from it, On examination on the day follow-
ing the explosion he observed that about half the fracture was
dizeplored, from which he deduced that a crack on the inside
of the plate, and extending possibly half way through, had

existed for some time; he conld give no idea how long.  There

were Lwo kinds of marks or indentations on the plate. One,

oceasional marks, probably made by the rivet snap. to which he
attached no importance ; and the other, the “chain of indenta-
tions,” which he did regard as important, becanse he thonght
the metal must be distressed locally by the means producing
them. The opposite drum head, which had been turned nearly
nside out by impact with brick walls, showed similar marks,
but he thought they were less severe, Ar. Bowden expressed
the opimion that in the course of manufacture it was found
that the end of the drum did not fit the barrel, and the Hange
was pressed or worked ont cold to the required diameter.

FiG, d.—HEAD OF THE TARK WHICH WAS TORN OFF.

Mr. Kolle, assistant engineer to Babeock & Wilcox, said that
out of a total of 3,605 drum ends, only .57 percent developed
any defect during dishing, and practically all 'such defects were
dizscovered before the ends were riveted into the drums. He
judged by the appearance of the fracture that the ruptured
plate was brittle. He took this view from the crystalline
formation of the metal at the break, and the fact that a crack
nearly five-eighths of the circumference had, as shown by dis-
coloration, existed in the plate for some time prior to the ex-
plosion.  He naoticed the cham of indentations, bt did not con-
sider them of importance in connection with the explosion.
The steel uzed for the drums was specified to have a lensile
strength of between 24 and 28 tons, with a minimum elongation
of 20 percent in 1o inches, and Lloyd's found actually a tensile
strength of between 260 and 271 tong with an elongation of
25 percent. The tests were, therefore, eminently satisfactory.
Mr, Kolle said that, in hiz opinion, the chain of indentations
was produced in the hydraulic riveting-press hy the shoulder
of the snap head, and whilst they showed some crushing and
distortion he did not think the damage was sufficient to affect
the plates detrimentally. At the other end of the same drom
he had found similar indentations which appeared to him to
differ little, if at all, from those on the broken end.

Mr. Rozenthal, the managing director of Babeock & Wilcox,
Ltd., suggested that the crack was due to a bubble or flaw in
the original plate, which was rolled flat and closed by a thin
external skin,

Mr, MclLaren, the manager at Eenfrew, said that the end
plates were dished at one heat, and then reheated for the pro-
duction of the manhale, and they were then allowed to coal
elowly, The reheating for the manhole he regarded as equiva-

lent to annealing. He did not think exception conld be taken
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to this method, and mentioned that it was 2 common practice
in flanged work to heat a plate locally and work upon it. The
indentations, he thought, were cansed by the snap, but they
should not have extended hevond the eylindrical part of the
dished end, but since the defect was internal he could not see
how internal indentation could affect it.

Mr. Spyer, chief of the marine boiler department and as-
sistant to the managing director of Babeack & Wilcox, Ltd.,
admitted that from the mechanical tests the material appeared
to be guite good, and he described the appearance of the frac-
ture when he saw it the day after the explozion: he noticed
the signs of an old crack extending nearly five-eighthe of the
circumference, and the “chain of indentations,” which puzzled
him at the time. The fracture had started from the inside,
and had, generally speaking, followed the chain of indenta-
tions.  Such indenmtations should not, in a normal plate. ma-
terially affect itz ductility, and if they did so in this case it
would only be to a small extent. He thought that slight sur-
face cracks which had extended with extraordinary rapidity to
the outside had existed initially in the plate. These cracks
were on the inner surface near the indentations, and on the
dome side. He said thar, whilst hus view did not amount to
an opinion, he had, by a procesz of exhausting all other prob-
able causes, arrived at the theory that the fractured plate was
made of steel, which had the peculiar property known in
France as fisselitd. Such a plate would be very liable to crack
on surface injury, and through it a crack would be very
readily propagated. That plates having this peculiar quality
were very tare he admitted, but they undonbtedly did now and
then occur.  He thought it possible that cracks might be
started in a plate of the kind he had m mind by such bruising
as was indicated by the “chain of indentations” in the frac-
tured plate, and in that case they would start from the inside.
He did not entirely agree with Mr. Kolle about the indenta-
tinns, but whilst he thought thev were severe, he did not think
that they should have materially injured the metal. IHe did
not consider that they were a sign of bad workmanship, but
he thought they showed that the warkmanship was not of the
best; the marks were perhaps a little too severe. He zaid that
the drumhead appeared to have been hanging by a film of
steel 3732 inch thick. This he judged from an examination
made on the day after the accident. It was quite impossible
to estimate the actual length of the crack from the external
signs,

Mr, Spyver said that he had examined other drum ends and
had found them indented in the same way and practically to
the same extent, but they were all apparently sound. This
comfirmed his view that there was some difference between the
burst plate and the others. He thought it was one of those
cases of mysterious fractures in steel which were much dis-
cussed by engineers. He would not expect cracks caused by
the indentation of normal plates to extend. and he did not
consider a surface crack in itself dangerous. The fact that
Mr. Bowden, the engineer to the electricity company, had sent
a meszsage about the leak indicated to lim that Mr. Bowden
did not consider the crack serious or he would have shut down
at ance ; but, m answer to the Commissioner, he admitted that
if he himself saw a crack of the kind in a pew boiler he would
regard its as dangerouns. Mr. Spyer said that he considered
such drums quite safe without =tays.

Mr. Mclfaren, the works manager at the Babeock & Wilcox
works, Renfrew, said that after the accident he gave Mr.
Carlton, the Board of Trade inspectar, an opportunity of
seeing how drumheads were constructed at the works,

Mr. Carltom reported on what he saw., In his report he
describes how the plates are heated to a bright red heat in a
large furnace, and then flanged im an hydranlic press at one
operation. They are still bright red when they leave the

press, and are stacked one ahove the other and shielded with
iron sheets so that they may cool regularly and slowly. Those
ends which have manholes like that which fractured, are re-
heated all over for punching and again for flanging the hale.
The ends are usually driven into the barrels, but oceasionally
they do not fit, and the hydraulic riveting machine is used to
press the surfaces together, being fitted with a blind snap for
that purpose. It was the corner of this snap catching the
knuekle of the flange that caused the chain of indentations,

Mr. McLaren commented on Mr. Carlton’s report as fol-
lows: First, the drum ends had afways to be driven into the
barrels; and, secondly, he did not agree with the description
of the making of the indentations. The report stated that the
depth of indentation varied with the pressure employed; that
was not so. The depth depended upon the position of the
drum, relative to the snap, and since there was nothing sup-
porting the plate behind the indentation the full load of o
tons could not be exerted, since there was no equivalent re-
sistance, The annexed sketch, for which accuracy s not
claimed, will make the production of the “chain of indenta-
tions™ clear.

The sketch Fig. 1 shows the two legs of the riveter and the
blind snap attached to the inner leg. Tt will be observed that
the upper part of the snap meets the curve of the plate at the
knuckle, the result being that a small pocket is pressed locally
in the plate. The thickness of the plate is little, or at all, re-
duced, there heing no resistance to prevent bulging.

There can be little doubt as to the cause of the explosion.
The drum end failed arcund the knuckle of the flange, becanze
the metal had received treatment that it was unable to stand.
The evidence of the experts who examined the plate was clear
on the point that the chain of indentations cansed an initial
weakness in the plate that bronght about its destruction. But
the makers, on the other hand, asserted that the deformation
the plate received was no greater than is daily given to mild
steel, and their defense was that because the plate failed it
must have been defective. The plate appears to have been
of good normal quality, and the makers stated that they had
flanged drum ends by the same method and to the same out-
line by hundreds for many vears, and that they had pressed
them out to make a gond calking joint when circumstances
required it, just az they did, or thought they did, in this case.
They unwittingly exceeded the limit that the steel wonld bear,
and dizaster followed. There is no reason to think that the
steel was defective, and Mr. Carlton himself has said that the
general design of the drum was good, and the workmanship,
apart from the chain of indentations, excellent, The accident
was due to the fact that the boiler makers, unknown to them-
selves, stressed the metal locally beyvond its limit of endurance.
—Condensed from reports in London Engineering.

In Philadelphia there are over 10000 bhoilers in daily uze.
The boiler inspection laws there are very severe, and boiler
manufacturers want to put on a lictle extra price for goods
intended for this market. Since the boiler explosion at Wilt
& Sons’ plaming mill, on Front street, Philadelphia, when four
men were killed (June 27, 1870}, there have been but few
destructive explosions of boilers in the city. At least two have
occurred where los: of life occurred, and both of these were
boilers of first-clazz construction. One oceurred at the Edison
Electric Light Station, and caused much litigation; the other
at the Baldwin Locomotive Works, hoth resulting in a loss of
life. These were what might be called strong and safe boilers,
which would probably comply with all standard formulz.
Many explosions occur in other cities, and generally they occur
in stromg, well-designed ot sadly neglected bailers.
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Massachusetts Boiler Rules.

About a vear ago the Massachusetts Legizlature passed a law
giving the State Boiler Inspection Department jurisdiction
over the construction and imspection of all steam boilers in-
stalled in the State. In accordance with this law the Gov-
ernor appointed a Board of Boiler Rules, of which Mr,
Joseph McNeill, of Melroge, is chairman, to formulate a set
of rules covering boiler construction and inspection. The first
of these rules were approved some months ago, and covered
boiler inspection (see Tue Bower Maxer, November, 1907,
page 324). Since then the following rules relating to ma-
terialz and construction have been formulated by the Board
and approved by the Governor. These rules apply to all
boilers installed after May 1, 1008,

AREAS OF SEGCMENTSE.

The followmng table of areas gives the net area in square
inches of any segment of a head to be braced, as shown by
diagram. This allows a 3-inch space ‘all around the segment
to e braced by the flange of the head

H[_fluzhi DHameter of Boiler,
'I‘ubu 1 T
24" | 307 | 307 | 427 | 487 | 547 | 607 55' 720 | 78" | 840 | G0f | o

Ehtll. |
1o 57' & 77| 85 aal el 10 My 117 ¥e3 a0 13m 137
11" 74| B8 100/ 111 121 130| 13 147 155 MGl 169 174 §RF
12 91 104 125| 130 151 183 174 184 194! MF 23] 2% 230
13 ...| 132 151} 168 1E3| 197| 2l o24] AR M7 25E HT| ¥Te
147 o ... 18| 199 217( 234 280, D66 280 94| 305{ 31 331
15 .| 26| 2311 253 273 201 ADW! A6 344 35T 3’?2' I=6
16 | «..| 285 263| 2A@| 31X 334 355' A74) a94) 411 423 443
i | ... 284 207 336| I53 ATH| 02| 425 47| 46T7] 456 S02
15" cee| w-o A31 EGH 3960 424 450 476 SO0 5300 543) G464
19" 2 Aok $04) 430 470 500| 5k 555 5RO) 604 631
mne 401| 444 483 519 .553| S5B3 613 643 667 660
' 485 528 565 604 6400 ATE| TOS| TIE| T66
o G20 BT4) 618 658 GOT) TH4| To@( 800 B35
b o i 620 665 T13 T4 TOG( 830) 8680 906
24" | U&7 T19| T6S| 814 858 80T 939 478
g | 714 TT1| B2 5‘75| 9212 966 1,010 1,051
6" TE1| B24| BRI Q36| G987 1,035 1,08% 1,126
o KT 030 gk 1,003 1,108 1,157 1,202
28 | 0T} 1,060] 1,120 1,177 1,232] 1,279
a0 1,056 1,123 1,187| 2 1,30
0 | 1,115 1,187} 1,255| A
arr or 1,252 1,804 )
a2 7| | il
a3 i i
34
a5
3 [
il e R

When an area is reguired that is not given in the table, the
following formula shall be used:

4H* Il'ﬁi‘
i
3

H=
R =

— 608 = area of segment in square inches,

distance from tubes to shell, minus 5 inches,
radius of boiler, minus 3 inches,

OFEN-HEARTH BOLER PLATE AND RIVET STEEL.

Steel shall be made by the open-hearth process, and will
be considercd as manufactured by the basic method unless the
report of tests states that the acid method has been nsed.

All plates and rivets used in the construction of steel shells
or drums of boilers. shall be as specified by the American
Society for Testing Materials, adopted 101,

CHEMICAL PROPERTIES.

There shall be three classes of open-hearth boiler plate and
tivet steel, namely, flange or boiler stecl, fire-box steel and
extra soft steel, which shall conform to the following limits
in chemical composition:

| Flange or Fire-Box Extra Soft
| Bailer Sieel Steel Steel
{Percent.). | (Percent.). (Fercent.},
Phosphorus shall nol exceed Acid, 0.06 | Acid, 0.04 | Acid, 0.04
| Basic, .04 | Basic, 0.0% | Basic, 0.04
Sulphur shall not exceed. .. .05 | i 04 .04
Manganese. ... 030 to 0.60 | 0.30 to 0 50 0,30 1o 0.50

Steel for boiler rivets shall be of the extra soft class.

PHYSICAL PROPERTIES.

The three classes of open-hearth boiler plate and rivet steel

—namely, fange or boiler steel, fire-box steel and extra soft
steel—shall conform to the following physical qualities :

Flange or Fire-Box Extra Saft
Bailer Steel, Baeel, Steel.
Tensil m_L.I.. pounds T
&= Esr:lld:;re :nrl':“: ; i o A |5& O por 65, 000( 52,000 to 62,000 45,000 to 55,000
palnt in pounds per square
F_:fm:h shall pot be less Iihnn : e T. 5. s T. &, P ek
1l t Eh L Le:]
e s 28 26 o8

e
L

,/ L i
[ OOBQOCO0M
ﬁk‘“‘nh

Fig. 1.—EHADED PORTION SHOWS AREA OF SEGMENT GIVEN IN TABLE

For material less than five-sixteenths (5/t6) inch and more
than three-fourths {34} inch in thickness the following madi-
fications shall be made in the requirements for elongation :

(@) For cach increase of one-eighth (34) inch in thickness
above three-fourths (33) inch a deduction of one (1} percent
shall be made from the zpecified elongation.

(#) For each decrease of one-sixteenth (1/16) inch in
thickness helow five-sixteenths (5/16) inch a deduction of two
and one-half (204) percent shall be made from the specified
elongation.

The three classes of open-hearth boiler plate and rivet steel
shall conform to the following bending tests; and for this pur-
pose the test specimen shall be one and one-half (134} inches
wide, if possible, and for all material three-fourths (34) inch
or less in thickness the test specimen shall be of the same
thickness as that of the finished material from which it is cut,
but for material more than three-fourths (34) inch thick the
hending test specimen may be one-half (14) inch thick,

Rivet rounds shall be tested of full size as rolled.

{c) Test specimens cut from the rolled material, as specified
above, shall be subjected to a cold bending test, and also to a
quenched bending test, The cold bending test shall be made
on the material in the condition in which it is to be used, and
prior to the quenched bending test the specimen shall be heated
to a light cherry red, as seen in the dark, and quenched in
water, the temperature of which iz between Bo deprees and
g0 degrees F.

{d) Flange or boiler steel, fire-box steel and rivet steel, both
before and after quenching, shall bend cold one hundred and
eighty (180} degrees fat on itself without fracture on the
outside of the bent portion.

For fire-box steel, a sample taken from a broken tensile test
specimen shall not show any single seam or cavity more than
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one-fourth (15) inch long in either of the three fractures
obtained on the test for homogeneity,

TEST PIECES AND METHODS OF TESTING.

The standard test cpecimen of cight (8) inch gaged length
shall be uzed to determine the physical properties. The stand-
ard shape of the test specimen for sheared plates shall be as
shown i the following diagram .

For other material the test specimen may be the same as
for sheared plates, or it may he planed or turned parallel
throughout its entire length; and in all cases, where possible
two opposite gides of the lest specimens shall be the rolled
surfaces, Rivet rounds and small rolled bars =hall be tested of
full size az rolled.

One tensile test zpecimen will be furmished from each plate
as it is rolled, and two tenzile test specimens will be furnizshed
from each melt of rivet rounds.  In case any of these develops
Haws or breaks outside of the middle third of its gaged length,
it may be discarded and another test specimen substituted
thereior.

For material three-fourths (34) inch or less in thickness the
bending test specimen shall have the natural rolled surface on
two opposite sides. The bending test specimens cut from
plates shall be one and one-half (174} inches wide, and for

‘o Parallel Secflon

e pmee—— - =

i Sl ) not leas than @ i
e

r.-.—._._...—J,_"_ L e e
| i ST
| i E ;
i HH?I-H:- 1hee-1"n i
— 18" —

FIG. L—ESTANDARD TEST FPIECE,

material more than three-fourths (34) inch thick the bending
test specimen may be one-half {12} inch thick. The sheargd
edges of bending test specimens may be milled or planed.
The bending test specimens for rivet rounds shall be of full
size as rolled, The hending tests may be made by pressure or
by blows.

Chne cold bending specimen and one quenched bending speci-
men will be furmished from each plate as it iz rolled. Two
cold bending specimens and two quenched bending specimens
will be furnished from each melt of rivet rounds. The homo-
geneity test for fire-box steel shall be made on one of the
broken tensile test specimens.

The homogeneity test for fire-box steel is made as follows:
A portion of the broken tengile test specimen is either micked
with a chisel or grooved on a machine, transversely about a
eixteenth (1716} of an inch deep, in three places about two
(2) inches apart. The first groove should be made an one side
two (2} inches from the square end of the specimen; the
second, two (2] inches from it on the opposite side; the third,
two (2} inches from the last, and on the oppaosite side from it
The test specimen is then pul in a vise, with the first groove
about ane-fourth (14} of an inch above the jaws, carc beng
taken to hold it firmly, The projecting end of the test speci-
men i3 then broken off by means of a hammer, a2 number of
light blows being wsed, and the bending being away from the
groove. The specimen is broken at the other two grooves in
the same way. The ebject of this treatment 15 to open and
render visible to the eve any seams due to failure to weld up,
or to foreign interposed matter or cavities duc to gas bubbles
in the ingot. After rupture, one side of cach fracture is ex-
amined, a pocket lenz being used, if necessary, and the length
of the seams and eavities is determined

For the purposes of this specification the yield point shall

be determined by the careful observation of the drop of the
beam or halt in the gage of the testing machine,

In arder to determine if the material conforms to the
chemical limitations prescribed in this section, analysis shall
be made of drillings taken from a small test ingot. An addi-
tional check analysis may be made from a tensile specimen of
each melt used on an order, other than in locomotive fire-hox
steel, In the case of locomotive fire-box steel a check analysis
may be made fram the tensile specimen from each plate as
rolled,

VARIATION IN WEIGHT,

A variation in eross-zection of weight of more than 214
percent from that specified will be sufficient cause for rejection,
except in the case of sheared plates, which will be covered
by the following permissible variations

(¢ Plates 1214 pounds per square fool or heavier, up to
oo inche: wide, when ordered to weight, shall not average
more Lhan 234 percent variation above or 234 percent below the
theoretical weight; when 100 inches wide and over, 3 percent
ahove or 5 percent below the theoretical weight,

(f) Plates under 12%4 pounds per square foot, when ordered
te weight, shall not average a greater variation than the fol-
lowing: Up ta 75 inches wide, 204 percent below the theo-
retical weight; 75 inches wide up to 100 inches wide, 5 percent
helow the theoretical weight; when 100 inches wide and over,
10 percent above or 3 percent below the theoretical weight,

{g) For all plates ordered to gage there will be permitted
an average ecxcess of weight over that corresponding to the
dimensiong on the order equal in amount to that specified in
the following table:

TAELE OF ALLOWANCES FOR OVERWEIGHT FOR BRECTANGULAR
FLATES WHEN ORDERED TO GAGE.

[Plates will be coniderel uo to gage if measuring nol over 1-100 inch |ess than the
b Eage. e weight of 1 cubicinch of rolled steel i3
assumed in be 2833 pound ]
PLATES ¥y INCH AND OVER IN THICENESS.

Width of Plate.
Thickness of Flate, -
(Tnchi. | i
Up v 75 Inches | 75 10 100 Inches | Owver 100 Inches
[Percent. ). [ Percent.]. {Percent.).
Ly 10 14 18
B E} 12 1i
e 7 10 13
E’u i B 10
i 5 7 4
i 4y iz &y
iy 4 B ]
Orver By | 1T 5 iy

PLATES UNDER 1y 1NCH IN THICKNESS.

Width of Plate.
Thickness of Plaw o -

{inckc); Up to 50 Tnches 50 Inches and Above
[Percent.). | (Percent.).
|
Wy up to B 10 15
Be up o Vi E'a 105
g up ta Yy I 7 10

FINISH.,

ANl finished material shall be free from injurious surface
defects and laminations, and must have a workmanlike finish.

PLATE MANUFACTURER TO STAMP PLATES AND HEADS,

Each plate shall be distinetly stamped by the manufacturer
with the heat number, and in at least five places in the fal-
lowing manner: At the four corners, at a distance of abouit
twelve (12) inches from the edges, and at or near the center
of the plate, with the name of the manufacturer, place where
manufactured, brand and lowest tensile strength.

Each head shall be distinctly stamped by the manufacturer
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on each side with the name of the manufacturer, place where
manufactured, brand and lowest tensile strength; stamps to
be 20 located as to be plainly visible when the head is finished.

BMATERIAL TD BE TSED IN SHELLS AND DRUME.

Shells, drums and butt straps shall be of open-hearth five-
box steel.

Heads, combustion chambers, furnaces, or any plates that
require staying or flanging, shall be of open-hearth flange,
fire-box or extra soft steel

Rivets shall be of open-hearth extra soft ateel,

Cast steel for use in boiler and steam superheater mountings,
manhole frames, steam pipe, fittings, side logs, or any other
parts of boilers or superheaters where cast steel is nsed, shall
not have less than sixty thousand (6o000) pounds tensile
strength,

Cast iron for use in boiler mountings, steam pipe fttings,
éide lugs, or any other parts of boilers where cast iron is per-
mitted to be used, shall not have less than eighteen thousand
{18000} pounds tensile strength.

DETAILS OF CONSTRUCTIDN AND INSTALLATION.

In laying out plates and heads in the boiler shop care must
be taken to leave at least one of the stamps o located as to be
plainly visible when the boiler is completed,

Each boiler shall conform in every detail with the rules
formulated by this board, and shall be distinctly stamped by
the builder with the words, “Maszsachusetts Standard,” ah-
breviated to read MASS, 5TD., also with a serial number and
with the name of the builder, either in full or abbreviated ; and
the builder shall submit a fac-simile of hiz proposed style of
stamping to this board for approval. The height of letters and
figures used in stamping shall not be less than one-fourth (4]
inch.

In numbering serially each builder shall commence with the
number one (1) and continue numbering in consecutive order.

A data report, on forms to be furnished by the boiler in-
spection department of the district police, shall be forwarded
by the builder to said department, for each bailer stamped by
said builder as above specified.

Location of stamps to be as follows;

{a) On horizontal return tubular boilers—on the front head
above the central rows of tubes.

(#) On horizontal Ave boilers—on the front head above the
flues.

{c) On locomotive type or Star water-tube boilers—on the
furnace end above the handhole,

{d) On vertical fire and wertical submerged tube boilers—
on the shell above the furnace door.

(¢) On water-tube boilers, Babeock & Wileox, Stirling,
Heine and Robb-Mumford standard types—om a head above
the manhole opening, preferably on the flanging of the man-
hole opening.

(fy On vertical boilers, Climax or Hazelton tvpe—on the
top head.

{g) On Cahall wvertical water-tube boilers—eon the upper
drum above the manhole opening.

() On Scotch marine boilers—on the front head above the
center or right-hand furnace,

{#] On Eeonomic bailers—on the rear head above the cen-
tral rows+af tubes,

(i) For other types and new designs—in a location to he
approved by this board,

The boiler builder's stamp shall not be covered by insulating
or other material.

The maximum pressure allowed on a shell or drum of a
boiler shall be based on a factor of safety of not less than
five (5).

The longitudinal joints of a boiler, the shell or drum of
which excecds thirty-six (36) inches in diameter, shall be of
butt and double strap construction,

The longtudinal joints of a boiler, the shell or drum of
which does nat exceed thirty-six (30) inches in diameter, may
be of lap-riveted construction; and the maximum pressure
allowed on such shells or drums shall not exceed one bundred
{1o0) pounds per square inch.

Any form of longitudinal joint other than specified above
shall be submitted to this board for approval.

The longitudinal joint: of horizontal return tubular boilers
shall be located above the fire line of the setting,

A horizontal return tubular, vertical tubular or locomotive
tvpe boiler shall not have a continuous longitudinal joint over
twelve (12) feet in length.

The thickness of plates i a shell or drum shall be of the
same gage.

The minimum thickness of plates used in the construction
of a boiler shall be one-fourth (14} inch.

The minimum thickness of shell plate chall be as follows:

When the Diameter of Shell is—

Over WY 1o T

! Civer 367 to 547 :
36" or Under, Inchusive Inclusive,

Over 727,

Not bess than 14" | Not bess than %' | Not less than %" | Mot less than .7

Butt straps shall be rolled to the proper curvature on forms
made for that purpose,

The thickness of butt straps shall be in proper proportion to
the thickness of the shell plates, and in no case shall they be
less than five-sixteenths {57163 inch in thickness,

The minimum thickness of heads and tube sheets of hori-
zontal return tubular and vertical fire-tube boilers shall be as
follows :

When the Diameter of Bodler is—

: Creer 427 to 547 | Orver 547 0o 727 | Over 727 to 787 | Olver 78 to 517
A% or Under, Inclusive, Inclusive. | Inclusive. Inclusive,
", LA | o W ! ",
: |

In no case shall the thickness of heads and tube sheets of
horizontal return tubular and vertical fire-tube boilers be less
than the thickness of the shell plates,

The thickness of plate in stayed flat surface construction
shall not be less than five-sixteenths (5/16) inch.

Rivet holes shall be drilled full size in place or punched at
least one-fourth (14) inch less than full size. When the holes
are punched they shall then be drilled to full size, with plates,
butt straps and heads bolted up in position, after which the
plates shall be separated and all burrs removed,

Rivetz shall be of sufficient length to completely fill the rivet
holes and form a head equal in strength to the body of the
rivet.

Rivets shall be machine driven, wherever possible, with suf-
ficient pressure to fill the rivet holes, and shall be allowed to
cool and shrink under pressure,

The shearing strength of steel rivets shall be as specified in
theze rules,

Tube haoles shall be drilled full size, or the center punched
out not to exceed one (1) inch in diameter and fnished up full
size with a rotating cutter,

The edges of tube holes shall be chamfered to a radine of
about one-sixteenth (1/16) inch.

The calking edges of plates and heads shall be beveled
wherever possible. Callang shall be done with a round-nosed
tonl.
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Openmgs in shells, drums or heads, for pipe connections
aver one and one-quarter (1131 inches in diameter, except
feed-pipe connections where a brass bushing or its equivalent
shall be used, shall be re-enforced with a standard commercial
pressed steel flange, or with a steel plate, the thickness of
which shall not be less than the thickness of the shell plate,
Main steam and safety valve openings may be Gtted with cast
steel or cast iron nozzles,

The standard manhole opening shall be an ellipse eleven by
fifteen (11 by 15) inches

There shall be a =tandard cized manhole m the upper parl
of the shell or head of a fire<tube boiler over thirty-six (360
inches in diameter, except vertical fire-tube boilers

A manhole frame shall be of wrought or cast steel, and have
a net cross-sectional area, on a line parallel to the axis of the
shell, not less than the cross-sectional aren of shell plate re
moved on the same line,

The strength of manhole plates, yokes and boltz shall be in
proportion to the strength of the manhale frames,

Manhole plates shall be of wronght or cast stecl.

Manhole frames on shells or drums shall have the proper
curvature, and on bodlers over forty-eight (48) inches in
diameter shall be double-riveted to the zhell or drum.

The standard handhole shall be an ellipge of the following
sizes:

Two and one-fourth by three and one-fourth (214 by 3340
inches.

Three by four and one-half (2 by 474) inches,

Four by s1x {4 by 6) inches.

A standard sized manhole shall be located in the front head,
below the tubes, of a horizontal return tubular boiler sixty
(Go) inches or over in diameter.

A standard sized manhole or handhole shall be located in the
front head, below the tubes, of a horizontal return tubular
boiler less than sixty {60} inches in diameter.

A standard sized handhole shall be located in the rear head..

of a horizontal return tubular boiler, execept one which has a
standard sized manhole in the front head, below the tubes,

A locomotive type boiler shall not have less than six (6)
standard sized handholes, located as follows:

One mn the rear head below the tubes.

One in the front head at or about the line of the crown
sheet.

Four in the lower part of the water leg,

A vertical fire-tube hoiler, except the boiler of a steam fire
engine, shall have not less than three (3) standard sized hand-
holes, located as follows:

Omne in the shell at or about the line of the crown sheet,

Two in the shell at the lower part of the water leg.

A wvertical fire-tube boiler of a steam fire engine shall not
have less than three (3} brass washout plugs of not less than
ome (1) inch pipe size, screwed intn the shell and located as
follows :

One at or about the line of the crown sheet.

Two at the lower part of the water leg,

There shall not be less than one and one-half {1%4) inches
of =olid plate around a handhole apening in a shell or drum
of a boiler.

The maximum size of a turface blow-off pipe shall not
exceed one and one-half (1%4) inches, and it shall be carried
through the shell or head with a brass boiler hushing.

A bottom blow-off pipe shall be fitted with a valve or cock;
the minimum size of pipe and fittings chall be one (1) inch
and the maximum size shall not exceed two and one-half
(2%4) inches. Globe valves shall not be used.

When the pressure allowed on a boiler exceeds twenty-five
(25) pounds per square inch the bottom blow-off pipe and
fittings, from the boiler to the valve or valves, shall be extra
heavy.

When the pressure allowed on a boiler exceeds one hundred
and thirty-five (135) pounds per square inch the bottom
blow-off pipe shall have two (2) valves, or a valve and a cock;
and such valves, or valve and cock, shall be extra heavy.

When a bottom blow-off pipe is exposed to the products of
combustion it shall be protected by a substantial cast-1ron
removable sleeve or equivalent covering of non-conducting
material.

An opening in brickwork for a blow-off pipe shall be ftted
with an ample cast or wronght iron sleeve, to provide for free
vxpansion amd contraction,

A bottom blow-off cack shall have the plug held in place by
a guard or gland. The end of the plug shall be distinctly
wiarked i line with its passage, and a handle shall be securely
attached to the plug m line with the mark on the end of the
plog

W stop valves two (2) inches and over in diameter shall be
of the ontside screw and voke tvpe

When boilers, on which the allowahle pressure exceeds one -
hundred and thirty-five (133) pounds, are set in battery, the
main steam pipe shall have two (2) stop valves of the outside
serew and voke type, with an ample valved dram between them
having an open discharge. The pipe and fittings, vp to and
ncluding the valves, shall be extra heavy, made to the manu-
facturers' standard for high pressure.

The fecd pipe of a boiler shall be of brass from the check
vilve to the discharge end, and shall have open end or ends.

When bolers of fAfty (500 H. P. or oveér are set in battery
cach botler shall bave two (2] stop valves, or a stop valve and
stop cock, on the feed pipe, one on each =ide of the check valve.

The feed water shall discharge about three-fifths (3/3) the
lengih of a horizontal return tubular boiler from the front
head. and at or about the central rows of tubes above the upper
row, when the diameter of the boiler exceeds thirty-six (36)
inches and the pressure allowed excesds twenty-five (25
pounds per square imch, The feed pipe zhall be carried through
the head or shell with a brass boiler bushing, and securely
fastened mside the shell above the tubes

When a boiler of over fifty (30) H. P. has a pump, inspira-
tor or injector as the primary means of supplving feed water
when the maximum pressure allowed 13 carried, more than one
such mechanical apphance shall be provided

The temperature of the nsual feed water entering a bailer
shall not be less than 120 degrees F. when the pressure allowed
exceeds twenty-five (23571 pounds per square inch.

Feed water shall not discharge in a boiler in close proximity
to riveted joints in shell or furnace sheets

The minimum size of pipes connecting the water column
of a hailer shall he one (1) inch.

No connections, except for damper regulator. drains or
steam gages, shall be placed on the pipes connecting the water
column ta the boiler.

When shut-off valves are placed on the pipes connecting a
water column to a boiler, these valves shall be of the straight-
way outside screw and voke type. and shall be lacked or sealed
o,

Mo water-glass shall have antomatie shut-off valves.

The water connection to the water column of a bailer shall
he of brass when the allowable pressure exceeds twenty-five
(25) pounds per square inclh.

The steam conmection to the water column of a horizontal
return tubular boiler shall be taken from the top of shell or
the upper part of head; the water connection shall be taken
from a point not less than six (6) inches below the center
line of the shell.

A horizontal return tubular boiler over seventy-eight (78)
inches in diameter shall be supported from steel lugs by the
outside suspended type of setting; where three supports are
necessary on each side of a hoiler an equalizer shall be used,
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A horizontal return tubular boiler over fifty-four (54) inches
in diameter, and up to and including seventy-eight (78) inches
in diameter, shall be supported by the outside suspended type
of setting, or by not legsz than four {4) steel or cast-iron
brackets on each side, set in pairs.

A horizontal return tubular boiler up to and including fifty-
four 4543 inches in diameter shall be supported by the outside
suspended type of setting, or by not less than two (2) steel or
cast-iron brackets on each side.

Supporting lugs ar brackets shall have the proper curvature
and he securely riveted to the shell.

When it 15 necessary to place a fusible plug in a tube an
extra thick tube shall be provided for that purposes

Water-ler and door-frame rings of mternally fired boilers
thirty-zix (36} inches or over in diameter, shall be of wrought
iron or wronght steel.

The upper suriace of the Are-grate of an internally fired
beler of the open-bottom locomotive, vertical fire tube or
similar type shall not be less than two (2) inches above the
row of rivets at the lower end of the furnace

Wet bottom boilers shall have a clear space of not less than
twelve (12} inches between the bottom of the boiler and the
fizar line,

A fire-tube boiler shall have the ends of the tubes substan-
tially beaded.

The ends af all tubes, suspension tubes and nipples shall be
flared not less than one-eighth (14) inch over the diameter of
the tube hole on all water-tube boilers and superheaterzg

The ends of all tubes, suspension tubes and nipples of water-
tube bailers and superheaters shall not project through the tube
sheetz or headerz less than one-fourth (34) inch nor more than
one-half (14) inch, Separately fired superheaters zhall have
the tnbe ends protected by refractory material where they
connect with drums or headers.

Cross mipes connecting the steam and water drums of water-
tube boilers and cross boxes shall be of wrought or cast steel
when the working pressure excecds one hundred and sixty
{160} pounds per square inch.

Frovizion shall be made for the expansion and contraction
of steam mains conneeted to all boilers, with substantial
anchorage at suitable points, that there may be no perceptible
vibration on the bailer shell plates,

Steam reservoirs shall be used on steam mains when heavy
pulsations of the ‘steam currents cause vibration an the boiler
shell plates.

When boilers have their safety valves set at different pres.
sures, and are connected to a common steam main, the hailers
allowed the lowest pressure shall each be protected by a safety
valve or valves placed on the connecting pipe to the steam
main, The area or combined area of the szafety valves shall
not be less than the area of the connecting pipe

Pressure parts of superheaters, attached to boilers or sep-
arately fired, shall be of wrought or cast steel when the work-
ing pressure exceeds fifty (50) pounds per square inch.

Boiler and superheater mountings, such as nozzles, cross
pipes, steam pipes, fittings, valves and their bonnets shall be of
wrought or cast steel when exposed to steam which is super-
heated over Bo degrees F.

When a superheater can be shut off from a boiler, whether
attached or separately fired, it shall have an ample safety valve
at ar near the steam inlet.

All boilers set in battery and superheating the steam they
generate over Bo degrees F. shall have two (2) stop valves,
with an ample valved drain between them having an open
discharge,

All superheaters shall be fitted with drains from headers or
drums where water of condensation can collect,

All boiler shops in which boilers are eanstructed for installa-
tion in this Commonwealth shall be open to the members af the

botler inspection  department of the district police and in-
spectors holding certificates of competency as inspectors of
steam boilers. at all reasonable hours, for inspection of ma-
terial, methods of manufacture, workmanship and testing.

This board does not recommend the use of externallv-fired
boilers over eighty-four (84) inches in diameter.

{Further rules goverming new construction will be issued
later.)

Supports for Wide Fireboxes.

The Great Northern Railroad, of FEngland, wses the fallow-
ing method of supporting the fire-boxes in their large Atlantie
engines with wide fire-boxes, It will be at once apparent that
the usual style of expansion bracket cannot be used, as the
fire-box is wider than the distance between the frames. A
cast steel angle bracket is attached to the outside frames, and
on this the rear part of the foundation ring rests for about
half itz length: about one-third in length and width of the

rorm izt

FLAM, S1DE ANMD EXD VIEWS OF THE SUPFMORT.

top flange of the bracket 15 cut away in order to make room
for a clip, which is checked out to receive the reduced web of
the angle, and is secured to the foundation ring by’ 1%§-inch
studs, The front of foundation ring rests for the greater
part of its length on a steel casting extending between the
inside of the frames. The boiler is further held down by a’
thin plate, the top edge of which is riveted to a projection on
the bottom of the back portion of the foundation ring; the
lower edge of this plate is riveted to a frame cross-stay, and
the flexibility of the plate permits of the boiler expanding
without hindrance.

Mew Method of Welding Tubes.

Consul Albert Halstead reports that two Americans who
have been employed in a tube factory in the vicinity of Bir-
mingham have patented an improved method for the manu-
facture of welded iron and steel tubes, applicable to both butt
and lap welding, concerning which he says:

It is claimed that the patent, which is already in successful
use in this district, not only assures a more perfect weld, but
permits of great economy in the making of twbes. The process
consists of blowing cold air, or air and gas, upon the edges of
the steel or iron strip which is to be welded, In practice the
air blast alone iz used, because it is regarded as better; but a
combination of air and gas can also be employed. The effect
of the air blast upon the iron or steel bar, which is drawn
through the furnace at what is regarded as welding heat, is
gimilar to that of blowers on coal or wood—it more than
doubles the temperature of the edges,
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The device consistz of cast-iron arms placed on each side
af the furnace. Each arm has a slot hole 18 inches in length
and 3716 of an inch m wadth, and by means of a rest the
strip 15 held right in front of the slots, Through the slot
holes cold air is blown by the uwse of ordinary rotary
blowers on each edge of the strip.  The air blast, while heat-
mg the edge of the strip o a greater temperatnre, through
the mixture of the oxvgen in the air with the impuritics in

" the steel and iron, leave: a perfect edge. In butt welding
e tibe 15 drawn through the usual bell, its edges being
squeezed together, and an even butt-welded joint results. The
procezs can alzo be applied to the well-known method of man-
ufacturing butt-welded iron and steel tubes by squeezing the
edges of the heated strip or skelp together with tongs as it
is drawn {rom the furnace.

In lap welding, the air iz driven so as to impinge on the
scarfed edges of the strip or skelp as it leaves the furnace,
and just before it passez throngh the welding rolls, so that
the scarfed edges are raized to the proper welding heat, and a
perfect and proper lap weld is formed.

It iz claimed for this invention that it absolutely obviates
the lossz that sometimes occurs when the strip buckles, be-
canze too hot, or i3 burned by the excessive Teat. An im-
proper weld is formed, or the tube becomes elongated and dis-
torted in the process of drawing and welding. This is be-
canse, while the whole etrip is neceszarily of a very high tem-
perature when drawn from the furnace, its edges only are
superheated by the air blast—Congular Report.

Making Air-Hoist Cylinders—Liquid Chalk
for Sheet-Metal Work.

I received an order to build several air hoists to be used in a
large railroad shop, and was told to use what I could find
around the shop to build them. I found some old & 10 and
rz-inch pipe.  After cutting the pipe to the desired length,

6 feet, I was “up against” it to bore them out, not having a
machine that I conld use without going to a big expense to rig
up special tools, so I tried the following way:

[ cut ewo hardwood blocks A 12 inches aquare by 1% inches
I then

thick. and bored a 1-inch hole in the center of each.

RIGGING FOR BORING THE PITE,

got two old blocks B about 4 feet long and 10 by 10 inches,
gawed a V in the center of cach block and greased the V.

[ filled the pipe © about hall full of small pieces of scrap
and sand and clamped the blocks 4 over each end by putting
a rodd through the center with a nut on each end.

1 laid the pipe in the V-blocks and ran a belt around the
pipe and over the line shaft so that the pipe made about 30
revalutions a minute. Allowing the pipe to revalve ro hours,
I examined the inside and found that all the high spots were
worn down, and that it was just as smooth and bright as if it
had been machined. These hoists gave good service, and the
packing leather will last a long time if kept soft by oiling,

To lay out work, mix whiting and water until it is about as
thick as paint. Add sal ammoniac, one to four parts of water;
this solution will not rust polished surfaces,  After it dries
tharoughly it will not scale off, and so is invaluable to sheet

metal warkers. It can be applied with an old paint brush.
Ii left standing in an open pail, the water soon evaporates and
the whiting forms in a solid cake in the bottom of the pail;
however, by adding water to it, it is just as good as when first
mixed —H, I Burrhus, in American Mackinist.

A Pneumatic Dolly Bar.

The small preumatic dolly illustrated herewith, is used for
“holding on” while riveting ball joint rings on the ends of
locomotive dry pipes. This is not an entirely new device, but
there are, doubtless, a number of shops not provided with this
useful toal. The dolly is shown in detail in Fig. 1. It conzists
of a cylinder o, into which the leather-packed plunger B is
fitted. A head €, which is cupped to fit the head of the rivet,

e

i

FIg. 2.

is held against it, as illustrated in Fig. 2, and the compressed
air is admitted to the cylinder 4 by the pipe D, The air forces
the plunger £ against either the wall of the pipe or the head of
a rivel opposite, holding the rivet to be hammered securely in
place—M. H., Westhrool in Machinery.

A Clyde Shipbuilder on Pneumatic Tools.

Mr. John Ward, a partner of Messes. William Denny &
Brothers, Leven Shipyard, Dumbarton, and president of the
Scottish Institution of Engineers and Shipbuilders, spoke re-
cently on the labor problems of the shiplmilding industry at a
sacial gathering in that town, He said that in the open mar-
ket for new ships the most dreadful competition that had ever
been scen had taken place within the last vear or eighteen
months, and was going on at the preseut moment. Ship-
builders openly acknowledged that, so far from profit being
an object, it had disappeared into the background, and that
now they looked upon it as a necessity to keep their places
going at any cost.  And while this was so at home, Germany
and America were rapidly pulling up on them, and had pro-
duced some fine work during the past wear. In the latter
country, which we had wvisited, pneumatic tools for calking,
cutting and riveting were in general use, and the results of
their adeption were the lessening of the heavy manual labor
and substantial ncreases of the workmen's earmings, together
with improved workmanship. On this side of the Atlantic
they had had experience of the calking and culting tools;
but, from zome inexplicable reason, a dead-zet had been made
against them by the men for riveting. He was certain were
they given an honest trial there would be a great advantage.
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The Layout of a Taper Course.

BY CLARENCE REYNOLDS.

The first thing in this layout is to find the neutral diameter
at each end of Fig. 1. This course is 0% inches putside di-
ameter at the big end, 54 mmches inside diameter at the lictle
end, 48 inches between the flange lines and 23/32 inch thick.
The wneutral diameter of the big end therefore equals
7oba inches — 23732 inch, or 60 25/32 inches. The neutral
diameter of the little end equals 54 inches + 23/32 inch, or
54 23/32 inches. Now draw two circles as shown in Fig. z,

ane 69 25/32 inche: diameter and the other 54 23/32 inches di-
ameter; sefting your trammel points at 34 57764 inches for
L‘.IL

el

g i
Fig. 4

those having the dotted lines are shown in Fig. 5. At any con-
vendent point erect a perpendicular 4 8, Fig. 4, whose length
is equal to the distance between the flange lines Fig. 1, which
iz 4% inches, On the base line C 0, measuring from A’ set off
the lengths equal to the solid lines in Fig. 2, as at 1, 3, 5 7
0, ete. From the points thus established on the base line, draw
lines to the point 8% The triangles thus constructed will rep-
resent sections through the article on the solid lines in Fig.
2. In like manner construct the triangles shown m Fig. 5,
using the dotted lines instead of the solid lines.

In developing the pattern draw a solid line as shown at
E F', Fig. 6, equal in length to the distance betwesn the flange
lines in Fig. 1. Then take two pairs of dividers and set one to
the length of the spaces on the big circle and the other to the

T_ - _>.|

-4

b - ———— - 0™ Butside-Dine

Fig. 1

the radius of the large circle and at 27 23/64 inches for the
radiusg of the small circle.

Divide one-half of the circle representing the big end of
the course into any convenient number of spaces as shown in
Fig. 2. In like manner divide the inner circle, which repre-
sents the small end, into the same number of spaces as shown,
These points are called the points of intersection. Draw a
solid line from the large circle to the corresponding point on
the small circle as indicated by the letters A, B, A", B'; also
connect the points on the inner circle with the next letter on
the outer circle as indicated by the dotted lines. Thus connect
A" with B and so on, as shown. These lines just drawn are
the bases of a number of right-angle triangles whose alti-
tudes are equal to the distance between the Aange lines 4 A
and B B in Fig. 1, and whose hypothenuses, when drawn, will
give the correct distances across the pattern, or the envelope
of the article, between the points in the big end and those in
the small end in the direction indicated in Fig. 2.

The triangles having solid lines are shown in Fig. 4, while

Fig, 2 Fig. 3
S1DE AND EHD VIEWS OF THE COURSE, WITH DETAILS ©OF TRIANGULATION AND DEVELOPMENT OF FATTERH.

length of the spaces on the little cirele Fig. 22 Using E' as a
center, Fig. 6, and the dividers just set to the small spaces,
strike an are toward F'. Then taking the distance B-16 of
Fig. 5, with the trammel points, and with £ as a center, in
Fig. &, intersect the small arc just made at F'. Now, using E
as a center, and the dividers set to the large spaces, strike an
arc toward F. Then using F' as a center and B'-15 as a
radius, Fig. 4, cut the small arc at F, and so on until the whole
pattern iz complete,

After the article, as shown in Figs. 2 and 3 is complete,
Fig. 3 being the elevation of the article, add to this pattern the
amount of flange called for, which is 5 inches at the small
end and 5 7/16 inches at the large end. Then draw the rivet
lines as ealled for. After having the rivet lines and the
amount of fange added, space the number of holes wanted on
the lines of intersection G &'. Then veing J as a center and
I H as a radiug, strike an arc cutting the outside rivet line at
H. Do this until all the holes in the outside rivet line are
placed. Then using L as a center, and L K as a radius, strike
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an arc cutting the inside rivet line at &
fi. The reason T have taken all these measurements is to show
te allow for the thickoes: of material, or, n
wiords, how 1o la

make it it If this method is carried ont properly, every hole

the reader how

other for a boler and

out a taper Course

will be exactly i s mght place and it will be exact mn eir
cumference and Ot the shell of the boiler to perfection. A
great many people, in puttmg holes inoa taper conrse, lind that
rad, bt thas
Your can put a 1%-mch bolt moa 1 9/32-

when it 15 ftted vp the holes are very with
methad 1t 15 1ol &0
imneh hole

The Effect of Work and Time on the Properties
of Mild Steel and Iron.”

HECE

BY JOHN H.

It 15 now over twenty yvears ago since mild steel, on the

Siemens Martin acid open-hearth system, was first made in

this district. At the present time it has quite ousted iron for
nse i all kinds of constructional work, and experience shows

that for such purposes mild steel 15 the most vseful and re-

This completes Fig.

DAMAGED BHIF PLATE FEOM %, § "ROTTERDAM.

material that we have to stamd hard and continuons

One of the reasons for its rapid grewth and usze 15 no doabt

li= to the fact that its quality has alwavs been kept g
v purposges, by the care which 1

either for ship or machine

heen taloer ing ite manuiacture and by the prompt and

rigid testing of the material directly after its production at the

steel works,  Steel-makers have always been wilbing to make
tests, and much credit is due to them, even from the carls
times, for the wise and far-seeing policy which they urged, as
time went on, that the character and the testing of the ma-

terial should not in any way he reduced or made less stringent,

At first, as many of the older membets of this institution
will remember, there was a good deal of natural hesitation
about using a material about which, so far as the effect of
time and work was concerned, we had so little knowledge and
experience. [t was the consistent and continued production of
good steel which gradually imspired confidence and therefore
helped on the general adoption of mild stecl for all classes of
constructional work.

The uniform and regular testing to which it was subjected
gave a “hall mark"” to steel over all other metals, as a ma-

The

testing was fair all round, and was at least one of the main

terial which had been proved and could be relied on,

factors which caused the use and production of steel to grow
vear after year to greater dimensions.
When iron was chiefly employed in and

repairing of ships and bailers, the guality of the material was

the construction

alwayvs a question entailing anxiety and consideration; while
at the present time, with steel, vessel after veszel is blt or
ropaired without the slightest guestion or anxiety arising. It
15 & very rare oceurrence for a steel plate or angle to fail in the
shipyard or boiler works. It ig quite as easy to make had steel
as to make bad fron; it is also as easy to bum steel as to burn
mes for the care which must be

iren. It therefore speaks v

taken in the manufacture of steel when a comparison is made
between the great quantity of good material supplied with the
small quantity which fails during construction in the shipyard
ar boiler shop

The Northeast Coast of England iz one of the largest ship-
bilding districts, and so far as the repair of veszels and their
machinery is concerned, it is also one of the largest repairing
digtricts. It is, therefore, a datly and common experience for
those engaged in such work to sec on a large scale how well
mald steel will stand the test of time, severe damage and wear
and tear.

In the dry docks, steel vesszels, owing to damage cansed hy
stranding, collision or other canses, come under repair with
plates and angles much indented and distorted, in some cases
the damaged material, although not cracked or

fractured,

having the appearance presented by a sheet of note paper
when erumpled up in the hand

In connection with steel boilers also, working with a high
pressure of steam, cases are met with where, owing to over-
heating and other canses, furnaces and plates are found much
distorted and stramed. without any serions consequences having
enzued. To see steel vessels and boilers which have sustained
sich damage brought safely into dry dock for repairs is a
fact which speaks for itself and compels one to feel there can
be no deterioration, or else it can only be of a trifline extent,
in the quality of a material which will stand such a test after
vears of work i all parts of the

this

world amd in all kinds of

weather, and conclusion s confirmed i “samples are

DAMAGEDR PLATE FROM THE BOTTOM OF & STRANDEDR SHIT.
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sheared off from such damaged material and thoroughly tested.
In the early days of steel making in this dist
gaged in testing the material which w

tion of vessels and mwachinery intended for classif

t I was en-

as used in

LNE CONELriic-

Wl
Since then tests have been made from time
which had been in

Llovd's Register

to time on samples of old stee use and at

work for a number of yvears mn different parts of the hull and

& shear

machinery of steam wvezszels, The samples tested
from plates, angles, bars, etc,,

to damage, corrosion, pitting, wear and tear and cther

which had been removed owing

The tables at the end of the paper show some of the results
The number given for the purpose of illustration

of the tests
was deemed sufficient,

It 1= of value to note that the samples which were tested for
tenacity broke practically within the limits reqiured Dy
riules when the material was made. In no case was the

tenacity above, and in only a few instances was it helow, the

lower limit, and even in these few exceptions the difference

ng and confined to those samples which were cor-

Wwas tri
roded or in which the surface and section was not uniform.
In the majority of cases, after the samples had been pulled
asunder to determine the tenacity, the broken pieces could be
bent cold through an angle of 180 degrees.
In pieces which were tested by bending only and not for
tenacity, if the

order, they could in the majority of cazes also be b

iples were sheared off by a machine in good

through an angle of 180 degrees.
The hot and forge testz w
the very corroded and damaged specimens.
the pieces were hammered down very thin and to a chisel edge
without any signs of £ ure, and this also, in my opinion, is
a very satisfactory result.
Samples which were cut from furnace plates which had

with

YETY "-il.|i‘-'|..'li'|"|'}'. £vEeT

In many, instat

been exposed for many years to the most intense heat stood
the maost severe mechanical tests.

The elongation of the material on a length of 8 inches was
measured in all the picces tested for tenacity and is considered

satisfactory when allowance i3 made for damaged and cor-
roded surfaces, and the variation in thickness and section at
different portions of the length,

In regard to iron, the samples tested were not in any way
0 satisfactory as in the case of steel, working under the same
conditions, Some of the old and thick samples, in fact. beoke
off in pieces directly they were touched by the shears.

In a paper which was read in 1881 at Newcastle-upon-Tyne
before the Institution of Mechanical Engineers, 2 well-known

IN WERHEATED

Lo pay a

good deal more

shiphutlder, dunng the discussion, stated that he |

for the material of an iron ship he had to

butld becanse 1t was specified that the iron should have an ex-

it across the grain.
wonld stand at that

interest, in making a comparison.,

wion of 5 percent with and 2% perc
i 1 = a good idea of what ron

therefore of

BOILER FURNACE

to know that if samples were now taken from mild steel ship

plates which were made 5 ago and had

| tested twenty' year

been hard at work ever since. gve was dam-

aged ar much corroded, they w extension

tests in any direction of thle {
With re

iy difference i its action between ir

Amant

I to corrosion in vessels, T have never been able

L see n and =teel of the

DEFTH OF NULGE IN VERILEATED EBEOILER FURNACE.

same thickness. A half-inch pl
are similar, appears to withstand o
half-inch p
ing will stand satisfacto

steel, if the conditions

rosion just as well as a

e of iron, Inae led steel plate the part re-

k]

" tests ) moa corroded iron plate

s not appear to do =0
FCwenty-five vears ago the average life of an iron boiler was
about ten years, while at the present time, with much higher

pressures, it is at jeast double that

In a paper read hefore
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the Institution of Mechanical Engineers in 1878, Mr. W. Boyd,
the first president of this institution, made the remark—""Time
alome will prove whether this material (mild steel} can suap-
port the wear and tear of life on board ship.” We now all
know it does so uncommonly well, and for the purpose of
record it may also be added that its quality and properties,
after yvears of hard work, are practically unimpaired,

The early steel-malkers who faced and solved the problem of
making good mild steel at o moderate price, and shipbuilders
like the late William Denny and others, who had the courage
to use it, are really the men who are entitled to a great share
of the credit for the progress which has been made in recent
years. To continne this progress, further economy of ma-
terial will be necessary, and this will no doubt be effected by
the production and use of a still stronger and better steel.

The work on which this short paper is based is really due
to many connected with the repair of vessels and the testing
of steel.

SPECIMEN RESULTS OF TESTS OF OLD SIEMENS MARTIN, ACID
OPEN-HEARTH BOILER PLATES WHICH WERE REMOVED

COWING TO DAMAGE OR CORROSION,
3 ol e
EARE B i B | Cold Bend Test
Cause of |55 | 22
TIEECRIBTION Reroval. |2 &= 2 |Angle Bent Through,
= | o=
B =4 -5
: =
[
Furnace Cwvgrheating | 8 TO5 | 267 x| 1807
T, L, 8 125 | 275 e =
Do D, -] E | 8.7 o 1507
Do Dia ] T4 [ 286 M| 180t
Da. Do, 12 - g o | o2 1807 signs of frac-
une ar. 145°
T Do 12| .83 | 26.4 | | 1800 :
Firehox Corrosion | § 2 | 28| = |1s0f |
i Diia. -] [ ar.3 » 1807 )
Boatons Fromt | Much do. | 14 65 | %5 | 13 | 1807 =
Back end plates | New LE:fIt'r ¥ o485 0T | 1807 i
fat | H
T Dia. 25 48 | .5 24 | 180 E
Dia. D 25 7 06 2| 18f 5
Bark tube plate D, 25 5 BB 18 =07 -
o, Do, 75| w5 | mex| |1 2
Combustion back Much 13 42 D3| 11 1=0" _:'
- |
Tn. Do. |1a| .52 |278| 16 | 180 g
Uprake Comroded | 13 | .99 | M3 n | 18r T
D Do. | 13| .56 | X4 22 | 180° E]
Fromt tube plate D 23 A4 27 5| g 1507 =
Lk, L. 2 A% | Ir.o 16 | Surface pitted
| | 135%180° broken
Chamber stays Dia. | 7 | Tddia| 262 |35 in 47 1850°
D Tha. T .74 din.| 26.2 34 in 4" 1507
Boiler shell Wasted 10 57 (a1 4| 2 | 18P
I Do 16 a7 a1.9 23 150°
Dhx, T 1§ a7 a1.B [ 25 150 !
Lha, D b2l 2 | m7 15 | Surface mitted 1807
Do, Do, | Fi] F 460 Fo 150°
Da D, 23 4 | 266 5] | 1A

Motk —The bending tests were made on the broken pieces after the sumples had
bewn pulled asunder to determine the tenacity,

In the discussion following the reading of Mr. Feck's paper,
Mr. William Bovd brought out the following intercsting facts
regarding the material used in the construction of a bodler in-
stalled in one of the first ships to be built wholly of stecl. The
boiler was 13 feet 3 inches in diameter and 1o, fect 8 inches
fomg. Heating surface 1,880 square feet, and working pres-
aiure 65 poumds. The design being submatted to Lloyd’s
the usual way, they agreed to a certamn reduction of thick-
nesses Yas an experiment only™ and on certam conditiomg, viz.

t. That the plates should have a tensile strength of from 26
to 30 tans,

2 That a specimen of the longitudinal joint zhould he
tested and shown to have a percentage of 74 percent of the
solid plate.

3 That a shearing of every plate should be subjected to
bending or tempering tests.

4. That the fat surfaces should be shown by experiment
under hydravhic pressure—when stayed in the usnal manner—
to be as strong to resist bockling as ordinary iron plates,

These experiments were duly carried out with the assistance
of Mr. Manuel, Llovd's surveyor, and were recorded in the
paper in question, but they would hardly interest you now,
Suffice to say that the design was passed for 65 pounds pres-
siire, with the following reductions in thicknesses:

Reduction,

Percent

Boiler-shell plates, from........... T to 1116 inch 21.43
Boiler 6mds ... ovnreevnnsainonrenns 34 to 016 inch 250
Furnaces and combustion chamhbers, 14 to 7/16 inch 12,5
Front and back tube plates,........ 34 to 11,16 inch 2.13

The experiments then carried out under the supervision of
Llovd's Registry may be said to have formed the basis of their
present rules for the thicknesses of steel boiler plates, which,
at a date subsgequent to 1878, were issued to engmeers and
hoiler makers engaged in the construction of marine boilers.
Up to this time they had no rules for scantlings, and, as [
have before explained, the reductions in thickness from the
ordinary iron plates were allowed in this case “as an experi-
ment only,” If the same boiler were to be built now under
Llowds presest rules, there would be a further slight reduction
of about 434 percent in the shell plates and about 11 percent
in the botler ends.  The inaide work would remain pretty much
the same. This shows that the advisers of Lloyd's Register
thirty vears ago were not very far off the mark.

The plates for the boiler were made by the late Mr. C. W,
Siemens at the Landore Steel Company’s works in South
Wales, and, as before stated, were to have a tensile strength
of from 26 to 30 tons, They were shown by test to have an
actual mean breaking stress of 287 tons with an elongation of
26.5 percent of length.

It is mteresting to compare this tensile strength of 26 to 30
tons with that of the high tensile silicon steel plates used in
the boilers of the Mawrefania, which, as you will seec in “En-
gineering,” had a tensile strength of about 37 tons, an elonga-
tion of 21 percent and elastic limit of 21.8 tons. The suecess
which attended these early efforts thirty vears ago is evident
to all engineers to-day, and the behavior of the material under
great "provocations” is alse well known, and is well brought
cut by the figures given in Mr. Heck's paper.

Mr. J. L. Twaddell said: Although Mr. Heck's subject
deals with the effect of work and time on the properties of
mild steel and iron, T think it is to be regretted he did not
give us some results of his experience in regard to the riveting
attachments as well as the material itself. Tt might be said,
of course, that litthe or no opportunity of determining the
relative value of iron or steel rivelts is available in vessels
of the merchant service, on account of the almost universal
practice of using rivets of iron only m steel ships, although
steel rivets are used in hoilers, and I regret I am unable to
angment Mr, Heclk's paper in this direction, aithough some
other member may be able to do <o, [ would, however, Shge
gest that, apart from the theoretical strength of a riveted
jeint, the effect of work and time on the material of which the
rivets are made deserves some serious consideration,

The Admiralty practice is to have rivets of the same ma-
terial as the plates they connect, hence mild steel rivets for
mild steel plates and high-tensile steel rivets for high-tensile
plates. No doubt this practice is the result of careful consid-
eration, but it would be interesting to know how far this
practice is justified by experience of the effect of work and
time on the material forming the rivets. It seems reasanable
to take mto consideration the fact that while the quality of the
material of the bars wsed for making rivets is the same as
that of the plates, these bare have to be heated and worked
into the form of the rivet, and again leated and hammered
u|1_in the structure, so that the finished rivet may not have
quite the same quality"as the bar from which it was made pas-
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sessed,  Again, it should be borne in mind that a very large
percentage of the rivets in the main structure of a chip's hull
are subject to shearing stress rather than temsile. In order
to test in a small way the relative value of lugh-tensile steel,
mild steel and iron rivets, I recently made a little experiment
in our test house at the Jarrow vard in the following manner
Two pieces of plate, g pounds per foot, connected together
with a butt strap 11 pounds per foot, riveted by three half-
inch diameter rivets each side of butt placed lengthwise in the
plate as in a treble-riveted strap. With high-tensile plate and
high-tenszile rivets, the plate fractured at 194 tons, but the
rivets did not shear. With a mild steel plate and mild steel
rivets, prepared as already described, the rivete sheared at 16
tons.  With mild steel plate and iron rivets, the rivets gheared
at 14.7 tons. Then, in order to test similar rivets in tension, 1
had two smithed eyeplates riveted together with two half-inch
diameter rivets and pulled them apart. The iron rivets hroke
at 10,35 tong; the high tensile at 18.05 tons, and the mild steel
rivets at 185 tons, a noticeable feature being that while the
high-tensile rivets broke clean off at bottom of countersink,
the tmld stee]l and iron rivets sheared the countersink off
almost in the form of a washer. You will also notice that the
mild steel rivets, probably from the stress exerted in shearing
off the countersink, withstond a greater straim than did the
high-tensile rivets which broke. I may =ay that the high-
tensile steel used in both plates and rivets was tested to 37 10
43 tons per square inch tensile, with an elastic limit of not less
than 22 tons and a minimum elongation of 18 percent on 8
inches. The mild steel was of the nzual Lioyd's tests. So
that you can make your own deductions. The bars from which
the iron rivels were made were of the nanal rivet bar quality

Lloyd's Register Boiler Rules.

(Contiened from p. 48, February Boier Maker)
TABLE FOR FINDING THE DIAMETERS OF RIVETS AND OF PITCHES
I RIVETED JOINTS.

A short table is given in this column which shows the
smallest permissible percentage for any form of joint, the
condition being that when that particular percentage is adopted
the strength of the joint shall he exactly the same for each

TABLE OF LEAST PERCENTAGES OF RIVETED JOINTS

m* L] s ||| n|e|n|n
Lap joint, 3 rows. ... | o G206 638 710 727 | BO.D | Bd.2
f =4 0% .. 530 608 T14)7HD| B0LE BALY
S T |BD.2 68.2 | 7B.4 E.{.?|3E\-ﬁ e PO
! Lt L SRR Bi.6| 73.8 ) 82.68 | BT. 9| .... Al R
L iy L I0G T BELG ) L | s
X SEE R B - U
Buit joint, 2 TowE......| .. | 555|630 |6r3| 750 80| 671
. i T.8 | T0.4| 764 | Bl 4 BT.5) ... | .-
LR ] ! o aligy] 28 eachl gy a9 | ....... :

inner oW |

* m = quotient of the number of rivets in one raw, when divided by the number
In the adjoining inner row.

row of rivets. If thiz percentage iz exceeded, the inner rows
will be stronger than the outer ones. If the joint is made of
a smaller percentage, the inner rows of rivets will be weakest
and must be caleulated separately.

Having decided on a particular percentage, the best dimen-
sions of the joint can be ascertained from the following table,
which contains the values of M % [} = T = number of rivets
% diameter of rivets — thickness of shell plate. Having
found the pumber in the table against the desired percentage,
it iz only necessary to multiply it by the thickness of the plate

and then, dividing by the number of rivets within one pitch,
their diameters are found. The percentage and, therefore, also
ihe numeral should be so chogen that the latter 15 larger than
the number of rivets in one pitch.

Example —Butt-strap joint I-inch steel plates, steel rivets,
three tows, with two rivets in each inner row. Then the
smallest percentage to be adopted for this joint is 83.33. In-
terpolating the values in the following table, it will be found
that the value of M % 0 = T is 428 Dividing this by 5, the
number of rivets, then their diameters must be 856, In the
first column of the same table will be found the value of pitch
= rivet diameter — 6. Thercfore the pitch is 6 % Bsh =
£.1360 inches.

If it 15 desired to make the rivet diameter equal to the thick-
ness of the plate, then a value must be selected where A 3 D
=~ T =5, i ¢, 35% percent; then the pitch would have to be
6,08 inches

TABLE FOR VALUES OF M X D = T.

Lar JorsTt. HBiir Stears

: 9| d| g8 | 82 (. 32| g3| ¢ | 8

B= | =2z| Bk A& | H= AE| 2% 25 =25

g | ] EEE | = B ! Ep.pﬂ En..::: == =l

3 | 4 |dgs|Feg| T | 25 || &Fe| ez 21 | ¥
A | 5 |2EE|528| BE | ik ZEE | BEE| Z& | 28

= b | Pl H | S i e

B ]is ==

= % CoRsTANTS

+ 5 B

2 ‘ £ | | = [

] z 7

= o 100 50 85 W || -z100) -x90| -x85 -x70

+ 4

] e [ e [ e =R
2 50 | 22| 228| 2TR [

86 | Bl e | Em] .olza | 284

2| B2 | 208 231 24| 207

20| 83 | 27| 2.4 | 28] 3210

378 | 64 2.2 2.52| 2.066| 3.23

2. 66| B 2.8 | 2.68| 2.78| 2.4
sos| 86 | 247 | =75 | 2.0 | 3.88 2.02
3.0 | 47 2,50 | 2,87 | and | 3.60| 211
aan| 68 | 71| a01| sa8| 3= 0 a3
.29 | ép | z83| 3.15| 3.3 | 4.06 2,31
83| T 20T | B.A0| 3.498 | 4.24 i FTAs .42
345 1 312 46| 246 | 4B ([ ... oo | i | 2.54
357 | 72| 3w ded| 3ms| ewB)| ..o.| 208 zon| 247
a0 73 | 34| 3E2| 405 | 402 v | 220 wmd | 281
385 | T4 3.62) 405 4.26 | 5.8 )| 207 | 2.31| 24| 2.06
400| 75 | 382 4.m| 449 B8 298| 243 2ET| 342
408 | 75k | ae2| 36| 460 | 6Bl || D.24| 240 24| 3N
4.17 | 7B 408 | 448 | 474 5.96) 230 | 2.58) 271| 2.2
.20 | 7ok | 414 4061 | 457 | S92 zav| 2063 | =T 3.38
i om 4% | wra| 501| 600 244 27| 2.65T| B.48
444 | 74| 448 487 SH18) 6. o510 278 o.05] 3.58
465 | 78 4.51| 502 581 | G.45)| 255( 286 ) 5.08| 3.68
468 [ T 485| 517 | 547 663 | z66( 295 312)| 4.79
476 | 79 470 | 6532 6.64 | 6.84 274 404 322 39
488 | 79 4.94| 5.40| 5.8 ( 7086 | 2RD| 313 | 3a2| 4.03
500 w0 | 500| 566! s599| 78| 201! 323] 42| 416
5.1%| BOF | 5.26| 5.B4| 6.18| 7.5 ( z.00| 3.33| 853 | 4.2
5.2 | &1 543 60a| g3 | 795| 3.00| 344 368| 4.48
540 | E1%| 56| 629 6.80| 01| 221 | 5.56| 397 | 4.58
5566 | ‘B2 580 ( 6.44 | 6.82| B.29 | 5.32 | 3.88| 3.00 4.73
571 | s | o0 | 667 7TO6)| BAEV| @.4n | 38 4.08| 490
580 | = gor| @mo | v31| Bea| 3.56| 3.94| 418 | 507
g.06 | =3%| Gad| 7.18| 7.58| om0l 264 | 4.08| 4.33 | 526
.25 | &4 B.6% | T.43 | 7.6 9.5 A.82 | 4.25 | 448 | 5.48
6.45 | 44| 694 | 7.7 | 517 | p92 3.97 | 4.41 | 4.67 | B.67
667 | 5 | 7.22| B02| sS40 | 103 412| .55 48| 5.89
B.82| 363 T4l| 8.23| 872 ... | 4 23| 470 | 498 | 6.05
698 | =54 | 7601 | 8,46 B.95 435 | 4.82| 52| 6.2
704 | 86 | 7AZ| 8.0 | 0.20 4.47 | 4.7 | 5.26| @:38
7.3 | B6%| 8.04| 894 946 4.60 | 5.11 | 541 8.57

i | p

7.50 | 8 8,05 | 0.20 | ¥.74 4.73| 525! 550 | 6.76
Th M| RE| VR0 | a7 541 573 | 696
780 | 578 | 8TR| 075 | .. [ s02| 557 00| 7.17
.00 | 574 | 408 10.08 517 | 5.78] 6.08 | T.38
23|88 | pad| ... 533 | 5808 628 7.82
5.87 | =84 | 064 55 | 6.12 | G.48 | 7.87
B.B2 | 584 ( 9.04 560 | 6.32| 670 | B.13
aon | s | 1040 50 | 6.54| 603 B4l
037 | = 6.00 [ 8.77| 7.17| EB.T0
.68 | & 681 7.0 | 7.42 | 9.02
.00 | an - | B.55 | 7.28| 7.70 | 8.56
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Comparison of Rules for Calculating the Strength
of Steam Boilers.

The object of thiz paper is to attract the attention of engi-
neers to variations in the rules now i nsge for determining
the strength of the different parts which make up a steam
boiler, with the hope that it may elicit a full discussion of the
question whether or not it is desirable to prepare a set of
standard rules for strength.

Universal standards, based on scientific methods counpled
with experiment and experience, arve now being adopted with
advantage by both engineering and commercial interests,

Engineers have accumulated sufficient experience to predict
with accuracy results that can be expected. Such predictions
as to strength of boilers are foretold by caleulations founded
on analytical zeience, with constants supplied by experiment.
Engineering literature is rich with records of these experi-
ments, and the results obtained are in close enough accord for
all practical purposes.

The author will not attempt a complete analvsis of the rules
in force, as most engineers are fully aware of the discrepancies,
but will simply compare a few rules for the sake of illustration,

DATA

Type of boiler, Scotch.

Mean diameter, 12 feet 7 inches = 151 inches.

Working steam pressure, 130 pounds above atmosphere,

Material, steel.

Material, tenszile strength, to,000 pounds.

Thickness of shell, 7§ inch.

Joints, longitudinal. Double butt straps of equal width,
double riveted,

Joints, transverse, lapped, double riveted.

Rivets, material, steel.

Rivets, diameter, 1 inch.

Eivets, pitch, 4 inches,

Flat heads, steam space, thickness, 35 inch.

Long stays, steel, spacing, 15 inches,

Long stays, fastening, double nuts, thinnest washer allowed.

Stay-bolts, spacing, #24 inches.

Stay-bolts, fastening, screwed, single nuts

From the above data the working pressure allowed on the
shell in pounds per square inch would be as given in Table L

ASSUMELD,

TABLE I,
I. United States Board of Supervising Inspectors of
SR e O R T S e

139.0
IT. Lloyd's Eules.. 1168
11T, Board of Trade.. i e o
IV, British Corporation. .....c.cocuireereinrrrnnne.. 1186
A Borede Mlerrtaes i o r G SR e g

The difference is 28.2 pounds, or over 25 percent.

The first rule makes no allowance for workmanship or pro-
portions of joints. The ather four rules include the percentage
of strength of joint, while the third rule has a sliding scale for
workmanship, shop methods and general design,

The working pressure allowed on the flat heads in the steam
space, when not exposed to the hot gases, and when the stays
are fitted with double nuts and a washer on the outside, riveted
to head and of minimum mentioned in the rule,
would be given in Table IL

thickness

TABLE 1L
I. United States Board of Supervising Inspectors of

Stenm Wesseld i nnn s e e 184.3

1T Elowndi Rlih . oo i ivob st it e 1280

LIL: Boardal Tratlel, o o conains cus e v e inmes smane A

I35 British COrpoBstion, . e ri s s sassssns bamcas sl 2K

W Boreau: Veribissl soolaon S inmin 13040

The difference is 56.4 pounds, or over 44 percent.

The rules are not alike as to the size and thickness of the
minimum riveted washer mentioned, and consequently the
variation is largely due to the value of the constant employed.

Taking the data as assumed, and making the caleulations for
a working pressure of 130 pounds, the results for the parts
gpecificd would he as given in Table ITT,

TABLE 111.

1. 1T 111 l IV, e
United Board Hritish
Paer oF BoiLEER. Siates Llayed’s of Carpara- Hureau
5 L5 V.| Rules Trade, tic. Veritaz.
Thickness af shell, ins.. [ 0. 85220 0. 9584 1,0%30 ] 953'" 1.0201
Mearest 32d. . Tiiny Wm | A Ye iy 1¥n
Thick ness nf ﬂrl.t 5n|r |
Tares, screw staybolis, |
B4 |n|.h centers, fited
with nuts, inches, | 05531 1] 51.3[ 0. 52...,32 . -5333 0. 4542
Nearost 33d. .. 1573y Bigg# Uia T ]
Area of long steel stays,
sequnre inches. ... ER 3 fib6 I 250 3. 262 & 258
DHameter, nexrest 16tk 2, | T 21 2l 2 Vg

W5 s s thin, bat for %5g pressure could be 181 pounds, or nearly 17 percent
more than required.

Certain essential details are not provided for by some of the
regulations, but are in others. Some inflict penalties for poor
workmanzhip and defective design, while others allow the same
pressure on the best as well as the poorest boiler when made
from the same material, Corrosion is provided for by the
addition of a fixed thickness to the caleulated part under some
regulations, while in others it 15 included only in the general
factor of safety. This factor of safety neceszarily differs in
all the regulations.

The author 15 not aware that there have been any more
failures under the regulations giving the minimum thickness
than under those of the maximum. If the minimum s ample,
why use the maximum? If, under the high pressures now
maintained, the maximum 15 needed for safety, is it not
opportune to increase the minimum? If the minimum 1=
sufficient. then from Table TIL it will be apparent that under
any one regulation the hoiler is not of equal strength through-
ont ite parts, nor is there the same allowance for the more
rapid corrosion of certain parts over others. Thus, if the
ghell thickness under Regulation T, be correct. it i not neces-
sary to have it as heavy as under Regulations 111 and V.,
while the staying of Regulations II1. and V. are lighter than
in Regulation 1.

The above data and facts have been taken from a paper
read by Mr. H. De B. Parsons a few vears ago before the
American Society of Mechanical Engineers. Mr. Parsons is
a consulting engineer who is recognized as an awthority on
steam-hoiler construction. The wide variations and discrepan-
cies hetween the various so-called standard rules for determin-
ing the size and strength of steam boilers are just as great
to-day as they were at the time this paper was written. The
worst offenders, the rules prescribed by the Supervising In-
spectors of the United States Steamboat Inspection service,
have remaimed practically wnchanged, while foreign rules are
contimually being modificd as is deemed expedient from ex-
perience,

In the discussion bronght out at the time Mr. Parsons’ paper
was read, Mr. K. 5 Hale, consulting engineer for the Mutual
Boiler Tnsurance Company, explained the practice of this com-
pany in determining the strength of boilers and showed how
their experience Had brought out the difficulty of establishing
a set of standard rules which conld be applied to all conditions.

Taking up first the question of the cvlindrical shell {he
said}, T will vefer to the horizontal return tubular hoiler, as
by far the great majority of boilers which come under our in-
spection are of this type. i
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The factors covering the pressures to be allowed on these
boilers are thickness of the plate, the strength of the metal,
the efficiency of the joint, and what may be called the maoral
factors, such as the design of the boiler, the workmanship
during construction, and the uze to which the boiler is put
In regard to the efficiency of the joint, we always compute
this from the strength of the metal and of the rivets. We
do not, however, often find it necessary in new boilers with
butt-strapped joints to consider particularly the strength of
the rivets in shear, since, if the joint is properly desigmed for
a tight joint, the rivets are usnally much stronger than the
plate. On lap joints this is not necessarily the case, but lap-
joint boilers are pow very seldom put in by our members, ex-
cept for heating purposes, where the pressure carried does not
exceed 15 pounds per square inch, and where the margin of
strength iz very high.

In regard to the tensile strength of the metal, it is our
custom to specify that the tests of coupens in the sheets shall
not be less than a certain amount, vaually 55,000 pounds per
square inch, nor more than a certain amount, usually 63,000
pounds per square inch. We also specify that the elongation
in & inches shall not be less than a given amount, nsually 23
to 30 percent, and that the phosphorus and sulphur shall not
exceed certain limits, nsvally 035 percent. These requirements
represent the wsual mild steel specifications,

We make no allowance for future corrosion in the design of
the boilers, except in so far as we use a lower unit stress in
designing than we consider safe, so that even with some shight
‘corrosion the hoiler can still be run at the pressure for which
it 15 designed.

In regard to stayved surfaces, we have two cases to consider.
First, in horizontal tubular boilers. In these we stay the heads
preferably with through and through rods of large size, say of
about a inches diameter, with channel bars or angle bars
riveted to the heads to stiffen them. On these rods we allow
a stress of @000 pounds per square inch,

On the fire-box of vertical tubular boilers we have usually
adopted the United States rule. This gives the highest pres-
sure of any of the rulez in common uze, but even in large
boilers with the fire-box & or 7 feet in diameter, the fire-box
is, to a certain extent, self-sustaining, so that we have thought
the rule gave ample margin, particularly as we know aof very
few cases of failure of boilers at this point,

On small vertical tubular boilers, of which we have quite
a number under inspection, even the United States rule waould
require a very much larger number of stays than is found
practically necessary. We have had occasion to design but
very few small boilers of this type, azs most of the boilers
under our inspection were already at work when brought to
us for approval or to determine a pressure. In the latter
cases we have computed the permissible pressure by the
United States rule, and also the permissible pressure consider-
ing the fire-box as a collapeible flue. If the sum of these two
pressures, &, the pressure which the fire-box will carry as a
collapsible flue, added to the stifening effect of the stays, was
greater than the pressure which the user of the boilers desired
ta carry, we have considered ourselves safe in allowing that
pressure, and have never had any difficulty.

As will be geen from the above statement, there would be
great difficulty in adopting any rules which could take into
account all the different factors of different qualities of metal,
different design of joints, different grades of workmanship,
different allowances for corrosion, and differing services for
which the boilers are to be used. At the same time full dis-
cussion of all these questions would be of great value to
designers and insurers of boilers,

Mr. F. A, Scheffler commented as follows: Personally, 1
believe that the best rule as to strength of shells is the one
used by the Board of Trade, as the strength of joint is taken

ito comsideration, which, in my opinion, is the only proper
way to obtain the true strength of the shell, It is surprising
that, with all the brains which our government has at its com-
mand, no one at Washington has had the sense to correct
or revise the loose rule now in existence for determining the
strength of the shells

This rule 15 20 old that you can almost see the gray hairs
on it, It is wrong in more ways than one, but T call atten-
tion to the fact that 2o percent is not always the increase in
strength of the joint by double riveting. One can design a
joint in double riveting which will only increase the strength
1o percent, or which will increaze it 3o percent, if the single-
riveted joint with which it is compared is a bad one. (Query:
Dioes the department allow 3o percent additional pressure for
a triple riveted joint?

On the other hand, the Board of Trade's Rules for flat sur-
faces is not 20 conservative, and some of the others are better,

Prof, T, W, Spangler.—It would seem to me that this ques-
tion is largely a question of insurance. As far as the United
States rules are concerned, they are those rules which must
be followed by vessels which are to be used in the navigable
waters of the United States. If you are going to msure in a
particular company, you want to build what that particular
company 15 willing to insure after it is built. If you are
willing to insure yourself, it seems to me you should design
as you know is right, if vou do know. 1 am satisfied that the
rules of the United States Supervising Inspectors are far from
being the best rules for the building of boilers which can be
devised; but those of us who have had to deal with the
foreign insurance companies, and have kept track of their
rules’ for vears, know that those rules are constantly being
modified by their experience, while the United States rules
are not. Therefore, if one wants to insure his boilers it seems
to me it 18 nothing more than sensihle that he should build his
hotlers az insurance companies call for.

Mr. William Kent.—In regard to the United States rules, I
think they have been condemned by every authority who has
ever written on the subject. They are known to be less safe
than any other rules, and the foreign rules, the Board of
Trade, Lloyds, the Bureau Veritas and others are, as Prof.
Spangler says, being constantly modified by experience, while
the United States rules are not modified by experience or any-
thing else. They have been condemned by writers for the last
twenty-five years, and they remain in the same old fossilized
condition in which they always have been, with the single
exception known to me, that a few wears ago the Board of
Supervising Inspectors did discover, twenty years after the
people had discovered it, that the neck form of test piece was
not a good one for steel. T believe the rules still allow that
neck form for iron. Years ago it was not good for either
iron or steel, and the United States Board of Supervising
Inspectors only four or five years age did find out that it was
not good for steel.

The experience of the insurance companies of this country
and the experience of foreign countries is that boilers ought
to be built about as these foreign rules lay down. And they
do not differ s0 much among themselves. For instance, the
working pressure allowed on the flat heads, when not exposed
to the hot gases, and when the stays are ftted with double
nuts and a washer, etc, 15 127, the British Corporation, and
144, Board of Trade, the two extremes, while the TUnited
States rules give 184 pounds. The working pressure allowed
on the chell in pounds per square inch varies from 110 to 118
according to the foreign rules, while the United States rule
gives 130 pounds. So the United States rule is the anly one
which is very far away. I think, if we want to build boilers,
if we build them according to foreign rules or according to the
rules of the American insurance companies, they will be all
right.



120

THE BOILER MAKER

AprIL, 1908

The Boiler Makef

Published Monthly by

THE BOILER MAKER

INCORFORATED
17 Battery Place, - - . - MNew York
Christopher 5t., Finsbury Square, London, E. C

H. L. ALDRICH, President and Treasurer

3. W. ANNESS, Vice-President
E. L. SUMMER, Scérctary
GEOQORGE SLATE, Advertising Representative
HOWARD H. BROWM, Editce
Branch Oinces,
Fhiladelphia, Pa., Mach'y Dept.,, The Bourse, 5 W. AnnEss.
Boston, Mass,, 170 Summer 5t., 5. I. CARPENTER.

TERMS OF SUBSCRIPTION.

FPer Year.

Per Cﬁp'_r.
$1.00
1.50 (8/3)

1:| {—.-"T'r‘a}

United States, Canada and Mexico........
Other countries in Postal Unuan ..........

Enur\td at Lht New ‘u:-r.s Pns:-:-:T:n:c as second-class matter,
111:1 t, 1908, by The Baoiler Maker, Inc., New York.
The Bo aker is registered in the United States Fatent Office.

NOTICE TO ADVERTISERS.
. Chunfﬂ' to be made in copy, or in orders for advertisements, must be
in our honds not loter tham the ssth of the montl, to irgure the corrying
aut of such instruchions in the asfue of the month Following.

The edition of thig issue of The Boiler Maker comprises
5,500 copies. We have no free list, accepl mo relurn copies,
u-nd 55U .nr:I_'u cnaﬂgh to .:upph- the regular dmmnd

Standard Rulez for the Strength of Boilers.

There are few parts of a steam hoiler the strength of which
can be calculated exactly. By assuming that the shell satis-
fies the conditions of a thin, hollow cyvlinder, and that the stress
produced in it by an integnal fluid pressure is umiformly dis-
tributed throughout the thickness of the metal, the strength of
the shell can be accurately calculated. The strength of stavs
and braces can be calculated exactly only by assuming that
the stresses produced in them are purely direct tensile stresses,
In the case of short stays connecting flat surfaces we know
that this is not the case, and that where there is unequal ex-
pansion between the two surfaces, and the bolts are rgidly
fixed at each end, this unegual expansion causes hending

stresses, in addition to the direct tensile strezs. The intensity
of these bending stressez can not be accurately determined.
The strength of flat plates supported at regular intervals can
not he calenlated with any degree of accuracy, since all such
caleulations are based on formule for the theoretical stress
in plane surfaces uniformly loaded and sopported at equally
spaced points of infinite strength.  These formule are derived
from a somewhat incomplete knowledge of the theory of the
clasticity and can not be said to reprisent actual conditions an
practice.

all have

Formulz intended to cover such conditions nearly
the zame general form, but differ in the matter of
the value of the constants employed and therefore give shghtly
different results. Such formule can not be depended upon in
extreme cazes, but within ordinary limits give results which
agree fairly closely.

Since the strength of most parts of a steam boiler must be
determined by formule which are themselves more or less

empirical, it 15 not strange that the roles prescribed by dif-

ferent authorities give results which vary widely. This point
is brought to mind emphatically by the article published else-
where in this issue, showing how, in a specific case, widely
different values are obtained for the strength of a certain
boiler when figured according to different rules. This article
is an abstract of a paper which was read a few years ago be-
fore the American Socicty of Mechanical Engineers for the
purpose of bringing out discussion on the question of whether
or not it would be advizable for the society to recommend a set
of rules which could be adopted as standard for calculating the
Nothing was done by the society
at that time towards framing and adopting such rules, al-

strenglh of steam boilers.

though the comments brought cut during the disenssion of the
paper shawed that for many reasons such a standard would
he welcome.
Although different tules, now recognized as authorities,
would give values for the allowable steam pressure to be
carried by the shell of a certain hoiler which would vary by as
much a: 25 percent, and values for the allowahble working
pressure to be carried by stayed flat surfaces which would vary
bw as much as 44 percent, vet it should not be inferred that
boilers built to the rules which give these extreme values are
wnsafe. Boilers built to any of these rules are doubtless per-
fectly safe. but it is evident that if the minimum values are
sufficient, a needless expenze has been involved in building a
hoiler to conform to rules with more stringent requirements.
The worst feature about some of the rules now in existence
is, that it is almost impossible to have them modified or
changed to conform with the changes made in the quality of
material and in madern boiler
making. Most of the foreign rules can be, and are, s0 modi-

fied to conform with current practice, but the rules prescribed

stvle of construction used

for marine boilers m the United States seem to be almost im-
pregnable. Probably more has heen done by the American
Boiler Manufacturers’ Association than by any other one body
of men towards changing these rules, It is practically impos-
sible to obtain a general revizion of the law as it now stands,
as that must be done by Congress, upon the recommendation of
the Secretary of Commerce But it has been found
possible to change certain sections of the law by taking them
up one at a time and having them revised at the annual meet-
g of the Board of Supervising
able difficulty the Association  suc-
ceeded in obtaiming the standard 2-inch gage length test piece
for nse in testing steel plates, and were thus able to obtain the
proper values for the tensile strength of plate, which could not
be done under the old neck form or short 3-inch specimen.

and Labor.

Inspectors.  After consider-

Botler Mannfacturers'

Cine of the best mediums for framing and establishing a set
of standard rules for the strength of steam boilers is the
International Master Steam Boiler Makers' Association, which
The
Master Boiler Makers are in a position to frame a desirable

mects for its annual convention the latter part of May.

. =et of rules to represent current practice and could, without

doubt, succeed in having them recognized by various insur-
ance companies and other authorities as a standard. Such an
action, it geems to ng, wonld be eminently desirable and bene-
ficial to the industry,
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Convention Announcement.

The officers of the Boiler Makers' Supply Men's Association
and members of the entertainment committee met in De-
troit Feb. 29 and arranged a program of entertainment for the
fortheoming convention of Master Steam Boiler Makers,
This program includes automobile rides, a boat excursion and
banguet, besides minor forms of entertainment, such as theater
parties, ete, for the ladies and puests of the association

Headguarters of the Master Boiler Makers® Convention
for 1908,

The first annual convention of the International Master
Steam Boiler Makers' Association, which . was formed last
vear, 15 to ‘be held May 26, 27, 28 at the Hotel Pontchartrain,
Dretront, Alich. The association is to be congratulated upon
the fact that this convention 15 to he held in one of the finest
hotels of the Middle West. The Hotel Pontchartram was
opened to the public Cct. 20, 1907, and 15 therefore practically
a new structure and embodiez all the finest appointments of
an up-to-date modern hotel.

The natne of the Hotel Pontchartrain has an historic signifi-
cance, from the fact that Count Pontchartrain, who was Prime
Minizter of France during the reign of Louis XIV, zent the

THE HOTEL PONTCHARTRAIM.

Chevalier de la Mothe Cadillac upon an expedition of dis-
covery and colonization to America. In 1701 Cadillac founded
what is now the city of Detroit, and built a log fort, calling
it Fort Pontchartrain. The name, therefore, antedates even
the present name of the city, Detroit.

The hotel iz absolutely fireproof and containg 300 rooms
beautifully and artistically decorated and furnished. The
rooms are all of good size, and each has its telephone, sunk
into the wall. Each is tasteful in the harmony of its furnish-
ings, and nearly all are furnished in mahogany, Of the 300
rooms, 178 have baths. On each of the floors above the ground
is an arrangement, intended to keep out noise from the other
floors and from the opening and closing of the doors of the
elevator, It is a glass-enclosed vestibule surrounding the ele-
vator entrance, through which no noise can pass,

The general effect of the decorations in the hotel is simplicity
and dignity. In the main lobby the pillars and wainscoting
and the grand stairway leading to the second floor are of
mottled black and white marble. The wood 15 a gray traced
with silver. Che end of the long lobby 15 designed for a publhic
parlor. At the eastern end of the lobby 15 a ladies' cafe,
daintily finished in buff and gold, and adjoining it is the
men's café, which is a great vaunlted room, Amished in old oak,
made to represent gray stone. The light is quiet and sub-

dued and the impression one gets of the room is that of the
dining hall of zome old feudal castle whose heavy oaken
beams have held the ceiling for centuries.

Between the men's café and the lobby 15 the lounging room.
This 15 alse known as the flamingo room, on account of a

nTi

lant panel on which flamingoes are pictured against a
golden sky, The flamingo red prevails throughout the room;

the woodwork 1s of Circassian walnuet, exquisitely matched.

THE FLAMINGD RODM,

Throughout the main lobby and the parlors on the floors
above are scattered splendidly designed ank finely upholstered
chairs and other pieces of furniture. Comfort, combined with
artistic and classic design, is the principal feature of all the
furniture in the hotel.

Not only are the decorations and arrangements for the com-
fort of guests of interest, but the hotel includes a mechanical
cquipment of no small proportions.  Chne unusual feature of
thiz equipment is the fact that there are no boilers in the
building. All power, either steam or electrical, is derived from
outside sourees. In the sub-basement, pumps of large capacity

THE MAIN CAFE.

are located, which draw the air down the shafts and force it
again through purifying cloths to every part of the great
building. Clean air iz good, not alone for the puests, but for
the proprietors, saving dust and dirt and many a cleansing
aperation.

Here, also, is the power for compressing air to clean every
floor of the hotel, for each story is equipped with pipes and
apparatus for sucking up the dust, which is then drawn into
the sub-bazement. MNear by are the great filters through which
passes every drop of water entering the hotel, whether for
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FFiltered water is
heated in great reservoirs ready for instant use.

Switchboards for contralling both the telephone system and
the distribution of power are located here, as are also the
laundry, bake shops, wine vaults, ete.

On the basement floor proper are located the kitchens, re-
frigerating rooms, store rooms, and in the front part of the
building the billiard roem and convention hall, This hall is
supplied with a rostrum and room for 350 chairs, and is fre-
quently used as a banguet hall.

The hotel is conducted upon the Ewropean plan. The room
rates are well gradvated and moderate, ranging from $z.00
upwards per day. As already stated in a previous issue of
Tue Borer Maker the rates will be as follows: Single room
without bath, $z and $2.30 a day; two personms in a room
without bath, $3, $1.50 and $4; single room with bath, $3, $3.50,
F4 and $35; two in room with bath, $5, $6, $7 and $8. The nse
of the convention hall and three committee rooms is to be
given without charge,

bathing, drinking or the washing of dishes.

PERSONAL.

A. H. Swartz. formerly connected with the Carnegie Stecl
Company's and Republic Iron & Steel Company’s plants at
Youngstown, Ohio, and having a wide acquaintance among
operators of power plants throughout the country, has taken
a position on the zelling force of the Rust Boiler Company,
Pittshurg, Pa.

Peter Brown, a retired furnace bailder and iron manuafac-
tarer, died at Allentown, Pa., Feb. 3, aged 83 vears. He built
many blast furnaces in Pennsylvania, New York and New
Terzey.

A, R. Honces, formerly assistant foreman boiler maker of
the Texas & Pacific Railroad, at Marshall, Tex., has accepted
the position of foreman boiler maker of the F. C. 1L B R, of
Mexico, with headquarters at Pueblo, Mexico.

TECHNICAL PUBLICATION.

Proceedings of the Nineteenth Annual Convention of the
American Boiler Manufacturers’ Association of the United
States and Canada. Size, 534 by 834 inches. Pages, 114.
IMustrated.

The proceedings of the nineteenth annual convention of the
American Boiler Manufacturers’ Association, which was held
at the Piedmont Hotel, Atlanta, Ga., Oct. 8 g and 10, 1907,
have been carefully edited and published in pamphlet form by
the secretary of the association. Besides the proceedings of
the azsociation, mcluding the papers which were read and the
discuzsion which was carried on, the pamphlet contains photo-
graphs of all the officers of the association, lists of standing
committees, * and  also  complete information regarding  the
Supply Men's Association, which has hitherte provided the
entertainment features at the conventions. The subjects of
the papers included in this book are Boiler Malerials, Revision
of Marine Laws, Ts the Sudden Stopping of High-Pressure
Marine Engines Detrimental to the Bodler? The Bailer In-
spector, Spacing of Flues and Cold Water Testing.

DuriNG the frst eight months of 1907 the total value of
locomotives exported from Great Britam equaled $1o0800,635,
of which $5.858.141 worth were sent to South America, $2,-
oBz.457 worth to British India, $284.625 worth to Spain, $145.-
328 to the Straits settlerments and $168,067 to Australasia.

QUERIES AND ANSWERS.

Discussion and answers to the guestions published in this
colummn are solicited from onr readers. Al such contributions
will be paid for at owr regular rates when acceptable for pub-
leation #f they are accompanied by the name and address of
the wriler.

C—Will you please advise me through the columns of your valuable
aper of the requirements of the wvarious States of the Union and of
Mexico for the factor of safety to be wsed in figuring the working
pressure of steam bailers? b P

A —There are very few States which prescribe any rules far
the construction of steam boilers. Therefore the factor of
safety to be used in figuring the working pressure of steam
Lailers is not specified except as the boiler must satisfy the
specifications to which it is blt, and the mspectors of the
insurance company by which the boiler is insured.

Some cities in the United States have laws governing the
inspection and construction of boilers. These cities generally
frame their boiler laws in accordance with the United States
marine boiler law, which are the only Federal laws in ex-
istence covering boiler construction. This has been the case
in Chicago, Cincinnati, Pittsburg and 5t. Louis. The United
States marine laws specify that the factor of safety of 6 shall
be wsed, but this is intended to cover the weakness at the
riveted joint, since no account 15 taken of the strength of the
joint in figuring the working pressure, except to add 20 per-
cent in the case of a double-riveted lap joint.  After making
due allowance for the weakness at the seam, the real factor of
safety provided by the United Statez marine laws is really
probably between 334 and o4

The State of Massachusetts has recently passed a law pro-
viding for a board of boiler rules to formulate rules for the
comstruction of all steam boilers installed mn the State. This
hoard has already published a set of rules governing boiler
construction and specifying that the factors of safety to be
nsed shall be as follows:

“The lowest factors of safety used for steam boilers the
shells or drums of which are directly exposed to the products
of combustion, and the ldngitudinal joints of which are of
lap-riveted construction, shall be as follows:

“{a) Five (5) for boilers not over ten vears old.

“{b} Five and five-tenths (5.5} for boilers over ten and not
over ffteen years old.

“(c) Five and seventy-five hundredths {5.73) for boilers
over fifteen and not over twenty vears old.

“(d} Six {(6) for boilers over twenty years old.

“le) Five (5) for steam bmlers the longitudinal joints of
which are all lap-riveted construction and the shells or drums
of which are not directly exposed to the products of com-
bstion.

“(f) Four and hve-tenths (4.5 for steam boilers the longi-
tudinal joints of which are of hott and sirap construction.”

The foregoing rules have only recently been framed and
represent the work of an experienced and highly trained body
af men, so that they may be taken as represemtative values
without much chance for error.

Although few States prescribe a set of rules covering
hailer construction, a number of States and ncafl!,r all large
cities have on their city statutes laws governing the inspec-
tion of boilers. Such laws are in foree in Connectient, Colo-
rado, Indiana, Massachusetts, Vermont, Tennezsee, New York,
Pennsylvania, Maine, Illinois, ete. A factor of safety of 5 is
usnally wsed by mnspectors appointed under these varions laws
when fixing the safe working pressure which may be allowed
on the boilers under their supervision.

O.—Will YuuDF]Enu show me how to lay out the base for o smoke-

stack, one end of the connection being oblong and the other circular, the
center of the stack being located directly over the oblong base? :

A —Fig. 1 shows a plan and elevation of a connection with
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an oblong base and a round top. The diameter of the round
end is shown to be g0 inches, which iz the inzide diameter of
the stack. The first thing to be doue in the layout 15 to de
termane the dimensions of the oblong base of the connection,
so that the area of the opening at this end will equal the area
of the opening in the circular end, Since the circular end is
40 inches in diameter, this area will be (40)° = 7854, which
equals 1,257 square inches.
Assuming that the oblong base will be 24 inches wide, or
. slightly more than one-half the diameter of the stack, find
what length is necessary in order to give the required area of
the opening. The ohlong base can be divided into a rectangle
and two semi-circular ends, which, if placed together, would

Elevation

number of equal parts. In the figure these have been num-
bered 7, 8 o, 10, 11 and 12, Project all these points to the
corresponding lineg in the elevation, the same points having
been indicated by the same mumbers in the elevation. Now
divide the guarter surface into triangles by connecting these
points with straight lines as follows: 1 to0 8, S to 2, 2 to Q, 0
ter 3, 3 to 10, 1010 4, 4 to 1T, IT to 5, 5 to 12 and 12 to 6. Half
of these lines have been drawn dotted and half salid so that
they may more clearly he distinguished in the pattern, The
lines shown in both the plan and the elevation do not show
the true length of these lines. The lines are fore-shortened in
both of these views, Howewver, we can, by drawing right
angle triangles (the height of which is the height of these va-

YAy 1 1 114

Fig. 1

B TETR TN

DETAILE OF LAYOQUT OF FTACK CONNECTION,

form a complete circle 24 inches in diameter. The area of
these ends, therefore, equals (24)° > 7854 or 452 square
inches. Subtracting 452 square inches from 1,257 square inches
leaves Bog square inches as the area of the rectangular part of
the opening, Since the width of this is 24 inches, its length
Bog
must be —— or about 3335 inches.
24

Having determined the size of the oblong opening, draw this
in the plan view, according to these dimensiong, and then it
will be seen that we have an irregular tapering article to
lay omt, and that, therefore, we must nse triangulation, Since
the center of the stack 15 directly over the center of the ob-
long hase, the surface is similar on each side of both the hori-
zontal and vertical center lines, therefore it would he neces-
sary to lay ont only a quarter pattern, from which plates for
the other three guarters of the connection can be lifted.

Divide one-gquarter of the circle, which represents the plan
view of the round end of the stack, into any nuomber of equal
parts. Im this case five have DBeen taken and the points of
division have been numbered 1, 2, 3, 4, § and 6 Also divide
one-half of the semi-circle, which forms the corresponding
part of the circular end of the oblong base, into the same

rious lines as shown in the elevation, and the baze, the length
of the lines as shown in plan), find the true length of the
lines by drawing the hyvpotenuses of these triangles. This
work 13 shown in Fig. 2 where the dotted and solid lines are
separated for the sake of clearness.

Having drawn these lines we are now ready to lay out the
pattern. Diraw the line 1-7, Fig. 3, equal to the length of the
line 1-7 in the elevation, Fig. 1. From 7 as a center, with the
dividers set to the distance 7-8 in the plan, Fig. 1, draw an
arc through the point & Fig. 3. With 1 as a center, Fig. 3.
and with the trams et to the length of the dotted line o-8,
Fig. 2, draw an arc intersecting the one previously drawn, lo-
cating the point 8 Fig. 3. Continning this process, drawing
the triangles in their proper places, giving each side of the
triangles itg true length, the pattern shown in Fig. 3 can be
completed,  In this pattern no allowances have been made for
laps, seams or stretch of the material when rolled to shape,

q.—l. When are double and single riveted seams wsed in Scoich
LT

—2  What kind of riveted seam is the strongest?

i.—3. What is the formula for finding the thickness oi shell plates,
given the following conditions: Scotch boiler 15 feet diameter, steam
pressure 150 pounds, efficiency of seams 8 percent, factor of safety 4.5,
tensile sfrength of plate BN nounds per squoare inch?

l.—4, In o certain Scotch boiler the main stavs were originally 214
inches diameter, and the steam pressure was 16 pounds. %E after a
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time the stays are worn away till their diameter is only 21§ inches,
“'ll:'l_?l:_]r&rﬂl:ll::_llzf‘ would be allowed on _!:th. boiler? i
(b — at kind of material is allowed for boiler tubes?

AL (1)—Single and double riveted seams are seldom used
in Sgotch boilers, exceplt for the girth seams. On account of
the large diameter and high steam pressure used in the Scotch
beoiler, it is highly important that the longitudinal seam of the
shell shall be as strong as possible. A single or double riveted
lap joint rarely has more than so or 6o percent of the strength
of the plates which it joins. Therefore, since other forms of
joints can be made which will give 8o or go percent strength, it
iz obvious that the single or double riveted seam will not be
used.

It can be uzed, however, for the girth seam in a boiler, he-
canse the stress i the shell in a longitudinal direction, due to
the internal steam pressure, 15 only one-half the stress eet up
in the shell in a circumferential direction.  Therefore, a joint
which has a little more than one-half the strength of the plate
13 sufficiently strong for the girth seam.

A, (2)—The strongest form of riveted seam which it is
practical to uge i3 the quadruple butt joint. That is, a seam
with inside and outside cover straps with four rows of rivets
on each side of the joint, or eight rows in all. This joint can
be made about g3 percent as strong as the plates which it joins.
Thiz does not mean that a stronger joint cannot be designed;
for it could by using a greater number of rows of rivets; but
it would not be practical on account of the expense, the time
taken to do the work and the rigidity of the joint,

A, (3)—A formula for Anding the thickness of shell plate
in any steam boiler shell iz

I 5 P P
= —
2w T E
where t = thickness of plate in inches.
D = mean diameter of the boiler in inches.
F = the working pressure in pounds per square
inch,
F = factor of safety.
T = tenszile strength of shell plate in pounds per

square inch.
E = percentage strength of the longitudinal seam.
Substituting the figures given in ). 3 we find the value for
f, thickness of the plate in this particular case, to be
I5 X I2 X I50 X 4.5
————— — 1.2656 inches.

2 » Bo » Go000

A. (4)=In order to find the steam pressure which may be
allowed on a boiler after the main stays have been reduced
by corrasion from 234 inches to 2% inches in diameter, it will
be necessary to find the ratio between the strength of stays of
these diameters, The ratio of the strength of a stay bar 214
inches in diameter to that of a stay bar 2% inches in diameter
iz equal to the ratio of the squares of the diameters; that is,

(z25)"

= Bog. Therefore, the stay after it has been reduced
{25)
ta 2% inches in diameter, is only 81 pereent as strong as the
original stay 24 inches in diameter. If the strength of the
stay has been reduced 81 percent the steam pressure must be
reduced a corresponding amount,  Therefore, the steam pres-
sure will be 160 3 81 — 120.6 pounds per square inch,

A. (5)—For boiler purposes there are five different kinds
of tubes, nickel steel, hot-drawn steel, cold-drawn steel, lap-
welded steel and lap-welded charcoal ron,

MNickel-steel tohe 15 hardly
15 at once barred

worth  discussing for many
from common vse by ils ex-

tremely high price; it has not passed the experimental’ stage,

reasons, i

and the output is not uniferm in quality; acid tests show that
it is attacked in spots, and while the actual loss of metal is
not great, yet the pits would soon eat through and destroy the
tube. An actual test of nickel-steel tubes made by persons
who are prejudiced in their favor showed that the tubes
eracked transversely just outside the tube sheets, while anather
make of tubes in the same boiler showed no signs of deterio-
ration.

A cold-drawn steel tube 15 in many ways very much siyperior
to other makes of tube, but it does not hold frst place undis-
puted. It has a fine finizh and a uniform structure, which are
the result of its method of manufacture. It is of necessity
made from high-grade material, for it would not stand the
process of manufacture if it were not.  Acid tests show that
it is atticked uniformly and that it is not as liable to pitting
as a tube of less uniformity of structure. This make of tube
withstands bending, belling, heading, longitudinal or trans-
verse erushing much better than any welded tube. The cold-
drawn seamless tube has two drawbacks that are very serious,
one being the extreme brittleness of the tube as it comes from
the drawing bench, which brittleness may not be completely
remaved by annealing.

Tubes that have not been sufficiently annealed are often the
cause of cracks and leaks at the tube seat. The other draw-
back iz caused by the tube heing too soft or thoroughly an-
nealed. A deposit of scale will frequently canse blisters or
bags in the tube, and if the latter be cold drawn and well an-
niealed, the blister will be much larger than if the tube were
harder. The soft metal stretches and allows the diameter to
increase considerably before opening, while the harder tube
will open up before much stretch takes place. Anyone who
has tried to remove a blistered tube through a tube hole 1/32 |
inch greater in diameter than the original tube will appreciate
this point. The hard tube will not last long when it starts to
blister, but the soft tube will cost much more in time and money
to remove it when it does go. The strong point for the cold-
drawn tube is that it does not contain the uncertainty of a
weld, but it has a serious drawback in the possibility of in-
sufficient annealing.

Hot-drawn tube should possess most all the advantages of
the cold drawn, and has the added advantage that it wounld
not be brittle. Tt does not possess as smooth = finizh as the
cold drawn and is not likely to be az accurate to gage. The
lap-welded steel tube had proved on tests to be the best on the
market at the preszent time, if everything is taken into con-
sideration. It is hest as to price and superior to all the others
in strength. The analysis of its material shows it to be hard
and somewhat brittle, but practically this hardness does not
affect expanding, belling or beading. The charcoal-iron tube
has long held first place, but it is only a question of time until
it is entirely displaced by the steel tube. Tt cannot compete
in price, and tests show that it cannot compare in strength,
even though it shows a superior chemical composition. Omn
test all good grades of Jap-welded tubes show that the weld is
the strongest part of the tube, but the possibility of a defect
still exists.

The following series of tests were made to determine the
best tube for boiler purposes. Tests were made on four dif-
ferent makes of charcoal iron, one made of lap-welded steel
and one of cold-drawn steel. All the tubes tested were 4
inches in diameter and No. 10 gage, and from each make, pur-
chased in the open market, six specimens were taken, each 24
inches long. These pieces were subjected to cold water pres-
sure in such a way that they were restrained from expanding
for a distance of about 1% inches at each end, but free to ex-
pand throughoit the remainder of their length. The breaking
pressures given in the talle are the pressures in povnds per
square inch at which the specimen burst,  Samples of each
make were tested on the testing machine and analyzed chemi-
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cally. The resulis of these tests are mecluded in the table P = safe working pressure in pounds per square
Six specimens of each make, 2 inches long, were crushed inch

under a hydraulic press in the direction of the axis of the tube T = tensile strength in pounds per square inch.

and the figures at the bottom of the table give the results t = thickness of pl i inches,

relatively, Cold-drawn steel showed no signs of cracking in D = mnside diameter of boiler in inches

any of the specimens and is number 1, the other numbers show F = factor of safety.

the order in which the other makes follow. Number 2 means The only chance for error in this rule is the possibility that

that it was the second best tube subjected to crushing, and not
that it had twice as many defects.

The table does not tell at a glance which tulbe would be
the Dbest, but it gives considerable miormation, which, coupled
with the practical working of the tubes, tells which is best.
The tubes must be tested for expanding, belling and heading
and mmst be exanuned for smoothness, straightness and varia-
tion from gage and diameter, Tests for corrosion have not
proven very satisfactory on account of the variation from the
actnal conditions and the lack of uniformity of rezults. Many
claim that the lap-welded steel tube i3 the best on the market
at the prezemt time, even though some may think it too hard.
A tube should be as hard as the process of expanding, belling
or beading will permit.

FHYSICAL AND CHEMICAL PROPERTIES OF BOILER TUBES,

PrYSICAL Seamless La Charcaal | Charcoal - Charcoal | Charceal
AND CHEMICAL Cald ".'L'e'.«roj Iron Trom Irom Trcm
PrOFERTIES. Dirawn Seel. (T). W (3] (R
Steel
Carbaon. . I 1567 (1] {Trace un der 0.06)
0, {Trace an der 0.06)
[ 045 0z
1] a.019 0. 0153
i, 0.0 0. 0&7
57, 47,260 47,163
i 4 A0, B30 27, B0
Elagation...,...| 21.5% 18. 0. 7% 15. 6%
Reducticn of area,| §1.8%, | 46 45 9% L
Back presaure, lbe,| 4,185 | 4. 5000 3ash
Crushing........ 1 ] 2 &

Emtor's Nore:—In the March, 1o, issue of Tae Bomwer
Maker a correspondent asked the question, "How do vou find
the working pressure of g bodler ™ The answer given was the
formula prescribed by the Rules and Regulations of the Board
of Supervising Inspectors of the United States Steamboat In-
spection Service, It was not stated, however, in the answer
that this was the United States marine rule, and so in order
that no one may be misled this occasion 15 taken to call at-
tention to the fact.

While pur correspondent was 3 marine engineer, and wished
to know how to figure the working pressure of a marine boiler
as prescribed by the United States rule, this was not stated in
the question, and therefore one might be led to think that the
rule given was a general one, which should be applied to all
boilers, when, as a matter of fact, it should be applied only
to those boilers built for use in the navigable waters of the
United States. This rule is not a good one for finding work-
ing pressure of a boiler or for finding the thicknezz of zhell
plate for a boiler for a certain pressure.  Although it has been
prescribed by the United States Steamboat Inspectors for a
long time, yet it has been condemned by nearly all writers on
the subject of the strength of steam boilers as well as all baoiler
manufacturers, inspectors, ete. The worst feature of this
rule is that it does not take into aceount the strength of the
riveted joint in the hoiler shell, except to allow 20 percent
additional pressure where the longitudinal joint of the boiler
is double riveted. As far as the rule is concerned there is
nothing to be gained by using a stronger joint than a double
riveted lap seam.

A pgeneral rule which may be applied to any hailer for
finding the safe working pressure is as follaws:

o it e

T

1w D ¥ F

> wsed too suit certain con-

an improper factor of safety may
ditions.

ENGINEERING SPECIALTIES.

The Yankee Drill Grinder.

Nao matter how satisfactory the drilling machine may be or
what its tyvpe, it can never do good work withont good drills
No matter how superior the steel and how fine the temper, the
drill can never do good work unless it 15 correctly ground, Tt
is passing strange that some people, not 2s many now as for-
merly. take so much pains to see that the drilling machine is
first class, and even that high-grade dnlls are furnished, and

then nullify all the results of their pains by the necessarily in-
securate hand grinding of the drills.

When only the old stvle drill grinders were on the market
there was some excuse for this condition, as even some bright
mechanics and buziness men felt that the time-consuming ad-
justments, necessary hefore the drill could be ground, cost
mote than the advantages were worth, Since the advent of
the new Yankee drill grinder, made by the Wilmarth & Mor-
man Company, Grand Rapids, Mich., this position is untenahble,
as the preparations for accurate grinding are practically re-
duced to laying the drill in the holder. Of course, the tail
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15t be set up to accommodate the length
be ground, pro

and the liprest has to 1

stock 1n the holder nu i
ed this s not i about the right
th the left hand
right, IL 13

time in which to pre-

of drill to
position
at the

shipped up
laid

5 amp

same time the drill i with the

claimed that two to five seo

pare to grind any ordmary drill on the new Yankee drill
grinder, and when the machine s ready it will grind faster
than can be done by hand, to =ay
right, rather than “good enough to

In grinding a drill just right a
problems are involved, and it 15 not strange that in the past
drill-grinding have
mechanism,
old style machines was the calipering of the drill between
gage jaws a3 a means of r
This calipering called for several bothersome adjustments.

Among the requisites for a perfect working dnill aside from
good steel and the right temper are the following: 1. It must
be sharp, 2. Itz point must be in the center of the drll. 3.
It must have the proper degree of angle for both the cutting

machines been comphicated pieces  of

For instance, a prelimunary to grinding on the

sonlating the position of the holder.

pleasing in appearance.  The motor 15 direct connected n its
, a5 the armature shait and wheel spindle are one

and the same.

Lre

Landis Staybolt Cutter.

The Landis Maching Company, Wayneshoro, Pa., has re-
cently placed on the market a new staybolt cutter, This ma-
cline is constructed on the same general principle as all other
Landis bolt-threading machines, but on a differeift principle
from almost any other type of staybalt machine, No lead
serew is used to govern the pitch of the rod which i3 being
The chasers, of which there are four in each head,
are so designed that the front, or working teeth, will do the
cutting at all times, while the back teeth can do no cutting at
all, but extend across the cotting line, forming a lead nut
which bears on the threaded rod and draws it into the cutting
teeth true to the pitch of the die. This gives a lead 2o posi-
tive that it is claimed to be impossible to alter the pitch of the
thread by retarding or forcing the rod into the die. The
chasers are each 4 inches long, and have threads milled on the

threaded.

lips (50 degrees standard), and each hp must do s share of
the cutting.

for the particular work in hand, and it must have a gradual

4. It must have clearance and the right clearance
increase from periphery to center. The construction of the
new Yankee drill grinder 15 designed to provide all these ad
vantages practically without attention on the of the
OpeErator.

The result of itz use 15 that drills produce holes of the same
size as the drills {almost an impossibility with hand-gr
drills}. The drills stay sharp longer, break less frequent
stand harder working conditions and work faster. I

part

that they enable more rapid grinding than it is possible by
hand. It skalled

enough” by hand, while a bright bog

takes a mechanic to grmd a drill “good
can grind them “just
right" with the new Yankee drill grinder

Yankea drill orinder

fifty styles, sizes and combimations ranging from small bench

The new sometlimg over

machines designed for drills of from no. 6o to 55 inch up to

large, heavy wet grinding machincs suited for drills of from

e mtermediate sizes include drill grind

1 inch to 5 inches. The

ers in combination with cutter and reamer grinders, surface

grinders, swing grinders, tool grinders, ete. Machines are

made either for wet or « grinding, but the growth in popo-

larity of the wet grinders iz very noticeable. The wet ma-
chinez can be vsed dry when desired, which adds to their ad-
vantage, The motor-driven machine: are not only mechani-

cally correct in construction, but are also symmetrical and

the full The
tangent  to  the being
threaded, and thug give the correct cutting clearance. The

flat  side, length of the chasers.

rivd,

running
chasers are set which 1s
rake can be ground to any angle desired to suit the kind of
material being cut, and a rolling chip can be taken, as with a
lathe tool, consequently the highest poszible speed in thread
cutting can be employed.  All the chasers are exactly alike, and,
The chasers are not hobbed, but
milled, and the die never requires to be annealed, hobbed
or retemperad, consequently there 12 no hability of destroyving

therefore, interchangeable,

the accuracy of the die

The machine is built in either single or double head pat-
terns in sizes up to 1M-inch capacity. The carriage has an
sidewize, 20 that the work can
be centered to the die and the cutting strain removed. Each
machine 1z provided with a pump, countershaft, wrenches and
an automatic throw-out. The main spindles are so arranged
that any ol which may be carried into the spindle will feed
bacl: into the oil tanl.

adjunstment vp and down and

Lifting Magnets.

A device has recently come into use by which it ig intended
tn overcome some of the difficulties of fastening plates, bars or
heavy weights to cranes and other forms of lifting apparatus,
This device is known as a lifting magnet, and comprises essen-
tially a small casting, either of iron or zteel, hollowed on the
inside to receive an electro-magnet, The particular magnet
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illustrated was desi
pany; Milwauliee, Wis,, for lifting plates or bars,
is capable of picking up several plates at a time, piled one
above the other, and then by gradually decreasing the strength
of the eurrent in the magnetic coil any desired number of
plates. can be dropped from the magnet at a time.

The magnet is hung directly on the crane hook, and its
operation ig very simple. [t i3 merely necessary to lower the
magnet upon the plate, bar, or whatever piece of material is to
be lifted, switch on the current, thus energizing the magnet,
raise the load and ecarry it to any desired poing, lower it, and
then it may be released simply by turning off the current from
the magnet. Of courze it must be understond that the hiting
magnet is only a device for holding the load on the crane, and
helps in mo way to lift the load—other means must be pro-
vided for this.

The Cutler-Hammer Clutch Company manufacture these
lifting magnets in various sizes and designs, depending on the
purposes for which they are to be wsed. The most common

ed by the Cutler-Hammer Clutch Com-
The magnet

.design i5 a circular magnet, corrugated on the outside to pro-
duce as large a surface as pozsible for radiating heat, and pro-
vided with a circular aperture cored clear through the center
-of the magnet body, so that a flue is formed for the circulation
of air through the magnet. This type of magnet iz found
especially wseful for handling scrap, pig iron and other small
pieces of metal.

Portable il Rivet Furnace.

To meet the demand for a furnace which is able to keep a
gang of riveters busy and at the same time be of such con-
struction that it can readily be moved abour, the Railway
Materials Company, of New York, has recently placed on the
market a new portable oil rivet furnace, The furnace is
mounted upon three wheels—two of which are plainly visible
in the cut. The third wheel is smaller and is mounted in a
swivelled truck. Two handles are provided which are ar-
ranged in such manner that the furnace can be handled about
in a similar fashion to an ordinary truck, In the trucking
position the handles are raized slightly by the operator, and
the whole furnace then becomes balanced upon the axle. The
furnace, bricked up and with the 10-gallon supply tank full
of pil, weighs approximately 550 pounds.

The furnace dimensions are such that in renewing the lining,
standard shapes of brick can be wsed throughout, the width,
tength and height being such that any standard fre-brick will
fit into place without chipping. This renders it unnecessary
to carry special tiles in stock, The furnace plates do not need
to be taken down to rebrick, as the top is purpozely left open
te permit of ready renewal.

Provision is made to protect the operator from the heat, and
deflector plates are arranged across the front of the furnace
to provide for the comfort of the operator. The door height
is arranged with the view of accessibilicy,

in both air
noise results

The burner 15 esp 1
inged that practically no

been carefully pro

and oml, and 15 50

from combusticn, hiz latter dfeature has

vided for, and this diffculty—so annoyingly characteristic of

high-pressure berners—has boen overcome. The burner is in-
tended to operate with compressed air, and any normal pres-
sure above Io pounds per square inch 15 sufficient for good
results, The piping is so arranged that if the compressed air
supply is cut off the flow of oil to the burner automatically
ceases, and the oil in the pipes drains to the supply tank.

It 15 claimed that the furnace will readily heat rivets for two
air hammers and can be ready for operation in five minuates
after it is lighted up. Moreover, it is designed to take up the
smallest possible floor space and will readily find a footing—
even on such crowded places as the top of a locomotive tender
tank, where the rivet boy 15 accessible to the “man inside.”

SELECTED BOILER PATENTS.

Compiled by
DELBERT H. DECKER, ESQ. Patent Attorney,
Loaw awp Trust Bunme,
Wazhington, D. C.

Readers wishing copies of patent papers, or any further information
vegarding any patent described, should correspond with Mr. Decker.,

278353, BOILER TUBE. Walter
Columbus, Ohio.
Claism.—The combinat

of a boiler having thersin

Allen Compton, of

ioft with the front and rear tube sheets
alined boiler tube passages, of a

boiler tube adapted to be inserted through the passage in said
front tube sheet, an annular flange on the forward end of =aid
tube to engage the outer side of said tube sheet, a hollow ex-
teriorly threaded bushing adapted to be serewed through the



128

THE BOILER MAKER

ArriL, 1008,

passage in"the rear tube sheet and into the threaded rear end
of said tube, an annular flange or bead formed on the outer
end of said bushing to engage the ouler sides of said rear
tube sheet, a sleeve or gasket arranged on the forward end of
sald tube and passing through the aperture in the front tube
aheet, and around the flange on said forward end of the tube,
and a washer arranged between the rear end of the tube and
the adjacent side of the rear tube sheet. Two claims,

Braoz. STEAM OR VACUUM GAGE, James Ely, 85
Chambers street, New York

Claim.—In a steam gage, the combination with a casing, a
rotatable indicating hand and means for rotating same in the
operation of the device, of a rotatably mounted seale carrying

disk, means arranged within the casing for rotatively adjusting
same and for lecking the disk in its adjusted position, and a
removable key by which access may be had to such adjusting
means from the exterior of the casing—Three claims,

876,378, TUBULAR BOILER., Wilhelm Moller, of Ham-
burg, Germany.

Claim.—A boiler having an upper perforated water chamber
above the water level, covers closing said chamber, pipes con-
necting said chamber with the boiler below the water level,

a2 lower perforated water chamber below the upper water
chamber, covers closing said lower chamber, curved pipes con-
necting the upper and lower chambers and removable through
the chamber perforations, and a feed-water pipe entering the
lower chamber. One claim.

877.487. REVOLVING GRATE. Franz Burger, of Fort
Wayne, Ind., assignor of three-fourths to Henry AL Williams,
of Fart Wayne.

Clatin—The combination with a central fuel feeding tube,
of a circular revolving grate, rotating prate-bars mounted

radially thereon, and means for simaltaneously and inter-
mittently revolving the grate and rotating the grate-bars step
by step. Ten claims.

877142 MEANS FOR INCREASING AND PROMOT-
ING THE COMBUSTION OF FUEL. George R. Torrey, of
Wazhington, D. C.

Claim.—In 3 steam boiler, a furnace, a fire chamber, a bridge
wall, a vortex chamber within the bridge wall for giving a

circular, centrifugal action to steam and air, and means for
forcing said steam and air into and throogh the fire chamber
of the furnace, Seven claims.

877334, STEAM GENERATOR., Fran: Hecht, of Tegel,
Germany,

Claim.—In a steam generator, the combination with a hori-
zontal eylindrical boiler, of a fire grate located beneath said
horizontal boiler, a vertical tubular boiler arranged adjacent
to the end of zaid horizontal boiler, and having its tubes ar-
ranged at its side farthest from said herizontal boiler, and

having an open space extending from end to end in com-
munication with the interior of the horizontal boiler, means
for supplying feed water to said open space, a steam dome con-
necting with said boilers at their adjacent portions, and means
for conveying the furnace gases from the grate down one side
of said tubular boiler and up the other side for passage down-
wardly through the tubes of said boiler. Three claims.

E8o084. INJECTOR. Jame: M. Gailey, McKeesport, Pa.

Claim.—An injector having a mam or water-controlling valve
prm‘_]rlcd with a t11bu'|nr stem, an avxiliary valve, a rod ex-
tending through said tubular stem and turnably connected

with said inlet or auxiliary valve, a hand-operable member con-
nected with said stem for turning the same, a hand-operahle
member connected with said rod for moving the same in an
endwige direction to cause the operation of said auxiliary or
inlet valve, and linkage means jointed to the two hand-oper-
abhle members for causing them to turn together. Seven
claims. :
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INTERESTING TEST OF

That a cylindrical pipe or tank can be constructed of metal
plates riveted together in such a manner that the seam pro-
duces no weakness in the structure 13 a well-known fact. This
iz accomplished by using a diagonal seam, the relation he-
tween the pitch and diameter of the rivets being somewhat
different than is the case in an ordinary riveted joint. The
pitch as compared with the diameter iz sufficiently large, so
that the percentage strength of the section of plate left
between the rivet holes iz comparatively high; say about 73
percent.  The seam is then inclined at az small an angle as i=
practical from the girth seam, zo that the number of rivets in
a section of given length, measured along the axiz of the

MAY,

1908 No. 5

SPIRAL RIVETED PIPE.

although the diameter at the seams had remained practically
constant. The theoretical bursting pressure of 12-inch pipe,
built of 16-gage steel of 60000 pounds tensile strength, 15 625
pounds.  Therefore, it will be seen that the test pressure was
really carried bevond the point at which the pipe might be
expected to burst, even if the shell were one solid piece of
metal with no seams to weaken it.  The pressure of 650 pounds
was applied three times, and no signs of leakage or rupture of
the seam were visible

From a practical standpoint this is conclusive proof that the
diagonal seam stiffens and strengthens a cvlindrical shell sub-

jected to internal pressure. It will now be of interest to see

SECTION OF FPIFE AFTER
cylinder, iz sufficient to make the shearing strength of the
rivets as great or greater than the strength of the plate.

Taking a specific case where the diagonal riveted seam iz
used commercially, it is interesting to figure out the exact
strength of the joint and see how it stands up under an actual
hydraulic test. A section of I12-inch spiral riveted pipe i
tchown in the photograph hazs been tested with
hydraulic pressure of 650 pounds per sguare inch. The pipe,
which is the commercial product of the American Spiral Pipe
Works, of Chicago, i3 made of 16-gage steel of 60000 pounds
tensile strength, The seams are single-riveted lap joints with
rivets 15/64 inch in diameter when driven, and spaced about 1
inch apart. The rivets were driven cold. The angle which the
seam malkes with a section at right angles to the axis of the
eylinder, that is, with a girth geam, 15 16 degrees, as shown
on the line sketch.

The section of pipe shown in the photograph was subjected
to a hydraulic pressure of 630 pounds per square inch without
bursting. Before the test the inside diameter of the pipe was
12.1 inches and the thickness of the plate 063 inch. After
the completion of the test the portion of the pipe between the
geams had increased more than 34 of an inch in diameter,

which a

TEST

FRE3AZURE

FoR EBEURSTING

how this figures out theoretically. The conditions of the prob-
lem are as follows: Thickness of plate, .063 mnch; tensile
strength of plate, 60,000 pounds; diameter of rivets, .2343 inch;
area of one rivet, 0431 square inch; pitch of rivets, 1 inch;
shearing strenpth of rivets, 45000 pounds per sguare inch;
angle of mclination of seam, 16 degrees.

The efficiency of the net zection of plate in the seam 1is

I — 2343

657 percent

The ratio of the strength of a diagonal joint to that of a
longitudinal joint may be found by dividing 2 by the square
root of 3 times the square of the cosine of the angle between
the longitudinal and diagonal seams, plue 1. The angle which
the diagonal seam makes with the girth seam in thiz problem
is 16 degrees.  Since the girth seam and the longitudinal seam
are at right angles to each other, the angle which the diagonal
seam makes with the longitudinal seam will be go degrees —
16 degrees, or 74 degrees. Looking in a table of natural sineg
and cosines we find that the cosine of 74 degrees is .z7ch.
Therefore, substituting this value in the formula, we find that
this ratio works out as follows:
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= — = L.70,
Vaxosdgs41 V3w (275607 + 1

Thercfore, the diagonal seam is 1.70 times as strong as the
longitudinal seam. We found the percentage strength of the
joint as ordinarily fipured to be 7657 AMultiplying this by
176 we [mdl the percentage strength of the diagonal joint is
135; that is, the joint is 1.35 times a8 strong as the solid shell
of the pipe.

Figuring now on the strength of the rivets in the seam we
seg by referring to the diagram that the pitch in a longitudinal
direction 15 equal to the pitch of rivets along the zeam Limes
the sine of the angle, 16 degrees.  The pitch is 1 inch and the

DISMENSIONS OF DLaGoNAL SEAM.

sine of 16 degrees is .2736. Therefore the pitch of rivets, as
measured in a longitndinal direction or i the direction of the
axis of the pipe, is .zF36 inch, or about g/f32 inch. The
strength of a solid section of plate for this pitch 15 Go000
2756 % 063 = 1,042 pounds. The strength of the tivets for
1.O40 3 100
45000 = 1040 pounds. ——
I.042

186 percent.  Therefore, the strength of the rivets in the seam
is 1.86 times az great as the solid plate

From the above caleulations it is easy to see why cvlindrical
pipe built with a spiral seam 1s really stiffer and stronger than
when there is no joint whatever in the pipe. It
shown that the riveted joints are at least 138 percent as strong
as the solid pipe in this particular case, and that the pipe can
actually stand a hydraulic pressure shightly in excess of the
thearetical bursting pressure without leaking or failing n any
waw,

one pitch 15 0431

has been

for Weight of Riveted Steel Pipe

M'LEAN.

Formulae

BRY D, M.

In estimating on riveted steel pipe, flumes, penstocks, and
circular tanks, consideralle time may be saved, and at the
same time results secured which are usoally accurale enough
for all practical purpnses, by the vuse of formnlas such as the
following :

W = .33% dw. (1)
Where 1" = weight per foot of run of tube i pounds.

d = diameter of tabe in inches,

w0 = weight of plate per square foot in pounds.

Tn ather words, one-third of the result obtained by multi-
plving the diameter of the tuhe in inches by the weight in

pounds per square foot of the material vsed, is the average
weight per foot of run of the pipe or tube.

This rule is easy to remember, but gives results which are
rather too heavy to be always desiralle.

¥ = ag dw % 1.125 (2)

Rule No. 2 is really equivalent to taking one-fourth of the
result obtained by multiplying the diameter of the tube by the
weight per square foot of the material used and adding to this
ome-eighth of itself. The formula is really W = 28125 duw.,
but it is easicr to remember and use the formula expressed in
waords, as above.

The following formula was devised by the writer for his
own use, and has proved the most satisfactory of all rules for
this purposc.

WY = (dwr 3 30) 2 05 i3

Expressed in words, this is as {ollows:

Take deo as above and allow a discount of 70 and five
For example. take a tnbe 4o inches diameter
af Lg-inch plate,

percent off,

40 inches 3 11.23 = 440.20
Ta deduet 7o percent, multiply by 30

1347600
Deduct 5 percent, G738

128,022 pounds per

Answer,
lineal foot of tube.

The formula really is 7 = 285 dw, but treating it after
the manner of a trade discount, it mav easily be remembered
and often worked mentally.

It will be understood that these formulas can only be used
on the general run of double-riveted lap-joint work, and for
this they give good results on anything from 18 inches to 20
feet in diameter. For high-pressure work requiring triple-
riveted butt-strap joints special estimates will be necessary.
Otherwise the weights obtained by the last rule, check pretty
closely with those obtained by estimating on the actual plates
and rivetz to he provided for the work,

As a general rule we have found that the published tables of
weights of riveted steel pipe run too light and are frequently
misleading. The writer has always found it best to err slightly
an the heavy side, therefore he always adds the full manu-
facturer's allowance for overweight given in the steel com-
panies’ books for plates up to 75 inches in width.

The following table gives the theoretical weights and the
adjusted weights (so-called) for the usual thicknesses of steel
plates in commen use, These corrected or adjusted weights
are the weights used in the above formulas:

Thickness Theoretical Weight.  Adjusted Weight,

3/ 16 765 Bz
1/4 10,207 11.23
5/16 12.75 1378
38 I5.31 16.38
716 17.86 1803
[f2 20,41 aT.44
0/ 16 22,00 24.00
5/8 25,51 26,50
TL/16 B0y 20.20
354 jo.62 080
13710 3317

3450

By covering the boiler setting with a layer of ashestos
cement, passing over this a canvas, and painting the whole
with a heavy coat, an American engineer has, it is said, been
able to effect a saving of about 125 percent of his coal hill.
It is stated that thoroughly coating the brickwork with red
paint &0 as to fill the pores will cause a considerable saving of
fuel in almost any hoiler,
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German Methods of Marine Boiler Construction.”

BY FROF. WALTER MENTZ,

This article describes the German methods of building
marine boilers, in so far as the maclimery used and the actual
shop operations are concerned. In the rolling oalls, botler
plates are cut to size with large shears, a process which harms
the fibers of the material in the mmediate vicinity of the cut,
and which makes the metal unfit for the construction of a good,
salid riveted joint. For this reason, and bhecause the edges of
the plate which come together must be made somewhat obligue,
the plates are first planed to their exact dimensions, More-
over, it 13 a good plan to measure the outside diameter of the

project beyond the travel of the tool, which, later on, will be
either thinned down or cut out for the joining of the longi-
tudinal seam. Two notches, b and ¢, must be cut with a
chigel in the edzes which are adjacent to the girth seams, so
that the tool can have & chance to begin its cut, and also run
over at the end of the cut.  Tf the planer is large enough, the
cut will run through from & to ¢, but if not, another notch o
must he made, The cut will then be taken first from & #o 4;
then, after the position of the plate has been changed, from
d tooo

The plate iz fastened to the bed of the machine either by
screw jacks, operated by band, or, as shown in Fig. 1, by
hydraulic jacks., The movahle carmiage on which the tool is
placed is driven by a long lead screw, its travel being con-

Fla.: 1

courses and to determine the circumference of the boder shell
plates for both inside and outside courses corresponding o the
mean diameter, since the diameter of the courses scldom
proves to he exactly in accordance with the drawing. The
mean diameter of the finished courses must correspond sub-
stantially with that computed from the length of the shell
plates when rolled out flat,

Fig. 1 shows one of the plate-edge planing machines built
by the firm of Ernest Schiess, in Diisseldorf. Frequently the
cross arm, which can be seen in the foreground at the left-
hand side of the figure, is omitted, so that in place of two too]

~PLATE-ENGE FPLANER.

trolled by means of adjustable dogs: or stops. The tool rest
an the carriage can be turned through an angle of 180 degrees
on its horizontal axis, so that with a symmetrically-ground
tol cuts can be taken on hoth the forward and backward
travel of the carriage, thus shortening the tume of planing by
one-half, The highest cutting speed is about 7.1 inches per
second.

After the shell plates are planed exactly to size they are
either rolled imto a circular shape or ‘pressed hydraulically,
Flate bending machines with rolls are seldom found. They
consist, as shown in Fig, 3, of an upper roll (working roll)

b
a

d 4

FIg. 2,

beds, arranged at right angles to each other, only one tool
bed is furnished, and in that case each plate must be changed
about four times in order to plane all the edges. On the
other hand, when the cross arm is supplied, the plate can be
planed in two directions at the same time, so that there is an
appreciable saving in time.

The machine illustrated 1= capable of planing plates 304
inches long and 98 inches wide, If the plates are longer their
position must be shifted once in the direction of their length.
If the usnal method of doing the work is followed, a small
portion of the plate (marked “a" in Fig. 2) iz allowed to

"From SchifFhau,

mavable in a vertical direction, and two lower rolls (bending
ralls). Since a plate which lies horizontally in the rolls is
liable to be spoilt during the rolling, becavse of the weight of
the part of the plate which has becn freed from the rolls, this
tvpe of machine is frequently installed with the rolls, placed
vertically, In order to prevent the rolls themselves from bend-
ing, due to their great length, they are often supperted by
one or two intermediate rolls, uniformly distributed along their
length, as shown dotted in Fig. 3. Only the twea smaller
bending rolls are sapplied with power, and this 15 done by
means of gears, while the whaole machine is driven either by
open and crossed belts or by a reversible electric motar.
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In order to remove a plate from the rolls afeer 1t has been
rolled to a cireular shape in one piece, either the upper roll
must be sufficiently light to be removed, or the upper end of
one of the housings must be hinged, =0 that it can be turned

to one side,  If a thin plate 15 being volled, by rolling back and
forth the first 5 or 6 feet of the plate, and measuring it with
a template until the upper roll iz adjusted properly to give
the plate the exact curvature, then the remaining part of the
plate can be rolled with only one pass through the machine

FIG. . —HYDRAULIC FLANGING MACHINE.

With thicker plates it is seldom that the machine has suof-
ficient strength to bend the plate to the desired shape by
passing it through the rolls once, Tt must, therefote, be passed
through the rolls several times, the upper roll being set down
a slight amount for each pass.

Difficulty is found in bending plates with bending rolls when
it comes to bending the ends of the plate, which are natarally

not wide enough to fit the rolls. There is one simple way in

which thiz may be done: Lay a heavy piece of plate, which
has been. bent to correspond to the desired radius in the
rolls, as shown in Fig 3, and let this run through the machine
with the first and last part of the shell plate, until these parts
have received the desired curvature, The same result may be
accomplished by pressing the plate on the hydraulic riveting
machine to it a template, or by hammering it by hand, a
methed which is much less to be recommended on account of
the damage to the plate.

The type of machine which iz more commonly used for
bending shell plates is a hydraulic bending press, in which
the laps can be bent as casily as any other part of the plate.
Fig. 8 shows a machine of this type built by the firm of
Haniel & Lueg, of Diasseldari.

Between the two outside parabola shaped supports, or
Standards, is located a press beam, which is mounted on rollers
and furnished with a guide at the top. Between this press beam
and the right-hand support or housing is a hydraulic pressure
cylinder, the plunger of which, by its upward motion, exerts a
pressure on the guides through four steel rollers, and therehy
presses the heam against the left-hand support or housing,

FIG. V.

Of the surfaces of the. left-hand support and of the preszs beam,
which face each other, one 15 convex and the other concave,
hoth of the same radius. Therefore, if a boiler plate is placed
between them and the press bar forced by the hydraulic
cylinder 1o the left, such a distance that only the thickness of
the plate iz left between it and the left-hand support, the plate
will be pressed to this radius,

Smaller radii can be obtained by placing in the press, as
shown in Fig. 5, strips of plate with curved edges. Curva-
tures of greater radii can be obtained by allowing the plunger
ta travel only a short distance, so that the press beam is not
forced up against the left-hand support, forcing the plate to
a enrvature corresponding to the position of the points a, b
and ¢, Fig. 6. I1f it 15 not desired to regulate the lift of the
hydraulic plunger, which may be carefully controlled, less
curvature can be obtained by using a strip of plate, as shown
in black, Fig. 6. In this way, however, a rough sorface is
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obtamed with no smooth curvature, The finished plate has the
form of a polygon, since the pressure is not distributed uni-
tormly over the plate, but is concentrated at izolated points.
This wvariation from the true circular shape i1s, however, so
unimportant that it can practically be neglected. If it is de-
sired always to obtain an exact circular form for the plate,
the convex and concave surfaces between which the plate is
pressed can be provided with interchangeable castings with
faces of the desired radii, so that after their insertion the
plunger of the hydraulic eylinder can always make a complete
stroke to give the required curvature to the plate.

The return stroke of the press beam is accomplished, after
the plunger has been allowed to drop again into the hydraulic

partion at a time at least several times; which, beside the
excessive consumption of fuel, has the dizadvantage that the
plate 15 injured through the repeated heating and cooling, in
spite of the fact of the subsequent annealing of the whole
piece,

In large shops a flanging machine is commonly found of the
type shown in Fig. 4. Besides two vertical hydraulic cylinders
there iz also a horizontal eylinder, which can be seen on the
right-hand side of the illustration. The plate to be flanged is
heated for the greater part of ite circuomference, and eventually
15 placed on the bed or support shown at the léft of the
figure; then it is held fast on the matrix by the left-hand
vertical plunger, while a specially-formed die, fastened to the

F1G. B—HYDRATLIC FLATE NENDING PEESS.

cyhinder, by means of a piston working in a small horizontal
cylinder. By means of an hydranlically-operated
tackle the plate may be simultaneously given an
feed, the amount of the feed being regulated at the will of the
operator. A cylindrical plate which has been rolled in one
piece can be lifted aut of the machine by raising the rectangular
bar which joins the two outside housings at the top. This 1=
swung upwards by means of a small hydraulie cylinder, lacated
on the upper right-hand part of the machine, which trans
mits its motion through a chain and lever. The available
height of this machine, which can be used for bending, is 138
inches, and the pressure exerted is 565 tons. English-huilt
bending machines frequently have in place of the ablique sur-
faces, on which the twa pairs of rollers work, an arrangement
of levers to give the motion to the press beam.

The flanging of the plates which form the bailer heads and
the tube and back sheets of the combustion ehambers is done
in small shops by hand by hammering down the edges aver a
east-iron matrix, Since it is necessary to do this hammering
in about four operations, the plate must be lieated a small

block and

auntomatic

right-hand vertical plusger, gradually presses down the edge
aronnd the matriz, After the second plunger has been raised
the first plunger is also raized, the plate slightly turned around
and the operation repeated.  Since the flanged edge is not left
entirely smooth but somewhat crimped or eurled, instead of
further work with the vertical eylinders, the horizontal cylin-
der i5 brought into action, which, by means of a suitably-
formed die. presses the flanged edge of the plate against the
matrix, and sa smooths it,

In order to flange the portion of the front head which is to
e riveted to the furnaces, bath of the vertical eylinders can be
coupled together, and by the use of a matrix this Aange can he
pressed out in one aperation. In a similar way the dished and
flanged heads of the upper drums in water-tube boilers are
pressed in one heat. For the special manufacture of water-
tube boilers there are special hydraulic presses, on which the
manhole in the head can he flanged simultanecusly with the
cdge of the plate. Tig. 7 shows in section how, through the
downward movement of the upper die, and the upward move-
ment of the under die, the plate, shown dotted, is pressed
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o the form shown by the solid black lines. In the same way
a head for a mud-drum can be made in cne operation.
part of the bodler cannot be Hanged in one heat, as, for in-
stance, the front head, but must be heated a portion at a time,
it 15 customary to finally anneal the pliate, since the stresses
remaining in the plate ave liable to canse eracks. The working
of steel at a blue hear should be avoided, m spite of the fact
that it does not harm the good quality of steel which can be
secured to-day as muoch as it formerly did.
(Ta be concluded, )

If any

Locked in a Boiler.

Ome of the most thrilling experiences which it has ever been
the lot of a boiler maker, or for that matter of any other mem-
bor of the human family, to undergo, has been graphically
described in recent issues of the daily press. The account of
the incident 15 as follows:

Arthar MeDonald, a boiler maker, aged 24, left the hospital
at Pine Bluff, Ark., recently, a nervous wreck,  His hair, which
at ong time was coal black, now hangs aver his forehead a
soft, glistening white. He will never again be able to return
to his calling, and, in fact, will not be able to do work of any
He leaves, accompanied by his brother,
a measure, to rebuild las

kind for several vears
for Coelorade, where he hopes, n
shattered nervous system,

When seen at the hospital, McDonald told the remarkable
story of the circumstances which brought about his present
condition

“1 am 24 vears of age,” he began, “and for the past three
vears have been employed as a boiler maker, principally in rail-
road shops. I learned my trade when quite young, and,
although fully aware of the dangers of a boiler maker's life,
I never once dreamed of the awinl experience I would go
through, or 1 should never have attempted to drive a rivet,

“The experience to which T refer occurred three months
ago at a sawmill below Hope, Ark. A new set of hoilers had
been pat in, and negro fremen were relied upon to attend them.
They soon got out of order, and the foreman sent all the
wav to Pine Bluff to pet a bailer maker. There were none
available then except those in the railway shops there. As a
pretty good sum was offered 1 laid off from my regular work
and decided to make a few exira dollars. This try came near
being the end of me.

“When I reached the sawmill T found the boilers in a bad
fix. The flues were choked and necded reaming badly. In
addition they were caked on the inside, and as there was not
enough help present I decided 1o ga into the hoiler myself and
chisel off seme of the cake matter while the negroes were
reaming out the flues,

“This worked all right on the first boiler, and T soon had it
in good shape, T then went to the second boiler, and told the
negroes as soon as they had finished reaming out the second
boiler to replace the manhole on the first; A1 it with water and
fire up for a test.

“I went down on the inside and found the zecond boiler's
flues in an especially bad condition. 1 must have worked for
an hour, and so ntent was I that T did not notice the noise of
the reaming cease until T was nearly through, My first intima-
tion that anything was wrong came when the candle began to
burn dim, and the hailer scemed full of the candle gas and
smoke. [ turned around to see what the matter was, and, to
my horror, saw that the manhole cover had been replaced.

“I erawled along the Aues as fast as T conlid wntil T reached
the spot and attempted to push it up, but was too late—the
negroes had it serewed down firmly. 1 struck the side af the
boiler with my hammer and called several times.  The sound
was almost deafening to me; but T am sure it was hardly heard

on the outside. Tt then flashed over me that the negroes had
mistunderstond me, and were preparing to make a fire under the
second boiler instead of the first,

“The horror of my situation caused me to feel sick for a
moment, but T realized that if there was anything to be done
it must he done at onece, so I crawled along the rust-covered
flues to the end of the boiler. In doing this T accidentally
knocked over my candle and put it out  With a cry of
anguish T reached for i1, but it had fallen down among the
flues and was out of my reach for good,

Following close upon this I heard the rush of water through
the injectar, and knew the negroes were filling the boiler,
MNow was the time to act, T thought, if T intended to get out
alive, but my candle was gone, and never hefore have 1 seen
sich darkness as filled that bailer.

“I had nat calculated correctly on the time, for the water had
been coming in several minutes hefore T noticed it I could
feel it ereeping up among the fues. For a moment [ stopped,
and, T am not ashamed to admit it, prayved earnestly for de-
liverance from the awful fate that now confronted me.

“After an agony of suspense T heard the water shut off with
a gorgle that 1o me sounded like the voice of some demon bent
upon devouring me. I attempted to jump up. bot struck my
head a severe blow upon the top of the boiler and cut a gash in
my scalp, but T hardly felt it, so alarmed was I at the thought
of the next step the negroes would take, The fire!

“Had I been fortunate enough to have posseszed a revolver
ar even a pocketknife, I would have ended it all there, but T
was unable to do a thing but yell and beat the sides of the
boiler with all my might and main. T was forced to sit and
know that under me the negroes were building the fire that
would slowly toast me to death.

“I cannot describe my feeling or agony during the following
moments. [ mmagmed I could feel the heat under me already.
The atmosphere waz suffocating, and cold beads of perspiration
stood out upon my forehead and trickled down my spine, To
me every minute was an hour

“It was through sheer exhaustion that I ceased beating and
panting and leaned back against the side of my iron tomhb. [
was not long egpared this rest, for 1 conld now distinetly feel
the air growing warmer, The flues upon which 1 was seated
were above water, and as I reached down and touched one I
started with a gasp. It was warm, ever so slightly, but warm,
nevertheless. Again I began pounding and calling frantically,
until my lungs felt as if they were lacerated,

“The close atmosphere and heat had started a raging head-
ache, and my temples throbbed as if they would burst, T had
torn my hands until they were bleeding freely, and my eyes
seemed to bulge in their sockets. The thing that stood out grim
and gaunt before me was the fire in the furnace that would
slowly roast me ta death,

*“T thought of my old mother, of home and of thouzands of
things, it scemed to me. The flues were now becoming warmer.
I could feel their heat through my clathing, and onece more T
pounded and yelled. Back and forth like a hyvena T crawled,
panting, praying and moaning. The flues were now so hot they
burned my bare hands, and my head swam from the heat.

“In a moment of desperation T seized my hammer and dealt
myself a severe blow upon the head to try and stun myself in
order that the last pangs might not be so terrible. The blow
only burst the skin and causzed me additional pain. Hotter and
hotter grew the flues, until 1 felt that T could no longer stand
the agony. Strange and weird bgurcs appeared before my
vision,

“At last, more dead than alive, with every nerve racking with
agony, I threw myself down upon the burning pipes to hasten
the end. DMy teeth ground together like a vise as the heated
iron burned my flesh. T could not have remained there over
three seconds, though to me it seemed a lifetime, before I
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heard, as plain as T ever did during my life. the voice of a
brother who died years agn, Somehow the voice sounded per-
fectly natural. | recognized it in an instant, and felt not the
slightest surprise. It said, quickly, ‘Cut the flue, Arthur.’

“In an instant [ was on my hands and knees. The last ray
of hope had dawned before me, now, I knew, a dying man, and
with more strength than 1 ever before commanded or ever
shall again, I placed the point of my chisel on a flue just under
the water and dealt it a terrific blow. I missed and struck my
little finger." He held up the stump. “T pledge my word that
I did not feel the pain. The second blaw fell true and the third
and the fourth, and with the Afth T felt the chisel give, I
caught sight of a fiery fork of flame in the Aue, and the next

T T
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instamt heard the water hissing and popping as it rushed
through the leak into the furnace below.,

“The negroes heard the water when it struck the fire and
knew there was a leak somewhere. They, of course, opened
the water plug and raked out the fire.

“Realizing that T was fast lesing consciousness T dragged
myself under the manhole, that I might be found as soon as
the boiler was opened. T have a faint recollection of seeing a
round patch of daylight, darkened by the hand of a negro, and
for the following five days T knew nothing.

“I have been in the hospital here for the past three months,
and am afraid I am about all in for good. However, the doc-
tors say the mountains and rest will do wonders for me, so 1
am going to Lty it out in Colorado for a while”

“If you had your health and strength back again would you
return to your old occupation?” was asked. The white head
rested for a moment upon a wasted hand, and then the speaker
replied :

“¥es, I think T would; T like it, somehow ; but there is one
thing certain, I would never again enter a boiler without first
seeing that the manhaole cover was locked up safely in some
closet and T had the key inside my pocket”

;;3' o /
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Layout of an Irregular Offset Piece.

BY J. N, HELTZEL,

Figures 3, 4 and 5 show the plan and side views of the uptake
from a battery of boilers and its connection through an ir-
regular offset piece to the stack, The apening in the stack is
out of line with the breeching, and the boilers are placed so
close to the stack that there is no room to use an elhow or any
regular form of connection between the breeching and the
stack. Therefore it becomes necessary to use an irregular
section, which must be laid ont by triangulation, End and
side views of this piece are shown in Figs. 1 and 2. The end

Poitern, Fig. 3

which joins the breeching is circular, while the end which
joins the stack is oblong, with circular ends. The latter is
also inclined on a miter line.

To lay out this article, first draw Fig. 6, which is an end
view of the piece drawn to dimensions taken at the center of
the thickness of the iron, that is the mean or neutral dimen-
sions. Before drawing Fig. 6, however, it is necessary to
draw Fig. 7, the side view, and construct the section M-IV,
which is 'a section taken alang the miter line K and shows the
true shape of the opening in this end of the offset piece.
This is an oblong opening with semi-circular ends.  Divide
the semi-circles into a number of equal parts. In this case
each semi-circle has been divided into six equal parts. Pro-
ject these points to the miter line ® and from the miter line
project them across to the end view, Fig. 6, where by laying
off the proper widths on each line the end view of the sec-
tion M-N, as it would appear inclined at the same angle as -
the miter line K, will be shown. Of course, it is evident that
the ends of the oblong scction in Fig, 6 are not true semi-
circles, since this is a foreshortened view of the section M-N,
where the ends are shown as true semi-circles. Divide the
large circle, Fig. 6, into twelve equal parts, or double the num-
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ber of spaces into which the small semi-circles were divided.
Number theze points 1, 2, 3, 4, 5, ete, up to 11.  Also number
and letter the pomts i the oblong end as shown,  Connect
the corresponding numbers in each semi-circle with a full line
and connect the odd numbers, as 1 to 2, 2 to 3, etc, with
dotted lines. Some of these points have been lettered instead
of numbered in order to avoid confosion in the drawimng, as
points thus indicated can be more readily distinguished. Draw
similar solid and dotted lines in the side view, Fig. 7, being
careful to number or letter each point with the same hgure
which was used in Fig. 6. To obtain the length of the offset
for each point on the small zemi-circle of the oblong end,
draw wvertical lines from each poinl i the miter line R to
intersect the horizontal X K. Then the distance from X 1o
each of these lines will represent the amount to be laid off
when constructing the triangles for the pattern

We are now ready to draw diagram No. 1 of the triangles
Fig. & In diagrams No. 1 and No. 3. the full lines are shown,
while in No. 2 and No. 4 the dotted lines are shown. All
the distances on the horizontal line of diagram No. 1 are
taken from the end view Fig. 6. All the distances on the
vertical lines of the diagram are taken from the side wview,
Fig. 5. along the line X K from the point X to the point of
intersection of the wertical lines drawn from the points on
the miter line &, For example, take the length of line 4-3,
Fig. 6; mark it off on the horizontal line from the point O,
diagram No. 1, Fig. B Now take the distance from X, Fig.
7. along the line X K to the point where the line 4 inter-
sects the line X K and lay it of on the vertical line O H,
diagram No. 1. Fiz. 8 Then the length of the hypotensuse
4-4 in diagram No. 1 will be the length of the line 4-4 in the
pattern. Proceed in this manner until the true length of each
of the lines shown in Figs, 6 and 7 have heen determined.

The method of triangulation is easier to study from the
sketches than from an explanation, and so the explanation is
given of how only one line, that is the line 4-4, i abtained,
and it is left to the reader to trace out by means of the
sketches how the other lines are obtained. As the method is
exactly the same for every line, there chould be no difficulty
in following out this work.

Having completed all four diagrams in Fig. 8 we now pro-
ceed to lay out the pattern Fig. 9. Determine the length of
the sheet at the round end, by figuring out the circumference
of a circle corresponding to this diameter. Set the dividers
to step off the same number of spaces on this distance as are
spaced on the circle Fig. 6. Do likewise with the small semi-
circles. Assuming that S-5-5-5 13 the plate from which the
pattern is to be eut, draw the line 4-4 at about the same angle
as 4-4 Fig. 6 The length af the line g4-4 will, of course, be
equal to the length of the hypotenuse 4-4 in diagram No. L
With the dividers set to the same length as the equal spaces
in the large circle, Fig. 6, draw the arcs 5 and 3. Also with
another pair of dividers set to the length of the equal spaces
on the small semi-circle, describe the arcs 3 and 5 in the
upper edge of the pattern. Take the length of dotted lines
4-3 and 4-5 from diagram No. 2. Fig. 8 and with point 4 as
a center, draw arcs cutting the arcs previously drawn with
the dividers at points 3 and 5. This lacates the pointa 3 and
g in the upper edge of the pattern. Foints 3 and 5 in the
lower edge of the pattern may now he located hy laying off
the lines 3-3 and 5-5 as taken from diagram No. 1, Fig. 8, to
intersect the arcs previously drawn from point 4 through the
points 3 and 5. Proceed in this manner with the other lines
until the pattern 15 completed

The height of the Aat portion P iz taken directly from the
miter line B, Fig. 7.

In case any of the hines are confused, refer to Fig. 6, which
will show the termination of each full and dotted line. A
curve drawn through all the points located in the manner just

described will be the flange line of the pattern. Add tljc
necessary amount outside of this for the flange and space n
the rivet holes in the seams, also allow for the laps.

The portion of the elbow marked X, in Fig. 5 which con-
nects directly with the stack, needs no special explapation, as
it 15 a common job of laying out.

Boiler Explosions During 1907.

We present herewith our usual annnal summary of boiler
explosions, giving a tabulated statement af the number of ex-
plozions that have oceurred in the United States {and adjacent
parts of Canada and Mexico) during the year 1907, together
with the number of persons killed and injured by them. As
we have repeatedly explained, it is difficult to make out ac-
curate lists of boiler explosions, because the accounts that we
receive are not always satisfactory; but, as usual, we have
taken great pains to make the present summary as nearly cor-
rect as possible. It is based upon the monthly lists of ex-
plosions that are published in The Locomative; and in making
out these lists it i our custom to obtain several different
accounts of cach explosion, whenever this is practicable, and
ther to compare these accounts diligently, in order that the
general facts may he stated with a considerable degree of
accuracy. We have striven to include all the explosions that
have occurred during 1907, bist it is quite unlikely that we have
heen entirely successful in this respect, for many accidents
have doobtless oceurred that have not been noticed in the
public press, and many have doubtless escaped the attention of
our numerous representatives who furnish the accounts. We
are eonfident, however, that most of the boiler explosions that
hawve attracted any considerable amount of attention are here
represented.

The total number of boiler explosions in 1907, according to
the best information we have been able to obtain, was 471,
which is 40 more than were recorded for 1gofi.  There were
431 in 1006, 450 in 1905, 301 in Iood, and 383 in 1903, In two
cases, during the year 1907, two boilers exploded simultan-
eonsly. (See Nos 284 and 348 in our regular lists.) In each
of these instances we have followed our wsual practice and
counted each boiler separately in making out the summary,
believing that by so doing we should represent the actual
damage more accurately than we should if we simply recorded
the number of separate occasioms on which boilers have ex-
ploded.

SUMMARY OF POILER EXPLOSIONS FOR 1907,

| Number Persans
MoNTE. of Persons Persans | Killed and
| Explosions, Killed . Injured. Injured.
%H";HIIT[.. R ! ;-3- gg Eg g
T T PRt et
Ma:r'll.v. 35 an 32 82
Ay e 4+ 25 a1 56
25 & 3 a1
a g | w 55
a2 mn a3 53
8 33 35 ]
41 23 | 48 71
46 22 8 &0
i | & &4
Tiecembier 41 o 54 Bl
T e e s e | 471 and 430 720

The number of persons killed i 1907 was jo0, against 235
in Igod, 383 in 10o0s, 220 in Tgoy, and 203 in 1003; and the
number of persons mjured (but not killed) in 1007 was 420,
againgl 467 in 1906, 385 in 1908, 304 in Io04, and 522 in 1903

The average mumber of persons killed per explosion during
1goy was o637, and the average number of persons injured but
not killed per explosion was o.8gz.

During the year 1go7 there were many very ScTious ex-
plosions, but we are glad to be able to record the absence of
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any that would compare, in regard to the number of persons
killed, with the fearful explosion at Brockion, Mass, in 1905,
or with that on the United States gunboat Bemsinglon in the
same vear.—1 he Locomoalive

Spacing Tables.

A spacing table is the only means of obtaining accurate
punching on a large class of work. Material, such as plates or
angles, where the holes are very cloge together and where the
material 15 comparatively thick, will stretch in punching, and
this stretching, which is accumulative with every hole punched,
amounts to considerable on long material.  In punching by
centers this cannot possibly be avoided. A spacing table com-
pensates for it, however, the stretching of the material merely
resulting in a slightly increased length that mav be trimmed
after punching,

The chief objection to spacers heretofore has been the long
time taken for setting. In a busy shop it iz wasteful to have
a valuable tool and its crew idle several hours every day. Ta

With the machine illustrated the time required for setting
is almost nil, and the responsibility for the proper spacing is
where it rightly belongs—on the templet maker, A
templet strip, 3§ by 2 inches, is prepared by the templet maker,
short pegs are driven at the required points, and this s
to the side of the table by clamps provided for the
spacing on the inner and guter course sheets varies.

The spacing carriage can be equipped with two or more
spacing fingers if desired, which will permit abtaining an equal
of different spacings from the same templet sirip
without changing or disturbing the templet after clamping
This becomes especially the two
legs of an angle on which different spacing occurs, and for
similar work on which the
shects vary.

placed

fastened

numbeer

desirable when punching

stacks, round tanks, botlers and
spacing on the inner and puter course

After adjusting the guide roller and gag hes and die
blocks the machine 15 ready to start, the whole time for setting
not taking at most more than a few minutes. The advantage
of using a templet that can be taken off is obvious. If all the
material to be punched from any one templet is not at hand,
or if only a few pieces are wanted, the machine can be changed

i
PR L
!ll"tln

“THOMAR SPACING TAELE IN THE STEUC

obtain the best results from such machines all the material
having the same spacing had to be punched in one lot, a con-
dition not alwavs possible in these days of slow and uncer-
tain delivery. If angles and plates had to be punched all had
to be done on the same machine, or else two machines had to
be set, with a consequent loss of time. An objection to spacing
tables wsing stops clamped to the side of the machine for
spacing is the tendency of the carriage to skew. This, while
not important where angle or other shapes are handled, is apt
to be troublesome when operating on plates,

‘The machine illustrated and described in thiz article was
built recently by the Standard Bridge Tool Company, Pitts-
burg, Pa, for use in connection with a Sellers multiple punch
in the new stroctural shop of the Jones & Laughlin Steel
Company, in Socho, Pittsburg. The machine is known as the
Thomas spacer, and was designed to carry angles up to 8 by 8
inches in size and plates up to so inches wide. A slight modi-
fication in the arrangement of the rolls will permit handling
plates up to 8o inches wide. These tables are built in 5-foot
sections, and can be made any length desired. The design can
be modified to suit different claszes of work, such as angles,
plates, beams, channels, etc.

URAL
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often, the time lost is small, and the same spacing is resumed
at subsequent settings—conditions not possible where stops
ate used.

The spacing carringe locks automatically at each peg on the
templet. This is beyond the control of the operator, and no
can occur from stopping at the wrong place, or from
the carriage rebounding or skewing. The cartiage is held
securely at*the stopping points by pawls engaging a hard steel
rack running the full length of the table on each side. Six or
eight pawls are wsed, ‘and these are staggered in such a way
that the greatest possible errors cannot exceed 1732 or 1/64
inch, The pawls are located on each side of the carriage and
one engages on each side at every stopping point, thus keeping
the carriage always square and also providing a positive and
absalute stop, which operates

errar

automatically,

The larger type machines for handling heavy material are
built on the same lines, except that a motor is provided for
operating the spacing carriage, the forward motion being con-
trolled directly by the aperator through a clutch

It will be noticed that on this machine angles are handled
with the leg up. This
sible.

is a decided advantage wherever pos-
By providing skids of the same height as the rollers on
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2, THE EPACING CAREIAGE AND A 3ECTION OF THE TADLE

accurs In punching heavy angles where holes are spaced closze

the spacer, the material can be skidded on and off, avoiding
the use of an overhead crane and such delays as it might together and curving of
flat rollers allow free passage, where the double rollers would
Usually such angles can be spaced and curving

the material cannot be avouded; the
entail. In punching with the leg down, necesaitating the use
of double rollers, this is not possible, and a crane must be qll'.ﬂ\'_'. b,
used for lifting the work on and off. Another advantage avoided by punching the angles in pairs, back to back, on a

FiG. Gk FTHE TEAILER CARRIAGE AND & SECTION OF THE TAELE.
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multiple puneh, and providing proper means for gaging at
the punch. This is the only way to accurately punch such
pleces.

The jaws securing the material to the carriage
to permit free and easy stripping of the materi
Lifting of the carriage, This arrangement is modified to suit
the material handled. On spacers for handling plates, clamps
bolted te a thin plate secured to the carriage are provided.
Thiz arrangement, while providing a secure grip on the ma-
terial, provides a flexible connection to the carriage for easing
the stripping. The rollers, as shown in the engravings, are
also subject to variations to suit the conditions, These are
turned and mowonted on cold rolled shafts, and vertical ad
justments to the height of the dies are obtained by set screws,

It 15 the general impression that spacing tables can be used
to advantage only for duplicate work, The claim is made for
the Thomas spacer that a single piece, either an angle or a
plate, can be punched en this machine cheaper than the usual
templet could be made and the piece marked and punched by

are pivoted

and avoid

In the ordinary process of templet making, marking and
punching by centers, gmall errors cannot possibly be avoided,
ind these errors will appear in the assembling, g:'r::tl_'.' m-
ereasing the cost of the latter by necessitating the reaming of
the heles. It is possible to do accurate punching without a
spacer and have holes match when assembling, btlll. ordinarily
extreme care must be exercised, and it is a question if reamng
would not be cheaper,

A spacing table handled intelligently eliminates costly opera-
tions, which have heretofore been conszidered necessary. This
means that the men directly in charge must adapt themselves
to new conditions to get the full benefit from the tool. With
a little perseverance it is possible to obtain important results;
the templet-making will be greatly reduced, the marking and
handling for marking entirely eliminated on some work,
punching reduced 50 to 75 percent, straightening eliminated
by preventing curving of angles in punching, assembling
pgreatly reduced by accurate punching, and reaming entirely

ninated on a large elass of work when it iz not specified

FIG. #.=—FLATE ATTACHED TO THE SPACING CARRIAGE EEADY FOR PUNCHING.

centers, not taking into consideration that the picce wall be
punched more accurately.

The most conspicuous gain from the use of a spacing table
15 the reduced cost of punching. Where it costs from go cents
to %2, and even more, per 1,000 holes to punch by centers, the
same work may be done for from 20 to 40 cents on the spacer,
and this iz only one of the several economies ebtained. The
increasimg price of templet lumber, added to the cost of
making templets for marking material for punching by cen-
ters, becomes a considerable item. Marking the material
alone, and the consequent handling for marking, fizures on the
average very nearly, if not quite, one-half the cost of punching.

While the spacing table will never entirely eliminate templet
making and marking, it will in a well-organized plant greatly
reduce the amount of such work, and the better the organiza-
tion the greater will be the reduction, The system must begin
with the drafting room, and in the designing due regard must
be given to the facilities in the shop for doing the work.

Other important operations directly affected by the use of a
spacer in the fabricating shop are the assembling and reaming.

The Development of Railroad Boiler Shop Practice in
the United States.

Boiler-shop practice has probably made greater advance-
ment than that of the other railroad shops, as the use of air
motors and hammers has quite revolutionized the methods
and increased many fold the output per man. The old method
for clipping by hand the calking edge of new boiler sheets was
replaced some years ago by the plate planer, which has in
turn been superseded by rotary bevel shears for a large per-
centage of the work, and which can bevel irregular sheets as
well as straight ones. Qld fire-boxes are now cut out with an
air ram and fish-tail chise] bar by two men in about one-
quarter of the time formerly required by three men using
hand tools. However, some shops prefer to use an eccentric
stay-bolt drill to cut out fire-boxes, and claim to make as
good time as is possible with the air ram and chisel-bar. One
of the greatest improvements in boiler-shop practice has heen
made in the manner of laying out sheets for new hoilers.
Formerly the best boiler makers thonght they were doing well
to get the correct diameter of two boiler sheets, after which
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the holes were put in one and the other marked from it. Tin
strips were used to measure and space the holes, and three or
four days were required to lay out and fit a wagon-top sheet,
whereas 1t 15 now easily done within a day. The old way of
riveting by hand required two boiler makers, one helper and
a rivet heater, and they drove about 603f inches of J4-inch
rivets in a dav, This method was superseded by “snapping”
the rivets, which took one boiler maker, three helpers and a
heater and increaszed the day's output to about 225 rivets, But
the hydraulic riveter, wsing one boilermaker and one helper,
drives soo rivets a day, does better work and saves about $1o0
on a modern locomotive hoiler, A long-gtroke air  ham-
mer uzes the same number of men as the snap, and does a
hittle more work, but does not drive as many or make as
good a job as the hydraulic riveter if rivets are 1 inch or
larger.

Flues used to be welded by a blacksmith on an anvil or
brazed by a coppersmith. Thev are now welded in a rotary
or air machine at the rate of ifty or sixly an hour. The old
gooseneck for cutting flues out of boilers has been displaced
bv the air motor and catter i the front end and the air
hammer and chisel are uzed in the fire-hox.

The noisy and dusty dry rattler iz zs6ll commonly used for
cleaning fues, but will eventually be superseded by the rattler
running in water. These improvements, together with air flue
setting, have reduced the cost of removing, cleaning, piecing
and resetting flues in the boiler to less tham $15 a hundred,

Layout of a Granet or Hood for an Oval
Smoke-Stack.

BY JTAMES CROMEIE.

A new style of funnel or smokestack is gradually supplant-
ing the old round smokestack oo the steam trawl vessels
around the British coast. The stack is of an oval shape and
has an outer casing with an air space between the outer and
inner stack to carry off the hot air from the stokehold and
engine room. A granet or hood is riveted to the inner stack at
the top. Fig. 1 shows the arrangement of smokestack and
granet,

DEVELOPMENT BY TRIANGULATION,

We will suppose that the oval is of the shape shown in
the plan, Fig. 2, with the granet zsloping at the angle shown
in the elevation, Fig. 2. First divide one-guarter of the inner
ellipse of the plan into as many parts as convenient, number-
ing each point; in this case we have eight spaces. Keep the
dividers set at this size. Take another pair of dividers and
step off the same numhber of spaces on the outer ellipse, then
connect the points with solid and dotted lines, as shown in
Fig, 2.

Wext draw a straight line as at M-N, Fige. 3 and 4, and
erect a perpendicular the same height as required for the granet,
namely, 8 inches. From the point of intersection on the line
M-N lay off a distance equal to the length of the dotted

1k
Fig. 2|

DETAILS OF STACK, GRANET, AND LAYGUT BY

Instead of having fusible plugs in the boltom of a boiler
over the fire, it is proposed by Mr. Yarrow to place a small
pipe inside the shell, having one end closed by being sealed
to the shell by a suitable fusible metal. The other end passes
through the shell and is furnished with a cock, or it may be
led to an alarm or to a feed pump. When the water falls
helow the safety point the rise of temperature in the boiler acts
in the usual way on the fusible metal, but the pipe being
protected from the heat of the fire, escapes injury, and when
the cock is closed the boiler can be used for steam raising
without stoppage for insertion of a new plug.

The plant of the Walev Boiler Works, Providence, R. I,
wage recently completely destroved by fire,

(g N
=TT
i Bl
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Tens’ CmenbE
Fig:® Figd

Fig. 1
TRIANGULATION.

line O-1 in the plan; do the same with each of the dot-
ted lines, numbering the points to correspond with the
plan. This gives us the length of the bases of a series of
triangles. Connect these points with the vertex O by dotted
lines, Do the same with the solid lines, numbering them as
before but keeping to the right-hand side to avoid confusion.
See Figs. 3 and 4.

To lay out the pattern, lay out a line at Fig. 5 equal in
length to the line (-0, Fig, 4, then from the point (', with a
radivs equal to the length of the dotted line O-0°, Fig. 3,
strike an arc at the point @. With a radins equal to the
length as found on the dividers for the onter edge of the plan
strike an arc. Then from the paint O, through the intersec-
tion of these arcs, draw a dotted line as Q'-1, Fig. s
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With 1 as a center and a radius egual to the length of the
golid line O-1, Fig. 4, strike an arc. With ¢ as a center and
a radius equal to the length as found on the dividers for the
mner curyve of the plan, strike an arc. Then from the point
I through the intersection of these arcs draw a solid line as
1’-1, Fig. 5.

Do the same with the lines 2'-2, 3'-3 to 8-8. Then draw a
smooth curve throvgh the points so found; this will give the
required pattern for one-gquarter of the granet, The breadth
of the flange can easily be added to the inside edge, this de-
pending on the size of rivets used, as the plate may be 3/16
inch or 13 inch thick.

Fig. &

DETAILE OF LAYOUT BY METHOD OF RATIAL LINES

DEVELOFMENT BY THE METHOD OF RADIAL LINE=

This pattern may also be laid out by taking each diameter
and treating it as a separate cone and combining the twa
figures to form one pattern. Fig. 6 is the plan of our granet.
Fig. 7 shows the elevation of the small diameter. Fig. 8 shows
the clevation of the large diameter. We will take up first the
small diameter at the elevation, Fig. 7, and extend the sides
until they intersect, thus forming a cone with the vertex at 0.
The required distance around the base of the cone may be
measured on an arc whose radius is equal to the length of
the elements of the cone. Such an arc may be described for
the stretch-out of the cone from the same wvertex; this is
shown clearly in Fig. 7, where from the vertex & with the
radii -0 and0-4, the stretch-out is described.

We now turn te our plan, and from the center of the large
circle and through the center of the small circle draw a
straight line, extending it to the outer edge of the plan as
shown in Fig. 6; take a pair of dividers and divide this part
af the plan into any number of spaces. With the dividers set
to these spaces step off the same number of spaces on the
stretch-out. A straight line from the vertex © through the
point thus found will give us the pattern 4, 0, E, F equal to
that part of the plan marked [, J, K, L.

Extend the lines of the clevation of the large figure, Fig. &
until they intersect at @, From the point of intersection with
radii equal to the length of the sides O'-E' and O'-F" describe
the stretch-out. Then step off the remaining portion of the
quarter plan and transfer as before to the stretch-out; this will
give the pattern for the side piece of the granet. To get a
pattern for one-guarter we must combine the two pieces,

Take a radius equal to the length of the side of the small
cone and transfer it to the line 0" F°, Fig. & giving the point
0". From O as a center and with the trammels set to the
lengths O F'-and O E', respectively, strike the arcs F' A
and E" I, making F' A" equal in length to F 4, Fig. 7. Then

draw a straight line from the vertex 0" to A" This will
give uz the required stretch-out or pattern for one-guarter
similar to the pattern found by triangulation.

If the vertex of the large cone extends too far to be laid
out with the trammels it mar be laid owt as an ordinary
tapered plate, with a square and compass.

The work may be proven by measuring the curved line of the
plan with a steel tape, or hoop, and then measuring the same
curve on the streteh-ont. They should be the same length.

In actual practice this is a simple problem and can be laid
out with very little drawing. It may be done very quickly and
accurately by the second method. -

Relative Corrosion of Wrought-lron and Soft
Steel Pipes.”

BY T. N. THOMSON.

The physical properties of wrought-iron and steel pipes
have been brought to my attention during the past few years,
and I have spent considerable time trying to determine whether
maodern soft steel pipe is really superior or inferior to modern
wrought-iron pipe for heating and plumbing purposes. The
matter was originally brought to my attention by the pipe
manufacturers, who stated that we are wrong in supposing
that steel pipe is less durable than wrought-iron pipe. Indeed,
they showed me the results of numerous tests which demon-
strated that, as far as corrosion is concermed, the life of
wrought iron and the life of soft steel are practicallv the
same when the pipes are subject to the same conditions.

I did not doubt the records of these tests at all, but as they
were principally laboratory tests I could not consider them as
convincing as the condemnation of steel pipe by steamfitters
and contractors. Then we tried to investigate along practical
lines, 1 had not gone far when we found that a peculiar con-
dition of affairs exhibited itself as follows:

1. A large proportion of the members of the heating trade
denounced steel pipe, because, as they said, “It splits, hreaks
the tecth of the dies and rusts out too quick” Contractors
who would acknowledge that thev carried steel pipe in stock
a few wears ago could scarcely be found; they invariably all
supposed theyv carried only wrought-iron pipe.

2. Engineers and architects very freely specified that
“wrought-iron pipe (not steel pipe) most be uzed, ete, their
impression being that the increased cost of wrought-iron pipe
over steel pipe was more than compensated for in the greater
period of usefulness of the wrought-iron pipe aver steel pipe.

* Read at the Tanuary, 1908, meeting of the American Bociety of
'II-.-nﬁ_ng and 'l.-':‘n_lilrlfinq Engineers, and repmnted by |_-.:|1_1:r1r-_=:.--:|'|||.-
Heating oand Fertiloting Magazine.



142

THE BOILER MAKER

May, 1go8.

3. Instructors in trade schools, professors in colleges, and
even the writers of text-books were known to emphasize the
supposed fact that steel pipe was not as durable as wrought-
iron pipe, and that the latter should be used in preference to
the former, particularly for underground work.

4. On the other hand, statistics showed that the makers
of steel pipe furnished about 8o percent of all the welded
pipe then used in America. T also found that not only had the
makers of steel pipe spent millions of dollars in the develop-
ment of vast plants, but that they had also made a large
number of experiments and tests to determine the relative

-

My object in trying to obtain these samples and their
histories was to find how many werc wrought iron and how
many were steel. I expected to find that at least 8o percent
of the samples of carroded pipe sent to me would be steel, but
they were not. Of the samples received, only ten gave out
within four years of service, six of these being steel and four
being wrought iron.  An examination of these samples showed
that uniform corrosion took place in both the wrought-iron and
the steel pipes.

A study of the samples received from the trade would lead
me to assume that (1) hoth wronght-iron and steel pipes

F1a. 1.

durability of wrought-iron and steel pipes, and that their
findings were invariably to the effect that the life of these
two materials iz about the zame when they are subject to
gqual conditions,

2. Wrought-iron pipe and steel pipe rezemble each other so
closely that many engineers, contractors, architects, and even
steamfitters themselves, cannot distinguish a difference. I
know this to be a fact, for T have tried a number of high-
class representatives of these several vocations, and they al-
mast all acknowledged that they could not determine the dif-
ference unlesz they were first to cut and thread the pipes; then
those pipes which appear most difficult to thread they would
christen steel pipes, while thosze which appear more easy to
thread they would call wrought-iron pipes, But this process
of determining a difference is not reliable, for it iz a fact that

a man workmmg with sharp and properly deszigned dies can
thread steel pipe almost as easily az he can thread wrought-
iron pipe. This was demonstrated by a series of tests I made
for the Intermational Correspondence Schools in 1gos, full
records of which can be found in the 1905-1006 proceedings of
this society,

METHOD OF INVESTIGATION,

As by far the greater part of the every-day work of our
students in heating and ventilation is principally the manipu-
lation of welded pipes, we considered this subject of sufficient
importance to investigate and trv to find something absolutely
definite regarding the relative corrosion of modern wrought-
iron and modern mild steel pipes when both are subject to
the same actual working conditions as they occur in practice.
With this end in view we commenced by quietly circularizing
about 3oo heating engineers and contractors, offering a hook
to each in exchange for a small piece of corroded pipe which
had been in service only a few years, we to pay express
charges at our end. Each circular letter was accompanied by
a sheet with printed questions relating to the history of the
sample, and was provided with blank spaces for the answers.

which convey steam or hot water will corrode very rapidly
when buried underground in wet or damp soil or ashes, the
corrosion being principally external: (2) both wrought-iron
and gteel pipes which convey hot water become rapidly cor-
roded if the air and other pasez naturally solvent in the
water are not permitted to escape from the water previous to
its passage through the pipes, as in feed-water heater connec-
tions and hot-water circulation pipes for plumbing purposes,
this corrosion being principally internal if the pipes are not
buried underground. (3) That the life of either wrought-
iron or steel pipes subject to both of the aforesaid conditions
will be much shorter than if the pipes are subject to only one
of - them, because the metal will thus become rapidly cor-
roded at both the internal and external surfaces. (I received
no samples which show this, neither have I made tests to

prove it, but it seems rational to form this opinion at present.)
(4) It iz not a fact that the destruction of wrought-iron pipes
ig in the form of a uniform corrosion, while the destruction
of steel pipes is in the form of pitting; they appear to be on an
average nearly alike, with the dfference, if any, in favor of
steel,

{M course no definite conclusion can be drawn from the
study of a number of pieces of corroded pipes received from
different parts of the country further than the facts we can
see in the samples themselves; for instance, the finest sample
of uniform corrosion I received was mild steel. It came from
Milwaukee, Wis,, is 34-inch black steel pipe and is reported to
have been used “for heating water in a range hoiler for do-
mestic purposes.” It was in use two years. The corrosion is
practically uniform without a sign of pitting. Part of the
original thickness of the metal was corroded from the inside
and about two-thirds from ‘the outside. The pipe, which, no
doubt, was originally standard weight, iz now about 1-16-inch
thick at its thickest part and tapers down to tissue paper thick-
ness in several places.

To secure a record of factz regarding the period of useful-
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Fic.
ness of steel pipe as compared with wrought-iron pipe it 1s ine room in the Instruction building of the Intermational
necessary to test a large number of samples of both steel and  Correspondence Schools in Scranton, Pa. (Fig. 1), with the
iron pipes subject to exactly the same conditions, and these object of determining definitely whether steel pipe will last
conditions must be the sam

On March 7, 1906, I inst

£

as the conditions of practice. as long, or longer, than wrought-iran pipe, and by how much.
led a num

ber of pieces of wrought- [he existing conditions were as follows:

iron and steel pipe for a corrosion test at the ceiling of the A 1oo-gallon galvanized iron boiler a in the engine room is

p il e . R

F1G, 4.
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set horizontally on two cast-iron cradles sopported on brick  fittings. A piece of z-mch pipe 10 feet long was removed at x
piers. This boiler furnishes hot water to twenty-four combi-  and replaced with ten short pieces of 2-inch iron pipe screwed

nation cocks at four press-room sinks as at b and four slop
sinks ¢

inside the boiler.

The water is heated by a r-inch brass steam coil

The water comes from our city mams and
has a working pressure varving from 85 pounds to 135 pounds
I'his water comes from enor-
An

pipes were nnder

pet square inch by the gage

Mmous reservoirs in the mountaing about 12 miles away.

analysis of the city water made while the

test was as follows

TABLE L .
Parts per Million.

CO: and Organic matter 20.33
1 e R e 400
gy T wle A Ts [~ G RNy 0.43
Alumina ol .37
Caleium carbonate 4.8z
Magnesium Trace
Sulphur trioxide Trace
sodium chloride 0.8z

Thiz may be classed as ordimary good water and should not
affect iron or steel pipes in any extraordinary way.

The water on being heated in the boiler ¢ circulates between
the boiler and the sink cocks to insure hot water being drawn

together as shown in Fig, 2

The temperature of the water as it flows through this pipe
varies presumably from about 160 degrees to 212 degrees, and
the supply of hot water is maimtained day and night all the
year around.

Chwing to the fact that these iron samples were connected
tor brass pipes, and also becawse a large number of presses and
other printing and book-binding machinery driven by indi-
vidual electric motors are used in this building, we wired and
cross-wired the pipes with copper wire as shown, connecting
the ends with perfect contacts to the brass pipes at g and
This was done under advice from electrical experts to carry
any stray current around the samples and thus avoid decom-
position due to litie action, It was thooght this precaution
would insure a corrosion that would be due to nothing but the
ordinary action of the hot water on each sample, and that no
sample would be favored in any way. The samples were in-
stalled March %, 1906; were removed March 14, 1907, and were
i constant service during that time.

“s apon as they were removed and separated, the ends were
photographed (see Fig. 3) to show the rust formation and its
thickness, The velocity of the water through the samples was

always low ; it never was high enough to wash out or dislodge

instantly when a cock is opened. The circulation is from the
tap of the botler up throogh the How pipe d and back through
These pipe
lines are all composed of annealed brass pipe, tinned both ont-

the retirn pipe ¢ to become reheated in the boiler

side and inside and connected with heavy cast brass beaded

the rust, which, therefore, formed a fairly uniform lining
about 3 inch thick in the black samples. The galvanized
samples were not affected this way; they corroded only in
spots which presumably were imperfections i the galvan-
1zing.
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Before installing the samples we weighed each one sepa This i where we are tempted to stop short and conclude

rately without the couplings, so that after the rust was all  that as the steel pipe in this test has lost more metal than the
washed out and the samples weighed again the difference in  wrought-iron pipe, it follows that the wrought-iron pipe is the
weight indicated the total weight of metal lost by corrosion.  more durable.  But such a conclusion would be misleading
Here we found that in the plain pipes o 13-32 pounds of and absurd in the extreme, because the life of a pipe depends
wrought iron lost 2034 ounces, while g 11-32 pounds of steel not vpon the amount of the corrosion, but upon the deepest
lost 2374 ounces. (The galvanized samples are not included I A certain pipe may lose only 1 percent of its weight
here becanse the zinc coating affects their duralality.) by corrosion when it begins to leak from some pittings, while

TABLE II.

No. 1. No, I No. T o

Galy,W.Iron.| Galv. Steel, |Blk. W

. Iron.| Blk. Stesl.

Kiwo or Fire. Bl W. Iron.| Blk. Steel.

Weight  withour  coupling 13 L. 2 : 5
when pat d8..0 . iweanaa) @ —1Th 3 —1Ib Sl i L
L1 ak a2 4 32
Weight  without  coupling 26 13 3 20 s B L i i
when removed and rust 2 — Ih. F— 1k 2 — b 2 It 2 — b i—1Ib 1— Ik 3 — b 2 — b
washed out. ... o 3z 3z 32 32 3z 3z 32 a2 42
-3 1 1 1z
Lass n weight by corrasion. 1oz 1 ax SR b =0 i g i
b &
i F a 30 = | L B
Per conk 1088, 0. o caaaanas|  LEDEG 1.8% 4.8 el L2
1 o P ax 7 TX & | 8X I | BX -_.ﬂ | iﬂ\_

030 | 0565

3 s [
gl -078| 080 | 056) 061 | D48 053| 066 | 048) 050 .0s9| 041 | 045 .082 | 051| 0BG

Depth of five deepest ples|| OTB| 083 | 045 (06D | ‘D43 42 | JOH 045 | 046| 073 | 0s6| 07 086 | o37| ‘oge
in each half of each sam- | 072 .O74 | 068 071 0as| 040 | 045 Q62 ik OBE3 | 06E| 060 TS | .043| 0AR
ple in inches._. ... .|| w080| ‘076 | ‘oeo| .0ed | (oow| 023 | 03s 053 053 | 070| (074 054 | lo41| Coeg
072|050 | 068 075 | 08| 016 | .058 (it 046G | 04| 06S 050 | ‘osal 045

s R T RS X | 8 | ox | ox | 10 | 10x

|
[

{(— —_| | 2 B et | o

07| 004 | 008 003 106 . 124 i .oug| G2 | 081 007 l':ll: s | 106 104

109| 092 [ 103! _pag=
114 | .110) .088 | .117) _10%
30 | 097) 070 | 111 .0aE
106 | 085|100 | (113 087
W08 [ 112 .104 | 002 102

Thickness of metal under|| 076 071 | .100| .085 | .1010 112 [ .110| 072 | .QBZ| .109 & _108| 081 | 085 .127
pits in inches...........1| 0B2| .080 | (086 .083 | _116) .105 | 109 086 | 062| 082 | 091 10l | 0%9) 04
074 078 | OBS| .01 | 125 131 | .116| 084 | 0B1) D96 .121| .101 | .084| .08O

-0B2) .5 | .OBS| 079 | .126) (138 | .066| 104 | .104| U5 | 11| 086 | .105| 084
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another pipe may have lost 50 percent of its weight by cor-
rosion and still be perfectly tight and serviceable. Therefore,
it appears evident that in order to determine the relative life
of the samples it is necessary to measure the depth of the pit-
tings and base concluzions on these measurements.

With this end in view, we sawed open each sample length-
wise; then an expert in micrometer measurements, a tool-
maker accustomed to very fine work, was detailed to measure
the depth of the five deepest pittings in each half, making 100
micrometer measurements, It really was only necessary to
measure the deepest pitting in each piece, but to locate it by
the eve was impeossible, By selecting the five which appeared
to be the deepest, however, we felt sure that we measured the
deepest pitting in each piece,

The accompanying Table IT. iz a record of the results of
this test.

The thickness of the metal under each pitting was first
measured by “Starrett” transfer calipers having sharp points;
then a very delicate, small inside caliper was used to just
touch the pomnts of the transfer caliper, and the distance be-
tween the points of the inside caliper was measured with a
I-inch micrometer. Each pitting was measured in the same
way and by the same person. The measurements recorded
here are believed to be correct to within 1-1,000 of an inch.

Figs. 4. 5 and 6 are from photos of the samples after they
were cut in halves, A ¢lose examination will show guite a
difference between the corrosion of the steel and the iron.

SUMMARY,

Azzumang that corrosion had been continued at the rate
which existed during the period of the test, then the different
samples would have become corroded through at the end of
the number of davs given in the accompanying Table I11.:

TAEBLE IIL
DURAERILITY OF THE SAMPLES,

Plain Pipe. Drays.
No. 10. Steel pipe Beog
No. 5. Wronght-iron pipe Ty T s 780.5
Mo b Bleel pipe o e e e
Mo. 2. Steel pipe e o e
d ¢ Fe R BT Pt = ke wi S e FE0.7
Mo T oI E00 THDE oas s or s aiis bsonsnnsanees DO

The average life of the plain steel pipe samples is 7oh.0 days,
while the average life of the wrought-iron samples is 742.2
days, making a difference of 547 days in favor of steel
Therefore, a rational deduction to draw from the preceding
facts is that plain steel pipe is more durable than plain
wrodght-iron pipe when used to convey hot water and subject
only to internal corrosion.

I know that the ahove summary is not in perfect harmony
with the opinions of many engineers and contractors, but I
can only record the facts as they are found. If any errors can
he discovered cither in the method of making the test, ohtain-
ing the data, or in the deduction, I will be pleased to know
them.

A Business Opportunity,

A correspondent wishes to know the names and addresses
of any concerns who ‘manufacture as a standard product tanks
of suitable weights and sizes in general use for pneumatic
pressure water systems, It is particularly desired to get in
touch with concerns which make a specialty of this line of
work who are located in the East, Any communications sent
to Tue Bomer Maxer and addressed to “Pneumatic Pressure
System™ will be promptly forwarded to our correspondent,

Power Requirements of Machine Tools.

It is & rare occurrence nowadays for any manufacturer who
is considering installing a new plant or equipment to consider
any other form of power distribution than electricity. The
various tools and machines which are installed in a boiler shop
are seldom run continuously, and, from the nature of the wark,
must be isolated ; therefore, any form of shaft drive is wasteful
of power,

It is not always easy, however, to obtamn accurate informa-
tion regarding the size of motor to be uzed with individual
machines. It is hard to find satisfactory formule for fizuring
the horsepower necesgary to drive the machines, and frequently
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FIG, 1,~=POWEER REQUIREMENTS OF FIFE CUTTERS.

information given by the builders cannot be relied upon.
Under these circumstances the work of Mr. L. B, Pomeroy,
who has recently worked out a formula for finding the horse-
power necessary to drive different machine tools, will be wel-
come. Mr. Pomeroy has published this formula together with
a few cxamples showing how it may be applied and the results
given, by applying it to a number of different types of ma-
chines, in an interesting article in a recent number of the
General Electric Review. The formula which he ha: worked
out is as follows:

HP =F % D% fpm % 12 % N % K, where F is the feed
in inches; D' the depth of cut in inches; fpmr the feet per
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FIt. I —PFOWER BEQUIREMENTS OF DRILL FRESS,

minute ; N the number of tools cutting, and K a constant which
depends upon the kind of material, For east iron, & varies
from .35 to .5; for soft steel or wrought iron, from L L
for locomotive driving wheel tires, from .7 to 1, and for vEry
hard steel, from .1 to 1.1. As a single example of how the
formula is used, take the case of a steel-tire wheel lathe, turn-
ing engine truck wheels with a feed of 1/7 inch: the depth of
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cut of 5/16, the cut taken at the rate of 16 feet per minute;
two cutting tools at work, and the value of the constant K
taken as 1. The equation for the horsepower required to drive
the machine then becomes :

HE = 1/ % 8/16 % 16 % 12 % 2 % I
HP = 17

In Figs. 1 and 2 curves arc given showing the power require-
ments of two different kinds of machine tools; while in the
following table the motor horsepower reguired has been
worked out for a number of different tools which are com-
monky used in a boiler shop:

Disastrous Explosion of Lap Seam Boiler.

On the night of Dec. g, 1907, at 8.45 P. M., the 8s-horsepower
boiler of the Hygienie Blanket Company, Hubbardston, Mass,,
exploded, killing the night-watchman, blowing three buildings
to atoms and damaging four others to the extent of a great
lozz, The boiler itself was blown 57 feet from itz foundation,
destroying everything in its path and setting fire to the wreck-
age, The age of the boiler is somewhat uncertain, as it was
bought by the Hygienic Blanket Company second-hand and
used by them about nine vears, The builders of the boiler
were unable to trace its history previous to its acquisition by

THE EOILER WAS HURLED 67 FEET FROM THE STACE

FUNCHES AND SHEARS,

Mator Hp.
Required to Drive,
No. 4 30-inch throat L. & A. pumh 3
Mo, g horizontal flange punch.. B e
Mo, 2 Hilles & Jones combination puﬂch ﬁnd tlne’lr ...... 5
Alligator shear (stock 5 inches by 1 inch). ... .......... 5
TEe T ab s o ek Ta v ot B el e e S S e S e SR 24
s6-inch multiple tank plate punch with spacing table..... 774
No. 3 Hilles & Jones combination punch and shear, 1a-
iy Tl e £ re o) SR i S Sl LR I S 714
Mo. 2 horizontal punch, 2o-inch throat.................. T4
Mo, 3 Hilles & Jones combination punch and shear, 36-
o 180 o o U Wi o i o s R RSO 10
MNo. 3 angle shear, 5-inch by 1-inch bar................ 0
BOLT AND NUT MACHINERY, MULTIFLE DRILLS, ETC.
1¥45-inch single head bolt cutter. 134
Pratt & Whitney No. 4 turret bo]i -:utt-:r 2
Two-spindle stay-bolt cutter.. ... B e e
1%4-inch Acme double-head bolt u.ml:r ................ -1 4
134-ittch triple-head Bale cutber,...ooe i 3
¥4-2%4-inch double-head bolt cutter. ... ... . ...... ]
a-ineh triple-head bolt eutter. . o...oio o L. B
Fonr-=pindle stay-boltoutber. . coou i iiiiani 8
Bradley hammer............. 714
Niles' four-spindle multiple |j1-1[] 7t

THE FOSITION WHERE IT IS5 SEEN 1IN THE PHOTOGCRAPH.

the Hygienic Blanket Company. It was of lap-seam con-
struction, and the boiler inspector who made the n::lcamir!atiun
after the explosion placed the blame of the accident upon this
feature of construction. It was evidently the case, altopether
too common, of a lap-jointed boiler which had been in uze for
a leng time, the shell plates of which had become cracked
on the under side at a point just outside the line of rivers
where the plates were lapped, so that the cracks could not be
discovered even by careful inspection. The cracks, of course,
became deeper and deeper and spread to 2 greater length every
time the pressure was raised or lowered on the shell, until
finally the plate was weakened to such an extent that it could
not stand even a moderate pressure, It was said that there
were two gapes of water and about 40 pounds of steam on the
boiler when the explosion occurred. The rear cheet was
stripped completely off, leaving the flues oncovered. The con-
ditions under which the boiler waz operated were very favor-
able, as only the purest of water was used and the boiler was
never allowed to carry over 80 pounds of steam.

The force of the explosion was terrific, as can be seen from
the photograph taken the morning after the explosion. The
boiler itself was originally installed close to the tall brick
stack, but when the explosion cccurred it was lifted from its
setting and landed about 57 feet away, where its position is
shown in the photograph. The safety wvalve was blown 2
quarter of a mile away, one-half of the boiler house roof gver
Bioo feet, and several bales of cotton were also carried about
foo feet. A three-story building 110 fect long, and a two-story
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building oo feet long, both built parallel to the sireet and
joining the mam part of the mill, were completely demolished
and destroved by five. The main mill itself would have been
burned had it not been completely fitted with automatic
chemical fire tanks, which had been installed in the building
by J. E. William & Song, of Hubbardeton, Mass., which served
to check the flames and save the building.

Some Early Boiler Makers' Machine Tools.

Among a number of early machine tools described in the
London Engineer the two illustrated in this article are of
mterest to boiler makers. They are both of French design,
and were in use about seventy vears agn. The steam punching
machine, shown in Fig, 1, which was designed by M. Cave, is
very interesting, as it was in all probability one of the first
examples af the direct connection of a steam engine with a
machine tool. The illustration—which 13 taken from Rennie's
edition of Buchanan on Millwork, Etc., published in 1841—is
fairly self-explanatory. It will be seen the steam eylinder is a
gingle-acting one, the slide valve being controlled by a hand

It will be cbezerved that the punch is hinged to turn back
out of the way when not in use. The inventor also made use
of a very clever marking device—which ig not shown in the
sketeh—to ensure correct spacing in punching holes, which is
very similar to the means at present employed on “gang” or
multiple punching machines in this country.

Like the previously described machine, the two steam
eylinders are both open-ended and single-acting, the wvalves
being operated by hand levers connected as shown. The in-
ventor likewise employed a simple but very ingenious arrange-
ment to rivet long tubes of small diameter, which may he
thus described: In this case the “dolly-bar"” or anvil was
hollow, and through it passed a long rod forged at its ex-
tremity to the shape of a long wedge, which acted on a plunger
passing through the rivet die, and thus pressing up the rivet
simultancously as the set was cloged on it. The connections
are not shown in the drawing given by Scott, but he states that
the steam cylinder, when the machine i¢ used with this deviee,
acts on both the long rod and the shde, holding the set at
one and the zame time, consequently it bears a strong re-
semblance to machines of later date emploved in this country.
It may be added that the rivets were fed from the top.

1,—caAvE'S STEAM

FIG-

lever as shown, and the action assisted by a pair of heavy
fly-wheels.

It iz well known that Sir James Nasmyth's steam hammer
was invented hy him in 1839, and was actually carried into
practice by some French engineers without the inventor's
knowledge. Whether M. Cave had this in mind in designing
the machine just described iz perhaps doubtful, but the in-
fluence of the English invention is plainly wvisible in the next
illustration, which is taken from Scott's Engincer aond Mao-
chinists’ Assistant, 1847, and represents a combined steam
punching and riveting machine by M. Le Maitre, alsa of
Paris—Iig. 2.

This machine, which is a marked advance on the one pre-
vicusly described, also depends for its operation an a directly-
connected steam cylinder, but the motion is pot continuous, the
piston-rod acting on a lever of the first order operating the
punching and riveting slide. Another remarkable feature is
the provision of a "holding up™ device to keep the plates tightly
together while the rivet is being closed. This is operated
by a supplementary steam cylinder of smaller size acting on
the longer of the two levers shown in the illustration, amnd
therehy on a ferrule or sleeve through which the riveting set
passes. A reference to the sectional sketch will enable the
action to be understood,

FUNCHING MACHINE

Locomotive Boilers.
BY W. L. FRENCH,

The advance made in the size of locomotive boilers and the
methods of construction since boiler making was first com-
menced is something remarkable. No better illustration of
this can be had than to note the boiler dimensions of “Old
Ironsides,” the first Baldwin engine, and one of the modern
battleships. The boiler of “Old Ironsides” had a diameter of
3o inches ; number of tubes, 73; material of flues, copper; di-
ameter of fues, 134 inches; length of flues, 7 feet. Copper
entered largely into carly boiler constructon, so far as the
fireboxes and flues were involved,

Mow note the boiler dimensions of the modern locomotive,
with a diameter of shell, 78 inches; number of flues, 350:
diameter of flues, 2% inches; length of flues, 20 feet: ma-
terial, iron; heating surface, 4800 square feet.

The demand for the movement of larger trains made the
building of large engines necessary. Very large steam cylinders
with high steam pressure to force the pistons back and forth
in them demanded an enormous steam storage capacity to
supply their wants, and this in turn required increased heat-
ing surface and grate area in the firehox, and so the large
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boiler with its extended wagon-top, and the wide, shallow fire-
box grew to their present proportions. That they can grow to
any greater extent is not probable, as with the present width
of roadbed it would seem that the limit in height has been
reached.

The growth from the small to the large boller has been
gradwal, and 15 marked with a number of experiments, many
of which proved of no success, yet each one conveyed a lesson.
From a tank holding 3 few gallons of water, the tank has
grown to one holding 8000 zallons of water, and lessening the
cost of train operation by reducing the number of stops for
water,

Steel is the metal used in this day for boiler construction.
Sheets of the required size are shaped, punched and turned tao
the required form. Often some of the future trouble for the
mechanical department of the railroad purchasing the engine
i5 started. The dies for punching holes in che sheets, if dull,
canse small fractures that de not show at the time, but later
develop into cracks and leaks around rivets; crown bar bolts
and stavboltz are the result. Drilling these holes would be

With steel sheets in good condition, and crown bars, braces
and staybolts in good shape, the danger of a boiler explosion
is reduced to a very small one, far the strength iz in the metal
to resist the pressure, and that is all that i3 necessary to avoid
explosions,

A sheet might be burned or the staybolt heads be melted off,
so that there would be a giving away ; but if there is, the condi-
tion of the steel will speak for itzelf; there will be no mystery
about the canse of the explosion. Breakage of stavbolts s
a matter of frequent cccurrence, but, as most of them are
drilled in the end through the sheet, when one breaks it im-
mediately gives warning of that fact without any test and
should at once he replaced

Too marrow a water space in water lege 15 hard on both
staybolts and side sheets, as when working hard the water is
liable to be all boiled away from the inner sheet, and the
sheet and staybolts, too, become overheated, This is the
point of greatest pressure m a boiler, also, as there both the
pressure of the steam and the weight of the water are united
in force against the sheets and muod-ring,

Fig. 2.—LE MAITHE'S COMBINED STEAM PUNCHING AND RIVETING MACHINE

certain not to injure the sheet, but it 15 slow when compared
with punching.

The crown sheet i1z olten braced by crown bars across ils
top and bolts through crown sheet.  VWhere this form of brac-
ing is employed the crown sheet is more flat than where radial
staye are employed. Where crown bars are vsed the crown-
sheet 15 said to be sling-stayved. When the stays extend from
the dome head to the crownsheet, no crown bars being used,
the boiler is said to be radial-stayed. The crown sheet of such
a boiler is more easily kept free from mud and scale than are
those with crown bars, as the crown barg tend to hold the
mud and scale against the action of the water to wash them
away.

Too much care can not be given to the testing for broken
ctown bar braces. As they are out of sight and difficult to get
at, there is often a tendency to neglect them on the part of
those responsible for their being properly tested. Brace pins
should also come in for careful inspection.

Hydraulic testing should not always be taken as an indi-
cation of a boiler’s strength, The test iteelf may weaken the
boiler, so that a similar pressure would cause a giving away
of some part of the boiler. The hammer test of staybolts in
the hands of an experienced boilermaker iz a good staybolt
test.

Mud in the water leg will cause bulging and cracking of the
sheets, and mud should not be allowed to accumulate there, or,
in fact, anvwhere else in a boiler,

With the use of soda ash to soften the water, by a frequent
use of the automatic blow-off cock a great deal can be done by
the engineer to keep the boiler clean. The automatic blow-off
cack should not be uzed when engine is working, as it re-
moves the water from the lower part of the boiler, where
there is none too much, anyway, when enginge is using steam.
At this time the sediment in the bodler is raised vp and mixed
with the water, and blowing oot the boiler does not remove
it, as it does when throttle is closed and sediment has set-
tled down in the boiler.

Better results will also he obtained by using the blow-off
cock with injectors shut off. Cold water settles to the bot-
tom of the boiler, and if blow-off cock is open it is immediately
hlown out again,

Scale or mud cause leaks. This calls for frequent ecalking,
and soon the sheet along the crack is worn thin, the head
is gone from the stavbolt or the bead from the flue, and then
calking ceases to do good and the leak is continuous.

Side sheets have been known to blister.  This is caused by
the sheet not being a solid piece. The side next the fire becom-
ing the hottest, expands toward the fire and leaves the auter
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part of the sheet, causing a space between the two parts. This
is the fault of the metal, caused by its not uniting properly
when rolled at the mill. *

When an engine is fired up the temperature should be
brought up gradoally to the reguired point and then maintained
there as near as possible when in service on the road.

A boiler that iz melined to leak should be kept hot all the
time when in service, even at the expense of blowing off
steam occasionally,  The waste even then will not be as
great as that caused by a leaky boiler, let alone the annuyance
and delay that 1s almost certam to accrie, with the possibility
of an engine failure in addition to all the rest,

The extended wagon-top is now the type of boiler most com-
monly built,  Im thig form the wagon-top which formerly ex-
tended only over the crown sheet, continues on in a diminish-
mg degree, usually to the front ring of the boiler. This gives
a much larger dry steam gupply to draw from and lessens
the danger of an engine working water,

In many new engines a flare is given to the back hrebox
sheet at the door, which gives a greater water space at that
pomnt, and the sheet 18 overlapped in such a manner as to do
away with the old style of door ring. The result has been
very satisfactory in doing away with cracks in the door rings
and consequent leaks therefrom. The reason the sheets do not
crack so readily in the deor with mcreased water space is that
they do not cool so guickly under the action of the air when
the fire door is opened az they do with the smaller water
space.

Holding the fire door open is not very good for either the
door ring, flues or the side sheets, and should be avoided. Tt
is better to let the pops take care of the surplus steam
than to do this, although that should be avoided  also, but
in another manner, by keeping down the coal supply to
the fire.

Too much care can not be given the boiller of a locomotive
to keep it in good shape, and this care should commence when
the boiler comes new from the shop, but with the higher steam
pressure, larger sheets and longer flues, and the increased
tendency to leak from these canses, there has been, as a rule,
less care given to them.

Heavy fires form in the firebox because it iz hard to clean
them on the road; when the terminal iz reached the fire is
hurriedly cleaned, green coal shoveled in, and away they go
with the blower shrieking a forced draft through the flues,
clinkering the fire and spoiling the firebox. When a fire is
being cleaned or knocked out an injectar should not be
worked ; the firebox will cool fast enough without doing that.
1f an engine must go right out, knock out all the fire and put
in a fresh wood fire, using plenty of wood., It will be cheaper
in the long run and an engine failure may be avoided. These
look like small matters, but they all count in the life of the
boiler.

The pressure applied to a boiler is as a rule only about one-
fifth of what it is suppozed Lo be able to stand before bursting ;
this on account of the plate being weakened by hand-hole
plates, wash-out plugs and varions boiler connections,  Bul
neglect and abuse will soon weaken the best hoiler until it
is not only a source of trouble on the road, but alse be-
comes a menace to safety. Natural wear and tear 1s expected,
but neglect and abuse should be avoided, which often is the
result of arders from those in authority who are ignorant of
results or da not care so long as the responsibility falls on
some other department or person.

The long flue in the large engine, with its increased vibra-
tion over the shorter flue of the small engine, has a greater
tendency to canse leaks, as has the larger flue sheet necessary
in the large engine. DBracing has helped the large flue sheet,
but a satisfactory manper of bracing the long flues has not
vet heen evalved,

A Repair Shop.

From time to time we have puhlished comprehensive de-
seriptions of large, up-to-date boiler shops, in which the equip-
ment of machinery and tools has been designed for the con-
struction of new boilers and the carrving out of large con-
tracts involving sheet metal and structural steel work. It
may be of interest to our readers to know something about
the equipment of the boiler department in one of the largest
marine repair shops in the country. The equipment of such
a shop, of course, does not include so many or such heavy
tools as are provided in a contract shop, since repair work in-
volves mainly labor, and requires the handling of less ma-
terinl and lighter weights.

The machine and boiler repair shops of the Griscom-
Spencer Company, located on the water front in Jersey City,
N. J.. are equipped with a2 view to handling rapidly and eco-
nomically all types of marine repair work, which are con-
tinmally coming up in a harbor where the shipping 15 as ex-
tensive as it is in New York, The Griscom-Spencer Company
iz the direct successor of the late James Reilly Repair &
Supply Company, established about forty years ago, and which,
in addition to other work of manufacturing and contracting,
has for many years provided all the repairs and supplies for
the ships of the International Navigation Company, compris-
ing the American and Red Star Lines. The shops and docks
are located in Jersey City, adjoining the terminal of the
Pennsylvania Railroad. Two spur tracks from this railroad
run directly into the vard, one at Grant Street and one at
Sussex Street, giving exceptional facilities for transportation
or the receiving of supplies. A small indostrial track runs
through the shops to facilitate the handling of heavy material.

The plant includes the following departments: the machine
shap, boiler thop, carpenter, joiner and pattern makers’ shop,
coppersmith’s shop, foundry for heavy brass and com-
position castings, and an electrical department. The shops
have heen recently rebuilt and equipped with all the modern
facilities for handling, economically and efficiently, repairs, and
the manufacture of special machinery. The main shop, of
which a photograph is reproduced, contains on the main floor
the power plant, tool room and heavy machine tools. In the
galleries at either side are located light tools for the
brass-finishing department, tinsmiths’ shop and electrical
department.  The floor of this building i3 szerved hy an
electrically-driven traveling crane, spanning the center bay,

Adjoining the main shop, in the form of an ell, is the boiler
and forge shop. One side of the boiler shop is left free for
laying out, fitting up and bench work., At one end of the shop
are located the punches, shears and bending rolls. The equip-
ment of this department includes a small shear of 23 inches
gap, built by the Long & Allstatter Company : a small punch.
24 inches gap, built by the same company; a large shear with
z7-inch gap, built by the Hilles & Jones Company; a set of
to-foot power bending rolls and a small set of 3-foot hand-
power bending rolls. In the center of the shop is a large
radial drill and an upright drill-press. Beyond these is a
small punch for light material, of the Cockburn-Barrow make.
The rest of the shop is devoted to flanging and blacksmith
waork, and contains, hesides the ordinary blackzmith’s forges
and tools, two sets of heavy flanging clamps and a steam
hammer.

The material is handled at the machines in the boiler shop
by means of light jib eranes, equipped with chain hoists, cap-
able of lifting about two tons.

All machinery, in both the boiler and machine shops, is belt-
driven from overhead line shafting, although plans have been
completed for the installation of a system of electrical motor
group drive. Power is derived from a single evlinder 75-H. P.
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INTEKIOR OF MaAI¥ SHOP, JERSEY CITY

Beckett & McDowell steam engine, which has a 1o-inch cyl-
inder, 14-inch stroke and runs at the rate of about 150 revo
lutions per minite. Steam for the engine and air compressors
is furnished by one Moran safety water-tuhe boiler of 1s0
H. P. Electricity for lighting purposes and for driving some
of the machinery in the brass foundry and copper shop is
generated by a 15-kilowatt generator.  Additional generator
capacity 15 soon to be installed. Duplicate air compressors are
ingtalled which deliver compreszed air to the pneumatic toaols
in the boiler shop and at the docks; one of the compressors iz
a single cylinder Ingersoll-Rand machine with a capacity of

FLANT OF GRISCOM-EFENCER

COMPAKY

a50 cubic feet of air per minute; the other is a duplex Frank-
lin compressor, built by the Chicago Pnenmatic Tool Com-
The
air 15 stored in two large receiver tanks at a pressure of about
g0 pounds per square inch

In addition to the repair work, the Griseom-Spencer Com-
pany mamifactures several power plant and marine special-

pany, capable of delivering 300 cubic feet per minute.

ties, among which are the Reilly multicoil feed-water heater,
the Eeilly multicoil evaporator for both fresh and salt water,
the Reilly (Ebsen) prease extractor and feed-water purifier,

water filters, condenzers, ete.

GERERAL VWIEW OF DOCKS AND SHOFS OF

GRISCOM-SPENCER COMPANY's

JERSEY CITY FLANT.
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Encouraging Signs.
It iz hardly necessary to refer to statistics to show the fre-
These facts
are well known, and are being continually emphaszized by re-
ports in the daily press.

quency and destructivencss of boiler explosions.

Statistics are of value, however, when
it comes to determining the increase or decrease in the number
of such accidents and the losz of life resulting from them.
For this reason it 15 of interest to examine such records as are
kept, and see if the progress which is being made in the pro-
duction of better materials, better machinery and methods of
construction and the enforcement of more rigid inspection
laws, is having any material effect on the safety and reliability
of steam boilers,

Perhaps the most carefully commled statistics on this point
are those published by the Hartford Steam Boiler Inspection
& Inzurance Company. Their annual summary, publiched elze-
where in this issue, shows that the number of explosions which
ocearred last year was greater than ever before, and that a life
was lost for almost every working day in the year. The num-
ber of explosions has steadily increased each year since 1870
from about 130 to nearly 500, There have never been less than
zoo people killed, and the number is frequently almost double
that.
hath the number of explosions and the number of fatalities,

Considered alone these figures show a steady increaze in

but considering the vastly greater number of boilers in opera-
tiom to-day than were in operation a few years ago, it is prob-
able that the ratio of the number of explosions to the number
of boilers in wse, or the nomber of explotions per thousand
horsepower, is steadily decreasing.  This indicates not only
that safer boilers are bemng built and that more rigid inspec-
tion iz being enforced, but also that boilers are being operated

and cared for more intelligently.

During the past vear there has been no single explosion
which has resulted in such a terrible loss of life as has fre-
quently heen the case in previous years. This is probably
due partly to the changes made in the design of modern
power plants. The ald style of wooden factory with the boiler
located practically in the building itself is becoming a thing
of the past, The centralization of power plants and the dis-
tribution of power by clectricity has tended ta keep the boiler
Then,

use of mechanical appliances for handling of coal and ash and

away from crowded factories and buildings. too, the
for stoking, has reduced the number of attendants consider-
ably, so that there is less likelihood of a large list of fatalities
in the event of an explosion. Tt can perhaps hardly be claimed
that watertube boilers have insured the safety which was ex-
pected of them when they first came into general use, as many
destructive explosions have cccurred with this type of boiler.

Wt only has the opportunity for the destruction of life and
property been somewhat lessened, but there has been marked
advance in the adoption of adequate bailer inspection laws. [t
might be said that there are three things which can prevent
boiler explosions. The first of these is inspection; the second i3
inspection; and the third is inspection; inspection of design;

of material; inspection of workmanship, and

thorough and careful periodic inspection during the use of the

ingpection

boiler after it is completed. New boiler inspection laws have
been adopted in several large cities and in one or two States
during the past year. For instance, in Massachusetts, a State
which has been particularly afflicted with disastrous boiler
explogiong in years past, a new set of rules governing the
enforced,
which will do much to safeguard the people of that Com-
monwealth.

construction and installation of boilers has been

A new means of bringing to the attention of power users
and the general public the serious fatalities resulting from
boiler explosions was also brought about lazt year by the estab-
lishing of a National Museum of Safety Devices in New York
City.
position, and in it due importance is given to the steam boiler.
Besides numerous photographs showing the results of explos-
ions, there are many samples of bagged, blistered and laminated
boiler plates, tubes almost choked with scale, immense pieces
of scale taken from the interior of the boilers, samples of pitted
and corroded boiler tubes, ete.
shown which can in any sense be termed safety devices are
safety valves, amtomatic water gages, patent fusible plugs and a
description of the merits of certain boiler inzurance companies.

At the present time this institution iz holding an ex-

About the only devices as vet

Motice,

In arder to include a complete report of the proceedings of
the annual convention of the International Master Boiler
Makers” Association, which is to be held at Detroit, May 26,
27 and 28, the date of publication of our June issue will be
changed from the first to the tenth of the month. Besides the
report of the convention and the wsual amount of editorial
matter, this 1ssue will contain a comprehensive supplement
of boiler makers' materials, machinery, tools and supplies,
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Convention Announcements.

The sessions of the convention of the International Master
Boiler Makers' Association will be held May 26, 27 and 28,
1908, at Detroit, Mich., at the Hotel Pontehartrain, which will
be headquarters for the association.

The secretary will have an office in the hotel for the trans-
action of general business outside of the convention.

Immediately upon arrival, each member should report to
the secretary for registration of himself and ladies, etc., and
receive such instructions as may be of value during the pro-
gress of the convention. In this manner confusion and pos-
sibly disappointments will be cbviated. There will also be
assured a correct list of all who attend the convention with
their proper home address, and only careful compliance with
this arramgement will insure its entire success, Registry
cards will be provided, so that if you fail to register there
will be no reasonable cause for complaint if your name does
not appear in the printed list of the convention proceedings.

Impartant—Al members of the Boiler Makers' Association
st register with My, Harry D, Fought, and all members of
the Supply Men's Association with Mr. George Slate, in order
to recefve thetr badges,

O arriving in Detroit, to reach the hotel, take Brush street
car from Brush street station {Lake Shore and Grand Tronk),
Woodward avenue car from Michigan Central station and
Fort street car from Pere Marquette and Wabash station.

An exceptional opportunity will be offered members of the
International Master Boiler Makers® Aszociation who attend
the annual convention in Detroit, Mich., to travel wvia the
Michigan Central Railroad.

1i a sufficient number elect to use this route from either
Chicago or Buffale they will do so te advantage, as superior
service and fares will pndoubtedly be offered.

It may be possible for all to travel together and obtain con-
cessions that would not otherwise be available.

Please advise the secretary, Harry D. Vought, 62 Liberty
street, New York, at once whether you will attend the con-
vention and whether vou wish to be included in whatever
arrangements are made.

Program.

; MAY 26,
Convention called te order, oo A, M.
Prayer, 10.00 to 10,15 A, M.
Address of welcome by the Mayor, 1o.15 to 1030 A, M
Address by superintendent of motive power, I0.30 10 1130
A M.
Address by superintendent Boiler Manufacturing Company,
I1.00 to IT.30 A M.
Eoutine business ;
Report of secretary.
Report of treasurer.
Appointment of committees,
Miscellaneous,
Announcements,
Unfinished business, 1200 to 12.15 P. M.
Wew business, 12.15 to oo P, M,
Appointment of special committees to serve during con-
vention.
Adjournment.
Tn the afterncon the members of the convention will wvisit
some of the large manuf:n:r.uring plants in Detroit.

MAY 27,
Report of committes on boiler flues, g.30 to 1000 AL ML
Report of committee on boiler explosions, 1ooo to 1100
A M.
Topical discussions, 11.00 A. M. to 1200 M.

RECESE.
Report of the committce on application of stay-belts, ete,
zo0 to 3oo0 P. ML
Report of committee on use of oil in locomaotive boiler shops
and in boilers, 3.00 to go0 P ML
Topical discussions, 400 to 500 P AL
“Shall a Committee be Appointed on Senate #”
“How Shall Committee Reports on Subjects be Brought
Before the Convention for Discussion?”
To be opened by Mr. J. H. Smythe.
“Standardizing of Shop Tools.”
To be opened by Mr. T. C. Best.
Announcements and adjournment.

MAY 28

Report of committee on amendments to constitution and
by-laws, 9.30 to 1000 A M
Report of committee on subjects, 10,00 to 17.00 A M.
Topical discussions, 11.oo A, M. to 1200 M.
“Standardizing Boiler Blue Prints.”
To be opened by Mr. W, H. Laughridge.
“Modern Improvements and Physical Tests in Boiler
Dezign and Materials.”
To be opened Mr. H. 5. Jeffery.

RECESS.

Report of auditing committes, 200 to 215 P, ML

Miscellaneous business, 2.15 to z.45 P. M,

Unfnished business, 3.45 to 400 P, M,

Correspondence, resolutions, etc, 400 to 415 P. M.

Selection of next place of meeting, 4.15 to 430 P. M.

Good of the association, 4.30 to 500 P. AL

Election of officers and closing exercizes of convention, 5.30
to G.oo P. M.

The order of entertainment could not be completed in time
to he given in thiz program and will be announced at Detroit.

COMMITTEES FOR T07-1508,

1.—Best Method of Applving Flues. Best Method for
Caring for Flues while Engine iz on the Road and at Ter-
minals and Best Tools for Same. E. J. Hennessy, chairman.

2.—Boiler Explosions; Their Causze and Remedy. J. T.
Goodwin, chairman,

3—The Best Method of Applying Flexible Stay-Bolts;
Holding on and Riveting Same. J. H, Smythe, chairman,

4.—The Use of (il in Locomotive Boiler Shops; the Most
Practical Method of Its Use in Stationary and Locomotive
Boilers.

z—PFropoged Changes in the Constitution and By-Laws.
Charles P. Patrick, chairman.

6.—5ubjects: To Recommend Topics for Committee Re-
ports at the Next Annual Convention. William H. Laugh-
ridge, chairman.

THE WOMEN'E AUXILIARY.

One of the many excellent features connected with the con-
ventions of the International Master Boiler Makers® Associa-
tion which should not be forgotten is the Women's Auxiliary.
This association, of which Mrs, John McKeown, of Galion,
Ohio, is president, and Mrs. James E Cooke, of Greenville,
Pa, sccretary, is composed of the wives and daughters of
the members. This branch of the organization has alwavs
added greatly to the social features of the conventions, and it
is urged that all members who intend to be present at the
annual convention in Dietroit bring their wives and daughters
or some near friend, as by so doing they will add materially to
the success of the convention, The Women's Auxiliary will
meet at the Hotel Pontchartrain on May 28, at g.30 A, M.
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PERSONAL.

Marviz Howe has been appointed general foreman of the
Crswego shops of the New York Central Railroad, wice ©

Youmans, transferred to other duties,

Georce WiLsow, formerly boiler inspector of the American
Lacomotive Company at the Schenectady works, has been ap-
pointed general supervisor of the hoiler department, with
jurisdiction over all of the shops of the
Company,

American Locomotive

Samuer E. Durr, for twelve years manager of the bridge
and structural works of the Riter-Conley Manufacturing Com-
pany, Pittsburg, has resigned. He will engage in general con-

sulting engineering practice.

James L. McMawsws, proprietor of the Mahoning Boiler
Works, Lowellville, Ohio, owing to increased business has
purchased property at Struthers, Ohio, and erected a new
shop, 36 by 70 feet, where he is better equipped to handle his
rapidly growmg business.

Joax P. Leveew, formerly with the United States Cast Iron
Pipe & Foundry Company, has assumed the duties of general
master mechanic of the Dimmick Pipe Works, Birmingham,
Ala.

N. T. McKeEg, formerly foreman of the L. 5. & M. 5. Rail
way locomotive shops at Collinwood, Ohio, has entered the
firm of H. Clay McKee & Sons Company, at Mount Sterling,
Ey.. az partner,

TaEe PLANT of the Waley Boiler Works, Providence, R. I,
was recently completely destroyed by fire

Wiiiiam Nomrox, proprietor of the Puget Sound Boiler
Works, Tacoma, Wash., died Feb. 24 at Puyallup, Wash. Mr.
Norton was on his way to Chicago when taken ill with heart
diseaze, and was taken from the train at the above-named
town, hiz death occurring shortly afterward. Mr. Norton was
well known on the coast and to boiler manufacturers through-
out the country, and his sudden death came as a severe shock
to his many friends. He wa: formerly connected with the
Willamette Boiler Works, Portland, leaving them eighteen
years ago to form the company of which he was proprietor
until his death.

TroMmas Woon, formerly for three years layer-out for the
Mellvain & Spiegel Boiler Company, of Cincinnati, Ohio, has
recenitly taken charge of a new boiler shop at Matanzas, Cuba,
for the Ansonia Copper & Sheet Iron Works of Cincinnati,
Olio. Mr. Wood assumed his new duties on the first of last
October, and has already completed three go-foot, one go-foot,
one Go-foot and two zo-foot tanks, besides tome small 14-foot
and 16-foot tanks. The establishing of this boiler shop by the
Ansonia Copper & Sheet Tronm Works was the result of a
contract which this concern secured for erecting a distillery
for the Cuba Distilling Company, which includes a steel build
ing six stories high, 410 feet long, g2ts feet wide, a steel self-
supporting stack 123 feet high, eight tanks go feet in diameter
and 3o feet high, one 6o-foot tank 28 feet high, two go-foot
tanks 22 feet high, and three 2o-foot tanks 20 feet high. All
of these tanks are for molasses and are built with steel roofs.
In addition to the above work there are a ereat many small
tanks scattered through the distillery to be constructed, The
duty on finished products is so heavy in Cuba that a strictly
modern boiler shop was built and equipped so that all the steel
work on the contract could be worked up on the spat.  The
shop which s constructed to carry out this work is 100
feet long, 5o feet wide, with a side bay for a machine shop and
also a blacksmith shop 40 feet long by 20 feet wide,

Tae AmEricax SocieTy oF MecHANICAL ENGINEERS 15 £x-
tending the scope of its published proceedings by issuing a
regular monthly periodical. This publication is to have a
sognized and responsible editor, in the selection of whom the
society is to be heartily congratulated. Mr. Lester G. French,
formerly editor of Mochinery, has been appointed, and has
already entered upon his duties,

In 1891 Mr. French received his degree in mechanical engi-
neering from the Massachusetts Institute of Technology.
After four vears' apprenticeship, drafting room and shop ex-
perience, principally at the Builders’ Iron Foundry shops in
Frovidence, and a year and a half as a text-book writer, Mr.
French was engaged on the editorial staff of Machinery, and
azzisted preatly in the development of that paper, and for
nine years was its editor-in-chief.

Among the immediate improvements to be undertaken is
the establishing of departments in the monthly Proceedings,
thus providing a greater variety of technical articles of in-
Many other features are planned, and the aim will be
to make the Proreedings of such value that no engineer can
afford to be without them

terest.

IT 15 pleasant to reflect that even in the stress of business
and the cares and worries of a busy railroad shop, there can
be born in the hearts of men, not only genuine respect, but
even affection for the man vnder whom they serve. We are
reminded that such feelings do exist by the observance of the
sixty-sixth anniversary of the birth of Mr. Morris Davis,
foreman of the boiler department of the Pennsylvania Rail-

MOHRHETE DAVIE,

road, Altoona machine shops, which was celebrated on Jan.
28 by his family and a number of his friends who have been
associated with him in his work for many years. The guests
assembled early in the evening, and after an excellent dinner,
passed a pleasant hour in conversation, reminiscence and im-
promptu remarks. The following well-known shopmen were
present: R. J. MeKerihan and 8. B. Kinch, of the Juniata
boiler shops; J. B. Tate, H. (3. Greene and J. F. Stahl, of the
boiler department of the Altoona machine shops; also John
McKerihan, of miscellaneous shops, and Rev. H, L. Bowlby,
pastor of the First Presbyterian Church, of Altoona. Sev-
eral of the gentlemen present made short addresses, expressing
appreciation of having had the privilege of training received
under Mr, Davis, and of the association with him for many
Vears. Excellent testimony was borne to his cxumplgr}r chat-
acter as a Christian gentleman. Also he was the recipient of
a mumhber of handsome presents, The photograph showing
Mr. Davis sitting in his library will be recognized by many
baoiler malers and railroad men throughout the country, as he
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is a recognized authority on boiler work and is very well
known, having entered the boiler department at the Altoona
shops Sept. 5, 1850, at which place he has been continuously in
service ecver since, with the exception of three years, from
1862 to 1865, when he served in the Union Army, being
mustered out with the rank of Captain. He was made as-
sistant foreman of the boiler shop in January, 1877, and fore-
man in December, 185060,

TECHNICAL PUBLICATIONS.

Mensugatinn for Sheet I.E;tal ‘Egurk:rs. Bfil‘.'v’allit:yu N::;L-
: i 4 hy 714 inches. Pages, 5L ustrations, 70.
R Wil s Coint T Baitle Pluce, New York City.
Price, 50 cents.

The subject matter in this little volume has been reprinted
from recent issues of the Metal Worker, Flumber and Steam
Fitter, The author has evidently realized that in order to
maké rtules, formule and tables of any use to an ordinary
workman in the shop they must be accompanied by clear ex-
planations and examples. Therefore, these articles were
written so that such rules, which are not generally explained,
can be easily understood, enabling one to proceed intelligently
with practical problems which come wup. Examples ine com-
puting the perimeters, areas and capacities for various shapes
arising in practice are given in detail. It is expected that
comprehension of these will enable the student to compute any
ordinary problem in the shop. Besides methods for finding
the length, areas and volumes of the simpler geometrical forms,
examples are given in computing the areas of heating and
ventilating pipes of all ordinary shapes, making their areas
equal to those of pipe of other profiles. The use of the
prismoidal formulz for obtaining the capacity of various
shaped bodies is fully explained, as is the method of obtaining
the height of any solid to hold a given quantity when the
diameter is known, or vice versa. A short rule i3 illustrated
for finding the diameter of branch pipes taken from a given
main pipe, so that the arcas of the branches will equal the area
of the main. In general the elass of problems treated 15 such
as have to do with construction of very light sheet metal work,
such as chimney tops, pipe work, small tanks and domestic
articles, rather than heavy plate or boiler work.

Washing and Coking Tests of Coal and Cupola Tests of
Coke. By Richard Moldenke, A. W._ Belden and G. R, Dela-
mater, S:;ze, s34 by o inches. Pages, 76. Bulletin No. 336.

Department of Interior, United States Geological Survey,
Washington, D, C

This pamphlet comprises a report of tests which were made
during the fiscal years 1905 and 1god at the St Louis fuel-
testing laboratories of the United States Geological Survey,
on washing and coking coals and on the behavior of the re-
sulting coke in cupola practice. These tesls were carried on
in connection with similar investigations of the steaming and
gas-producing qualities of the same coals and of the possibility
of improving such coals by briquetting.

Many coals which were received as samples from the mine
were found to be too high in ash, in sulphur or in phosphorus
to make a satisfactory metallurgical coke without prior treat-
ment, and some coals possessed better coking qualities than
otherz, It was found that the washing of some coals so
reduced the percentage of ash and sulphur as to make avail-
able for the production of coke a coal which otherwise would
have had no wvalue for this purpose. Complete details are
given in the bulletin regarding washing of coal, the pro-
duction of coke therefrom and the behavior of the coke in
the cupola when utilized for the production of castings. The
results have all been carefully tabulated, so that a study of the
tahlez shows at ence many important facts as to the behavior
and the treatment of the coals mined in various portions of the
United States when prepared as metallurgical colke.

QUERIES AND ANSWERS.

Discussion and answers to the questions published in this
column are solicited from our readers. All such contributions
will be paid for at owr regular rates when acceplable for pub-
lication if they are accompanied by the name and address af
the twriter.

(. —Will you please publish in Tee BorLer Magez a practical and
accurate methed for laying out & spherical roof for a tank of any
diameter. F. Q.

A —See the article “Layout of a Hemispherical Tank Head,”
page 74, March, 1908, issue of THe BoiLer Makee,

If “FF, 0" will send us his name and address, we shall be
glad to answer his question more specifically.

. —Will you please show me how to figure cut the size and spacing
of rivet hales on a lpatl:'h G feet long and 4 fect wide on the fire sheet
of a horizontal tubular boiler 72 inches in diameter; 2 inch plate; steam

pressure MM pounds; efficiency of seams 80 percent; factor of snf!]'l:_}r“ﬁ;
tensile strength of plate BL00F pounds per square fnchi B

A~If “E." will send us his name and address, we shall be
glad to answer his question.

Q. —Can you give me an idea of the character of work done with
prneumatic riveting hammers driving %-inch rivets in Y-inch sheets in
the shells of steam boilers carrying 125 pounds pressure? Do they
always fill the holes and moke good steam-tight work? 1f sa, what

size_hammers are generally used for this size of rivet? We have tried
a B-inch stroke hammer, but it did not fill the holes pl'l:lpErH. 5
L & F.

A —The work vou describe is done every day and wery
satisfactorily, too, in many shops, but a G-inch stroke hammer
is not the proper size, as it will not develop sufficient power.
We would recommend a hammer which has a piston diameter
of 1%-inch by g-inch stroke, and if operated under an air
pressure of from 80 to 100 pounds per square inch, we are
gure Ig-inch rivets can be driven steam-tight. D, P. T. Co.

If you have an air pressure of from 0o to 100 pounds per
square inch, and the rivets are properly heated their entire
length, wsing a pneumatic hammer having a piston 1 3/16
inches diameter and B-inch stroke should make absolutely
tight work, filling the holes as well as it iz possible to fill
them under any other svstem of riveting,

We note vou say wvou have tried a 6-inch stroke hammer.
While a 6-inch stroke hammer is used very extensively for
structural work, we would not recommend a 6-inch stroke
hammer for driving steam-tight work on rivets larger than
L5 inch. You are doubtless aware that a pneumatic riveting
hammer may show very zatisfactory results driving rivets on
structural work and yet fail to make steam-tight work on
boiler work. A little experimenting will show that the de-
gree to which the rivet is staved in the hole depends very
largely upon the weight of the striking piston. While in the
ordinary hand riveter for structural work the piston is 1 1/16
inches in diameter, a class of riveters with pistons 1 3/16
inches in diameter is, by virtue of the heavier piston, particu-
larly adapted to steam-tight work. P.P..T. Co

Q.=—In a 6-foot cylinder, built of five courses of ¥-inch plate, with
single-viveted lap joints, how much allowance is made in the length of
the plates for the inside and outside courses, aside from the apparent
difference in the size of the courses, so that the several courses may be
assembled with the holes fairly in line; 72 inches is the mean diameter:

that is the inside diameter of one course and the outside diameter of the
other. Is there any rule for this ftting up allovwance? Laver Out,

A —There 15 no defnite role for the "fitting up” allowance
to which you refer, The amount to be allowed depends entirely
upon the clags of work which is being done. In work which
is not to be steam tight, ot to withstand very much pressure, a
fairly large allowance can be made so that the work may be
fitted up easily and guickly, although the joint may not be a
tight fit. In other cases wvery little allowance iz made and
great care is taken to shear and punch the plates exactly to
size.

It is a common practice to make the difference in length
of an inside and outside course either 614, 614 ar 7 times the

thickness of the plate. It can be seen from a consideration
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of Fig. 1 just how much allowance this really gives. In Fig.
I the mean diameter is 72 mches. The diameter at the center
of the inside course 15 72 mches, minus the thickness of plate
{14 inch). The circumference corresponiding to this diameter
15 3.1410 % (72 — 14), or 3.1416 % 72 — 3.1410 ¥ 14, The
diameter at the center of the outside course iz 72 wnches 4 14
mch,  The circumference corresponding to this diameter is
30410 3 (72 + %), or 30410 3 72 4 31410 ¥ V4. There-
fore, the difference in length between the circumference of

the outside course and the mnside course is 31410 X 72 +
31410 % ¥ — (30416 % 72 — 30416 X 19} = 3.1410 X 72 +
31416 X 1 — 30416 % 72 + 30416 K 1 =14 W (31416 +
3I416) = 14 ¢ 62832, or 6.2832 times thickness of the plate,
Therefore, it will be seen that the actual difference in size
between the length of the inner and outer courses is slightly
over 614 times the thickness of plate, If G4 times the thick-
ness of the plate is used it will make a tight ft, whereas if
seven % thickness of the plate is used it will give a moderately
easy fit. It is seldom that more allowance than this is made.

Of course, although the two sheets are of different lengths
the number of rivet holes in the seams must be the same.
That is, the same number of spaces must be stepped off on the
seam of the inner sheet as on the puter, although the spaces
on the outer sheet will be slightly larger than those on the
inner sheet. This will make the holez come fair when the
sheets are rolled up and ftted together.

().—In a locomotive boiler with o flat crown sheet & feet 9% inches
long, 39 inches wide and 2 inch thick, how many and what size crown
bars must be used to withstand a prESSUTE of 180 pi:rul'll.’lﬁ per BQuare
inch? The height of the bar iz vestricted by the dry pipe leading up into
the dome, which is directly in line over the crown sheet, The height
from the top of the crown sheet to the bottom of the dry pipe is 8
inches.  Will it he necessary ta use sling stays on each crown har, ar will
the bars which you specify carry the steam pressure without any as.
sistance from the shell of the boiler? P. F. G.

A —Answering the latter part of the question first, that is,
as to whether the crown bars will need to be supported by
sling stays to the shell of the boiler, this is a matter which is
entirely at the dizposition of the designer. He may design a
crown bar sufficiently strong to carry the entire pressure, ot he
may use a lighter bar and support it with sling stays from
the shell. If the design is carried through, and it 15 found
that without vsing sling stays the bars will be exceptionally
large and heavy, it would be better to uvse sling stays and
reduce the size of the bar, but if there is sufficient space over
the crown shect to use a well-proportioned crown bar which
will be strong encugh to withstand the pressure without ad-
dittopal staving, it might be considered desirable to do so.

First, earry through the design for a crown bar which is
not to be supported by shing stays. 1f it is found that there
15 not room over the crown sheet to use such a bar, then the
design may be modilied and sling stays used.

The first thing to determine 12 the pitch of bolts which can
be nsed in the crown sheet. This will depend upon the thick-
ness of the sheet and the steam pressure in the boiler, which

are 3 inch and 150 pounds, respectively. The pitch can be

determined from the following formula:
L 1

P‘
j—l
where p = pitch of bolts in inches.
t = thickness of crown sheet in sixteenths of an
inch.
P — working pressure in pounds per square inch.
Substituting the values in the above formula we have

115 » &
P —
150
¥ = =236,
p = 5 inches.

Since the bolts in the crown sheet cannot be spaced at a
pitch greater than 5! inches, we can now determine the
number of erawn bars which must be used, since they must be
spaced not more than 514 inches apart. Total length of the
crown sheet is 5 feet gdg inches, or 603 inches. Dividing this
by b4 we find that there are 13.3 spaces.  We must, therefore,
nse 13 crown bars and 14 spaces, making the distance center
to center of bars 5 inches,

The constant used in the above formula is shightly larger
than is specified in the United States Rules. For plates 7/16
inch thick and wunder the constant 112 ig usually used. This
would give the pitch as § 3/160 inches instead of 514 inches.

Inm every bar there must be seven bolts spaced approximately
5 inches apart. This gives an area of 5 5, or 25 square
inches of crown sheet to be supported by each holt, At 150
pounds pressure the load on each bolt will therefore be 25 =
150 = 3,750 pounds. Considering the crown bar as a girder
loaded, as chown n Fig. 1, the seven bolts each with a load of
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FIG 1.=—LOARING OF CROWN BAR.

3,750 pounds, the total load on each crown bar will be 3,750
7 = 26,250 pounds. One-half of this load will be supported
at each end of the bar; that is, the supporting force at each end
af the bar will be 13,125 pounds.

We must now And the maximum stress in the bar. This
will occur at the center of the bar. Therefore, the bending
moment M at the center section will be as follows -

M = 13125 ¥ 195 — 3.750 (15 + 10 + 5).
M = 235938 — 112,500,

M = 143438

The formula for the strength of a beam i=
Mxy
f= ——
)
where f = the allowable unit stress in the material.

M = the bending moment at the most strained sec-
tion of the har.

¥ = the distance from the neutral axis or center of
the bar to the most strained fibre.

I = the moment of inertia of a eross-section of the
bar at its most strained section about its
neutral axis.

The values to be wsed in the above formula are as follows:
f may be taken as 10000 pounds; that is, a stress of 10,000
pounds per square inch may be allowed in the material. This
is equivalent to using a factor of safety of 6 with material,
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which has a tensile strength of 60,000 pounds per square inch.
M has just been found to be 143438 ¥ is the distance from
the center to the edge of the bar; that is, one-half the depth
This 1s the gquantity which we wish 1o determine, and there-
fore the equation will be solved for the quantity v. [ =
1/12 % the thickness of the girder x (the depth of the
girder)® We will assume that each crown bar is made up of
two plates, each 1 inch thick. Therefore, the thickness of the
pirder will be 2 inches. The depth is the quantity which we
wish to determine, and which for the present is designated as
2y, Our formula then becomes

143.438 X ¥

10,000 =
112 5 2 % (2v)°

12 3 143438
10,000 =

28Xy

12 ¥ 143438

V= -

2 » B o000
¥ = 1073785,
y = 328 inches.
v is one-half the depth of the girder, therefore the depth of
the girder will be 6.56, or 6 /16 inches,

Therefore the crown sheet will be braced to withstand 150
pounds steam pressure if thirteen girders are used, each of
which congiztz of two bars 1 inch thick and 6 o/16 inches deep.
As there is 8 inches clear space above the crown sheet, bars
of this size can be used, and 1t will be unnecessary to use
aling stays,

Some may consider that the value for unit stress in the
material taken in the above problem, which 15 equivalent to
using a factor of safety of 6 iz too high. The Hartford
Steam Boiler Insurance Company prescribe a factor of safety
of 10, which would make the unit stress 6000 pounds. Using
this walue, the depth of the girder figures out at about 819
inches. Therefore, if this value should be used it would be
necessary, on account of the limited space above the crown
sheet, to use sling stays with the crown bars.

3.—1. How do you find the pitch of stays on lecomotive boilers?
.—2. How do you find the pitch of stays on vertical hoilers?
.~—3. How do you figure 3 buit strap joint? et
.—4. How do you find the pitch of rivets on a butl strap joint?
.—&. How dno yoo find the area of the segment of a boiler head to
be braced onm a return tubular boiler?

0.—8. How do you find the number of braces
segment mentioned in the preceding guestion?

A.—1. The pitch of stays in the fire-box of a locomotive
boiller or on any other flat surface subjected to a uniformly
distributed pressure depends upon the thickness of the plate
and the working pressure,

Assuming that we have a locomotive bodler carrving 200
pounds steam pressure, the fire-box side sheets being 34 inch
thick, then the pitch of stays will be found as follows:

necessary for  the
o HLT.

i gt
P =
P
where  f = pilch in inches.
t = thickness of plate in sixteenths of an inch.
P = working pressure in pounds per squarc inch
Substituting the values assumed above :
115 3 6
P =
200
=
# = 4.55-

This is slightly over 4% inches, therefare the pitch should be
approximately 44 inches.

The formula given above is one of many which are used to
determine the pressure on a stayed flat surface. Nearly all of

these formule are of the same general tvpe, It differ in the
matter of the constants used. The constant 115 used in the
above formuola is well suited to the thickness of plate assumed
i this problem, and gives results which accord well with
general practice.

2. It a vertical boiler the fire-box s circular, and therefore
on account of its shape tends to resist external fluid pressure
without any stayving, It is advantageous, however, to make
the fire-box wall as thin as possible, in order that the transfer
of heat from the fire to the water in the boiler may be rapid
Since the fire-box, then, is a cvlinder of large diameter with
very thin walls, it is not safe to depend on its cylindrical shape
to carry much of the pressure. It will carry some, however,
and due to this fact the pitch of stavs may be made larger
than in the case of a perfectly flat plate, such as is used in a
locomotive boiler, Assuming a vertical boiler with a fire-box
30 inches in diameter, 32 inches high, of 5/16-inch plate, and
a steam pressure of 170 pounds per sguare inch, we can fgure
out the collapsing pressure:

constant 3
P =—

do VL
where the constant is taken as 600 for ifon and 660 for steel.
It = thickness of the plate in 32nds of an inch.
d = diameter of furnace m inches.
L = length of furnace in inches.
Substituting valees in the above formula we have

660 < 10°
F=—

30 X V32
P = 200 pounds per square inch.

If 300 pounds is the collapsing pressure of the furnace with-
out any stays we may consider that the furnace will safely
withstand one-sixth of this pressure, or 65 pounds, without the
aid of stays. Thizs 15 equivalent to wsing a factor of safety
of 6. Subtracting 65 from 170, we have left 105 pounds per
square inch, which must he taken care of by the stays. Sube-
stituting in the formula given in the preceding question for the
pitch of stayvs, we have

g » 5
¥ =
105
P = 2940,
P = 5.23, or 5% inches.

It will be seen, therefore, that the pitch of stays for a
circular furnace in a vertical boiler 15 somewhat greater than
would be allowed on a plain, flat surface,

3. Assume a triple-riveted butt joint with inside and outside
cover plates, as shown in the illustration. Dimensions of the
joint are as follows :

Thickness of plate 7/16, or 437 inch.

Diameter of rivet (when driven) 15/16, or .03% inch.

p. Pitch of inner row of rivets 354, or 3.625 inches,

P, pitch of outer row of rivets 774, ar 7.25 inches.

Tensile strength of plate, 60000 pounds per square inch,

Shearing strength of rivets in single shear, 45000 pounds per
square inch.

Shearing strength of rivets in double shear, 8Rooo pounds
per square inch.

Crushing strength of plate, 93,000 pounds per square inch.

The two inner rows of rivets are staggered and extend
throwgh both cover straps. Inm the outer row the rivets are
spaced twice as far apart as in the inner row and extend only
throwgh the inmer cover strap. The strength of the joint is
determined by finding the resistance to the different possible
modes of failure of a section of the joint, which has a length
equal to onc pitch of rivets. The ratio of the least resistance
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thus found to the strength of a section of the solid plate for

the same length is the efficiency of the joint,

The joint may fail first by tearing the plate at the outer row
of rivets. The strength of the joint to resist such failure is as
follows :

(Greatest pitch of rivets — diameter of one rivet) % tensile
strength of plate < thickness of plate = (725 — 038) =
00,000 3 437 — 165,400 pownds. . ... oou e eere s ienasa L

The jomt may fail by tearing the plate at the inner row of
rivets and shearing the outer raw.  The resistance to this mode
of failure is
(Greatest pitch — 2 % diameter of one rivet) % tensile

strength of plate > thickness of plate 4 area one rivet

shearing strength in single shear = (725 — 2 % 038) %

: 31416 % (038)°

BO0OD 3 437 + ——————————— ¥ 45,000 = 141,000 |
4

S BEA U 1 E— br 0 1] ] 0 | AL ot S ST By II.

The third made of failure is by shearing all the rivets, those
in the outer row being in single shear and those in the inner

FRIFLE EBIVETER BUTT JOINT.

rows in double shear. The resistance to this mode of failure
is az follows:
Area one rivet  shearing strength in single shear - area four
rivets = shearing strength in double shear —
31416 % {.g38)°
———————— ¢ (45000 1 4 X BBo00) — 274200
im T T e e I e Y el | I III.
The joint may alsa fail by crushing the plate in front of the
rivets in the inner row and shearing the rivets in the outer
row, The resistance to thiz mode of failure is as follows:
4 3 diameter of one rivet  thickness of plate > the crushing
strength of the material + area of one rivet % the shear-
ing strength of plate — 4 % 038 » 437 X% os000 +
31416 % (038)°
— % 45000 = 15580 4 31,100 = 186,000
4
PETARE i D e e S Sl e R
It will be seen that the resiztance to the first mode of failure,
that is, tearing the plate at the outer row of rivets, is the least
value obtained. Therefore, this determines the strength of
the joint. The strength of the solid plate for a length of one
pitch is 6o000 % 7.25 ¥ 437 — 190.000. Therefore, the
165,400 = 100
strength of the joint is — 87 percent,
190,000
4. The pitch of rivets in a butl strap joint is determined
partly by proportioning the joint =o that the combination of
diameter of rivets, pitch of rivets and thickness of plate will
give the highest efficiency possible with that type of joint
and partly by practical considerations, such as allowing suf-
ficient space between the rivets, =o that the dies on the

machine will not destroy the rivet heads, or placing the rivels
near enough together so that the joint can be calked.

1f the piteh were determined according to theoretical con-
siderations in the joint described in question 3, the idea in the
design would be to make the resistance of the joint to tearing
at the inner row of rivets {where the pitch is small}), plus the
shearing of the outer row of rivets greater than the resistance
to tearing at the outer row of rivets (where the pitch
i larger). This can be accomplished by equating the re-
sistance o tearing at the outer row of rivets to the resistance
to tearing at the inner row, plus the resistance to shearing at
the outer row. This gives an equation from which the
diameter of the rivet can be determined, Having determined
the diameter of rivet the pitch may be determined either by
equating the resistance to tearing at the outer row of rivets
to the resistance to shearing of three rivets or to the re-
sistance to crushing in front of three rivets, or to the re-
sistance to tearing between the inner row of rivets and crush-
ing before the outer rivet, The smallest pitch thus obtained
will be the correct one to vuse with this diameter.

Instead of going through the rather complicated calculations
just indicated, it is perhaps easier to make use of a table
showing ordinary proportions of diameter and pitch of rivets
for this type of joint, and then modify the design if neces-
sary for practical considerations, or if these proportions do
not give a satisfactory efficency of joint. Such a table is
given below, the pitch being the minimum pitch, or the pitch
of rivets in the inside row. If a triple-riveted butt joint is
used, as was the case in question 2, the pitch of rivets in the
outer row would, of course, be twice that given in the table:

Kind

of Riveting, Plate, Rivet. Hole. Fitch.
3/ 16 1/2 17/32 1 7/8
1/4 58 1L 16 2 1)z
0/32 /16 /4 2 3/4
5/16 11/16 34 2 g9/16
= /8 /4 13/16 2 g/16
8 /16 7/8 15/16 215/16
£ 1z I 1 1/16 3 5/16
= alth 1 1 1f16 3 1/16
- /8 1 1 1/th 2 7/8
'E 11/16 1 1/8 1 3/16 3 1/
[ 34 1 1/8 1 3/16 3 116
13/10 1 1/8 1 3/16 215716
7/8 1 1/8 1 3/16 213/16
15/16 I 1/4 1 5/16 3 14
1 I 1/4 1 5/16 3
Eind
of Riveting. Plate. Rivet. Hole, Pitch
1/4 5/ 11/16 3
0,32 11160 34 3 1/8
&/16 I1/16 34 3 1/8
. /8 34 13/16 3 1/4
& 7/16 7/8 15/16 3 1/4
é 1/2 1 1 1/16 4 1fa
] /16 1 1 116 4 I/B
Z 58 1 1 1/16 3 3/4
% 11,16 1 1/8 1 3/16 4 1/4
= i I 1/8 1 3/16 4
13/16 1 1/8 1 3/16 3 34
7/8 8 ¥ I 3/16 3 5/8
15/16 1 1/4 1 5/16 4 1/16
I 1 1/4 1 5/16 3 78

5. The area of the segment of a boiler head to h:e braced
in a return tubular boiler can be determined by finding the
area of the cntire semi-circle and subtracting from this the
area of a rectangle whose length is the diameter of the circle,
and whose width is the radius of the semi-circle minus the
height of the segment.
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The diagram shows what part of boiler head must be figured
as area to be braced. It iz considered that the flange at the
edge of the head securely braces a strip 3 inches wide around
the head, and also that the upper row of tubes zecurely hraces
a strip 2 inches wide above the tubes. Therefore, in the case
of a 72-inch boiler, as shown in the drawing, with the top of
the upper row of tubes 7 inches above the center line of the
boiler, we have to find the area of the segment of a circle
72 — (2 % 3) = 06 mches in diameter. The area of a circle

31416 3 (66)°
66 inches in diameter s —— —
4
One-half of thiz, or the area of the semi-circle, is
Subtract from thiz area the area of the

21,2 square

inches.
1710.6 square inches

SHADED PORTION SHOWS ARKEA OF SECMENT THO UE REACED,

rectangular portion shown in the fgure, whose length iz 66
inches and whose width is 7 4+ 2, or g inches, 66 = 0 = 304
I710.6 — 504 = 1116.6 square inches, area of segment.

Thiz area is slightly smaller than the actual area of the
segment to be braced. The exact amount by which they differ
i5 the area of the two small triangular sections at each end
of the rectangular strip.

6. If the steam pressure in the boiler, the area of whose
segment has just been computed in the preceding question, is
100 pounds per square inch, the number of braces necessary
will be found as follows: The area of the segment < working
pressure in pounds per square inch = number of braces ¢ area
of one brace < allowable unit stress on the braces.

Assuming that the braces used are 174 inches in diameter,
and are allowed 6,000 pounds per square inch tensile stress,
the number of braces required in the above boiler will be as
follows :

31410 3 (1.25)°

1117 % 100 — number of braces 6,000,
4
WNumber of braces — 144, Therefore, fifteen braces 114

inches in diameter must be used.

Q. 1L.—How do you figure the size of a crown bar for a circular crown
sheet similar to the one shown in the sketch?

L 2. —What allowance & made when a manhole is placed either abave
or below the tuhes in a boiler head, as in those cases some of the braces
are usoally omitted? 5 M. G

A —The use of a circular erown bar, such as iz shown in
your sketch, is not practical, beeause nearly the whole load,
due to the steam presture on the crown sheet, must be sup-
ported by the thin crown sheet itself at the point A, If the
bar simply rests against the sheet at this point, and is free to
slide upon it, ane component of this force will he normal to the
sheet and the other tangential to it. 1f, however, the bar is
supported in a vertical direction at this point, an even greater
load will be brought upon the sheet, since that portion of the
load which in the first case simply produced a tensile stress
in the bar is now supported by the crown sheet. Tt is not anly
impractical to concentrate such a heavy load at a single point
on the thin plate, but even if the plate would stand it the

stays marked B and C would be excessively strained. The
only form of fire-box with which it 12 practical to use a crown
bar is one on which the crown sheet is fat, so that the loads
will all act in a vertical direction and the bar can be supported
upon the side sheets aof the fire-hox.

If this construction were practical, the question of whether
the curved erown bar would be stronger than a flat one, or
not, would depend entirely on whether the ends of the bar
were capable of movement in a horizontal direction, or whether
they were absolutely fixed. In the first case the bar would be
no stronger than the ordinary flat bar, but would probably b=
slightly wealker, since there is an added thrust along the length
of the bar. If, however, all horizontal movement of the zup-

ports can he prevented, then the har may be treated as an
arched rib, and will be stronger than a fiat beam, This is a

CIECULARE CRIWN BEaR.

difficult case to work out, however, and no formula can be
given for it. Each special case must be worked out indi-
vidually, and such an elaborate computation js hardly justified
where the form of construction is so apparently impracticable.

2. Where a manhole is placed in a boiler head or other
fat surface which iz stayed with hraces, the Hanged hole or
the reinforcing ring may be considered to locally brace the
area of the head occupied by the manhole; but it, of course,
coes not diminish the entire load on the head, since the same
area is submitted to the steam pressure whether there js a
manhole there or not, and, although the manhole strengthens
the plate locally, it itself is not supported in any way, and,
therefore, the area of braces used in the head should be the
same in both cases. As it may perhaps be impossible ta use
as many braces in the head on account of the space taken up
by the manhole, the area of the braces should be increased, sa
that they will suppart the entire load, and the braces should be
spaced as equally as possible around the manhole,

Q. L—How do you develop the intersection of a cylinder and cone
when their axes infersect at an angle other than a right angle?

0. 2.—1Is it necessary for a bailer inspector of the U, ES merelant
marine to have marine sea experience B R,

A.~—1. In the diagram the plan and elevation of a cone inter-
secting‘a cylimder are shown, and alzo the development of the
half pattern of both the cone and eylinder.
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In order to attack a problem of this sort the work becomes
much easier after the student has mastered the principles of
descriptive geometry; but since this work i3 not generally
understood, the following practical explanation mav serve to
zshow how the problem can be solved. In the first place, in the
clevation, which lie upon the line of intersection of the cone
A-B. This will be a circle, and, therefore, draw a half plan
of it and divide the circumference into any number of cqual
parts, Project these points of division to the line -8, and
from the line 4-B draw lines to the vertex of the cone .
The lines g0 drawn may be considered as the intersections with
the surface of a number of vertical planes passing through the

drawn in as 2 smooth curve, shown by the black line in the
elevation.

Turning now to the half pattern of the cylinder, the line
s-fi s Jaid out equal in length to one-half the circumference of
the cylinder, and then, beginning from 5, the spaces as
measured on the circumference in the plan are laid off and
vertical lines drawn similar to those in the elevation. The
points which have been located on these vertical lines in the
elevation, which lie upon the line of intersection of the cone
and cylinder, are then projected across to the corresponding
vertical lines on the half pattern, locating the lines of inter-
section as they will appear with the cylinder rolled out flat.

CEEE FLAM

vertex of the cone. Draw similar lines in the plan view, 50
that the angles which these lines make with the axis of the
come at the vertex correspond to the angles which the same
lines made in the elevation. Where these elements of the
cone in the plan intersect the circumference of the cylinder,
vertical lines can be drawn to the elevation to intersect the
corresponding elements on the cone. In this way points on the
line of intersection between the cone and the cylinder can e
obtained. For instance, the line © 1 in the plan which cor-
responds to the elements C7 1" and ' 17 in the elevation, inter-
sects the cvlinder at the points 3 and 4. Dirawing vertical lines
irom these points Lo the elevation, the point 3° iz located on
the line €' 1° and 3" on the line " 1. In a similar manner
points 4 and 4% are located. This procedure must be followe:d
until the entire line of intersection is located, when it may be

The half pattern of the cone is drawn in much the same way,
The pomtz of intersection between the elements of the cone
and corresponding vertical hines on the cylinder are carried
aerass to the elements © A of the cone, and from there with
the trams these distances are swung to the half pattern. The
line M N, being made equal to one-half the circumference of
the cross-section A-8, and the spacez M-1". etc., laid off
equal to the spaces into which the half-zection 4, B was di-
vided. Connecting these points with the vertex C', and then
by drawing arcs of circles to intersect these lines from points
on the corresponding elements in the elevation, the true line
of intersection is determined.  For instance, the point 3° on the
clement € 17 is determined by projecting the point 3’ across
the cone to the element O A, and from there, with © as 4
center, drawing an arc until 1t intersects the element C° 1°.in
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the half pattern. In a similar manner the peint 3" is located
by projecting it to the element ¢’ A, and then with the trams
drawing an arc from thiz point until the arc intersects the
line C' 1" in the half pattern. Without giving in detail the
exact procedure by which each point 15 found, the reader can
see by following through the drawing how the remainder of
the pattern is obtained,

2, It is not necessary for a boiler inspector of the United
Statez merchant marine to have sea experience

ENGINEERING SPECIALTIES.

A Portable Pipe-Bending Machine.

The range of this machine is so broad that it becomes next
to impossible to mention every kind of work for which it might
be used. We may safely say that wherever pipe 15 bent this
machine will do it suecessfully. Itz use in a locomotive repair
shop, where it did all the bending required for equipping
locomotives, including the air-brake piping, demonstrates this
and shows the adaptability of the machmme,

It can be driven by steam or compressed air, at Bo to 100
pounds pressure, and will bend iron pipe, cold, up to 2 inches
in diameter without filling, flattening or spliting the pipe. It
i5 also claimed that right-angle bends can be made in z-inch
pipe In two minutes or less, thus efficiently doing the work
almast as rapidly as the pipe can be fed to the dies,

The ]Jiitl?ll'l is forced back on the return straoke by a spiral
apring, projecting into a round boss of the cylinder head; the

i

PORTABLE PIPE - RENDIN

f MACHINE, OPERATED BY STEAM OR COMPRESSED AIR

The truck shown in the illustration iz an extra addition, and
it is one which has proved so useful as to be almost an
essential convemence.

This machine was designed especially by H. B, Underwood
& Company, 1025 Hamilton Street, Philadelphia, Pa., for loco-
mative and railroad repair shop work and for general use
wherever it becomes necessary to hend pipe.

A Reliable Safety Water Column.

The water column shown 15 so constructed that an alarm 13
automatically sounded when the water in the holer approaches
the low or high danger limit. The manufacturers claim that
they have never had a complaint against the positive action
of the column in this respect. It not only safepuards the
boiler and its attendants, but from actual tests has demon-

strated the fact that a substantial economy in fuel is effected
by its uze. This is accomplished by carrying the water in the
hoaler at the lowest constant level consistent with absolute

front head and piston rod requiring no packing. The end of
the piston rod is supported in a crosshead, which slides in the
guides. Six dies are furnished, and include zizes from 22 inch
to 2 inches. The dies are easily and guickly changed, the
female die being centered by a dawel in the angle plate, which
is adjustable along the bed-plate, bolted in place, centered and
supported against the thrust of the air piston by large dowel
pins. The male die is centered and supported on the end of the
piston rod, which projects through the crosshead.

safety, which increases the steam space in the boiler, produces
more steam, hence steadier power, and decreases the consump-
tion of fuel. Steady water carried at the proper level
lengthens the life of a bailer, and consequently decreases the
number of repairs necessary, making a large saving in repair
bills alone.

The columns have gage cock holes tapped on both sides,
consequently they can be used az either right or left-hand
patterns by transposing the plugs and cocks. If repairs are
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necessary, the cap B only need be removed, when all working

parts will be exposed and are easily accessible. It is not

necessary to take down the entire column or even to remove
the water gage or gage cocks But one stromng seamless copper
flnat is
the low or l'lia_"'h danger bimit, The

nsed to operate the signal valve upon the approach of
Aoats are -.':-.I'|-I'I,I'I|}' Lested
and will not collapse under 350 pounds pressure. The sediment

chamber A 12 a valvable adjunct o the column, mas-

YVETY

much as it collects the dirt, scale, ete, that would otherwise
enter the water-gage fittings and gage cocks. A drain can be
provided in the bottom of the chamber to discharge the col-
lected sediment.

The operation of this improved safety water column is as
follows: The float C has rigidly attached thereto the rod D,
which operates through a hole in the valve lever £, The stop
T, which can he placed in any desired position on the rod 07,
strikes the valve lever [, should the water in the boiler become
too high. Referring to the detail illustration, it will be seen
that as the valve lever E 15 raised, it hifts the valve L from its
seat, allowing the steam from the connection at the top of
the cap to pass through the seat opening, and thence to the
The same ¢

whistle It is accomplished when the water be-

comes too low in the boiler, When the foat falls, the knahb
K, on the rod I}, forces the valve E down, which also opens
the valve, allowing steam to reach the whistle,

The
different types of bolers,
Ohio, The manufacturers

columns are made in various sizes, suitable for all

¢ the Lunkenheimer Company, of
mven  ths im-

Cimcinnati, have

proved device the trade name of "“Yigilant.”

The Sturrock Furnace Bridge,
A device intended to promote complete combustion of fuel
[t iz designed for both marine
and land purposes, and has been fitted Lo a very large number
of steamers. The special advantages claimed for this bridge

i5 shown m our illustration.

are:  Increased facility in removing and replacing bridges
during inspection ; facility in cleaning fires, due to such a con-
struction of the bridge that clinker will not adhere to it;
great durability, and a better combustion of fuel, resulting in
greater economy, and a considerable reduction in the emission
of black smoke.

The bridge wall s
siderable air openings between, The dead plate, having open-

composed of cast iron bars with con-

ings through it, admits air freely from the ash pit to the back
of the bars and throwgh the spaces between to the fire, thus
doing away with the usual pile of dead fire against the bridge
wall. Air openings are also provided through the bars at the
crest of the bridge, by which highly heated air is admitted to
mingle with the gases from the furmace as they pass into the
combustion chamber, thus effecting their complete combustion
and preventing smoke.

This device is placed on the market by the Sturrack Patent
Bridge & Engmeering Company, Dundee, Scotland,

A Large Punch.

An exceptionally large punch has just been completed by
Williams, White & Company, Moline, 111, for the Standard
(il Company. The machine weighs 6,300 pounds, and is in-
tended for punching the heaviest plates. Tt haz a capacity for
punching holes up to 2 inches in 1'g-inch plate. The dis-

tance from the center of the punch back to the throat of the
machine is G0 inches. This permits the handling of the
largest plates which are usually used in a boiler shop. The
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machine is operated by a right-angle drive with a bevel gear
and pinion. It 15 equipped with an adjustable automatic stop
clutch, As shown by the photograph the machine has a
massive appearance, which is enhanced by the use of a cored
section in place of a girder frame.

High=Speed Multiple Drill.

With a maximum drilling circle 30 inches diameter within
which the spindles may be adjusted to cover varions layouts,
the high-speed multiple drilling machine illustrated is remi-
larly equipped with twenty spindles, which have a maximum
capacity of I17§-inch holes in cast iron. The smallest drill
citcle, using all spindles, is 17 inches diameter. With eighteen
spindles only, the maximum capacity is 155-inch holes in cast
iron, and the smallest drill cirele, using all spindles 15 inches
diameter, or with sixteen spindles only, the maximum capac-

ity i 1l4-inch holes in cast iron, and the smallest doill circle
using all spindles 14 inches diameter. The machine is
e:pecially designed for the use of high-speed drills. The
speed of the drills is 65 peripheral feet per minute, with
feed up to I inch per 100 revolutions. It will be seen from the
illustration that there are three changes of feed for each cone
speed, making nine changes in all, the feed mechanism being
driven by the small cones upon the side of the machine. The
drilling head iz fed up and down the post by a screw of large
diameter, which passes through a long phosphor bronze nut,
which is affixed to the drilling head, The rapid traverse lever
laying across the side of the machine, directly under the feed-
clutch lever, gives a rapid traverse movement to the head, to
and from the work, The pulley carrying the clutch operated
by this lever is belted direct from the countershaft. Direc-
tion of head movement is eontrolled by the position of the
vertical lever shown directly under and to the right of the

upper feed cone, [t has three positions : one divectly vertical,
which i3 neutral; one which i3 further from the machine than
neutral, which is for up traverse, and one nearer the machine
than newotral, which is for down traverse. The feed-cluteh
lever laying parallel with the feed-cone shaft throws the feed
in and out of engagement, operating the powerful clutch shown
upon the end of thiz shaft. The knockout rod upon the side
of the post carries an adjustable stop collar, which should he
placed at a distance below the bracket upon the drilling head
poportionate to the thickness to he drilled. It also carries a
stationary collar directly above the feed-clutch arm which
knocks the arm out of engapement when the knockout rod
Thus, the drilling head may he stopped
The spindles are shifted

moves downward.
antomatically at any desired pasibon.
in the desired relative position by releasing the bolts hinding
The minimum
center distance of dnill spindles is 234 inches; the traverze of
head on post, 41 inches, and the speed of countershaft, g4qo
revalutions per minute.  Thiz drill is manufactured hy the
Baush Machine Tonl Company, Springhield, Mass.,

the arms to the underside of the drilling head

SELECTED BOILER PATENTS.
Compiled by
DELBERT H. DECKER, ES(., Patent Attorney,
Loaw awp Trust Bumnixe,
Washington, D, C.

Readers wishing coples of patent papers, or any further information
vegarding any patent described, should carrespond with Mr, Decker.

STEAM BOILER. William H. Shafer, of Cin-

Bar= for

cinnati, Cihin.
Claim—In combination, a radial top header provided with
ael

trangverse  manifolds with a discharge pipe, a radial

bottam header provided with manifolds positioned alternately
in different horzontal planes and communicating directly with
the water leg of a steam boiler, and tubes connecting cor-
responding manifolds of the respective headers together. Ten
claims.

B78286. BOILER-TUBE CLEANER. Robert (0 Hodge,
Juffalo, N, Y.

Claim.—A boiler-tube cleaner comprising a rotary body or
carrier having a steam inlet, and a steam delivery nozzle
mounted on said body and capable of being shifted into dif-
ferent angles relatively to the axis of the body. Twenty claims.

878.330. STEAM GENERATOR. James Blake, of Silver-
town, England, assignor of one-half to John William Mac-
Daonald, of Silvertown.

Clrine—In a steam generator, a collector pipe having per-
forations therein and an upturned portion extending above
the water level and being open and an ejection pipe inserted
in the sa id collector pipe and extending exteriorly of the shell
af the boiler, Five claims.

Br8246. FUURNACE GRATE,
rence Danhoff, of Chicago, T11,

Claim—In a boiler furnace, a grate comprising grate-bars,
independent grate elements strung upon each of said bars, each

Henry Sieben and Law-
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grate element including a hub portion and a segmental por-
tiont, the hub portions being strung upon said bars and the
sepmental portions forming a support for the bed of fuel, the
hub portion of one of the grate elements adjacent each end of
each grate bar being provided with spaced depending portions,

a guide roller secured between the depending portions, ‘guide
rails arranged 1o extend longitudinally of the furnace cham-
ber and transverse with respect to the length of the grate
bars upon which said guide rollers are arranged to rest,
sprocket chains connecting said grate bars, and means for
actuating said chains. Four claims.

#7882, STEAM BOILER.
Chicago, I11.

Claim.—In a steam boiler, in combination, a shell compris-
mg two alined evlindrical sections, the forward section being
of smaller diameter than the rear section and projecting nto

William C. Pfeiffer, of

said rear section, said rear section being provided with a rear
tube sheet; and stays engaglngﬁmf_l rear wube sheet and the
inwardly-projecting rear end of said forward section. Two
claims. 5

878042 STEAM GENERATOR, Harry Del Mar, New
York, N. Y. assignor to Boilers & Engineering Company,
Jersey City, N. I, a corporation of New Jersey.

Clpint.—A  boiler comprizing a series of water-contaming
shells connected by water tubes and zeparated by combustion

chambers, and fre flues extending through the several water-
containing shells, the said fire flues in each section being out

of alinement with the fire flues of the next section. Five
claims,
B78o002. WATER GAGE. John O'Connor, of Clifton,

Staten Island, N_ Y.

Claim.—In a water gage, the combination of a transparent
tube, an intermediate frame member having a longitudinal
bore of less length than the tube, snogly receiving said tube
and also hayving interiorly threaded end enlargements, interior

shoulders at the ends of =aid bore and upright, diametrically-
opposite sight openings tapered or gradually reduced in width
from the mszide of the member to the outside thereof, end
frame members each having a bore in line with the transparent
tube and an enlargement at the inner end of said bore snugly
receiving an end portion of the tube, and alsa having an ex-
teriorly threaded end portion screwed into a threaded end of
the mtermediate frame member, and gaskets surronnding the
end portions of the transparent tube and interposed between
the mterior shoulders of the intermediate member and the
mner ends of the end members, One claim.

870330, FASTENING JIEANS FOR STEAM-BOILER
FLUES OR TUBES. Leomidaz M, Seaweard, Ontario, Ore.
Claim.—A Dboiler-flue fastening comprising a stuffing-boo

secured to the flue sheet, a flue passing through the stuffing-
box, and a gland fastened to the flue and having means for
holding the flue in place. Five claims.
8yg,502. STEAM GENERATOR. Jean Van Qosterwyek,
Chéneés, Belgium,

Claim.—A steam generator comprising a plurality of super-
[JUH-C'-'] compartments ]'Iﬁ'l'll'.lg separated steam and water EpACEs,

slanting  tubes communicating with one end with the warter
space and with the other with the steam space of said com-
partments, and baffle plates arranged in front of the ends of |
said tubes communicating with the water spaces of said com-
partments, Three claims.

82067z, FIRE-TUBE BOILER., Georg Koch, Lanzigk,
Germany.

Clrimi.—In a fre-tube boiler of the nature described the
combination with the fire tubes and connecting tubes of dia-

phragms in said fire tobes placed, respectively, bevond the
connection of each fire tube, with the connecting tube leading
therefrom, and water chambers behind said diaphrgams forme
by perforated continnations of the fire tubes. Three claims.
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AUTOGENOUS WELDING OF METALS.

High Temperatures for Industrial Purposes Obtained by Means of Burners.

Y L. L

DEFINITIONS.

The so-called oxyacetvlene welding of metals consists in the
assembling, by means of more or lesg complete melting of
metallic pieces of the same nature, the surfaces of which are
brought in contact at a high temperature, without interposi-
tion of a different metal from that constituting the pieces.

However, the processes using gas burners affording numer-
ous advantages to the ordinary work of the various industries,
only the following proceszes are actually 1o be considered

Chxyhydric burner (oxygen and hydrogen]).

Orxvacetylenic burner {oxygen and acetylene).

Oxygas burner (oxygen and illuminating gas).

COMPARIZ0DN BETWEEN THE VARIOUS TYPES OF BLOW-FIPES,

As a rule all the oxyhydric burners in use are supplied from
The

ordinary tanks containing the gases under pressure,

BRK

EERMIER, M. E. L]

Number of B. T. 1. obtained
by complete combustion of 1
cubic foot of combustible gas. 1,570,

(Juantity of pure oxygen theor-
etically necessary for the com-
plete comhbustion of 1 cubic
foot of combustible gas.cu. ft. 2.

Quantity of pure oxygen fed to
the blow-pipe per cubic foot
of combustible gas (results of
experiments). .. ...... cu. ft.

Bespective  quantities of the
gases to be fed to the blow-
pipe to ohtain 1,000 B, T. T.

cu, fit.

a6, Gr.

oLz 0.923

I.300 0.250 o. 670

G181
Or1.31

A 666
0 E66

H 1.846
Cr .gb

. ==OXYACETYLENE ELOWFIFE.

actual average pricts are: oxygen, 4 cents per cubic foot;
hydrogen, about 1 cent per cubic foot.

For oxvacetylenic burners commercial oxygen is used; the
acetylene comes from one of the following sources: Dissolved
acetylene in tanks, where the gas is dissolved in acetone,
impregnating a porgus material and under an average pressure
of 150 pounds; acetylene generating apparatus, producing the
gas on the spot under a pressure of about 10 pounds when-
ever required. The actual average prices are as follows:
Oxygen, 4 cents per cubic foot; dissolved acetylene, 2 cents
per cubic foot. The cost price of acetylene produced on the
spat by generating apparatus is about 1 cent per cubic foot.

Oxygas blow-pipes are supplied with ordinary commercial
coal gas from the distributing pipes of special tanks. In the
following calculations illuminating gas has been reckoned at
the rate of $1.25 per thousand cubic feet:

Oxyacety-
lene Oxyhydric  Oxygas
Mixture.  Mixtare,  Mixture.
Temperature obtained by com-
plete combustion of the miz-
ture abott, .. ers e nnenana 6,215°" 4,156% 2,133°

Cost price of 1,000 B. T. T

(according to above prices):

Dissolved Ac. . ......... cts. 4.707
cts. 4.13 7.6g 5 .066

The above figures will be very useful in making comparisons
hereafter.

From the point of view of their use the oxvacetylene weld-
ing processes may be classified as follows:

Proceszes admitting of the easy transportation of the welding
apparatus to the places where the work is to be done; dissolved
acetylene welding; oxyhydric welding.

Processes necessitating the transportation of the piece to be
welded to a fixed welding station; oxyacetylene welding, the
acetylene being supplied by a generator; illuminating gas
welding.

Generator Ac.......ic..

PORTABLE OXYACETYLENE WELDING APPARATUS, DISSOLVED
ACETYLEMNE, OXYHYDRIC,

On the whole, the dissolved acetylene process, while on an
equal footing with the oxyhydric process in point of expense
of installation and maintenance, is very superior from, the
following points of view, which are the only ones to be con-
sidered in ordinary work ;
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Price of the gases used.
Caost of workmanship,
Cost of transportation.

Production being equal.
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0,00
Curve of lotal cost, gas and
workmanship.
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Cost per meter Lo weld 1o franca.

:

1% 8 ] A & & ¥ B ] 10
Thicknass of alaata to weld io mlllimsters,

FIo. 3.

Easy regulation of the flame.,

Ability to weld large pieces,

On the other hand, the oxyhydric process is to be preferred
to the oxyacelylene method in the welding of very thin plates
{less than 1/32 inch}, which requircs less ability on the part

of the workman, becanse its aclion is not as rapid, the fusing
speed of the mixture not as high. This speed, indeed, with
an oxyacetylene hlow-pipe operated by an inexperienced man,
may cause holes in the piece that is being welded, which,
however, it s casy to repair.

INSTALLATIONS OF STATIONARY WELDING APPARATUS.

15t. Oxyacetylene supplied by a generator. :
2d. Oxygas—Illuminating gas supplied by the ordinary dis-
tributing pipes.

Time necessary to weld per meter,
in minmnies

Thicknas of aheets to weld in millimeters.

FIG. 4.

= Curve of total cost, COpes and
warkmanship §

=emee Cuarve of oot of gus, (workmaoship
notincladed. |

i
=

2

=

st per meter to weld, in france.
[

o

L=
¥E2

1. 2 3 1 & i 7 5 9
Thickness of sheats to weld in millimeters,

FiG. B,

On the whole, and if the above curves of cost pricez are
taken in consideration, the oxyacetylene process is more ad-
vantageous than the oxygas, except, however, as regards the
cost of installation. Hence the oxygas process should only
be preferred to oxyacctylene in cases where the cost of in-
stallation has to be taken mto account, where the plates to be
united are not thicker than 1/6 to 1/5 inch, and where the
quality of the weld obtained is of secondary mmportance cnly.

CONCLUSIDNE.

The above has shown the advantages, in portable appa-
ratus, of dissolved acetylene over hydrogen, and in stationary
apparatus, of generator acetylene over coal gas.

When should “pressure” acetylene or “generator” acetyvlene
be uzed?

It iz evident that liguid acetylene imposes itzelf in all cases
where the possession of a portable apparatus is necessary for
work outside of the shop, or in the shop on pieces difficult to
handle, and al:o when the work to be done is of short duration.

The smaller initial expense and the easy, perfect control of
the consumption are also in favor of dissolved acetylene for
experiments, studies and regulation of new manufactures,
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Chin the other hand, the cost price of the work will become
the most important factor in steady manufactures, and prefer-
ence will then be given to generator acetylene, if the plant has
enough room for the installation of the generator,

The generator will also he available in shops not provided
with a practical system of lighting, or if acetylene is desired as
an emergency system of illumination, as, for instance, when the
mators are out of commission in shops electrically lighted.

DESCRIPTION OF DXYACETYLENE WELDING PLANTS,

With reference to the various parts of the apparatus the
welding installations may be grouped in two classes:

15t. The combustible gas and the gas supporting the com-
bustion enter the blow-pipe under rather high pressures {in
general 7 to 15 pounds per square inch), in order to insure to
each sufficient veloeily at the mouth of the pipe. This refers
to the following installations: Oxyhydrie, dissalved acetvlene
and generator acetylene under pressure,

2d. One of the gases, generally the combustible, is obtained
from a source where the pressure is only a few ounces, and

brought to a lower pressure; this result 13 altained by the use
of regulating valves mounted on the tanks. In the actual
worke these regulating valves are used in conjunction with
gages, constantly indicating the pressure of the gas in the
tank, and consequently how much gas is lelt in it

The various valves and gages used for oxygen, hydrogen
and dissolved acetylene are almost similar, and differ only in
the metal of which they are made, but their principle is the
same.

Emanating from the regulating valves, the gases are brought
through rubber tubes of convenient diameter to the blow-pipe,
where the mixture takes place, to be ignited at the mouth.

In the type of installations now discussed both the com-
bustible gas and the supporter of combustion arrive in the
blow-pipe under very nearly equal pressures sufficient to insure
a speed of the mixture at the mouth of the blow-pipe slightly
greater than that of the spreading of the Aame through this
mixture. Under these conditions, if the working of the appa-
ratus was regular and perfect, there would be no fear of a
back draft mside of the blow-pipe. Relying on this theo-

FIG. B —REGULATING VALVE.

the other gas must flow under a pressure sufficient to draw
out the first and insure a proper velocity to the mixture at the
mouth of the blow-pipe. Such are the installations of oxygas
and generator acetylene without pressure.

INSTALLATIONS USING BOTH GASES UNDER FRESSURE

In thiz class we can make two sub-divisions:

fa) Both gases come from tanks where their pressure is
higher than that needed in the blow-pipe (oxyhydric and dis-
galved acetylene apparatus].

(81 One of the gases is produced under a pressure nearly
equal to that in the blow-pipe (oxvacetylene under pressure
from generator).

{a) Oxyhydric and Disselved Acetylene Apparatus,

The hydrogen and oxygen used in these processes come
from seamless steel tanks, in which they are under a pressure
of 150 pounds per square inch, The acetylene is contained
in steel tanks, completely filled with a porous matter soaked
in acetone, in which the gas is dissolved under a convenient
saturation pressure of about 150 pounds per square inch,

These gases, to be used in the blow-pipe, must thercfore be

retical impossibility of a back draft, under normal working
conditions, 3 number of manufacturers offered, until very re-
cently, oxvhydric blow-pipes having no safety appliances to
avodd a return of the flame inside of the apparatus. But if
for any reason (defective working of a regulating valve,
insufficient pressure in a tank, smashing or folding of a
rubber haose, contact of the end of the blow-pipe with the pipe
to be welded, etc) the speed at the mouth became for an
mstant inferior to that practically necessary, the blow-pipe
became red hot, burning the workman's hand, and the flame
ran back as far as the rubber tubes, which were burned; the
valves had to be instantly closed and everything put in shape
again.

In the oxacetylene blow-pipe of the Dissolved Acetylene
Company the safety appliance is located inside of the appa-
ratus; the back draft is avoided by a particular construction,
by which the mixture of acetylene and oxygen convenient for
the welding flame takes place in a very small space mear the
mouth of the blow-pipe. From this mouth to the source of the
gases the quantity of acetylene in the mixture decreases., The
explosive wave, coming in contact with parts of gas of de-
creasing explosive power, slackens rapidly. The result is a
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very reduced localization of back drafts. This appliance is
alsa completed by the interposition, in the supply pipe of
acetylene, of a porons screen, which effectively stops the flame,
a result that could not be obtained by a cushion of wire gauze,
contrary to general belief.

Ch)  Oxacelylene Installations with Generator Producing
Acetylene Under a Pressure of About 7% Pounds.

The blow-pipes employved in this case may be simply mixers

of gas, as above, with the condition, however, that the pres-

=

e x| e
7

sure of the acetylene supplied by the generator be sufficient to
insure to the mixture a speed at the mouth superior to that
of the spreading of the flame (a condition which iz generally
realized in these instruments). But the installation is, how-
ever, different from the others. If we suppose that for some
reason one of the gases, through an excess of pressure, has a
tendency to enter the flask containing the ather gas, it is
eazy to understand, by referring to the description of the abave
regulating valves and manometers, that the construction of this
apparatus renders impossible the connection of one of the
tanks with the other.

In the case of installations with generator producing acety-
lene under a pressure of 734 pounds the acetylene regulating

Bu,nﬂ
e

FIG. 7.

Fif. B—AFFARATUS ASSEMBLED.

valve and manometer do not exist, and nothing would stop
the oxygen coming out of its tanks to get into the acetylene
generator, In order to ayoid this possibility of accident it is
necessary to interpose in the acetylene pipe, hetween the blow-
pipe and the generator, a salety hydraulic interrupter.  {See
Technologic Bulletin, December, 1003, page 1,348.)

USING OME OF THE GASES TO DRAW
OTHER.

INSTALLATIONS oUT THE

The acetylene produced by ordinary generators for lighting
purposes and the coal gas distributed in the cities are under
a pressure of only a few aunces of water,

The oxygen always comes from tanks where its pressure is
150 pounds per cubic foot.

A regulating valve and manometer, placed on the oxygen
tank, teduce the pressure of this gas to 15 pounds, under

which it is fed to the blow-pipe. The latter is provided with
an injector, the diameter of which changes according to the
quantities of oxygen required. The oxygen, acting as motor,
brings the combustible gas in, and in this way it is possible to
regulate the speed of the flame. This is the principle of all the
blow-pipes of this class, the difference consisting of more or
less perfect details of manufacture.

The first blow-pipe using acetylene without pressure was
invented by Mr. Ed, Fouché ( August, 1877).

O account of the considerable difference between the pres-
surcs of the oxvgen and the combustible gas, and in arder to
avoid a flowing back of the cxygen in the pipes of the com-
bustible through any accident, it is necessary to interpose on
these pipes, and as near the welding point as possible, an
hydraulic safety valve. This appliance, Fig. g, is composed of
a central tube A for the combustible gas, terminated at its
lower extremity by a bell-shaped casting, on the circumference
of which are numerons holes throngh which the gas escapes,
reaching the blow-pipe through the tobe 5. The valve chamber
iz filled with water to the level of a gage cock K, and is also
provided with a safety tube B, the lower end of which is
slightly below the normal water level. The top is connected

Fi. B—HYDRAULIC ZAFETY WALVE,

with a basin communicating with the air outside by holes in
the cover.

In case of an accidental flowing back of the oxygen in the
apparatus, the water rises in the tubes 4 and B, and the section
O of the safety tube B is uncovered; the gas escaping outside
and no flowing back can occur in the central tube, which re-
mains immersed in water.

The water carried awayv iz collected in the upper basin, and
falls back to the bottom,

BLOW -FIPES.

As previously said, all the blow-pipes used in these installa-
tions are identical as to principle, the only difference between
them being the details of manufacture, rendering their work-
ing more or less perfect and their manipulation more or less
safe.
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The safety appliance placed on the acetylene pipe, avoiding
all bael drafts of the flame, is one of the most important parts
of the welding tools,

The French company for the dissolved acetylene process
uses a porous material. In the Fouché system the acetylene
goes through a series of very long and very thin tubes In
other cases an aceumulation of metallic gauzes iz resorted to,
which is more dangerous than eficacious, and others solve the
problem by the complete absence of the safety appliance.

Although it iz not our intention to describe the various
systems of blow-pipes, we shall draw attention to two systems,
still unknown because they are very new.

1st. Warming up of the gaseous mixture before its inflamma-
tion.

The insufficient temperature of combustion of coal gas led
to appliances for heating it. The company using the com-
pressed gases, to attain this end, warms up the oxygas mix-
ture by means of a fame, bringing to red heat a coil through
which the mixture passes, It is evident that this disposi-
tion insures a higher temperature of combustion, but its
slow action speaks against it. At the moment of lighting, the
coil iz cold, and the heater has noe action on the mixture; its
action is only progressive, following the warming up of the
coil, so that this disposition is only interesting in cases where
the blow-pipe must work without stopping for a long time.
This dizposition is of no value in the works necessitating the
lighting of the blow-pipe for only short periods

2d, Blow-pipes with interchangeable heads for various sizes
of flame. Ta facilitate the work, and to reduce the consump-
tion of gas to a minimum, it is necessary to use blow-pipes
giving a flow of gas in proportion to the work to be done.
In the case of a blow-pipe where one gas brings in the other,
the sectione of the injector and of the pipes for the gas carried
in, the shape, the sections, and the length of the mixing and
egress chambers must be well determined for a given fAow.
The result iz the necessity of making a blow-pipe for cach of
the necessary flows, Undoubtedly, certain manufacturers have
pretended that they obtained flames of different volumes, in
which the mixture of the gases was perfect, with the same
blow-pipe, the same injector, the same mixing parts, hy simply
changing the mouth of the blaw-pipe. This assertion has no
foundation, and experience has shown the imperfect working
of theze blow-pipes.

By a special adjustment of its blow-pipes the B. B. C. Com-
pany has realized the grouping in a head easily removable of
all the parts, the form and section of which is variable with
the required flow. The result is that with only one body of
blow-pipe and a series of these removable heads, it is possible
to obtain a great variety of flows, rendering possible the ex-
ecution of very different classes of work

This disposition is of value for the shops where oxyacety-
lene welding is seldom made, and on pieces of very different
thicknesses,

3. General comparison between the blow-pipes of the first

__Length | hlueml %

class (gos wnder pressuve) and those of the second class {one
gas driving in the other),

Certain shops, noticing marked differences between the work
obtained with the same gases (acetylene and axygen}, but in
one case with blow-pipes of the first class (gas under pres-
sure), and in the other with blow-pipes in which one gas
forces in the other, came to the conclusion that the former
were superior to the latter.

This superiority, although real, is not, however, as great as
one might be tempted to believe, becanse if certain blow-pipes
where ane gas brings the other in are not carefully watched,
the few types generally used in the shops admit of a complete
mixture of the gases and of a perfect mixture, the Hame of
which is in all respects similar to that of the other blow -pipes.

The inferiority, if it may be so called, of the blow- -pipes of
the second class, arises from the following fact:

When the workman starts to work and regulates the fame
of his blow-pipe, its mouth is at the same temperature as the
surrounding air. In the course of the work the diameter of
thiz mouth increases in a certain proportion on account of the
heat:; on the other hand, particles of melted metal or oxide
are always projected and may obstruct this mouth more or
less, The result is that the volume of the issuing mixture
is variable during the work,

In the blow-pipes where the gases come in under the same
pressure this modification of the diameter of the mouth has
noe other consequence than a variation of the flow; the pro-
partion of the gases in the mixture does not change, and it
follows that the nature of the Aame 35 not modifed.

On the contrary, in the blow-pipes where one gas carries in
the ather, the gquantity of oxygen passing under high pressure
through the injector remains nearly constant, notwithstanding
the variation of the orifice area, whereas the quantity of acety-
lene carried is subject to Huctuations. The consequence iz a
certain irregularity of the flame, generally hardly noticeable,
requiring only a closer watch on the part of the workman.

Helpful Hints for Boiler Makers.

The accompanying drawings are published through the
courtesy of Mr, G, W. Bennett, master hoiler maker of the
West Albany shops of the New York Central Railroad, with
the hope that they will be of some hencfit to boiler makers in
general throughout the country. They serve to illustrate the
close attention that is given to details at these shops, a fact
which has been of material assistance in bringing this plant to
the high state of efficiency for which it is noted,

The first illustration presents a standard diagram for ascer-
taining the various lengths of stock required in rivets for dif-
ferent thicknesses of metal. The diagram is reproduced one-
half its actnal size, and so in using the diagram the result
should be multiplied by two in order to get the actual values.
The way in which this diagram is used is as follows:

Tao find the proper length of a rivet to be vsed in joining

Thickness of I‘Jn.l.l.-u. ar lZ-:r'I
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FIG., 1.—DIAGRAM TOE FINDING THE LENGTH OF RIVETS.
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FlG. 2 —"TURNING-OVER" TOOL.
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plates of a given thickness measure with a foot rule from a
point on line a-a, opposite the desired diameter of rivet, along
the horizontal line to the curve springing from the required
grip. The grip is, of course, the total thickness of the several
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FIR. &.—GAGE FOE BEEADING TOOL..

The second illustration shows a detail drawing with dimen-
sions for a “turning-over” tool, 1o be used in conjunction with
a long-stroke pneumatic hammer as a preliminary operation
to the beading of the tube. This tool differs but slightly from
the “turning-over” tool in general use; the main difference
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FiG. 5. —FORTABLE ©IL RURNER

sheets of metal which are to be riveted. This length must be
multiplied by two, on account of the reduction in the size of
the drawing for reproduction on this page. For the length of
ecountersunk rivets, measure from the broken line b-b instead
of from the line g-a; for cone-head rivels measure from the
dotted line r-¢ instead of from the line g-a. The rivet holes
should be 1/16 inch larger than the diameter of the rivet,
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FIg. §.—""N0SE" TOOL FOR RIVETING STAVDOLTS.

being in the large radius at the point marked I After ex-
tensive experiments the large radius has been found to give
better and guicker results, and it also prevents the possibility
of a sharp "turn-over” with possible cracking of the tube. Tt
leaves a nearly-finished job, which will require only a small
amount of work with a beading tool. The gage for the bead-
ing tool is shown in detail in drawing No. 4,

The dimensions for Fig, 2 are shown in the following table :

(1] [& | B A Used om
e | g | 1V 507y Zinch boiler tubes swedged 1o 17/
V| 1 T Zdnch boiler tubes swedged to 13/,

IFig. 3 is a “nose” tool, also nsed in connection with a long-
strake pneumatic hammer for riveting the heads of stay-holts,
While several tools of this sort have been described in various
technical publications, nearly all have lacked the necessary
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details, dimensions, etc., which will enable anyone to repro-
duce the tool, All dimensions and details are clearly shown
in this drawing, and these are standard on the New York
Central lines.

In Fig, 5 the details and general dimensions are given for a
handy oil burner, which may be readily constructed from odids
and ends picked up about the shop., This burner is unique, in
that it requires no casting whatever, or any connections of an
intricate nature, This is a handy device for work wherever
a portable burner is required. and it has been used with great
success in the West Albany shops. While the succezs which
anyone will have in duplicating this burner will depend largely

upon the ingenuity of the man himself, and upon the materials
at his disposal, yet the general idea given in this drawing can
easily be followed in its essential details without a very great
tax upon the resources of the builder,

Such devices as those illustrated in this article show only
in part the amount of thought and attention which have been
A large

gives to working out small det in these shops.
new shop is now nearly completed at this plant, which, when
it is fully eguipped, is expected to be one of the largest and
most modern boiler shops in the country. None of these small
details are overlooked in the splendid equipment of the new

shops. CHARLES DOUGHERTY.

INTERNATIONAL MASTER BOILER MAKERS' ASSOCIATION.,

Proceedings of Second Annwal Convention at Detroit, Mich.

The second annual convention of the International Master
Boiler Makers' Association was held at the Hotel Pontchar-
train, Detroit, Mich,, May 26, 27 and 28, 1908 The opening
session of the convention was called to order at 10:30 o'clock
on the morning of May 26, by President George Wagstaff,
After an invocation by Reverend Lee 5. McCollister, the
president introduced Mr. George W. Moody, prezsident of the

[ am interested in the name of your association, the Inter-
national Master Boiler Makers' Association, and when T look
around me I see the faces of men that I am familiar with,
men with whose ability T am acquainted, and I know that
there are many masters of this business here.

Nowada r maker means more than the hoss
of the joh. ranks nearer to the

a master 1»
A master baoiler maker now

MEMHBERS AND GUESTS OF THE INTERNATIONAL

Detront Board of Commerce, who, on behalf of the Mayor and
citizens of Detroit, welcomed the members of the associa
tion and their guests to the city.

In the course of his address Mr. Moody pointed out the
fact that what makes our country great is its opportunity,
showing that none are in a hetter position to appreciate this
than the men who, like the master botler makers, have come
up from the ranks of the toilers and have reached ther
present places of prominence, responsibility and prosperity
by their own efforts

After a brief response to Mr. Moody by Mr. J. H. Smythe,
Fresident Wagstaff introduced Mr. E. D. Bronner, superin-
tendent of motive power of the Michigan Central Railroad

L]
ABSTRACT OF MR, BRONNER'S ADDRESS.

As a superintendent of motive power, [ desire to express
my appreciation and approval of the good work yvou are doing
in the line of business which brought you here in convention.

MASTER HOILER !IH:?-C:H'SI

ABEOCIATION AT DETROIT.

professional, and in some phases of the work it 15 getting to
be a fine art. Now, how will 2 mere boiler maker become a
master of this important business? Py constant study, by
analysis, by experiment, by experience, by comparizon, by
high development of the powers of cbeervation. This can
be carried out by any man in hizs own bailiwick, but the sum
total of the experience and ability of this profession in this
convention 15 surely greater than that of any individual, And
how can a man come up and rob up against the cream of his
profession here for four or five days and go away without a
great stimulus toward greater effort and greater perfection
in his work for the rest of the vear?

In these davs of monster locomotives carrying heavy steam
pressurcs, consnming large amounts of coal per hour, trans
mitting large heat volumes through the sheets and tubes of
mect and master,
which differ radically from those of some years back, These
problems must be met by you. The mechanical engineer with

biolers, there are many new problems to
i I
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his technical knowledge can design a boiler adequate in all
respects as to safety against pressure, heating surfaces, water
spaces, prate areas, etc, he can put wnder it and on it the
proper running gear, machinery and appliances, We then
have the locomotive, which is the vital part i the operation
of any railroad. This dezign may be all right, this boiler may
be strong and big, but nevertheless it is a delicate thing., It
must he properly put together in the first place, it must be
watched, tested, manipulated, washed, attended to, or the
whaole machine 15 inefficient and ineffective. This is where the
fine art of vour profession comes in. It is not easy to keep
an equipment of locomotives, coming and going in their turn,
doing their work efficiently and effectively, To obtain this
efficiency and reliahility the master hoiler malker must know
his business, and he must he a man who does things. Tt is
not sufficient to theorize or even to know how a thing shonld
be done; it 15 his business to know that it s done
Yice-President Wilson responded  briefly to Mr. Moody,
after which the reports of the president, secretary and treas-

P, J, CONEATIH, FRESIDENT.

urer were read. A number of names were presented for
membership, and after some discussion as to eligibility, were
accepted,

ABSTRACT OF PRESIDENT WAGSTAFF 3 ADDRESS

The importance of correct principles and good workman-
ship in boiler construction cannot well be overestimated. The
steam boiler is to-day the most potent factor in our complex
civilization. :

Strict adherence to established rules and formulas should
be the guiding principle of boiler making, and under no con-
sideration should a boiler maker deviate from those well-
known laws of accuracy and safety—mot even to increase his
own carnings or satisfy the cupidity of his employer. A slip
of a surgeon's knife may mean the destruction of one human
heing, and the fact that the use of the knife was necessary
indicates that the patient was in a bad way, while the calking
up of an incipient crack or the starting of one by carelessness,
ar cracks which develop in hending plates and are hidden by
welt strips and poor threads on threaded holes in which are
inserted stay-bolts or patch bolts and called “good enough,”
finds no place in the boiler maker's art.

In no calling known to the speaker are there such oppor-

tunities for doing poor work without detection as in bailer
making, Therefore guard your reputation above all things.

ABSTRACT OF SECRETARY'S ANMNUAL REPORT.

The numerical growth of the association in the way of new
members and a return of those who wandered from its fire-
side has not met expectations, At an early date following the
Cleveland convention, a campaign circular was sent out urging
upon members the need, value and importance of individual
effort with a view of gaining accessions to your ranks hy
bringing in new men and persuading delinguents to renew their
affiliations. Omnly twenty-three new applications for member-
ship had been received when this report was completed, the
majority being from your president. It is gratifying to say,
on the other hand, that but two resignations have been re-
ceived, which suggests that the association and its work s
fully appreciated. Only one death occurred during the year—
Mr. B. H. Jackson, who died April 25, 1908

The total number of members paying dues to April 1, 1908,
either to my predecessor or myself was 282, and 55 are atill
in arrears for 19o8. If these had paid, and adding the =23
new applications, the number in good standing at this time
and enrolled would be 340

The secretary would very earncstly urge upon members the
absolute necessity of always giving immediate notice of change
of title, business connection and postofiice address. In no
other way can the delivery of association literature, ete, be
assured.

Under the dirkction of the president and executive com-
mittee the programme for this convention was arranged with
a view of insuring system in the transaction of its business,
the presentation of papers and the discussions to take place
from to-day. An effort was made to place in yvour hands ad-
vance printed copies of all papers, such as you have received,
which would have reached vou sooner had committees been
more prompt in sending their reports on the appointed date
It s a matter of gratification, however, that the majority
eventually forwarded their papers, In the light of this year’s
experience and the advaniage afforded, it should be posszible
to do this work more satisfactorily in advance of the next
convention.

Experiences in the office of the zecretary in handling your
affairs have sugeested the need of an immediate revision of
the present constitution and by-laws to the -end that certain
features may be improved wpon for the general good of the
association and to facilitate the transaction of businesz and
other matters which cannot he and which from,
time to time require prompt attention.

The president's report wasz referred to the committee on
distribution with respect to the recommendation, and the re-
ports of the secretary and treasurer were referred to the
anditing committes,

The following committees were announced by the secre-
tary: Committee on President's Address—DMMessre. Brown,
Fletcher, Hempel. Auditing Committee—Messrs, Raps, Mur-
ray, Shoemaker, Fletcher, Besant. Committee on Resolu-
tions—Messrs. Smythe, McKeown, Lester. Committee on
Wext DPlace of Meeting—DNblessrs. Conrath, Laughridge,
O Cannor, Stowings,

WEDNESDAY MORNING SESSION,

Fresident Wagstaff called the meeting to order at 8:45
o'clock, The first subject taken up was the report of the
committee on botler Hues.

forezeen,

Boiler Flues.

The committee which had the subject of the best method
of applving flues to locomotives under consideration, reported
that the cperation of applying fues is very nearly universal in
almost all ratlroad shops, the main difference being i the
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use of the roller and prosser expanders. The work is usually
done as follows:

First, prepare the flue hole by removing the scale or burr
from flue hele; also true up the hole by using a reamer made
for that purpose. Then remove the sharp edge from the flue
hole inside and outside of back Aue sheet. Put in copper fer-
rules, allowing them to project 1/32 inch inside of face of
flue sheet. Expand ferrule into flue hole, using sectional ex-
pander.

The flues are prepared and swedged to fit into the copper
terrules micely by applying three or four blows with a driving
har, made for that purpose. They are opened, or mandreled
out, as you prefer to call it, with a sectional expander with
the hub of expander ground off and uzed as mandrel, Flues
are allowed to extend 3/16 inch for head.

The Aues are rolled with the use of air motors, and Aaired
over by the use of what we call a bob, made expressly for
that purpose, used in connection with a long stroke hammer
They are then prossered by the uze of a jam riveter; the pros-
ser turned three times in operation, and are then calked by
standard beading tool, made to gage, wsed with pneumatic
hammer.

Thiz report recommended that whenever flues leaked, the
leaks should be stopped by the use of the zectional expander,
and that when the tuhes are poor or thin, and, in the judg-
ment of the workman, there would be a possibility of hburst-
ing the tubes, the gectional expander should be nsed with the
shonlder ground off. In case the tubes are so poor that leaks
cannot he stopped with the sectional expander they are re-
moved. The assertion was made that flues cannot he put n
locomotive boilers better than they are at the present time,
and the fact was pomted out that with an iron shim wrapped
around the flue for a ferrule, and with the fue only rolled,
not headed, the flues in the front end of the boiler give hardly
any trouble at all. The cause for the leaking of flues at the
fire-box end 15 due to a number of things, principally to bad
water ard great variation in temperature. It was recom-
mended that when a fire is cared for it should be placed for-
ward and the front grates kept covered to prevent cold air
coming in contact with the fAues and back flue sheet.

The report of the committee was accepted and the subject
was opened for discussion,

Mr. A, N, Lucas—We use a prosser expander exclusively in
the fire-hox. We do not use the roller at all in setting new
flues or repairing old Aues. I think a great deal of damage in
the roundhouse to the fue and to the bead is due to heavy
expanding. After vou have set the flue properly at the first
setting with a prosser expander, it has the full contour of the
expander, and when the flues leak it certainly does not re-
quire the heavy pounding used at first, 1 think if the flues in
the roundhouse are cared for by wsing a lighter maul, the
same hammer vou uge for pounding up large stay-bolts, turn-
ing your expander two or three times and then beading lightly
you will get very much hetter results than if you go after
them and “hit "em hard.”

Again, when vou cxpand your flue vou use a $4-inch ex-
pander, that is, from shoulder to ball; the bead is not down
against your sheet, and it expands the flue inside of the sheet
properly. MNow if you wse that same expander on repair work
it will go inside of the flue 1/16 or 3/32 inch farther than it did
when you first expanded the flue. That will tend to ball the
flue up farther inside, but it doesn’t fit in the original groove,
and consequently yon do not get the results you are looking
for. I believe we should use a shorter expander in the
roundhouse after the flues are beaded,

The President—There is one thing in regard to this sobject
I would like to refer to and see if the members have an
opinion in regard to it, and that is the exclusive use of a
sectional expander. It is a very important question in the

East, and the opinions of the members of this asseciation
will be valued by a good many people who handle Aues in
the Eastern districts.

Mr. Roesch—We are just as interested in preventing the
flues from leaking as in doctoring them after they begin to
leak. MWow we have been frequently criticized for poor work-
manship, when probably the entire trouble was poor handling
of the boiler after it is in service. Have you ever noticed the
intimate relationship that exists between washing a boiler and
flue leakage? We speak of bad water cansing flues to leak.
That is true, because the worse the water is, the more fre-
quently we have got to wash the boilers, consequently the
thorter the life of the flues. 1 have lLeen pretty much in-
terested in the flue problem practically all my life, because at
one time [ was connected with a railroad that, on one certain
division, had no flue troubles whatever. We put the flues in
and forgot about them. On another division of the same

A, E, BEOWH, FIRST VICE-PRESIDENT.

railroad, if a set of flucs passed three months we did pretty
well, T noticed on the division where we had no flue troubles
that we never washed a boiler. Now that is a strange propo-
sition, but it was wp in the mountains, with absolutely pure
snow water, consequently there wag no mud in the boiler. On
the other division we had an alkali water which made it
necessary to wash the boilers every trip.

Mr, M. E. Wells, who is an authority on locomotive boilers,
made the statement at one time that the leaking of flues was
all due to the difference in the temperature of the hoiler;
that is, the difference in the temperature of the water itself.
When [ became connected with the Southern Railway I
thought 1 would see what that difference amounted to. 1T
made some trams so that T could tram the length of the fAue
immediately after the fire was knocked, and at the same time
tram the length of the boiler between the flue sheets. T found
that shortly after the fire was knocked, the flue contracted
maore than the hoiler; that is, it pulled in the boiler, probably
1/64 or 1/128 inch, because the cold air passing straight
through the Aue contracted it while the bofler was still full
of hot water, and was protected by a jacket and lagging on
the outside, which kept the boiler from cooling as’ guickly.
Finally, however, the boiler commenced (o contract and con-
tracted more than the flue; in other words, it started to push
the flue out of the flue sheet. [ found the difference in the
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contraction
That is, the flue shortened about 1/64 more than the boiler,
then the hoiler shortened more than the Nue, then fnally the
flue shortened, after the water became cold, until they both
Mow that shows that there 13

contraction to be alwouat [_.-"-!'L_I_ meh in the first

became the same length again,
this pushing and pulling action going on in the hoiler all the
time.

On account of the lback flue sheet being exposed to a
preater degree of heat, we have all our troubles in the rear
end. T thought T would see what effect the stopping of the
We have good water,

- material or anything

washing of hailers would have on this.
only mud m it

na sc , N0 cnerustit

of that kind. 1 put a ot of draw-off cocks on the cngines,

k ran thirty

and engines that we nsed toowash out every we
We never

to send the boiler makers out

davs, some of them sixty days, k the fires
any more, and we Jdon't have
Therefore 1t seems that there 15 an intimate re-
ler 18 washed

any more,

lationship between the number of times the T

J. J. FLETCHEE, SECOND VICE-PRESIDENT.

and the number of times the Aues leak, or the vwmber of
times that you have to renew Aues, and of course the worse
the water is the shorter the life of the flues

Mr,

a great deal of flue trouble by wsing the waste water from

n—I find that in many places they are overcoming

the boiler for washing out; in fact it has become a standard
practice throughout the entire West
the expansion of the flue sheet; it must be accommodated. Tt

There is no question ahout

was brought to my mind very foraibly in a condition wherein

we received some engines furnished with 3 flue sheets. In
every case mm which I renewed these flue sheets T used a M-inch
flue sheet, and in smaller engimes 7/16, merely Lo accommodate
that necessary expansion, and I found that with flues 19 or 20
feet long, instead of the sag having a tendency to loozen the
flues, T got better service out of the long Aucs than the short
ones,

I believe that the action of the prosser expander can be
governed entirely by having a shoulder resting on the flue
sheet proper, as well as on the bead of the Aues. In that way

the prosser expander will always enter the Hue the same dis-

tance, and we will avs make the same joint unless the sheet

As to
s of course

1% worn 1o such an extent as o make a vast difference

the use of the prosser expander alone, while this

endorsed in bhotler practice throughout the country where

there is ordinarily bad water, or fairly good water, it probably
two or three sets

of Aues, but where condition: exist where a flue sheet will

ia suceessful in the case of the first one or

receive seven or eight sets of flues before it is removed, the
holes gradually -become oblong, and there is no prosser ex-
pander on the market to-day that does not expand centrally,
where the roller will roll irregularly and therciore accommo-
date itself to the oblong hole, For that reason [ believe after
a flue sheet has received three or four sets of flues that the
nse of the roller, even lightly, will insure better worlk than
the use of the prosser expander alone, although in all other

cases | would say the use of the prosser expander is best.

Mr. A. N. Lucas—Just a few words, to show how much a
filne expands. We were unfortunate.in the roundhouse fore-
man having hiz man fire up two or three engines without any
water in them, and upon inspection T found four or five flues
with the head sticking right out straight, while with the bal-
ance of the flues the bead was up against the sheet. On close
inspection 1 found these flues were stopped up and the heat
didn't get through them, the halance of the heat going through
the rest of the fAuecs polled this ead right out straight, and

when the Lo

er conled off the bead was still oot

Manufacturers' Associa

Mr. Bennett—The Boiler ion, in
their rules covering fAues, have one provision stating that a
fine should be rolled tight and no more. I believe the tendency
of applying flues with air is to overwork them. When a man
is doing it by hand he knows pretty nearly when a flue is

rolled encogh or ex

anded enough. Now when he uses an
I flue i

rolling the flue is
The =same i true when he

miuel

air machine he does not realize
prossers the flue with a
wg-stroke hammer ;) the the work, not the
Ater a it and
properly beaded, all further cfforts along that line will only

wetling

hammer is o

1. flue has heen prossered just so

wear the flue out. I think in a good many cazes there 15 so

mich work done on the Hues when they are "'|"'r'|i"'|' that it
takes about all the substance « of the flue and nothing is
left for the When rolling a fiue with

air, vou will sometimes find a crease 1/32 inch on a side ; that

roundhouse men to

ng a reduction in the thickness of the flue of 1/32 inch
What Mr. Lucas savs about overworking the flue is very

crue,

You hammer the prosser in there every time flues are

leaking—it isn't necessary.  All you can do 1= just to get the

flue to the sheet. Further efforts along that line only go to
ur flue sheet

as reported abour Aunes leak-
ing om the back end and not on the front end is very true.

break the umons and destroy v
The idea that this committes

Just as soon as a flue leaks on the back end, it 15 up to the
1er words, it 15 considered more work.
In the fromt end, as the commitiee says, all you have got to

boiler maker ; or, in

do is to put an apprentice boy there, if necessary, and toll the
flues, and vou will never have any trouble with them leaking.
It goes to show that heat and the change of temperatare in
the back end cause them to leak

I think we are applving flues to-day just as well as they can
I'he practice on the New York Central is to use
the prosser exclusively in roundhouse work, and we have

lard

be applied

174-inch flue holes and use the
that would
wive us 135 mches in the back end, and the fAue iz swedged
straight for 1 oinch, and from 1 inch to 4 inches is tapered; it

latterly adopted as sta
15 gage copper and the flue iz swedged down;

1% a ::'||:-|_'I'i|.;-_'; --.'.-.'||:_;-.

Mr, Conrath—Flues should be prossered only when applied.
When flues ha Pacific
standard prosser, as we call it, with a tapered shank on the
hack to turn the end of the fue to a g5-degree angle, it 18 then

Missonri

been prossered with a

turned the rest of the way with a heading tool and finizshed.

We next apply the pressure, 25 pounds in excess of steam
pressure carried \ iy MNue that shows a leak is lightly rolled
When flues are being applied we nse a copper 34 inch wider

than the sheel, the copper extending into the water side, while
the prosser work will close the end of it tightly around the

flue so that it i watertight. It is easier to make a joint with
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the prosser apgainst the sheet by bending the copper over
against the inner part of the sheet. Also the sheet should be
lightly counter-bored so as to take off the burr on the inner
side of the sheet., Then the flues are worked into the conter.

We always mark a diamond in the center of our flue sheets
They are obliged to work the flues around that diamond shape
first, and then in the center last. You will all admit that no
matter how large the stretch, the expansion tool which you
are working the flues with will stretch that sheet, Conse-
quently the men will start on one end of the (ue sheet and
work the flues completely into the other end, the opposite
The result is that the expansion has worked into that
corner and vou have got oblong holes just as soon as your

COTTNET.

sheet becomes hot and vour pressure 15 on there.

The cold blast every time the fire door is opened will strike
the bottom flues and cause them to leak quicker than the
others. %on hegin and roll your flues on the hottom when the
engine 15 warm. You are stretching your sheet cvery time
you roll it You are not only stretching the sheet bat spread-
immg out and enlarging your holes.  After that has been done
for a dozen times the holes right above that space become
oblong. They are not giving any tronhle up there; the beading
tool will supply it for the time being; eventually the beading
tool will not do the busingss; the hoiler maker gets his roller,
sticks 1t i the flue and the tool will not turn because the flue
1z oblong.
the hridge,

The nmext thing, away goes the pin and away goes
That should ke aveided, not using the rollers any
more than necessary

My method of working flues after they have Deen out on
the road is this: we first uge a 34 taper mandrel, 34 to the
fool; the same taper the roller pin would be, The holes are
all round as they come from the shop.

The pin can be used
for a little while; then usc the prosser. Eventually your fue
beads have become spongy; you have got to uze the roller;
then use it lightly or with good judgment ; and after you have
done that yvou have got all out of a set of flues that you will
get out of them. [ have tried the rollers alone, I have tried
the prosser alone, and I found that by using the pin some-
what, the prosser and the rollers last and the standard bead-
ing tool, that we get better results than any other way of
working flues.

We find when we are applying the Aues thal we have got
perhaps half a dozen different size holes in the front sheet.
In order to make a standard swedge, maintain that swedge
and the standard tools, we fill these holes out with different
size coppers; we start with a No. 14 gage down to a No. 10,
then enlarging the copper as the hole becomes higger, and
maintaimng the same size swedge, which is 174, We generally
allow 3/16 inch strong for bead. 1f necessary, on the bottom
we sometimes allow a little it more i order to brace the
sheet.

The thickness of copper is No. 14, which is g0 pounds, from
that down heavier. No 14, 13, 12, 11 and 10, No, 10 is a j70-
pound copper. They differ 1/64 inch every numher. Where
there are different size holes we fill out the holes with different
size copper. We always maintain the same swedge.

There is one more thing in regard to leaky flues. All the
boilers in the land won't keep flues tight if you do not keep
the nozzles and steam pipes tight. Trouble with the front end
makes the fue trouhle at the back end. Follow up leaky
steam pipes and watch them closely,

Mr. D. A. Lucas—DAly experience has heen that the best re-
sults are obtained with the prosser expander. The roller
ought to be left to the judgment of the man in charge. Re-
forring to the recommendation of the committee, there is one
thing in particular to which [ would seriously ohject. and that
1 think that is doing
away with all mechanical part of working the fliues, making a
tool that is entirely out of mechanical lines,

is grinding the hoss off of the expander,

[ am getting good results ont of flues with a wide copper,
which T would recommend by all means, and T would also
recommend not lighter than a go-ponnd  copper, s:'-:1|<:t!1i:1g
that will stand the tension on the joint, put inside of the
sheet,

Mr, Filcer—There made here
relative to flues stopping up. Some months ago we adopted
174-inch holes, in the place of 2 inches, in order to increase our
bridges and get a little more water around the flues, and since

have been some remarks

that time we find we have no stopped-up flues, and we also
find we have less leaks with the 124-inch hole than we did
with the other.

Mr. German—2»A little over a vear ago, on the Lake Erie &
Western, they werc having considerable trouble with their
flues leaking. As it is a bad water district, T asked the priv
ilege of putting in a flue in a certain way. The hridges that
were in the sheets at that time were only 54 inch. Reducing

A. H, LUCASZ, THIED VICE-FRESIDENT.

the ue from 2 inches down to 17§, gave a little better water
circulation there and we kept the rolls out of the flues en-
tirely, We didn't even use a pin to fasten them in the sheet:
Instead of nsing a pin we used a straight expander to fasten
the flues in the sheet, then we would hell them out with a
flaring tool, then put in the praosser and prosser
them, turn it a few times, that would turn the flue over
sufficiently to put the beading tool on and calk it, By that
method, leaving the Aue Below its original size in the applica-
tion, we increased the mileage on that road from ten to thirty
thousand: miles

In regard to cleaning the flues, this Aue acts almost the same
a5 a reduced nozzle; it creates a kind of a vacuum that just
simply cleans the flue out. We don't have one, [ will say,
where we formerly had ten flues stop up since that system was
adopted.  Thiz haz been adopted now nearly all over the
Mew York Central lines, [ advise using the prosser from the
beginning to the end, Since we have adopted the sectional
expander, we do not have one roll oot of twenty that will hold
in any sheet.

Mr. Brown—The swelge which Mr, Bennett refers to, T
feel s practical, so far as a swedge 15 concerned, but T would

reCcess

like to ask why we can sit here and advocate a copper fer-
rule ¥ or ¥5 inch wide? What uze have we for 17 You have
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got no use for that copper underneath the bead of your flue
We are swedzing a flue here in order to give a better circu-
lation of water; but we are putting a copper in there that will
turn its nose up, and it is a mud-catcher, in my judgment, I
feel that a copper ferrule ought to be only slightly in excess
of the thickness of the sheet. One great point for eriticism—
there has been advocated 3/16 inch for a bead. What are vou
going to do with it? My judgment is not to exceed 1§ inch of
fluoe for a bead. Our flues are No That may sound
rather heavy to some of you. Some, I presume, are using 12,
and some less, but our standard 15 No, 1o

10 gage.

Taking 1% inch of
this No, 10 gage fue for the bead has given us good results
The least done with a flue head, or the nearer that we can get
the bead of a flue turned over, the better it iz for that bead
Avoid erystallization by the nse of the hammer in turning the
head. The prosser expander gives vou a good start,  Get
it over nicely and when you get it over there let it alone,

Mr. Laughridge—I am i favor of the prosser expander

W, M. WILSOH, FOURTH VICE-FRESIDERT

for roundhouse work; use the prosser expander all the time,
with the exception of setting the flues, to give a light rolling
after the Aues are expanded. There has been a great deal
said about what causes Anes to leak. We all say bad water;
we admit that. Put why in bad water more so than in soft
water *  When we heat the flue it raises up in the center, be-
cause the heat iz greater on the top than on the bottom, caus-
ing the flue to take a leverage on the inside top of the hole,
which erushes the flue, pushes the top of the fue out, and pulls
the bottom of the bead off. Now when that flue contracts, the
Bsttom will stay oot there and also the top bead will not come
back to its original position, but this has shoved against the
copper, and every time it expands and contracts it keeps shoy-
ing on the copper. Now my experience is, thal the bottom of
the bead gives out first, for the simple that it is
straightened out, while the other is just pushed away

Mr. A. N. Lucaz—{n a flue from 15 to 16 feet long, before
the Aue would take that permanent set next to the
sheet, it would come up in the middle, the weight of the flue
from holding your crown that way would bag that much, and
[ do not think it would fall away from the sheet when it has
all the chance in the world to gpive in the middle of the
hoiler.

Mr. Conreath—Is it not a fact that water leaves the sheet
when the engine is working hard; that half of the water will
not adhere to a hot sheet? T have seen that demonstrated at
Milwaukee pretty well, to my satisfaction; that an engine

Feason

right

working, especially where the bridges are small and the body
of water small and the shect becomes hot in the back end of
the flues, that the water does not adhere close enough to the
sheet. A great amount of our trouhles with alkali water, I
believe, lays in that; the water will leave the sheet momen-
tarily and the fluez become warm; in a little while it will
loosen the hold.

Mr. MeKeown—Where do your flues start to leak first?

Mr. Launghridge—The lower flues.

Mr. McKeown—Why should they leak there first?

Mr. Laughridge—My experience is, that the flues up in the
central part of the boiler have a more uniform heat, or have
a better chance for contraction and expansion than the flues
at the bottom. The boiler is fed and the water goes down
below, which keeps the bottom of the hoiler, the shell of the
boiler, cooler than the top of the boiler, but the hottom flues
are closer to the fire than the top flues; therefore they receive
the greater heat with a cooler shell closer to them than the
flues at the top of the fire-hox,

Mr. MeKeown—Why should the flues leak so much quicker
in a shallow fire-hox than they would in a deep fire-hox?

Mr. Lavghridge—For the same reason

Mr. D. A. Lucas had several samples of flues which were
supplied with different sized copper ferrules, and in exhibiting
them he called attention to the advantages of using a wide
copper.  He showed that the joint at the inside of the sheet
iz the hest joint on the flue, since when cold air first strikes
the fue the joint in the hole comtracts, and unless there 15 a
good joint between the copper and the flue at the inside of the
sheet the Aue will begin to leak, He also described his method
of putting in the copper and working the flue as follows:

I put the Aue, a dry fit, into the copper and T pin it out with
a taper pin; the man drives in a slow taper pin to get the uni-
form length of his head, then he expands it, then he rolls it
lightly hy hand. T wouldn't, under any consideration, take an
air machine into a hire-hox end. That ought to bhe entirely
done away with. In working the flue don't pound the bead
aver, turn it over, use the life of it by turning it over. My ex-
pander leaves it in that position. 1 have a standard beading
tool that calks it from that position, and I maintain the thick-
ness of the flue all the way around, in addition to increasing the
thickness right on the heel of the bead, where we want the
strength,

Mr. Brown brought forward a new reazon why the bottom
flues leak rather than the top ones, He claimed that it was
due to the zpark arrester in the front end. He showed how
the vacunm existing just hack of the exhaust makes an eddy
and causcs the sparks to lie practically immovahble, so that
the anly wav the sparks can be extracted iz by a rake at the
hands of the roundhouse man. These cinders prevent the
hot air from passing through the lower tubes, and, therefore,
these tnhes do not get the henefit of the expansion which the
other tubes do, so that they are not so tight. Mr. Brown also
deplored very strongly the condition of things at the ash-pit
and roundhose, elaiming that much of the flue trouble is due
to dgnorant and careless work at these places.

AMr. A, M. Luocas corroborated Mr, Brown's remarks, giving
an instance of how he was able to practically stop all trouble
with leaky Aues when hie was made roundhouse foreman with
full charge of things in the roundhouse, and at the ash-pit.

Mr. M. O'Connor stated that he had cbtained much useful
information from the discussions of the flue question at meet-
ings of the Master Botler Makers' Association, much of which
he had been able to apply with good results, but he had found
that where one process would work in a certain place, in dif-
ferent localities 1t would be of very little use, and he con-
cluded that the conditions under which the boilers are to be
operated, that is, whether there is alkali water, ete, would
very largely determipe the hest method to be used in flue
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work, it being impossible to law down any one hard-and-fast
tule to suit all conditions.

Mr. T. P, Madden—Leaky tubes are caused by uneven tem-
perature.  The parts of a boiler near the fire door are more
exposed to uneven temperature. Supposing we move the
fire door from the bottom of the fire-box up to the top.
Then your bottom flues would be exposed to an even tempera-
ture, and your top flues would leak then in place of vour hot-
tom ones,

So T think this it caused more from umeven temperature
than anything elze.

Mr. Roesch—I think Mr, Madden hit the nail on the head
when he said that flue leakage in the hottom flues is due to
the position of the fire-door hole. If the diaphragm had any-
thing to do with making the lower flues leak, why did the
lower flues leak in the old diamond-stack engines that did not
have a diaphragm, that had an opening above the petticoat
pipe and one helow it? They leaked just the same. I wish to
emphaszize the fact that it iz cold air that makes our flues lealk,
and we get cold air in the flues every time we wash the
boiler,

Mr, Conrath—[ believe it would be wise for this conven
tion to make some recommendation. Recommendations from
this association should go to our people to treat the water in
all bad water districts, to provide better care of engines over
the cinder pit, and a little better care on the road. Our
troubles are, principally and wholly, solely in this bad water
and the misuse and abuse of the engine. Now if that can be
overcome, and we can do something by making such recom-
mendations, I belicve that our troubles will be partly elimi-
mated.

Mr, Gray—We have found that we get at least 25 percent
more service out of fues, and joo and 400 percent more serv-
we out of fAre-boxes with a narrow box that sets on the
flange, than we do with the wide fire-hox, and we have a
bad water district. g

Mr. Raps—It seems to be the sense of the convention that
the prosser expander is the only tool to set flues with, We
apply our flues with a beading roller, and we cut down our
time¢ from 40 to 24 hours in setting the flues in our largest
class engine. We had one failure in March, one in April;
we have had none so far in May. Now it looks to me as
though there is some other tool beside the prosser in applying
flues.

Mr. M. O’Connor-—We ought to adopt some paper that we
can present to our superior officers so that we could get them
to use their influence and gpood offices: use urgent means to
overcome the clinker-pit problem, the blower ash-pan trouble,
and matters of that kind.

The President—I claim the subject is not in condition yet
to go before our superior officers. We ounght to have this
committee extended, I think, or accept the report which we
have, and continue the committee, not discharge it, and see 1f
this committee cannot, during the next year, get these dif-
ferent methods from each of you men in writing, and also
sketches of your different methods of doing this work, and
then perhaps we would have a hard time deciding which was
the one, but we could present to our superior officers a whole
lot of methods of doing this thing, and give them an op-
portunity of taking their pick

Mr. F. M. White (general mechanical engineer of the New
York Central lines)—I have been listening to the discussion,
and it eccurs to me that your difficulty iz in trying to deter-
mine what is the hest method of setting tubes. I-think that
you cannot determine what is the best method for setting
tubes for all railroads, and I think that your duty should be
more along eduocational lines, and putting on record in your
proceedings the different methods which are satisfactory. One
method of deing tube work on one road will be satisfactary,

and another method will be satisfactory on another road, Per-
haps if you would reverse them they would still both be satis-
factory, but not necessarily so. Now it would be impossible
for you or anybody else, I think, to determine what is the
hest method for setting tubes on all railroads. You should
put on record, I think, the methads that are found satisfactory
on various railroads, and [ think the duties of your committee
then will be of such a pature that they can fulfill them.

At the close of the discussion, 1t was voted that the com-
mittee on bodler flues be continued over to next year, and
that they, in the meantime, make recommendations regarding
the best methods of doing this work,

Boiler Explosions—Their Cause and Remedy.

An excellent paper was prezented on this subject, by Mr.
J. T. Goodwin, calling attention to the fact of the responsi-
bility which is placed wpon boiler makers to-day on account
of the immense size of the boilers which are built, and the

G. W. BENHETT, FIFTH VICE-FRESIDENT.

high pressures which they are designed to carry. He stated
that probably nine-tenths of the explosions which occor are
due to the neglect or oversight of someone, usnally of those
in charge of the boiler after it has been built. He described
the results of the experiments made by Professor Thurston, at
New York, showing that the difference in temperature in ad-
jacent part: of a boiler causes excessive stress on some of
the plates and braces, and that this difference in temperature
iz due to the difference in temperature of the feedwater at
the bottom of the boiler, and the steam at the top, while the
temperature of the gases outside the boiler 15 much greater
near the fire than at a point where the gases enter the up-
take.

Mr. Goodwin explained that boiler explosions were due to
four causes: TFirst, defective design; second, poor construc-
tion; third, decay of the structure with time; fourth, negli-
gence in management while the boiler is in operation. He
hrought forward statistics compiled by the Hartford Steam
Boiler Insurance Company, to show the number of explo-
sions of statiomary boilers, the number of people killed and
injured, ete., during the last twenty years; and also statistics
from Poor's Manual, showing the number of explosions of
locomotive boilers, due to different cavses during the last ten
years. The average number due to failures of the crown
sheet per year is 3.7: due to collision, 1.6; due to derailment,
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i due to flue failure, .4; the mumber of persons killed per
year, 5.5; injured, g6,

Speaking of remedies, or preventive measures, Mr, Good
win called attention to the modern tools, such as pneumatic
drills, reamers, etc, with which accurate work can be done
without harming the plates. e also showed that by the use
of heaters, laps and corners can be laid together without ex-
cessive hammering, which iz hable to prodduce crystallization
of the steel and subsequent failure. The modern double-
strapped butt joint was illustrated in comparison with the old
style lap joint, showing how the plates conld better withstand
imternal stresses with thiz style of joint,

The report of the committee was accepted and the subject
opened for discussion.

Before proceeding with the dizscussion, however, the secre-
tary presented four new names for membership, stating that

J. T. GOODWIN, CHAIERMAN, EXECUTIVE COMMITTEE.

there had been a total of 41 new applications during the year.
Also the report of the apditing committee was read and ac-
cepted

Mr. Roesch discussed very thoroughly the question of why
a stay-bolt breaks. He had found, from numerous ingpections,
that it was difficult to tell by the hammer test when a stav-
bolt was fractured. It is casy to tell when the bolt is entirely
broken, but he found that many bolts were passed by the
inspectors which really were badly fractured. The fractures
did not extend to the ¥4 or 3/16-inch telltale holes, so that
they could not be detected, He found that almost every one
of the bolts broke from the hottom, while every throat sheet
brace showed the fracture to begin from the top. This shows
that the breaking of the bolts could not be due entirely to the
upward maovement of the fre-box when heated. In fact very
little is really known of what goes on in a locomotive boiler
when in service.  He claimed that it was erroneous to assiume
that the bolts were broken, due to the vibration of the baolt,
cansed by the heating up and cooling off of the fire-hox, since
the number and magnitude of these vibrations is far below
what a bolt will stand in a testing machine. One reason for
the breakage of bolts might be the deterioration of the iron,
due to the heat, although this 15 indefinite.  From examination
it seems very likely that the breakage is due to a vibration,
but the cause of the vibration is not plain. Mr. Roesch did

not believe that it was due to the heating and cooling of the
fire-box at all. He advanced the opinion that it might be
due to the pulsation going on in the locomotive boiler when
the engine is working hard ; that is, the amount of steam that
iz drawn out momentarily decreases the pressure in the boiler,
causing a little upward movement in the fire-box and an ouot-
ward movement in the shell, which would have the tendency of
cauging the throat sheet to move up and break the throat
braces from the top and break the stay-holts from the bot-
tom; for this reason he advoeated greater steam &pace in the
boilers.

Mr. Bennett—In case of low water would you recommend
the engineer to put water in the haoiler?

Mr. Roesch—From the tests that have been made by the
United States government in trying to explode a boiler by
injecting cold water, I do not believe there would be any
serious damage except the crown sheet coming down, unless
it would be a case where we had guite a number of fractured
haoltz, in which case there ig quite liable to be an explosion.

Mr. Bennett—Whatr T want to bring out is, that the United
States povernment made an experiment, in the course of
which they put a hole in the crown sheet and got the crown
sheet red hot, and then put cold water right on the crown
sheet, and there was no explosion, Regarding the breakage of
stay-bolts, there is no question about what breaks stay-holts
on our old side sheets, The expansion works from the center
out. You will always find the broken stay-holts at the corners.
Now they are puotting in flexible stay-bolts at thesze points
I the center you do not find as many broken bolts,

Mr. Gray—In the last five years I have examined five hoilers
that have exploded, and they were practically zll from the
same cause ; the immediate cause being low water. The water
in all five engines wasn't more than 2 inches below the highest
point in the crown sheet, and not more than two-thirds of the
crown sheet was exposed at the time it let go. None of those
botlers was over three vears old, and two of them were less
than eight months old—all new high-pressure boilers. The
fire-boxes were literally torn out of four of them, and the
fifth one was blown all to pieces. My conclusions regarding
the effect of low water are as follows: In all these cases the
crown sheets had a certain pitch; none less than 2 inches. It
seemed to me *hat when the water got down and those sheets
hecame overheated, either from stopping or starting, or the
engine righting itself in getting around a curve, the water
flowing back on this overheated portion of the crown sheet
was evaporated into steam instantly, causing a tremendous
over-pressure, I have never yet in all my hoiler experience
seen a boiler entirely explode where the crown sheet was
properly stayed. I have seen lots of damaged erown sheets,
but nobody has ever been hurt, and the boiler haz never
entirely exploded. T have seen cases where button-head radial
stays have held a damaged crown sheet when the stays which
were simply screwed in were pulled out, T have never found
any of the button-head stays broken, but the radial stays
immediately on each side of them, even up to 22 inches long,
are found to break in the same place that the ordinary stay-
holt does, right next to the outside seam

I have come to the conclusion that when vou deflect a piece
of iron or gteel yon are bound to open the pores to a certain
extent and allow the impurities which are in suspension in
the water to he forced into thesc openings, starting corrosion,
Our holts are more caten off than they are broken off.

Upon being questioned, Mr. Gray stated that while low
water was fhe immediate cause of the explosions in the five
cases cited, low water will not necessarily cause a boiler
explosion every time it occurs,

Mr. Rohinson (locomotive hoiler inspector of New York
State)—Abeout two years ago, in May, 1005, they passed a
hoiler inspection law in New York State. This required the
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mspection of all locomotive boilers once every three months
Now, this inspection is not done by the State. The State
merely supervises the inspection and the railroad companics
employ their regular inspectors, who sipn certificates. Of
courze the State dependz on you gentlemen, who are in New
York, to see that the work is properly done. We can only
give you rules which we believe are fair, but vou are the
people who must carry out these rules. These rules apply to
a little more than 6,000 boilers which operate in the State of
New York. These rules have been tried out; they are nothing
new with us; they are merely the rules of the railroad com-
panies themselves, and, of course, they should bring good
results.

We have had very few accidents. Last year we had from
the 6,000 boilers seventeen accidents of all kinds, Only three
of these accidents, you might say, were boiler explosions, Two
men were killed from explosions due to low water; three
men were killed from an explozion due to a defective boiler,
and there is a question as to the canse of this particular ex-
plosion, some saving it was duc to stay-bolts and others to a
crack which was nearly 6 inches long in the shell. But the
principal accidents are caused by the little things. We have
a number of plugs blowing out. We have a number of arch
tubes bursting; we have some cases of flues which have been
rilled i two and fallen down so that the steam comes out,
and then the water glass bursting. Those are the principal
causes. We have a great many minor accidents in which life
is not lost, doe to low water, and we believe a great many of
these low-water accidents could be avoided if greater care
were taken with the water glass and gage cocks. But we will
always have low-water cases even with the very best of care.
We believe these inspections will do a great deal of good, he-
cause the boiler makers want to do what is right. The boiler
makers want to fix the work, but a great many times the
superintendent—more so the superintendents of motive power
—want the engines sent out, and they must go out.

Mr. Laughridge—]1 do not think that there is a great in-
crease In steam pressure in the case of low water, When the
sheets become red hot and the bolts red hot, they just lose
their holding power, and the ordinary pressure of the engine
pushes it down. Sometimes it causes an explosion, but in the
majority of cases it does not if the braces are all night;
it will do nothing more than push the crown sheet down until
it relieves itzelf of the pressure,

I have seen cases where the water was down 12 inches
before the crown sheet gave away. The six rows of center
holts had 34 inch nuts on them, riveted over; those stays
melted ; they didn't just pull off but they actually melted be-
fore the crown shect gave away.

I cannot sec where there would necessarily be excessive
pressure there, The ordinary pressure would be enough to
push that sheet down after the bolts and crown sheet have
hecome red hot, because they have no holding power.

Mr. A N. Lucas—In all our reports of low-water cases we
never had any report that the cocks were continually popping
or the gage showed excess pressure. And T believe that the
sheets seldom hecame red hot, only where there is a slow fire
and no water. The damage done generally is according to the
condition of your fire. If you have a heavy fire and low water,
no pressure—slight damage. TIf you have a heavy fire, no
water, high pressure—great damage. PBut any time you can
get water under that sheet before it comes down vou
strengthen the sheet. And T would say that it is the proper
thing ta do at any time, to get water under the sheet and
strengthen it a5 soon as possible,

Mr. Gray explained that in all the cases which he had
previonsly mentioned the water didn't exceed 2 inches helow
the highest point of the crown sheet, and the crown sheets
were all of the same construction—radial stavs without headed

bolts. Im all these cases it was not a matter of a damaged
crown sheet, but of an exploded boiler. |

It was voted that the discussion of the subject of boiler
explosions be continued at the next session of the convention,
after which the convention adjourned until Thursday morning
at 8:30 o'clock.

THURSDAY MORNING SESSION.

President Wagstaff called the meeting to order at 8:50
o'clock, and ecalled on Mr. C. L. Hempel to resume the dis-
cussion of the subject of boiller explosions,

Mr. Hempel—In the debate yesterday some of the members
thought that possibly we should have made some recommenda-
tion as to whether it would be advisable for engineers to put
water in the boilers after the crown sheet had become warm.
Personally, I would say that when a crown sheet becomes

FRANEK GRAY, TREASURER.

overheated there is no danger in putting water into the boiler,
for the reason that in putting cold water into a boiler the
temperature cannot be increased ; it must be decreased by the
application of cold water. The only danger that you would
encounter would be in not knowing that your crown sheet
wotlld stand until you had sufficient time to fill your boiler
with water and recover. This must be left to the judgment
of the engineer, and if we were to touch on that point it
would be better for us to say for him not to put the water in
but simply proceed to put out the fires and to try to over-
come the difficulty which he had gotten into by letting his
water get below his crown sheet

So far as boiler explosions are concerned, to my mind there
is nothing mysterious or mystifving about them. The causes
are all natoral, In all that T have examined in the past thirty
years 1 have been able to positively state the cause. The
majority of cases have bLeen attributed to low water. The
engineers have been holding for several years past that the
riveted-over crown bolt is not sufficient. The factor of safety,
I believe, of the riveted-over bolt is about 11. and of the
crown balt with a large head about 20, If water is kept over
the crown sheet, riveted-over crown bolte are perfectly safe,
and the large head on the crown bar will not hold the plate if
it hecomes overheated. Of courze, any bolt that is screwed
into the plate loses a percentage of its factor of safety as it
mets older, Theoretically, when a stay-bolt is put into a plate
and remains in service for a time, there would be a great
strain upon the plate. 1 disagree with that; T say that there
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is no strain; that the plates are under compression while
hot, and together and buckle outward. When the
cools off and the plate contracts, the plates are
5o it would naturally follow that there would
be more danger of the cracking of plates as the boiler was

press
I:I"Iilk_'[
under tension.

cooling than there would be while the boiler was warming up.
And there would be less liability of a serious rupture while
under pressure unless it were an over-pressure. The fact that
botlers give way under a less pressure than the hydrostatic
test shows that the danger iz not so great while the boiler is
The
contracting and expanding of the boiler cuts but little Agure,
unless the plates have been deteriorated.

I persomally think that the majority of causes of boiler ex-
plosions are due to negligence on the part of those in charge,

under full steam pressure and the boiler perfectly warm.

We have had a few cases of improper inspection, such as the
rase of the gunboat Benuigron,

HARRY Td

YOUOHT, BECEETARY.

Vice-Fresident Wilson called attention to the fact that the
factor of safety is lowered when the plates and stay-bolt heads
become overheated, so that the boiler cannot withstand the
ordinary working pressure. He also said: In the last five
vears I have examined possibly 250 explosions on other rail-
roads, stationary plants, and on steamboats, and I find that where
the boiler has heen standing still, neglected for some time,
you will find the water down a great deal lower in that boiler
than one that has been in use where water has been coming
back and forward, where it is not liable to be neglected so
long. I find that where a boiler has been standing still, and
the water has gradually come down, you will find a decided
water line, very easy to detect. In a locomotive hoiler this
water line 15 not so easy to find, because, due to the water
surging back and forth, it does not have a chance to temper
the steel as it is coming down, and cause that fatal blue-heat
mark that we look for,

After making a thorough examination of a boiler inside
and out and applying a hydrostatic pressure, we should take
off the dome cap and get into the boiler, if possible, in order
to ascertain if the hydrostatic test has broken any braces or
fractured any part of the boiler inside. T have found in the
worst cases of boller explosions that there have been no

headholts in the center of a crown sheet on locomotives. The
heads were simply riveted over.

Another thing 1 find, is that the water glass and the gage
cocks on stationary hoilers, and very often on locomotive
boilers, are neglected. Not only are they likely to be filled
up with sediment but very often it is due to the fact that the
machinist in putting the water glass in has squeezed the rubber
down to the bottom of the gasket; and then when pressure
comes on it bulges the gasket and entirely closes up. We
caniiot be too careful in our roundhouses or even stationary
boiler plants to make a thorough examination of the gage
cocks and water glasses regularly. We also want to get all
concerned educated to the necessity of keeping the water in
the boiler.

I find that corrosion and pitting is very deceiving, and
especially inside of the hoiler.  Mr. Wilson here described
an instance of how he made a careful examination of six
horizontal tubular boilers which had been inspected by a first-
class insurance company, and allowed 1op pounds steam pres-
sure, inding that the boilers had been wasted at the water line
by corrosion until the plates were only 1716 inch thick in
places. He also called attention to the blow-off cocks on
stationary hoilers, citing several cases where the blow-off
pipe has blown right out of the blow-off on the bottom of the
bailer, on the back end, due to the fact that these pipes had
years, and the threads bhecome
way with cast-iron elbows and

been in there for eight or ter
rusted off. He advised doing a
cast-iron flanges, using instead all malleable pipe and all
malleable clbows and tees and fanges, made and tested pur-
posely for boiler work. He also emphasized the necessity of
educating engineers and firemen to take proper care of a boiler
n service. i .

If any of us are sent out to examine a hoiler don't let us get
careless in making our examination. You have got to be
careful. And when vou make an examination of an explosion
vou want to remember that there is always a chance that
something else may have happened except the main thing, It
may be as plain as the nose on vour face that the boiler
exploded from low water, but then yvou want to investigate; it
may not be the engineer’s fault that the water gpot low. I
find that very often whoever is in charge of the plant will go
to work and make changes in the piping of the hoiler; they
will put valves between the water column and the steam gage.
That is bad practice. Very often I find foreign substances in
hoilers. I have seen as much as 6 inches of mud and scale
in the back end, while everything is perfectly clean around
the front manhcle. We should sec that these boilers are
examined at least once a month by our inspector, and when a
boiler iz washed out, get in there and see that everything is all
right.

Do not make any changes in the design or arrangement of
a boiler unless such changes or improvements have the ap-
proval of the inspector or headquarters. I found one case
where a man changed the design and took out the fine braces
that were applied when the boiler was built and put on little
straps 1n there. The result was that we had a crown sheet
came down, all due to the fact that a man took it into his
mind to change that design. Look out for the water in the
locality where the boiler has been used: it may cause pitting
and corrosion, and also look out for bad boiler compounds.
On stationary boilers we ought to insist on the safety valves
being sealed. This 15 not so necessary on locomotives, he-
causge of the fact that everybody should be honest and obey the
company's rules; but on stationary boilers, where we have
more ignorant and incompetent men around the boilers, T
think that the safety valve should be sealed.

An inspector of stationary or locomotive boilers should be a
man of experience, and a man that has conservative, broad-
minded views in everything. I know there are a great many
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men testing stationary boilers that have never built a boiler,
never driven a rivet, never calked a seam; don't know what
it is to put in flues, don’t know what it is to flange a patch,
don't know how much heating or pounding it is taking to put
a patch up in a certain way. A man that inspects stationary
boilers should be a man who has been through all that and
understands it. I don’t care how much technical knowledge
an inspector has and what he knows about a steam plant, he
should be a practical hoiler maker in order to appreciate just
what the boiler will do and what it will not do, how it is
designed, how it iz abuzed, how we cover up the different
defects and how to look for them.

Mr. Roesch—T wish to emphasize the fact that our hammer
test i not absolute for finding a broken baolt, a dead bolt,
Very few men can locate all the fractured holts, especially if
the fracture does not extend half-way through the balt. Cur
telltale holes do not “tell tales™ in all instances. As the
stay-holts that I found all started from the bottom, it would
be a good idea in making your hammer test to hit the holt
on the top and hit it on the bottom. In that way you will be
more apt to find a fracture than vou would by just hitting
the bolt haphazard.

It was vored to close the discussion and continue the com-
mittee ancther vear,

Best Method of Applving Flexible Staybolts.

A paper on the sulject of applving flexible stay-bolts was
presented by Mr. R, V. Anderson, assistant foreman at the
Rogers Works of the American Locomotive Company, Pater-
son, N. J. This paper described the method in use at the
Rogers Works, leaving the subject open for discussion.  Ar.
Anderson pointed out the fact that the main requirement for
successiully applying flaxible stav-bolts is good judgment,
since a careless or injudicious workman can spoil a job, cven
thongh he is supplied with perfect tools, perfect bolts and
perfect holes. The holes in the sheet are punched 1/32 inch
smaller than the diameter at the root of the thread at the
point of the sleeve, and reamed with a taper reamer which
goes through and is goided by the fire-hox sheet. A stop,
fastened on the reamer, prevents the reamer from going in
too far, and allows 3/32 inch for the thread, making all holes
exactly the same zize, The tap also has a guide and stop, so0
that all holes are tapped the same. The sleeves are screwed
in with a stud nut driven with a ratchet lever, the bolts are
run in with an air drill until they are nearly home, then ad-
justed carefully by hand, so as to get an equal load on each
bolt without pulling the fire-box sheet out of line. A special
device is wsed at this shop for holding on the balts while
riveting. It consists of a nipple, which is screwed on to the
sleeve, and has a sliding plunger inside which fits on the head
of the holt; the holding-on is then done by a common sledge
which backs up on the outside end of the plunger.

It was voted that the body of this report be placed in the
proceedings, and the subject passed along without discussion.

Shall a Committee be Appointed on Senate?

The president cxplained that this subject was brought up
for discussion, hecause about a year ago a bill was prepared to
go hefore the Senate of the State of Illinois in reference to
boiler inspection, and it was suggested that it would be a good
thing for this organization to take an interest in this bill
Inasmuch as the subject was an important one, and the mem-
bers were not fully informed regarding the provisions of this
bill, it was voted that the subject he continued until the next
convention, and that, meanwhile, copies of the proposed Senate
Bill be secured and mailed 1o the members, so that the subject
could be taken up and discuzsed in a thorough manner.

Proper Preparation and Presentation of Subjects and

Papers.
Mr. J. H. Smythe presented a paper setting forth the

methods which had formerly been used in preparning papers
for discussion, showing wherein these methods had failed to
bring about the desired results, and proposed a new scheme
for this work. He said that the idea of appointing commit-
tees was to have the subject thraghed out hy competent men
during the vear, so that al the time of the convention the com-
mittee may present a paper which shall contain a digest of all
the information which can be hrought to hear on the subject
in tuch a form that the results of the investigations can be
adopted by the association. He stated that there were many
subjects which eould not be digposed of at ope convention,
as, for instance, rules and formulas for building boilers. Such
suhjects should he carried over from one convention to another.
The speaker suggested that in future when a committee i ap-
pointed, the chairman write to the members of his commit-
tee, asking them to submit their views on the subject; the
chairman then taking the data from the letters received and
condensing the information into one paper. This paper could
then bhe mailed to each member of the committee for approval
or suggestions, revising the paper as many times as neces-
sary until the paper is satisfactory to every member of the
committee.  After the paper is completed by the chairman, he
ghould then forward it to the secretarv of the association, so
that it ean be sent out in advance form not later than sixty
davs before the annual convention,

In the discussion which followed, the secretary pointed out
that nothing would contribute more to the success of the or-
ganization than the prompt and systematic handling of sub-
jects, and their presentation upon the basis suggested by the
author of this paper. He suggested, however, that the paper
be slightly modified to overcome some of the difficulties which
he had encountered in his long experience in such matters.
These suggestions embadied the following ideas: First, that
the committees shall be limited to three men on a subject;
zecond, that the members of the committee place their views
in the hands of the chairman not later than sixty days in ad-
vance of the convention, making it possible for the chairman
to prepare his report, send it to the members of his commit-
tee, and obtain their concurrence or dizapproval, the state-
ments of why they disapprove forming a minority report to
be in the hands of the chairman within thirty days. The
report then to be zent to the secretary, who will be able to
get advance reports in the hands of every member of the
association in ample time for them to become thoroughly fa-
miliar with the suhject which 5 to be prezented before the
COMVETIE IO,

After some discussion, the recommendations embodied in
Mr. Smythe's paper were referred to the committee on con-
stitution and hy-laws, E

The president then introduced Mr. Eugene Chamberlain,
of the New York Central Railroad, who made a short address,
complimenting the aseociation upon its work, and stating that
only by meeting together and dispersing knowledge, as the
association iz doing, can it hope to obtain successful results
and results which will be of bencht to the industry.

The President—The next subject on the programme is
“Standardizing of Shop Toals,” to be opened by T. C. Best.
This is also an individual paper, with a view of bringing this
subject before the convention to see if they desire to have a
permanent committes on ctandardizing tools to report each
vear to the convention 2o that we can be kept posted in re-
gard to what new machinery or tools are coming into use in
our Imisiness,

Standardization of Boiler-Shop Machinery and Tools.
This paper clearly defined the sort of standards which the
association is free to adopt; that is, it can adopt standard
rules for the strength of boilers or tanks: standard specifica-
tions for material; standard methods of developing an oval,
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ete, but it cannot adopt any particular make of machine and
say that that shall be a standard. It was claimed that the
progress of the association would be measured by the worl of
the committees in establizshing such standards. The great ne-
cessity of having such a standard is clearly shown in the
instance of one particular line of tools, viz: punches, dies
and couplings, There are at the present time six different
standards which have been adopted by mdividual manufac-
turers for punches, dies and couplings, It 15 very evident
that if one standard covered all these tools, such supplies
could be ordered from any supply house in the country, by
means of numbers, without the necessity of supplving sketches
and dimensions.

Vice-FPresident Wilson—I believe that it would be well for
this association to werk with a view towards geiting out
standard repulations from time to time, and [ believe we
should have a competent committee, as suggested by Mr.
Best. I believe it would be a good idea if we could have one
book published by this association, with all our standards, kept
in a condensed form in this book, similar to the master
mechanics’ proceedings. I believe if this standard committee
could go along in a broad and conservative way, as outlined
and put in condensed form, with drawings, etc,, showing any
tool that is gotten up, standard beading tool or fullers, or
calkers, or expanders, or rollers, that that book would be re-
ferred to when our officers want to get up some new design
or order some new tools, and I would be very much in favor
of having a committee appointed to recommend these subjects
and different articles, and have them put in proper form in
our procecdings or in a special book, so that we could refer to
them readily and quickly. :

It was voted that a committee be appointed. and that Mr.
Best's paper be accepted, also that this paper be referred to
the committee that shall be appointed,

The next matter of business taken up was the report of the
committes on amendments to constitution, which was pre-
gented by Mr. Lavnghridge.

The articles of this report were taken up and discussed
separatelv. As finally adopted the amendments to the con-
stitution were as follows: The officers of thiz azsociation
ghall consist of a president, first, second, third, fourth and
fifth vice-president, who shall be active master boiler makers,
assistant foremen or general boiler ingpectors, and engaged
as such at the time of election; a secretary and treasurer

The executive committee shall consist of nine members in
place of five.

The executive hoard shall be elected by bhallot set forth to
elect their chairman who is to serve during the term of his
incumbency, the memhbers of the hoard to serve as follows:
Three members, three years; three members, two vears: three
members, one vear. After three vears all members will serve
three wvears.

Active members shall consist of master hoiler makers, as-
sistant foremen and general boiler mspectors and government,
State and insurance inspectors who are practical hoiler makers.

It was woted that the report of the committee on consti-
tution and hy-laws be accepted with thanks, and that the com-
mittee be carried over until next vear, Since Mr, Laughridze
was the enly memher of that committes present, a committee,
consisting of Mr. Laughridge, Mr. MeKeown and Mr. D, A,
Lucas, was appointed to act on Mr, Smythe's paper

Twao more new names were presented for membership and -

accepted, bringing the total pumber of new members for the
year up to forty-three,

Report of Committee on Resolutions,
Your committes hegs leave to report in consideration of the
manifold matters and individoals that have contributed to
our personal pleasure, combined not only to render oo brief

sojourn in the beautiful city of Detroit memorable but to
furnish occasion for grateful remembrance after returning to
our homes, and that we herewith formally recognize our spe-
cial indebtedness for the cordiality with which we have been
received in the City of Straite. It was an assurance that we
were among friends, and this has been later emphasized by the
hospitality accorded. This particularly applies to the finely
appointed “Pontchartrain,” with its charming attractions, and
to its managers, who have so gracefully made our stay agree-
able.

Our acknowledpments alse to the Supply Men's Associa-
tion eannot be too strongly emphasized. We are deeply in-
debted to them not only collectively as an organization but
alsa as individuals for the social enjovment they have so
liberally provided, and which has in no small way contributed
to the success of the convention. Their personal solicitation
for our comfort and pleasure has been very marked. For
this as well as the many other thoughtful courtesies and at-
tentions, we beg to convey our assurance of highest apprecia-
tion.

Suhstantial evidence of the esteem in which our azzociation
and its work is held is afforded in the recognition accorded
hy the technical press. We tender them special thanks for the
likeral space and attention given us. We believe it is no more
than just to particularly refer to Tue Borer Maker and its
representatives, as they have done so much to assist in pro-
moting the welfare of the arganization,

We note with pleasure the growth of the Ladies’ Auxiliary,
and the increaszed attendance in general of the ladies at this,
ever other conventions. This has contributed greatly to our
enjoyment and added prestige to our organization.

We wish to draw particular attention to the very efficient
and pleasant manner in which our officers have performed
their dutiez in the past year, and we recommend a vote of
thanks be extended to them.

d (Signed) C. E. LESTER.
W. McKeowx,
J. H. SuvrHE

As it has pleased our Heavenly Father in His infinite wis-
dom to take from our midst our beloved brother, B H. Jack-
son, of Buffalo, N. Y.,

Resolved, That we the members of the International Master
Boiler Makers' Association, convened at Detroit, Alich., May
28, 1008, extend to his bereaved relatives and friends our
heartfelt svmpathy, and be it furthermore

Resalved, That a copv of this resolution he prezented to his
hereaverld wife and spread upon the minutes of this meeting.

{Signed) C. E. LesteR.
W. McKeows,
J. H. SuvyTHE

THURSDAY AFTERNOON SESSION.
Standardizing of Blue Prints.

In opening the discussion on this subject, Mre, Laughridge
stated that while the topic waz given as “Standardizing of
Blne Frints,” the real subject to be dizscussed was the stand-
ardizing of laying out and construction of hoilers, which would
cventually lead up to the standardizing of developed blue
prints and developed pattern sheets of boilers. He did not
attempt to specify any definite manner of procedure to be
adopted for standardizing such work, but pointed out the
advantages which wounld result from it. It would not only
result in more uniform work but would reduce the cost and
facilitate repairs, The way the work is done now, each boiler
15 laid out from a gencral blue print, and it is very rarely that
twe boilers built from the same print will be exactly similar
inn all details; that iz, a boiler i built by the “put up and try"
and “whittle and ft" method, so that when it comes to re-
placing any part it is seldom found that there are the same
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number of holes in the plates as are indicated on the general
blue print; whereas, if a set of detailed standard drawings
were kept and each boiler of the same class laid out from
these, worn out or defective parte could easily be replaced by
referring to theze blue printz, and the laver-out could he
absolutely sure that the part would fit,

Upon being questioned, Mr. Laoghridge stated that the va-
rious sheets would be Jaid out in detail on the blue prints in
the mechanical engineer's office, showing all the spacing, the
camhbering and evervthing.

Mr. Gray—The idea iz very good, because then all our
boilers made after that blue print would be alike; you could
then go to work and make the sheet and put it right into the
boiler without any reference to the boiler at all.

Mr. Conrath—This matter comes home to the manufac-
turers first. We have a number of hoilers of the same class
of engines, which have been built at different times, supposed
te be built from the =ame blue printe, and when we come to
disconnect the shell from the connection, we find one more
hole in & certain class than we do in another. The manu-
facturers ought to be much more careful about that part of
it. That is where these blue prints ought to hecome standard
first, 30 as to buoild all boilers of the same dimenszions with
the zame number of holez in them, We ought to send that hole
question to the manufacturers first.

It was voted that a committee be appointed on the standard-
ization of the laying out and construction of boilers,

Under the head of miscellaneous business, it was voted that
in future in securing hotel space and rates the committee shall
not exceed $3.50 a day, American plan; that the convention be
held four daye instead of three, and the hours of meeting be
from 8:30 to 1. Also that the time of the convention shall
not be limited to the month of Mav, bat shall be fixed by the
executive committee.

The report of the committee on by-laws was read, recom-
mending that the paper presented by Mr, Smythe be ac-
cepted and turned over to the executive committee, and that
each member of the executive committee ghall act as a perma-
nent chairman of topic committees assigned to him by the
chairman of the executive board.

The report was adopted.

After. deciding upon Louisville, Ky., as the place of the
next meeting, the association proceeded to the election of
officers with the following result:

Prezsident, P, J. Conrath. 5t. Louis, Mo,

First vice-president, Arthur E. Brown, Louisville, K.

Second vice-president, J. J. Fletcher,

Third vice-president, A. N. Luocas, Milwaukee, Wis,

Fourth vice-president, W. M, Wilson, Chicago, 111

Fifth vice-president, G. W. Bennett, Albany, N, Y.

7 Chairman exccutive committee, J. T. Goodwin, Richmeond,

d.

Secretary, Harry D). Vought, 62 Liberty street, New York.

Treasurer, Frank Gray, Bloomington, TIL

The following members and guests of the association were
present at the convention:

. P. Robinson, inspector, Wew York Public Service Com-
mission, Albany, N, Y.; James T. Ward, foreman, Sturtevant
Heating & Blower Company, Chicago, I1l.; Miss Ward, Chi-
cago: W. Plowman, foreman boiler maker, Big Four, Urbana,
T.: Mrs. W, Flowman, Urbana; Arthur E. Brown, general
foreman boiler maker, L. & N. R. K. Louisville, Ky.; Hal
Howard, foreman boiler maker, I. C. R. K., Jackson, Tenn.;
W. G. Stallaings, foreman hoiler maker, I. C. R, R., McComb.
Miss. : James Bruce, foreman boiler maker, "Frisco Railroad
Company, Kansas City, Kan.; Mrs. Catherine Bruce, Kansas
City: Martin Wulfeck, foreman boiler maker, C. & 0., Cov-
ington, Kv.; Mrs, Louise Wulfeck, Covington, Ky.; F. L.
Lothrop, foreman boiler maker, Erie, B, R, Susquchanna,

Pa.: Chas. Kraus, foreman boiler maker, Big Four, Delaware,
Ohio: W. 5. Larason, foreman boiler maker, Z. & W.. Axline,
Othio: Mrs, W, S, Larason, Axline; A N. Lucas, general fore-
man boiler maker, C. M. & S5t. P. B. R, Milwankee, Wis.;
Mrs. A, N. Lucas, Milwaukee; Miss Nina Bell Lucas, Mil-
wankee; Wm. Zelinsky, foreman boiler maker, Central Boiler
Warks, Detroit, Mich. ; Frank Berrey, foreman hoiler maker,
Erie B. B., Cleveland, Ohio: Wm. H. Hopp, foreman boiler
maker, Chicage, Milwaukee & 5t Paul B R, Dubuque, Ia.;
Mes. W. H. Hopp, Dubugque; W, Shoemaker, foreman,
Hibben & Company, Chicago, T1l.; Wm. McKeown, foreman
boiler maker, Lehigh Valley R, R., Buffalo, N. Y.; Mrs, Wm.
McKeown, Buffalo; Miss Helen MeKeown, Buffalo; R W
Clark, foreman boiler maker, N, C. & 5t. L., Nashville, Tenn:
Frank Atkinson, assistant foreman boiler maker, Cooke
Waorks, American Locomotive Company, FPatersen, N. T
F. B. Fedler, general boiler foreman, C. K. [ & P. Ry,
Davenport, Ta.; H. M. Barr, foreman boiler maker, C, B, &
. F. R, Lincoln, MNeb.; Wm, McLean, foreman boiler maker,
Y. & M. V.. Vieksturg, Miss.; P. F, Flavin, Western traveling
manager, Standard Railway Equipment Company, 5t. Louis,
Mo.; Mrs. P. F, Flavin, 5t. Louis; J. J. Boyce, foreman, L
C. E. R. Co., Chicago, Ill.; F. A. Batchman, foreman boiler
maker, . Y. C. Lines, Elkhart, Ind.; B. F, Sarver, foreman
boiler maker, Penn Company, Fort Wayne, Ind.; R. F. Crim-
mins, foreman boiler maker, C. C. C. 5t. L. R, R., Mt. Carmel,
I1L.; Clement Ryan, foreman and inspector, Union Pacific K.
E., Omaha, Neh.; J. H, Smythe. foreman boiler maker, Rogers
Locomotive Works, Paterson, N, J.: Mrs, J. H, Smythe, Pater-
son; G. W, Bennett, general foreman hoiler maker, N. ¥. C.
E. R., West Albany, N. Y.; Mrs. G. W. Bennett, West Albany;
Peter Spence, foreman boiler maker, Canada Northern Rail-
way, Winnipeg, Man.: Thos, Oliver, foreman boiler maker,
0. & M. Ry.. East Tawas, Mich.; Mrs. Thos. Oliver, East
Tawas; J. C. Trefts, superintendent, Farrar & Treits, Buffalo,
N, ¥.; C. F. Wilde, foreman boiler maker, M. & O., Jackson,
Tentt.; Mrs. C. F. Wilde, Jackson; John McDermott, foreman,
I. C. B. R.. Water Valley, Miss.; T. A. Henderson, foreman
hoiler maker, H. 0. C. R. W., Bergren. O.; Mrs. T. A,
Henderson, Bergren; T. C. Best, salesman, Joseph T. Ryerson
& Son. Chicago, I11.; Dan Coughlin, foreman boiler maker,
Erie . B, Hornell, N. Y.; 0. F. Mead, mechanical engineer,
Dretroit, Mich.: John McEeown, foreman boiler maker, Erie
K. K., Galion, Ohio: Mrs. Elizabeth :‘.IcKcnwn.l (zalion ; Rabt.
UU. Waolie, city boiler inspector, Omaha, Neb.: Mrs. R, 1.
Walfe, Omaha; Oscar Zappe. foreman boiler maker, I, 5. 5.
& A. K. R, Marquette, Mich. ; Mrs. Oscar Zappe, Marquette ;
M. T. Guiry, foreman boiler maker, Great Northern B R, St
Faul, Minn.; Mrs. AL J. Guiry, 5t. Paul; A, C. Dittrich, fore-
man boiler maker, Minneapolis, Minn.; Mrs, L. J. PFarter,
Minneapolis; W, H. Cour, foreman boiler maker, Mobile &
Ohio B. R, Whistler, Ala.; D. A, Lucas, general foreman
boiler maker, C., B. & ., Havelock, IWNeb.; Miss Jennie Lucas,
Havelock; M. O'Connor, general foreman boiler maker, Chi-
cago & Northwestern, Missouri Valley, Ia.; Mrs. Agnes
O'Connor, Missouri Valley; C. L. Hempel, general hoiler in-
gpector, Union Pacific, Omaha, Neb,; Mrs. Ella A, Hempel,
Omaha; Miss Grace Hempel, Omaha; C. F. Shoemaker, fore-
man hoiler maker, Pere Marquette R, R., Grand Rapids,
Mich.; Mrs. Della M. Shoemaker, Grand Rapids; E. W.
Young, boiler inspector, Chicago, Milwaukee & 5t. Paul,
Dinbugque, Ta.: Mrs. E. W, Young, Dubuque; J. L. Blass,
Deetroit, Mich.: W, M. Wilson, general boiler inspector, 1. C.
E. ., Chicago, T11.; Mrs. Ada Wilson, Chicago; George Wag-
staff, supervisor of boilers, N, V. C., Albany, N. Y.; Mrs. G
Wagstaff, Albany; Miss Ethel Maxwell. Albany, F. F.
Roesch, master mechanic, Southern Railway, Spencer, N, C.;
John E. Stokes, foreman boiler maker, I. C. R, R.. Clinton,
HL.; J. German, supervisor of boilers, Lake Shore B, R,
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Kankakee, I11.; Mrs. J. German, Kankakee: Frank Silberman,
foreman boiler maker, Lake Erie & Western, Lima, Ohio;
E. E. Rapp, chief boiler inspector, Toleds, 5t Louis & West-
ern, Frankford, Ind.; M. F. Vizard, foreman boiler maker,
Marguette B. R., Tona, Mich.; Samuel Dvke, Lima,
Ohio; Alfred Cooper, foreman boiler maker, St. Joseph &
Grand [sland, 5t Joscph, Mich.; Mrs. Alfred Cooper, St
Joseph: C. L. Wilson, foreman hoiler maker, I. C. E. B, Co,
Louisville, Iy : Mrs. Jennie Wilson, Louisville ; Joseph Joyvee,
foreman boiler maker, International Ry, Moneton, N, B.;
F. I. Howe, foreman boiler maker, C., B. & Q. R. R, Creston,
Ia.; Peter Eck, foreman boiler maker, I. C. B R, Mattoon,
IL; Wm. F. Besant, foreman Boiler maker, 1. C. R
tralia, 11l.; M, H. Larkin, foreman, 1. C Ry., Memphis, Tenn.;
J. H. Fileer, general foreman botler Birz Four and
N. Y. C., Indianapolis, Ind.; James E. Cooke, foreman boiler
maker, B, & L. E. R. B, Greenville, Pa.; Mrs. Rose B. Cooke,
Greenville ; Miss Florence Cooke, Greenville; Henry J. Raps,
foreman boiler maker, Illinois Central R. R, Waterloo, la.;
Mrs. H. J. Raps. Waterloo;

Pere

K., Cen-

maker,

Frank Gray, foreman boiler

B. E, D. Staford.
Riley.

OFFICERS OF THE SUFPLY MEN'S ASSOCIATION

G. M. G. R. Slute.

maker, Chicago & Alton, Bloomington, I1L; Mrs. F. Gray,
Bloomington: J. . Madden, foreman boiler maker, C. R, T
F. R. R. Co., Fairburg, Neb.; Mrs. J. J. Madden, Fairburg;
J. P. Malley, general foreman boiler department, 'Frisco
System, Springfield, Mo, ; C. J. Murray, foreman bailer maker,
Erie Ry., Meadville, Pa.; Mrs. C. J. Murray, Meadville; P I
Conrath, traveling boiler nspector, Missouri-Facihe R K.,
St. Lowis. Mao.; Mrs. E. Conrath, S5t. Lowis; Mrs. P. J. Con-
rath, St. Lonis: J. B Cushing, foreman hoiler maker, Big
Four, Bellefontaine, Ohio; Mre. Mary Cushing, Bellefontaine ;
G, B. McElvy, foreman, 5. A. L. B. R, Savannah, Ga_; C ]
Klein, hoiler inspector, N, Y, C,, Albany, M. Y.; F. J. Rahrle,
foreman boiler maker, B, & O, 5. W, Chillicothe, Ohio; AMrs.
Elizabeth Rahrle, Chillicathe; J. J. Fletcher, Mrs. Fletcher;
Rabert foreman maker, C. P. R,
Winnipeg, Manitoba, Can.; Mrs, Robert Brown, Winnipeg:
Matel L. Brown, Winmpeg; C
maker, C. I. & D, Kankakee, T11.; J. J. Carey, foreman boiler
maker, N. Y. C., New Durham, M. J.; John Hart Hill, assist-
ant foreman hoiler maker, L. 5 & M. 5., Elkhart, Ind.; Mrs
L. Hart Hill, Elkhart; F. A. baoiler
maker, N. ¥. C., Jackson, Mich.; Mrs. Charlotte Linderman,
Jackson; R. W. Hazzard, foreman hoiler maker, The C. H.
Dutton Company, Kalamazoo, Mich.: J, H. Hewitt, foreman
ler maker, N. Y., C. & 5t L., Conneant. Ohio; Miss
Bernice Hewitt, Conneaut; . F. McNickle, foreman hoiler
hailer maker, Chicago-Northwestern, Winona, Minn.

Brown, assistant hostler

R. Kurrasch. foreman boiler

Linderman, foreman

Chas.

H. Walker: foreman boiler maker, N. ¥, C., Union Hill, N.
T.: M. M, McAllister, foreman boiler maker, NG '(EIE‘-'e-
land, Ohio; C. J. Elk. foreman boiler maker, B, & 0. 5. W.,
Washington, Ind.; Mrs. C. J. Elk, Washington, Ind.; W. H.
Laughridge, foreman boiler maker, Hocking Valley, R R,
Columibus, Ohio: Mrs, Amma Laughridge, Columbes; C. E
Lester, general foreman hoiler maker, Erie R. R, Meadville,
Fa.: John F. Beck, foreman hoiler maker, G. R. & L. Grand
Rapids. Mich.; F. A. Mayer, general foreman hoiler maker,
Southern Ry., Washington, I C.; Miss Emma Mayer, Wash-
ington, I. C.: Henry J. Wamdberg, foreman boiler maker,
Chicago-Milwankee, St. Paul & Minneapolis, Minneapolis,
Minn,; Mrs. Hattie Wamdberg, Minneapolis; Edward Nouod,
boiler maker, Ontario & Western, Middletown,
M. Y.: Hugh Smith, foreman hboiler maker, Erie R. R,
Tersey City, N. J.; Mrs. H. Smith, Jersey City; M. T. Haran,
foreman DLoiler maker, B. & O. Chicago division, Garrett,
Ind,; J. T. Got wdwin. foreman boiler maker, American Loco-
motive Company, Richmond, Va.: Joe MeAllister, foreman
boiler maker, T, L. & W. East Buffalo, N, Y.; Jobm B.
Smith, foreman hoiler maker, P, & L. E, McKees Rocks,
Pa.: Chas. Letteri, foreman boiler maker, Pennsylvania R, R,
Columbus, Ohio: L. M. Stewart, foreman boiler maker, At-
lantic Coast Line, Sanford, Fla; Mrs. Louise Stewart, San-
ford: John Troy, foreman boiler maker, Pere Marquette,
E. K. Saginaw, Mich.: E. W. Rogers, foreman boiler maker,
American Locomotive Company, Cooke Works, Paterson,
N. I.: M. J. Scullin, assistant foreman boiler maker. L. 5. &
M. 5., Cleveland, Ohio; J. J. Mansheld, chief boiler inspector,
C. B R. of N. J, Jersey City, N. J.: George Riley, National
Tuhe Company, Pittsburg, Pa.; Mrs, George Riley, Pittsburg;
Harry D. Vought., secretary, International Master Boiler
Makers’ Association, New York City; Mrs. Harry D. Vought,
New York:; Mr. and Mrs. H. N. Turner, New York; J. H.
Fahey, foreman boiler maker, J. I. Caze T. M. Co. Racine,
Wis.: James Crombie, foreman beoiler maker, Sawyer &
Massey Company, Hamilton, Ontario, Can.; John Greere,
foreman hoiler maker, I. C. R, R., East St, Lowuis, I1l.; Mrs.
T. Greere, East 5t. Lonis; C. Steeves, general hoiler inspector,
Intercolonial Ry., Moncton, N, B.; C. W. Nair, foreman boiler
maker, C. I. 5 R. R, Hammond, Ind.
Supply Men's Association.

entertainment features of the convention were
splendidly carried oot under the direction of the Supply Men's
Association, These included a visit to the shops of the Chi-
Prneumatic Tool Company on Tuesday afternoon; a
theatre party Tuesday evening: a boat ride up the famous St
Clair Flats Wednesday afternoon and evening: and a banguet
on Thuraday evening. The boat ride was given by the Detroit
Seamless Steel Tubes Company, of Detroit, Mich, and the
banguet by the Chicago Pneumatic Tool Company, Chicago,
[1. Alany handsome souvenirs were distributed by other
members of the Supply Men's Association.

At the annual meeting of the Supply Men's Association the
following officers were elected for the coming vear.

Fresident, B, E. T, Stafford, Flannery Bolt Company, Pitts-
buarg, Fa

Vice-president, George M.

foreman

The

CAagn

Riley, National Tube Company,
Pittshuarg, Pa.
Secretary and treasurer,
Maker, New York.
Chairman

George R. Slate, Tre BoiLer
exectitive committee, H. 5. Covey, Cleveland
Preumatic ool 1_"-||||-||:'|'.'|:.'. Cleveland, Ohin

Chairman entertainment committes, Charles Shults, Worth
Brathers, Coatesville, Pa,

The following members of the Supply Aen’s Association
were present at the convention;

W. . Muorphy, Standard Railway Egquipment Company,
St. Louis, Mo, ; B, H, Tripp, Ingersoll-Rand Company, Cleve-
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land, Ohio: Geo, W
Mich.; H. B. Rove, (his Stecl Company, Cleveland, Ohio;
T. L. Dodd, Worth Bros, Chicago, I1L.; R. T. Scott, Inde-
pendent Ppeumatic Tool Company, Chicago, 111 Mrs. R. T,
Scott, Chicago; Chas. B.
Equipment Company,
hem Steel
hem Steel Cx
Manufacturing Company, Port Huron, Mich.; Mrs. Draper,
FPort Huron; Frank B. Hart, Detroit Steel Casting Company,
Detroit, Mich.; C. M. Walsh, Falls Hollow Staybolt Com-
pany, Cuyahoga Falls, Ohio; Mrs. Walsh, Cuvahoga Falls;
F. A Murphy, Falls Hollow Staybolt Compa M

Honse, Oeis Steel Comyps [Dretroat,

Moore, American  Locomative
Chicago, [1l.; K. I} Chapman, Bethle
wnpany, Bethlehem, Pa.; E. 5 Knisely, Bethle

wmpany, Bethlehem, Fa.; Thos. Diraper, Draper

Cuvahoga

ENAPSHOTS

Falls, Ohin; W. 5 Lindsley, Lindsley & Ecklif Company,
Detroit, Mich.; Geo. J. Thust, Detroit Seamless Steel Tubes
Company, Detroit, Mich.; L. Phillips, National Tube Com-
pany, Chicago, I1l.; W. E. Watson, National Tube Company,
Pittsburg, Pa.; Thos, Simpeon, Detroit Seamlezs Tuhes Com-
pany, Detroit, Mich.; C. B. Phillips. Seamless Tubes Company
of America, Pittsburg, Pa.; A, C
Company of America, Pittsburg, Fa.; J. . Talmadge, Tal-
madge Manufacturing Company, Cleveland, COhio; E. H.
Janes, Talmadge Manufacturing Company, Cleveland, Chio;
R. H. Phillips, Detroit Seamless Tubes Company, Detroit,
Mich.; W. . Armstrong, Ingersoll-Rand Company, New
York: H. A. Pike, Flapnery Bolt Company., New York; F. E.
Lawson, Chicago Pneumatic Tool Company, Detroit, Mich. ;
R. B. Owen, Detroit Seamless Tuhes Company, Detroit, Mich. ;
C. A. Carscordin, Detroit Seamless Tubes Company, Chicago,
IIL; T. B. Kirby, Detroit Seamless Tubes Company, Chicago,
1L ; George E. Severy, Otis Steel Company, Cleveland, Ohio;
C. C. Swift, Cleveland Punch & Shear Works Company,
Cleveland, Ohio; F. M. Munger, Mark Manufacturing Com-

Morse, Seamless Tubes

FREOM THE

eo, 11 : O, S, Fluegel, Dearborn Drug & Chemical
Detroit, Mich,; G W
Chemical Company, Chicago, IIL; J. C

pany, Chic

Company, Spear, Dearborn Drug &
Camphs 1, Chicago
Frneumatic Tool Company, Chicago, [11.; W. H. 5

Champion Kivet Company, Cle

Bateman,
veland, Ohio: C L. Hampton,
Parkesburg lron Company, Parkesburg, FPa.: H. A.
Jr.. Iron Compar
Thomas, III., Parkesburg Iron Company, P:
W, L, Kerlin, Henry Pels & Co., New York; E. M. Helwig,
Chicage Pneumatic Tool Company, Cleveland, Ohio; J. F.

Beale,

Parkeshurg Parkesburg, Pa.: George

kesburg, Pa.;

Duntley, Chicage Pneumatic Toal Comyg
C. J. Albert, Cleveland

I'. Graves,

ny, Cleveland, Ohio

Preumatic T
Cleve

Company, Cleveland,

Chio; land Pneumatic Tool Company,

| P TR

DEFESGIT CONYENTION.
Cleveland, Ohio; Mrs, Graves, Cleveland; A, Scott, Cleve-
land Pneumatic Tool Company, Cleveland, Ohio; H. 5 Covey,
Cleveland Preomatic Tool Company, Cleveland, Ohio; Mrs,
H. 5 Covey, Cleveland; C. W. Ellis, Hanna Engineering
Varks, Ch [1L; W. White, National Boiler Washing
Company, Chicagn, I1l.; T. Davis, Flannery Bolt Company,
Pittsburg, Pa.: J. W, Williams, Brown & Co., 5t. Louis, Mao.;
E. B, Blogden, National Tube Company, Pittsburg, Pa.; E. I
Giberson, National Tube G Pittsburg, Pa.; Geo
Hayes, Chicagn Fneumatic Tool Company, Detroit, AMich.;
F. W. Blume, Scully Steel & Iron Company, Chicago, I1l.; 1.
W. Faessler, J. W. Faessler Manufacturing Company, Mo-
berly, Mo.; F. E. Palmer, J. W. Faessler Manufacturing
Company, Moberly, Mo.; Geo, N. Riley, National Tube Com-
pany, Pittsburg, Pa.; Chas. Shualts, Worth Bros.. Coatesville,
Fa.; B. E. D. Stafford, Flannery Bolt Co., FPittsburg, Pa.;
T Aldeorn, Chicapo Pneumatic Tool Company, New
George Slate, THE BoiLer Maxer, Mew York: Mrs,
George Slate, New York; H. H ownl, THE BoiLer Maxenm,
New York.

CAE,

mpany,
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German Methods of Marine Boiler Con-
struction.—I1.*

BY PROF. WALTER MENTE.

for instance, those used in
watertube boilers, the calking edge can be easily worked up
on either a planing machine or boring mill, but for larger
courses and for the tube and back gheets of the combustion
chambers of cylindrical boilers the machine, shown in Fig. o,
patented by O, Froriep, machine tool builder at Rheidt, is fre-
quently used, The essential feature of this machine is a wire
cord placed around the outside edge of the picces to he

Ok the small sized heads as,

worked up and fastened with a clutching device, By winding
up the wire cord on a drum attached to the machine, the calk-
ing edge of the head, which has been placed on a small truck,
will be drawn through the cutting head of the machine, where
a revalving cutter is located which can be regulated to cut the
edge of the plate on a bevel. The calking edge can alsa be
worked up, as shown in Fig. 10, with an ordinary milling
cutter, or it can be chipped by hand with a chisel.

In drilling the holes for the tubes, a small hole is usnally
drilled first, and then with a cutter of the type shown in

A

FIG. Lk

Fig. 11 a circular disc is cut out.  Frequently the plate is not
cut entirely through, but a few hundredihs of an inch of metal
are lefr. the circular picce then being driven out with a
hammer. With cne of the devices patented by the Hettner
firm in Munstereifel it is possible to avaoid drilling the small
centering hales. This is accomplished by placing in the hollow
spindle of the drilling machine a movable bar which is turned
down to a point at the end, and which does not revolve with
the cutter. This bar is forced down and its pointed end is
centered in a center punch hole, marking the location of the

* From Schiffbau.

tube; then the cireular cutter is started and operates in the
usual way.

In heads which are made with more than one plate, the
corners of the individual plates are thinned out, and the
length of the thinned-out part bent inwards slightly. After
fastening together the separate parts the corners are fitted;
that is, they are brought into exact alinement one upon the
other by hammering. With the exception of the holes for
the girth seams all the holes are then drilled in the heads, the
seams themselves riveted and the braces, as well as the rein-
forcing plates, are riveted on.

The butt straps must be fitted to the curvature of the shell,
and holes for tack rivets must be drilled in places where later
on rivet holes will be located. The holes for the tack rivets

are of smaller diameter than those for the rivets which are

to he finally put in. For the more or less exact Auting of the
hutt straps cold bending will suffice, and for this purpose a
special arrangement is frequently Atted on the hydraulic rivet-
ing machine. Then the butt straps are fastened with bolts
First. however, after the bending of the plates, the rivet holes
for the longitudinal seams are drilled simultaneously through
the butt straps and the shell plate by means of a radial drilling
machine. Puonched holes are not used in marine boiler con-
stroction, since the plate in the vicinity of the holes is harmed
by this rough treatment, although it is a cheap form of con-
struction.  With punched holes thicker plates must be used
in order to satisfy the requirements of the classification
sogpieties, so that any saving in the cost of putting in the hales
is offset by the cost of the thicker plates, After the rivet
holes have been drilled the butt straps are taken off and the
burrs removed., The butt straps are then fitted to the shell
again, and any holes which are not exactly fair are reamed
out.  Also, the rivet holes must be slightly countersunk on
both sides, since the rivet head is joined to the shank with a
shert conical fillet.

After the longitudinal seams have been riveted, the courses
are fitted together and the girth seams drilled, after which
the courses are taken apart again for the remowval of the
burrs. In a similar manner the furnaces are fitted to the
combustion chambers, riveted up and them placed together
in the boiler before the back head is riveted to the shell.
Then the stay-holt holes are drilled and tapped. Finally, the
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stay-holts, stay tubes, plain tubes and braces are put in, after
which the boiler can be subjected to a preliminary pressure
test.

The subject of riveting requires special consideration. In
the first place, the plates must be fitted tightly together, and
then the shank of the rivet itself must be upset so that it com-
pletely fills the rivet holes. By cooling, it squeezes the plates
together shll more tightly. With hand riveting, which iz cus-
tomary on small boilers, and also on large boilers where it
is impossible 1o use a machine, as, for instance, in riveting up
the last girth seams, although the plates can be fitted together
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just as tightly, vet the shank of the rivet cannot be so per-
fectly upset as that of a machine-driven rivet. In the applica-
tion of the latter, which also saves the plate from abuse, since
the formation of the rivet head is accomplished by steady
pressure, the thickness of the plates for the boiler shell can,
according to the requirements of the classification societies, be
taken somewhat smaller.  With machine riveting, however,
it must he specially provided that the rivet die is not removed
from the rivet head until the rivet has cooled sufficiently.
According to the researches of Bach it appears that the shear-
ing of the rivets and the destruction of the whale riveted seam
does not generally take place until the plates have begun to

slip. Therefore, the higher the resistance to sliding of the
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plates in a joint the stronger the joint will be. With machine
riveting, according to the researches of Bach, this friction
resistance iz greater the longer the dies of the riveting ma-
chine are held on the rivet. If the rivet is still hot when the
dies are removed, the shank of the rivet can stretch easily,
and therefore the frictional resistance of the joint 15 pro-
portionally lessened. If the dies of the riveting machine are
removed from the rivet head too soon the frictional registance
will be no greater than with hand riveting. The resultz of
thiz research should be carefully considered in marine-hoiler
construction, especially since holding the pressure on the

rivet head for a longer time does not entail a loss of hydraulic
pressure, but only a comparatively small expense in time and
wages; vet one often sees in boiler shops the dies removed
from rivet heads which are still red hot. A seam with high
frictional resistance will naturally be tighter and, therefore,
can be calked much more quickly and easily

In both hand and machine riveting the rivets which are
wsed have one head formed on a special machine, so that when
the rivets are placed in position it is necessary to form only
the sccond head. Occasionally machines are found for a
process known as tack or pin riveting, In this process a round
bar of iron or steel, after it has been heated to a red heat, 1s
placed in the rivet hole and centered there, so that an equal

length of the bar protrudes on either side. Then pressure is
applied on both the ends of the bar, so that both heads of the
rivet arc formed simultaneously. The chief objection to this
kind of riveting is the difficulty of forming both heads of
equal size. If the bar should not be heated uniformly one end
will be upset hefore the other, so that the bar will be moved

/ e f'-{' i
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out of place in the hole and the heads will differ in size. Also,
there iz greater possibility that in thiz proceszs a head will be
found which will be eccentric with the shank of the rivet.
Hydranlic riveting machines differ essentially from pneun-
matic riveters, The latter work under a pressure of from
B8 to 120 pounds per square inch, and need, therefore, in order
not to use too large a plunger, some form of lever motion in
order to produce the required prezsure on the rivets. Sinee
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they are not as reliable as hydraulic machines they are seldom
found except for the smaller sized rivets.

The wsual method of riveting is as follows: The rivet,
which has been heated in a rivet-heating furnace, 15 grasped
in a pair of tongs and given a sharp blow in order to free it
from scale. Then it ig placed in the rivet hole from the inside,
and riveted over by means of the pressure on the plunger in
the hydraulic machine. Fig. 12 shows the outline of such a
machine. [t consists of two arms between which the hailer
can be moved to any desired position by means of a crane,
First the girth seam, marked a, is brought between the rivet
dies; then the girth seam b, then ¢, and finally the seam d 15

FIG. 13

riveted up, provided the head, as shown i the illustration, is
placed in the boiler with the flange turned out, Should. how-
ever, the flange be turned inzide the boiler the last girth seam
must be riveted by hand. since the right-hand arm of the
riveting machine, which holds the stationary die, cannot reach
the inside of the boiler, If the last girth seam is riveted by
hand, rivets with countersunk heads are frequently used, since
experience has shown that these press the, plates together
more tightly, and so compensate in some degree for the disad-
vantage of hand riveting as compared with machine riveting
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The American navy prescribes the application of countersunk
rivets in all hand riveting. Moreover, countersunk rivets are
frequently found in the combustion chambers and in places
on the front ends of boilers where the smoke flues are con-
nected,

The riveting machine iz installed in a walled pit, partly in
order to diminich the height of the shop and partly in order
to bring the head of the machine in such a place that the
riveting can be carried on at a convenient height relative to
the floor of the shop. Fig. 13 shows the head of a riveting

FiG, 17.

machine built by Haniel & Lueg, The plunger A4 is fitted on
the right-hand end with a plate-closing device; that is, a ring
which lies around the rivet hole and by means of which the
plates can be pressed together. The plunger A is placed
inside a second plunger B, which is fitted on the right-hand
end with the movable rivet die which forms the heads of the
rivets. The [eft-hand end of the head, as shown, carries the
valves C and 0, which control the flow of water under pres-
sure to the plungers 4 and B. The hydraulic pressure is
obtained by means of a pump and an accumulator, which
serves also as storage place for the water under pressure,
Fig. 14 shows an accumulator with a fixed cylinder. in which
the piston, loaded with weights, i raised by means of the
water which is pumped into the accumulator, When the
piston reaches the highest point of its stroke the pump auto-
matically stops, The loading of the piston for various pres-
sures can be changed by taking off or by putting on weights.

There are also accumulators in which the piston is fixed and
the cylinder moves up and down. In these the great weight
of the cylinder itself can be used to advantage in controlling
the pressure.

For this type of accumulator it is difficult to arrange a satis-
factory packing for the lower stuffing-box. Cecasionally a
carbonic acid accumulator is found. The uswal working
pressure with hydrawlic riveting apparatus 15 about 1,500
pounds per square inch. COne advantage of the accumulator

|
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lies in the fact that near the end of each periad when water
is being withdrawn from the accumulator, and also after the
pressure has been applied to form each rivet head, the pres-
sure of the water, due to the force of the sudden fall of the
heavy parts of the accumulator, is considerably increased.
Chrdinarily the operation of the riveting machine is as fol-
lows: After a hot rivet has been placed in the plates which
are to be riveted, the boiler is swung around so that the head
of the rivet lies in the right-hand die, as shown dotted in
Fig. 13. By opening the valve C the water is allowed to flow
from the accumulator into the space behind the plunger A,
so that this plunger, together with the plate-closing device,
which is fastened to it, is driven towards the right pressing
the plates against the stationary die. Then the valve D is
opened, allowing the water to enter the space hetween the
plunger B. Since the plunger B surrounds the plunger A,
which is already under pressure of the water, it, together with
the movable rivet die, which is fastened to it, will be driven

F1a. 18,

towards the right, under a pressure varving according to the
ilifference in the area of the circular surfacez 4 and B. Thus,
while the plates are forced together by the plunger .4, the
head of the rivet iz formed by plunger B, If it is desired to
use a greater pressure in forming the rivet, close the valve €
This will cause the hydraulic pressure to act on the whole
arca of plunger B, and therefore cause a still greater pressure
on the rivet. For thin plates and small rivets it is not neces-
sary to use the plate-closing device. In this case the plate-
closing device 15 removed from plunger 4 and a rivet die
substituted.  The riveting is then done whally with the small
plunger # without the use of the plunger B.

In general, even for heavy work, it will not be necessary to
use the plate-closing device on each rivet. In fact, this would
be impossible where there are many rows of rivets, since
there would not be room enough for the plate-closing device
between the heads of the adjacent rivets. If the plate-closing
device is used on every fourth or fifth rivet, the rivets lying
between these can be driven without its yse,

An automatic return stroke is provided for both plungers,
so that the small piston E is placed under pressure while the
valves C and I are closed. This canses the plungers 4 and
B to move towards the left. In order not to waste the
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hydraulic pressure, the length of the stroke of the plungers
is regulated according to the length of the rivets. The
movable rivet die“and the plate-closing device are placed
eccentrically relative to the adjacent plunger, so that corner
rivels or rivets in irregular places can be driven. For riveting
the furnaces to the front head a portable hydraulic riveting
machine is frequently used, which is built on the same prin-
ciple as the stationary riveter, but which, naturally, is much
simpler.

Calking the riveted seams can be done either in the English
or German way. In the English wayv, as shown in Fig. 15, a
recess is first calked in the edge of the plate with a round
nose tool, seldom with a square tool, so that the upper plate is
forced down tightly on the lower plate. Then with a lighter
too] the surface marked g is calked. The German method of
calking is as follows:

First, as shown in Fig. 16, the edge of the plate iz calked in
a fluted manner obliguely, first in one direction and then in the
other, aver its whole thickness. Then with a thick tool, which
has: a width of about two-thirds the width of the plate, the
lower edge of the plate is calked, and finally with a second and
third tool, which has a width of only one-half the former, or
about onme-gquarter the width of the plate, the lower edge of
the plate 1s tightly calked, Pneumatic tools can be used to ad-
vantage for calking. All seams, as well as the rivet heads,
are calked both inside and outside.

For screwing in the stay-bolte and braces, a chuclk, similar
to the one shown in Fig. 17, is used, otherwise each stay-balt
must have a square head, which must be cut off after the halt
i5 screwed into place.

The screwing in of the stayitubes is accomplished by means
of a square taper pin, se¢ Fig. 18, which does no damage to
the tube. The plain and stay-tubes are expanded iito both
tube sheets, a roller expander, also called a mandrel, see Fig.
10, being vsed for this purpose. This consists of a taperead
pin around which three small rollers are placed in a frame.
Theze expanders will only enter the tube the proper distaneo,
and the pin is provided with a square head and thread, so that
when it is turned it forces the rolls against the tube and ex-
pands the walls of the tube against the tube sheet.

Repairs to Marine Boilers.

REFAIRS DUE TO DAMAGE.

The furpaces and combustion chambers of boilers suffer
generally throngh overheating, caused principally through the
presence of scale, the lavish use of oil, or shortnese of water.
The crown or upper part of the furnace comes down and in
some cages has been found resting on the fire-bars, With
corrugated furnaces, in such cases, the corrugations have dis-
appeared. Where the furnace is down, and the difference be-
tween the horizontal and wvertical diameters of the furnace 1s,
say, 3 inches or over, the furnace should be renewed. In plain
furnaces, it is sometimes posgible to cut them below the line of
fire<bars and renew the crowns only, but with the high pres-
sures now used it iz safer to remew them. With furnaces
down less than 3 inches, the usual practice is to jack them up,
when the furnaces are cold, malds suited to the particular type
of furnace being interposed at the jack ends. Great care,
however, iz necessary subsequently, as such furnacez have a
tendency to again come down. Cracks or slight fractures in
furnaces and combustion chambers, in the part exposed to the
fire, when not extending more than 2 or 3 inches, are fitted
with small iron-screwed pins interlacing with one ancther.
In combustion chambers, the damage usually shows in buckling
between the stays, and when this iz excessive, the plates re-

* Abstract of paper presented before the British Institute of Marine
Engineers, Febrozry, 1908, by M. Robert Elliott, B. Se.

'!.]115TL‘ to he renewed, often difficult to do on account of the
size and position of the plates; in a single-ended boiler it
might mean removing one of the back end plates to effect
repairs.  Otherwise, in both single or double-ended boilers, the
plates are renewed in sizes that can be passed through the
furnaces. In less severe buckling, additional stays may be
fitted between the other stays, special washers being made to
suit the buckled part and the face of the nuts, when nuts are
fitted., If the buckling extends over a large area of the plate
it is better to renew it, or renew its worst part, in the manner
previously referred to.

Tuhe plates are not often found very much damaged; but
if it is necessary to renew one, the top front end plate would
require to be removed. Where tube plates are seriously
damaged it is generally found that the combustion chambers,
furnaces, tubes, and, in some cases, the front and back end
plates are also injured, and in such a case the boiler is prob-
ably ready for the scrap heap.

The boiler non-conducting covering, when injured by water,
can be easily renewed, either wholly or partly, so also the
lagging plates and bands,

REPAIRE DUE TO WEAR AND TEAR.

The boiler, as the source of power, is like the heart in the
human machine, and reguires the greatest attention. Where
feed heaters, feed flters, evaporators, hydrokineters or other
means of circulation, and natural drafe, are ftted, one would
think that few, if any, repairs are required to the boiler. An
important factor, however, is the care taken m using it; be-
sides, all veszels are not fitted with these auxiliaries, and cor-
rosion and other defects in the boiller are consequently found.

The introduction of sea-water into the bailer, whether by
means of leaking condenser tubes, or by using the auxiliary
feed—when no evaporator is fitted—tends to the formation of
scale on the different surfaces of the interior of the hailer.
When scale forms on the furnaces, tubes, tube plates and com-
hustion chambers, it interferes with the efficiency of the boiler,
and, if allowed to become of sufficient thickness on the fur-
nace crowns and other parts exposed to the direct heat of the
fuel, leads to damage. Where 1t is necessary to use sea-water
as feed, the water in the boiler should not be allowed to be-
come too dense, and the boiler ought to be opened on every
possible occasion and the scale removed. Special scaling tools
are used for this purpose, except in the case of the tubes, which
are difficult to scale.

To remove scale from the tubes when the deéposit has grown
to a considerable thickness, the following plan haz been tried
with success. Tron bars about 2% inches diameter and from 2
to 2% feet in length, having an eye at one end, to engage with
a hook on a rod with a handle at the other end, made of suffi-
cient length to place the bars in position in the tubes and to
withdraw them as required, are heated to redness in, say, the
donk:y boiler furnace. Two of the heated bars are inserted
in each tube that is to be scaled. A very short time suffices to
heat the tube, which, on expanding, canses the scale to crack
off. The bars are then withdrawn, and, if hot encugh, in-
serted in another tube, The back eénds of the tubes require to
he examined when the boiler iz again flled with water, as
probably several of them may require re-expanding.

Pitting also takes place in some hoilers, principally on the
furnaces along the line of fire-bars and alse on various parts
of the combustion chamhbers, Several methods are used to
prevent or stop this action—such as zinc plates, or electrogens,
while soda, zinkara and other boiler fluids are also advocated
for the same purpose. The zinc plates are more generally
used, and, when judiciously and effectively fitted, give good
results, If the pitting becomes deep along the sides of the
furiace, and is not eontinuous, the pit holes can be drilled
and rivets fitted.
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Often the water-space stays are found wasted at the necks
and the portion of the combustion chamber around the necks
grooved out and wasted, In such cases the stavs require to
be renewed, and it has been found that a nut, Atted close on
the water side of the combustion chamber, as well as one on
the fire side, has no evil effects to speak of, while it compen-
sates for the reduction in strength of the combustion chamber
plate around the neck of the stay. The bottom of the com-
bustion chamber and the lower part of the back of the cham-
ber waste more rapidly than the other parts of the chamber,
and when these require renewal, the size of the furnace rules
the dimensions of a plate it will let through, as the part to be
renewed may have to be dealt with in two pieces.

When small patches to the combustion chamber require to
be fitted, it is necessary to cut out the defective portion and
advisable to fit the patch on the fire side. so that, 1§ the holes
m the patch split thromgh to the edge by the action of the
heat, such can be removed and a new patch of similar di-
mensions fitted. If the patch be fitted on the water side and
the holes in the plate split throngh to the edge, it would be
necessary to oot out a larger proportion of the plate and in-
crease the size of the patch.

In fitting a patch in such a place as the bottom of the com-
bustion chamher, adjoining the end of the furnace tube, the
end of the furnace tube should be thinned down in way of
the patch, and the patch ftted over the end, the rivets re-
moved in the end of the furnace being renewed to cover and
secure the patch. This insurez that the patch can be calked
all around its edges, which would not be the case if the patch
was butted up against the end of the furnace tube. The patch
may he joggled over a seam, in a repair such as this, but it is
not 5o satisfactory for fitting, riveting, or catking.

To save the mouths of the furnaces from the wear of the
firing tools, and in corrugated furnaces to easilvy withdraw the
ashes, loose thin plates are usually fitted in the bottom of the
furnaces.

If the lower part of the mouth of the furnace 15 wasted, and
the front end plate is flanged outwards to take the furnace, a
shoe-piece in the form of a U may be fitted over the wasted
part. A similar patch could be fitted at the bottom of the
front circumferential seam, where the front end plate is
flanged outwards to take the bottom shell plate if it be found
wasted

The rivets and seams, at the lower part of the circumifer-
ential seams of the shell plates, are often found leaking (gen-
erally caused by the sharp difference in temperature in raising
steam too quickly)., When leaking slightly, the rivets and
seams may be re-calked and the seams inside cavered with
either Portland or a patent cement. If the rivets and seams
are seriously leaking and the shell plates wasted, the rivets
should be renewed, and a thin covering plate fitted over the
rivet heads and wasted plates, and hedded in red-lead putty
or other jointing material.

To prevent the front end plate becoming wasted by the
water uzed for cooling the ashes, a thin covering plate, or
other means of protecting it, should be ftted. The nuts of
staye in the combustion chamber, where the fame strikes
them, are often found burnt or split in their weld; and in this
caze the nuts may be removed, the end of the stay re-screwed
with a die, and the nuts renewed to swit. When the end of
the stay is too small to have an cfhcient nut fitted, the stay
requires to be renewed, generally of larger diameter.

Boiler chocks, when fitted at the fore and after ends of a
boiler to prevent its movement, are often found wasted, awing
to the water nsed for the ashes. It is better to fit a cast-iron
chock at the bottom of the hailer, with angle-iron stoppers on
hoth sides in a fore and aft line riveted to the shell plates.

Special attention should be given to the proper fit of man-

hole doors, and the doors renewed, either wholly or partly, if
found defective,

The mtroduction of oil into a boiler i3 a more serions matter
than that of sea-water, and as little oil as possible should be
used for eylinders or piston rods, a feed filter being fitted if
necessary, The oil when deposited on the furnace crowns or
other parts subjected to the direct action of the heat, causes
serious damage. On account of the amount of oil generally
used during the trial trip or trips of a steamer, it 15 advisable
to have the boilers emptied and thoroughly cleared of any ail
deposzits and refilled with fresh, clean water before proceeding
to sea, and the condenser boiled out with caustic soda—the
latter is important, as it takes some time bhefore the most of
the oil finds its way into the hoiler or boilers.

The introduction of air into a boiler through the feed-
pump canses corrasion, and in order to minimize this evil, slow
acting automatic feed-pumps are usually ftted, and during
recent years the conditions under which boilers are worked
with the various appliances which have been introduced, and
improvements made and the use of fresh water carried in a
section of the ballast tank have, to a very large extent, elimi-
nated the cauvses which shortened the life of the boiler,

How to Apply a Patch on a High-Pressure

Boiler for Good Results.
BY §, W, SMITH.

There have been several articles written on this subject
from time to time, but the subject has not been made clear
enough for an appremtice to grasp the idea as he should.
There are seven operations to be performed in applyving a
patch :

1. Find out how much of the ald sheet is to be cut to get a
good bearing for the patch.

2. Mark off the patch 314 inches larger in both length and
width than the piece which is to be cut away. On the pateh,
15/16 inch from the edge, mark a line for the rivet, or patch-
bolt-holes.  These holes thould be spaced not nearer than
174 inches or over z inche: from center to center of holes
For patch holts, drill the holes in the patch 21/32 inch, then
put the patch in position on the boiler and mark off four holes,
one in each corner of the patch. Drill these holes in the
boiler, tap them out with a 34-inch tap and screw the bolts in;
this serves to hold the patch in place while drilling the balance
af the holes, and insures good, fair holes,

3. Take the patch off and ream all the patch-bolt hales in
the patch out to 25/32 inch, and countersink them to suit the
bolt heads. The bolts should be nicked low encugh on the
head to give them the appearance of a countersunk rivet after
being warked up,

4. Remove all burrs from the patch and put it in place.
Screw in all the patch bolts tightly, and with a hand flatter
work carefully around all the bolts, after which tighten up on
the holts again.

5. Starting at the top of the patch with a fuller, wark up
the first bolt carefully and tighten up on it, alzo do the same
e the ones on each side of it. This serves to keep the patch
up to the sheet in good shape and makes a tight job. Work
the rest of the bolts in the =ame manner,

6, Starting at the top, again tighten up on the holts until
the heads are twisted off, and then with a round-nose toal
cut the edge of the bolts well into the edge of the countersink
in the patch. This iz done in order to keep the fire from
pulling the heads of the bolts away from the sheet more than
for anything else,

7. Chip and calk the patch, and you have a first-class job.
The thickness of the patch should, of course, be proportioned
to the thickness of the material in the boiler.
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FLOATIRG CRANE AT HOATON

KAVY YARD,

Installing the Boilers of the U. S. 5. Yankee.

The United States ship Fankee, which is now being com-
pleted at the Boston navy yard, was launched previous to the
installation of the boilers in the ship. Hitherto there has been
no means at this yard of transferring such heavy weights as
boilers, ete, from the dock to a ship which is already afloat.
COn April 1, 1008, however, the floating derrick of 75 tons
capacity, which has been in use in the navy yard at New
York for a number of years, was transferred to the Boston
yard for the purpose of installing the three double-ended
Scatch botlers on board the Fankee, A description of these
boilers was published in the March, 1gof, issue of T BoiLer
Marer. They are each 13 feet 10 inches mean diameter hy
20 feet 134 inches long outside the heads, Each boiler has
six corrugated furnaces with separate combustion chambers
and zog 3-inch tubes. The total heating surface in each boiler
is 3,527 square feet, and the grate area is 138 square feet,
making the ratio of heating surface to grate area 2355 to I
The total weight of each boiler stripped for installation was
130,575 pounds; this included the internal piping and fittings
but no furnace fittings or other parts.

The derrick was brought alengside the sea wall when the
boilers were in readiness for installation. The method of
making the transfer was as follows: The boiler was lifted
from the sea wall by the derrick, which was then floated to
the side of the veszel and made fast. The carriage on the
arm of the derrick was then racked out to bring the haoiler
over the center of the boiler hatch, and the boiler lowered
into place. The total time consumed in installing each boiler
from the time of lifting from the dock to lowering in the
ship was two and one-half hours.

This derrick fillz a long-felt want at the Boston navy yard,
and has already demonstrated its value, and the good judg-
ment of the Navy Department in assigning it permanently to
this station. Jorw E. TrUCKSES

Locomotive Construction in 1907,

According to the figures given in The Kaflroad Gazelte there
are twelve logomotive builders in the United States and
Canada, and during the year 1907 these concerns built 7,362
locomatives, of which 6,504 were for domestic use and 7o8R for
export. This 15 an increase of 6 percent in the total output
over the preceding year. The export ootput increased to 11
percent for the domestic output, The
Canadian putput of locomotives was 264, or about 3.5 percent
of the total. These figures do not include locomotives built in
raiload shops or old locomotives which were rebuilt . or
repaired, There were 330 electric locomatives and z40 com-
pound locomotives built as against 237 and 202, respectively,
the preceding year. The following table shows the number of
locomotives built during the last fifteen years:

percent as against 5

Neo No.

Year. Built. Year, Built.
oo 2,011 L R R R e T
i L e 05 TOBE 4,070
L e £ 1 ). TO0T: e oyas S 5,152
G R T s e 2441
1BOF e s g 31 oy £ el e 5401
THOH. - fo o e R o R .. *6,052
1800, 2,475 1907, . ¥7.902
{1 B 2,153

* Includes Canadian output.

Estimating the average cost for a loecomotive at F16,000, the
total cost was $i17.702,0000 This is a slight increase in cost
over the preceding year, and the increase is due largely to
increased average weight of modern locomotives. The total
amount spent by railroads for new rolling stock shows an
increase of about 25 percent over that for the year 1gof.

4 Bad Case of Corrosion Due to Electrolysis.

It is not always easy to trace out the exact cause of cor-
rosion in a steam boiler. In the case cited below, however,
there is only one conclusion which can be drawn and that is,
that the corrosion was due to electrolysis. How destroctive
this corrasion was will readily he seen from the description of
the condition of the interior of the boiler. In July, 1003, the
United States collier Brutus arrived in Pago, Samoa,
after a trip of over 15,000 miles around the Horn with a
cargn of coal for a naval station on the Tsland of Tutuila,

- The vessel had considerable difficulty in making the vovage

and was long overdue when she arrived.

An examination of the boilers upon her arrival showed that
three of her corrugated furnaces had collapsed so badly that
one boiler had to be cut out and the pressure reduced on the
other. Mare than 200 tubes were split, not to mention other
mingr mishaps, The tubes, which were leaking, were per-
forated with numerous small holes, which had the appear-
ance of having been drilled with a very small drill and slightly
countersunk.  The shells and combustion chambers of the
boiler showed signs of excessive carrosion and pitting every-
where. The entire water space in each boiler was covered
with from 1§ inch to 2 inches of peculiar hrown zediment, and
it was found that the zinc slabs had entirely disappeared, al-
though the baskets and hangers were still in place

An examination of the brown sediment which was found in
the water space of the boiler showed the reason for such ex-
cessive corrosion. This sediment was nothing lesz than the
copper paint with which the double bottom compartments car-
rying fresh water for the boiler feed had been painted. In
some way this paint had been scaled off the tanks and carried
into the beiler with the feed water. The presence of =0 much
copper Eet up a wvery great electrolvtic action inside the

"boilers so that the zinc plates collapsed, after which the cor-

rosion naturally attacked the tubes and all exposed metal,
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Boiler Flues—Explosions.
Twao suhjects were very thoroughly discussed at the recent

convention of Master Boiler AMakers—"Boiler Flues” and

“Boiler Explosions.” The former is of importance, since the
maintenance of flues largely determines the mileage which
can be obtained from a locomotive between shoppings; while
the latter affects directly the safety of hundreds of lives and
thouzands of dollars’ worth of property,

The method of applving flues 15 nearly wniversal through-
out the country and it is considered that this work is done
a5 well as it possibly can be. The important thing about the
subject of boiler Hues iz, therefore, the determination of the
canse of leaky flues, and the hest methods of preventing leak-
age. The main cause for leaky Aues is the great variation in
temperature at the fire-box end, causing unequal expansion
and contraction of the Aues and the adjacent parts of the
boiler. This variation in temperature is caused by many dif-
ferent things: cold air striking the lower part of the flue
theet and passing through the lower flues when the fire door
iz opened ; difference in temperature between the feed water in
the lower part of the boiler and the steam in the upper part,
ete,, but perhaps the most harmiul condition and one which
Bad
water canses heavy deposits in the. boiler, which not only

might bhe partly overcome is the uvse of bad water.

tend to cause overheating of tubes and plates, but mean fre-
quent washing out of the boiler, an operation which, even
under the best of conditions, 15 one of the greatest sources of
flue trouhle. The remedy for this cause is ohviously the

treatment of feed water, and better and more intelligent

methods of handling the engine on the clinker pit and in the
roundhonze,

The number of different wavs of working flues at the
roundhouse, which were described as being successful, bring
out the fact that no hard-and-fast rule can be laid down for
The use of the
Prosser expander seems to he nearly universal, although one

this work for all roads under all conditions.

claim was put forward for the roller expander on the ground
that time could be saved by s use. The amount to be allowed
for a bead on a tube should depend wpon the thickness or
gage of the tube, varying from 4 inch for a 10-gape tube, to
3/16 inch, strong, for a ‘12-gage tube. The comparative
merits of narrow and wide coppers seem to be debatable, but
the practice of swedging the ¢nd of the flue from 2 inches
down to 17 inches scems to be wholly desirable, since it
gives increased circulation, tends to stop flue leakage, and
partly prevents the stopping up of flues,

As regards boiler explosions, facts seem to indicate that
most of them are due to neglect, principally on the part of
the man operating the boiler, The importance of thorough
and careful mspection cannot be too strongly emphasized, es-
pecially i parts of a boiler which are not readily accessible,
and which might be passed over by a careless inspector.  Of
the greater number of explosions or partial failires, the im-
The old belief that
it 15 dangerous to inject cold water into a boiler when the

mediate canse 15 very apt to be low water,

crown sheet has become overheated zeems to be pretty well
discredited, and the efect of cold water is now thought to
merely lower the temperature of the boiler and not to cause a
rapid evaporation of steam or any great damage to the plates.
The best method of preventing accidents, due to low water,
is to keep the gage cocks and water glass in perfect order, so
that there will be no guesswork as to where the water stands
in the boiler at all times. One of the greatest sources of
failure in a boiler—the breakage of stay-bolts—has been par-
tially overcome by a gencral use of flexible bolts, although
some claim that stay-bolts are eaten off by corrosion, rather
The hammer test for find-
ing fractured bolts which are not broken clear through was

than broken by excessive strains,

shown to be unreliable,

An Acknowledgment.

We desire to express our appreciation of the action taken
Ly the International Master Boiler Makers' Association in
adopting the following resolution ;

“Substantial evidence of the esteem in which our associa-
tion and its work 15 held 15 afforded in the recopnition ac-
corded by the technical press. We tender them special thanks
We believe it 15
no more than just to particularly refer to THe BoiLer MAKER
and its representatives, as they have donme so muoch to assist

for the liberal space and attention given us.

in promoting the welfare of the organization.”

Individually we have always found the members of this
association among our most loyal supporters, therefore this
mdorsement of our work coming straight from the associa-
tion itself is doubly gratifying,
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Convention Notice,

As already announced, the twentieth annual convention of
the American Boiler Manufacturers’ Association of the
United States and Canada, will be held July 14, 15 and 16,
1008, at Atlantic City, N. J., with headquarters at the Marl-
borough-Blenheim Hotel At this convention many matters
of importance are to come up for discussion, ameng them
being the gquestion of State laws governing the construction
and quality of material used in boilers. Col. E. D. Meier has
called attention to the fact that the laws recently adopted by
the State of Massachusetts governing boiler construction and
inspection, contain specifications for steel which permit a
poorer quality of material than is allowed by the specifications
of the American Boiler Manufacturers’ Association. As these
laws may become general in New England, it is certainly a
matter of importance to the manofacturers to prevent any-
thing of this sort from happening, as thev have fought too
long and worked too hard for better materials, better con-
struction and better conditions to permit anyvthing that is now
inferior to creep in and take its place. It is earnestly hoped
that there will be a large attendance at the convention, since
many who have been kept away the last few vearz on account
of an excessive amount of business should, under the present
conditions prevailing throughout the country, find sufficient
time fo attend.

TECHNICAL PUBLICATION.

Autogenous Welding of Metals. By L. L. Bernier, M. I
Size, 4% by 64 inches. Pages, 45; illustrations, 32. THE
Borer Mager, New York, 1go8. - Price, $1.00.

This work gives a detailed description of the various means
emploved for obtaining high temperatures for the welding of
metals, The most common forms of apparatus are thoroughly
described, and an account is given of how thiz process has
heen applicd commercially. The book is divided into three
chapters. The first chapter gives a detailed comparison both
as to cost, suitability for varions kinds of work and ease of
handling of the various types of blow-pipe burners in wse,
The three important burners described are the oxyhydric
burner, using oxygen and hvdrogen; the oxyacetvlene burner,
using oxygen and acetylene, and the oxygas burner, using
oxygen and illuminating gas. Comparisen is made in the
case of portable welding apparatus between blow-pipes using
dissolved acetylene and oxygen and hydrogen. and, in the case
of stationary welding apparatus, between oxyacetylene blow-
pipes, using acetvlene supplied by a generator and the oxygas
blow-pipe. In both cases the subject is thoroughly discussed
from the point of view of the comparative cost prices of the
two systems and from the point of view of easiness in
handling and application. Charts are given on which curves
have heen plotted showing the total cost per umit diztance to
weld various thicknesses of metal by each of these svatems.
The curves show the total cost, including gas and workman-
ship, and also the cost in gas alone,

In the second chapter a detailed description is given of
different tvpes of oxyacetvlene welding plants. These plants
are divided into two classes, those which use both the oxygen
and acetvlene under pressure and those in which one of the
gases is obtained under only a very slight pressure, the other
gas being under sufficient pressure to draw out the hrst and
insure a proper velocity to the mixture at the mouth of the
blow-pipe. Different types of blow-pipes are described as
well as the repulating valves, safety valves, ete,

The remaining part of the book is taken up with a descrip-
tion of the method of using an oxyacetylene blow-pipe in
welding different shapes. such as plates, bars, ete. Numerous

line drawings are given. showing the exact manner in which
such pieces should be prepared and ftted together to obtain
the best results. A comparizon s made between the cost of
constrscting a steam boiler with riveted joints and joints
welded by means of the oxyacetylene apparatus. Since the
greatest nsefulness of this apparatus has so far consisted in
its application to répair work numerons examples are given of
varions repair jobe on which it has been used to advantage.

COMMURNICATIONS.

An Old Time Punch.

Evitor THE Bomer Maker:

In the May issue of THe Borter Maker an article was pub-
lished, describing some early boiler makers” machine tools,
The article put me in mind of an old-fashioned punch that I
gsaw in use as Jate as 188 It was similar in shape to the
alligator shear, the lever heing operated by a connecting rod
attached to a crank on the shafting. The lever was waized
and lowered with every turn of the shaft, but there was so
miuch logt motion between the knuckle joint and the plunger
that the punch would do no work unless a wedge-shaped
piece of iron, with a handle at one end, was shoved into the
joint to take up the lost motion. Thus, although the punch
wag trunning continuously, a working stroke was made only
when the iron wedge was inserted in the joint.

The manner of doing the work in this shop at that time,
accorded well with the styvle of the punch. Some small, hori-
zomtal tubular boilers were under construction ; the shells were
rolled up without any rivet holes for the front head; the
back heatd was put in and the rivet holes in the flange were
marked with white lead. The fange was then punched on
the old-fashioned punch, after which the tube holes were
drilled; the hack head was then placed on top of the front
head, the tube holes of which were drilled, hoth flanges being
down; the tube holes were sighted to bring them in line;
alsa the rivet holes, or rather the place for the rivet holes in
the front head, were sighted from the holes in the back head;
the holes were then marked with a white-lead stick (not
paged ), and afterwards punched. The back head was then
placed in the shell and the tube holes were leveled up; the
fromt head was also put in and the tube holes leveled. The
distance between the tobe sheets was then gaged by placing a
few tubes through the head. The holes for the flange were
then marked on the shell by a white-lead stick and afterwards
punched on the old-fashioned punch. The work was done
quickly and fairly well. “QLo-TimE Borer Maxer.”

Emror's NoTE—The type of old-fashioned punch described
by “O1d-Time Boiler Maket” is in vse to-day in some of the
most modern hoiler shops in the Middle West. These ma-
chines apparently give good satisfaction, and, for work
within their capacity, the men who operate them say they give
cxcellent results.

Round-House Flue Worlk.

Emror TeHE Bomer Makem:

Locomotives have heen built of such enormons sizes in the
last few years, especially as regards the length of the shell,
or harrel, as it is semetimes called, that it is necessary to use
tubes varying in length from 16 to 20 feet. As these long tubes
are not of any heavier gage or thickness than the tubes used in
the past, [ believe this is a point which has a good deal to do
with the leaking of flues. Engines come from the shops and are
not in service over three weeks, and sometimes not as long as
that, before they commence to give trouble with leaky flues.
This happens just as frequently in the shops which are hest
cquipped with all the latest pneumatic tools and plenty of air
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pressure, and, above all, with as good a set of boiler makers
as there are anywhere in the country in a railroad shop.

From my experience, I know the round-house botler maker
is ready at any moment to call the back-shop man anything
but a Sunday-school name, and zay he did not know how to
put in a set of flues, or did not care whether he put them
in right or not. {As the poor fellow in the round-house
would have to worry with them for the next eight or ten
maonths, this 15 exactly what the shop man thinks to himself.}

I have had as many as ten engines dead in the house waiting
for me on my arrival on a Sunday morning; of course this
includes two local and two work-train engines; these four to
have the stav-bolts examined and the zoft plugs rencwed. The
stav-bolts were examined under an air pressure of from 6o
to go pounds per square inch, and the hose was coupled and
uncoupled by myself, az the master mechanic did not think
there was work encugh to let us have a helper on Sundays or
on & holiday. This being the case, most men will pitch in
and get through with the job as quickly as possible, saying to
themselves, “T'1l fix her up better the next time she comes
in leaking,” which will be on her next trip,

The foreman came to me one day and made me acquainted
with an engineer. His engine was continually giving consider-
able trouble with leaky flues. He told me if I fixed her up so he
could make four round trips without having to knock out the
fire he would present me with a box of good cigars. He
said he was tired of making out the same report every trip,
and especially at each end of the division. I went into the
fire-box and gave the flues a good examination. They were
z-inch flues swedged to 174 inches on the fire-hox end. but had
been rolled =0 much that a 2'4-inch rolling tool would not
tighten them in the flue sheet, The beads on about 200 out of
the set of 378 were in a very bad condition, and several of
them were completely gone, and the Aues had started pulling
in the holes, some of them having gone Y4 inch beyvond the
edge of the sheet,

I got some new 2-inch tubing and had fiftr or sixty thimbles
cut 134 inches long; cleaned the dirt out of the ends of the
tubes, and put the thimbles in the ends, leaving enough for a
bead (3716 inch) projecting out beyond the sheet. Then I
rolled them good and calked the thimble, making a new bead
that could not be told from the original bead. With an air
hammer [ calked all the old beads down to the sheet solid,
and made a very good job, The engine made five round trips
before it leaked again, but even then it did not leak badly
enough to have to give up its train on the road, as had been
the custom before this operation.

I have heard both old and voung boiler makers talk on the
merits of the prosser tool, but I would debar its use on old
work if T were in authority. My opinion iz that the prosser
tool does more harm than good on old flues, for the simple
reason that the flue being rolled in both sheets is held rigid,
and when the pin 12 driven in the tool the metal will give too
much at the end of the flue in the fire-box. where the maost
strength is required. I have seen flues cut so hadly by the
prosser expander that they would leak and have to be taken
ont of the boiler, while the boiler maker who used the tool
said that he did not understand why it was he could not keep
the flues tight, since he had had good results using this toal
on new work.

Errata.

Through a regrettable error credit was not given to the
Lacomotive Firemen and Engincemen’s Muogaszsine for the
article “Locomotive Boilers,” by W. L. French, published on
page 148 of our May issue.

In the description of a large punch, manufactured by Wil-
liams, White & Company, Maline, I1L, on page 162 of our May

issue, the weight of the machine is given as 6,300 pounds.
Thiz figure zhould have been 63,000 pounds,

PERSONAL.

H. H. Torrg, topether with Messrs, Frank Wilberg & W. E.
Nicholson, has incorporated the Tofte Boiler & Sheet Iron
Works, Houston, Tex

T. A. Jamesow, formerly foreman boiler maker of the
Southern Railway shops at Knoxville, Tenn., has resigned and
accepted a position as boiler inspector with the Travelers
Indemnity Company. of Hartford, Conn.  His address is now
care of J. E. Lutz, Knoxville, Tenn.

J. J. McGrara, 1500 North Broadway, 5t. Louis, Mo, for-
merly of Pittsburg, Pa.. has recently started in the boiler and
sheet iron business, taking up a general line of boiler, sheet
metal and erecting work,

A, Awperson, formerly of Mexico City, has taken the posi-
tion of foreman boiler maker at the shops of the Mexican
Mational Railway at San Luis Potosi, Mexico.

I. F. Mureay, who for many years has been mechanical
engineer, and lately superintendent of the Cooke works of
the American Locomotive Company, has severed his connec-
tion with that concern. and will open an office in room 1824
in the Hudson Terminal buildings, 3o Church street, New
York, as consulting engineer.

F. B. Swocomn, formerly one of the New York reprezenta-
tivezs of Joseph T. Everson & Son, Chicago, has recently
severed his connection with that concern, and is now allied
with the Continental Iron Works, West and Calyer streets,
Brooklyn, N, Y.

J. J. MappEx has recently been promoted to foreman boiler
maker of the Rock Island Company, at Fairburg, Neb.

H. M. Bagr, recently connected with the Davenport Loco-
motive Waorks, Davenport, Towa, 15 now foreman hoiler maker
with the Chicago, Burli