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Applying Radial Stays in Locomotive Boilers

Successful Method Adopted on the Chicago, Milwaukee & 5t.
Paul Railway for Applying Radial Stays in Radial Stayed Boilers

BY A. N.

For the past twenty-five years we have been using ra-
dial stays and our method of applying the stays on radial
stayed boilers has proved to be good practice. We use
a combination bolt. For small power the bolt is 114-
inch diameter at the top and 1 inch diameter at the lower
end. For our heavy power we have been using radial
stavholts 134 inches diameter at the top end and 154 inches
diameter at the bottom end. We use a sharp V thread,
twelve threads per inch, with a straight At in the crown
sheet. We believe the sharp V' thread is superior for
this class of work over the United States standard.

Lucas ¥

carriage just back of the jaw, which is adjustable. Before
cutting the thread on the smaller end of the stay, the dif-
ferent taps are placed in position in the head, with the
larger end resting in the gage back of the jaw. When the
thread is being cut on the smaller end of the radial stay,
the larger end is placed in the gage just back of the jaw,
which gives us a perfectly cut stay with the threads at all
times in pitch with the tap. This makes it possible for us
to apply our radial stays rapidly. In fact, the radial stay
is applied in practically the same wayv as an ordinary stay-
bolt, as we are practically sure that the bolt will enter the

Dig, at reot

«507 Taes Mured i threaded == = pepieiig

parrs and recmer Mos] A B]'r. A R T ER :
SeBly ports anly Tt
r v IS el st 1SR E E5EE 45_;5& 237 |.-E,.:|| od
DETAIL OF THREAD 22" |5" [a3 )" [aF 4" |2vif|ad [} e}
z(2° {57 |ed" 1" [5" |ed" [35k |74 [13d"|1zd
alz” [s" [ef [1\* [5" |7 |43i)14" N1k 158

Tal AALIY mdrdA

Fig. 1.—Radial Staybalt Taps

Chur holes are tapped from the outside with a combina-
tion tap according to the size of bolts being appplied,
The tapping is done very rapidly with an ordinary air
drill, running the tap down through both sheets and then
backing same out with the air drill.

In applving radial stays due to the variation in length,
it is necessary to use taps of different lengths, and, with
our method, we use four taps, designated as No. 1, No. 2,
No. 3 and No. 4, as shown in Fig. 1. With No. 1 tap
we apply the shorter radial stays from 8 inches up. With
No. 2 tap we catch the next row or two, and with No. 3
tap the next longer length and with No. 4 tap we tap the
longest radial stays.

CUTTING THE THREADS

All our radial stays are threaded on a double head
“Aeme” bolt cutter, On one head we cut the thread on
the large end of the radial stays, and on the other head we
cut the thread on the small end of the radial stays. Bu,
in order to have the threads on both ends in pitch with
the tap, we have a small adjustment or gage placed on the

* General Foreman, Boiler Work, Milwaukee Shops, Chicage, Milwau-
cee & 5t. Paul Railway.

crown sheet without stripping, an important eonsideration.

Dctails of the gage for threading radial staybolts and
keeping same in pitch with a tap are shown in Fig. 3.
This can be applied on any bolt-cutting machine with very
little expense.

APPLYING THE BovLts

The eight center rows in the crown sheet extend down
through the crown sheet long cnough to receive thin
copper gaskets and a 3t-inch steel nut. The radial stays
outside of the eight center rows are riveted over the
same as ordinary staybolts. We believe in this methaod
because we get the best results with it. The nut and
gasket used is shown in Fig. =,

We have several engines built as follows:

Class B-1. Engines built in 18g6.

Class B-2. Engines built in 1897 and 18g&

Class B-3, Engines built in 189 and 1goo.
Class B-4. Engines built in 1899 and 1goi.
Class A-1. Engines built in 186 and 1808,
Class A-z. Engines built in 9ol and 1goz,

Many of these engines have the original crown sheets
and radial stays and are still in service and in good con-
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Fig. 2—MNut and Copper Gasket

dition. We seldom have any trouble with our radial stays,
except in cases of low water when the bolt is bound to
loosen up in the sheet whether it be a straight fit, a taper
fit or otherwise. What vou want is a good fit in the erown
sheet when the bolt is applied.

Hormiwg Power oF THE Bovts
With our method we have holding power due to the
thread in the sheet as well as the holding power of the
nut placed on the bolt outside of the sheet. Where the
bolts leak slightly, we ecan apply new gaskets and renew
these nuts very readily and still have considerable hold-
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ing power. We have an adjustable die nut whereby we
can recut the thread on the end of the radial stay and
then apply a new nut to it same.

Another good point about onur method is that when the
bolt leaks you cannot locate it without taking off the nut,
and then, if the bolts show that they are loose in the sheet
to any extent, we apply new bolts and a new nut and
gasket. Another good point is that we can always see
whether or not the thread on the radial staybolt has been
stripped when applied.

It will be noted from Fig. 2 that the copper gasket used
is shown to be slightly dished. This we do when punching
the gasket by having the corner of the die turned off,
a5 shown in Fig. 2. For a 1-inch bolt we only punch a
1-inch hole, and then when the copper gasket is placed
on the bolt and the nut is tightened up against the gas-
ket, the gasket is straightened out, making a fit right into
the thread of the bolt, which makes is impossible to get
the gasket off without cutting it. A gasket with a larger
hole would be of very little benefit in regards to making
a joint. Twenty-pound copper is used for the gasket.

The steel nuts we use are punched out of scrap boiler
plate 3¢-inch thick, and in putting these nuts on radial
stays, the round side of the nut goes up against the
crown sheet, as shown in Fig. 2. Due to the shape of the
nut, we apply the holt up against the crown sheet in a
very pood manner,

With the buttonhead, or the other method, the tapping
af the holes as well as the applying of the bolt is done
from the inside of the firehox, and vou are not always
sure aof a good fit on the crown sheet, and vou are unable
to determine whether the thread has been stripped or not.
Again, the buttonhead does not always go up against the
crown sheet as it should, due to the radius, and many
times the head is calked up against the sheet right from
the beginning, When these bolts become loose im the
sheet they may be guite loose, still they are calked up
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Fig. 3—Gage for Threading Radial Staybelis

many times, and due to this fact they do not have the
holding power and will not give the good results that we
are getting from the method described above.

Personal

T. McClymont has beer appointed foreman hboiler
maker of the Toronto, Hamilton & Buffale railroad at
Hamilton, Ont., vice F. Fell.

I. H. Stone has been appointed foreman boiler maker
of the Erie Railroad at Marion, Ohio,

Prof. A. M. Greene, Jr., Prof. Wm. Kent, Frederick
Sargent, F. H. Clark, Thes. E. Durban and H. G. Statt
have been appointed an advisory committee of the A, S,
M. E. Boiler Code committee to consider the questions of
factor of safety and age limit of boilers.



The Modern Tube for Locomotive

Service

Development of the Boiler Tube—Process of Manufacture
and Method of Testing—The Use of Steel for Safe Ending

EY P. J. CONRATH %

The modern hoiler tube, as manufactured to-day, is
made of a special grade of open hearth steel by either
the lapweld or seamless process. The material selected
for this purpose is kept up to the highest standard in
chemical and physical properties in order to produce a
strong and ductile tube which will successiully withstand
the rigid requirements of gervice, The methods of manu-
facture are improved, the tests severe, and the inspection
most careful, so that the finished tube will be adapted to
meet not only all the demands of locomotive service, but
also expanding, flanging and heading, and the exigencies
of repair requircments from time to time,

Let us consider the development of the locomotive tube.
In the building of the first locomotive, copper tubes were
probably used, but the necessity for a less expensive mate

wrowght iron, but was classed as steel, because it was
refined in the Bessemer converter, This steel 15 equally
strong in all directions and marked a considerable 1m-
provement over charcoal iron,

Then in 1887 the seamless process for making tubes
was introduced, and ten vears later its value was shown
by the fact that railroads were becoming rapidly inter-
csted in the development of its possibilities.  Scamless
tubes were made of soft basic open-hearth steel, Besse-
mer being unsuited to the process.  Subsequent tests also
proved open-hearth ' steel to be better adapted for lap-
welded tubes, as it was found to be much less liable to
become brittle while in service,

The improvements in the method of manufacture of
this steel gave such gratifying results as to finally lead

Fig. |.—5tandard Tests on Steel Boiler Tubes

rial soon led to the vse of welded charecal irom. This
tube was first made by the buttweld process of drawing
the heated plates or skelp, as it is known to the trade,
through a bell-shaped ring, which forced or butted the
edges together.

Buttweld charcoal iron tubes were used for some time,
but later, when the lapweld process of manufacture was
invented, this improvement was applied to tubes for boiler
service. The lapweld tube was, of course, better adapted
to stand the manipulation required in turning over and
beading and the increased steam pressure, and therefore
gave improved service.

Charcoal iron, however, from the nature of its manu-
facture, is produced in comparatively small quantities, be-
cause the manual labor involved does not permit the
handling of heats or lots larger than soo pounds, and as
a consequence does not produce the uniform product now
required for locomotive service. Charcoal iron is only
about half as strong as steel in the direction at right an-
gles to the center line of the tube, and this is unfortu-
nately just where strength is required.

When the Bessemer process of purifying pig iron was
applied to the tube industry in 1886, the resultant metal
was a mild, well-refined iron, purer than charcoal or

A Eape: read before the 3t Louis Raillway Club on October 9
t Tube Expert, National Tube Company, Pittshurg, Pa.

the largest manufacturers of tubular goods fo abandon
altogether the production of charcoal iron boiler tubes,
devoting their attention to the manufacture of the special
grade of steel which experience has proved to be the best
material for the purpose.

The market now affords practically three classes of
tubes for locomotive service: lapwelded charcoal iron,
seamless {cold-drawn and hot-rolled), and lapwelded steel
tubes, When the action of corrosion on the two metals,
iron and steel, is compared, and the durability and econ-
omy in service are investigated, the conclusion that steel
15 equal to charecal iron in this respect for tubes will be
found to he fully confirmed,

Those interested in looking into this matter should ex-
amine the reports on the steel boiler tubes which have
been submitted for several vears past to the annual con-
ventions of the Master DBDoiler Makers' Association
These reports all represent unbiased service tests and are
authentic and reliable,

Besides the greater strength. ductility and uniformity
obtained in making tubes of basic open-hearth steel, a
special process of treating the metal, which better enables
it to withstand corrosive action, has been successfully
developed. This special process, known as Spellerizing,
produces in the tube an exceptionally dense and uniform
surface, which has been proved in service particularly
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efficacious in resisting the effects of corrosion, especially
in the form of pitting. In the manufacture of “Speller-
ized” lapweld tubes, the bottom surfaces of the steel
blooms are alternately knobbled and smoothed down by
passing the hot bloom first through a series of rolls which
have a regular series of knobs cut on their working sur-
faces, and then through plain rolls which in turn smooth
down the roughened or knobbled surface, the operation
being repeated seve This produces alternately
a roll-knobbling or kneading and a smoothing down of
the surfaces of the plate, rendering the texlure more dense
and uniform, strengthening the resistance of the tube
against corrosion.

ral times,

SPELLERIZED Larwerp Tunes
It haz also been found of advantage to devise a special

test for “Spellerized” lapweld tubes intended for locomo-

Fig. Z—The Rolling and Beading Test (Mote that the material wears
away evenly when rolled to destruction befare the bead cracks)

tive service. This test is made on each of the two crop
ends cut from every boiler tube, and consists of a hori-
zontal Aattening, vertical crushing and Aanging test, made
on the cold tube in one operation, while held in a specially
designed hyvdraulic machine. This test insures that the
weld is as strong as other parts of the tube, and that the
physical properties are uniformly up to  the standard
requirements, This 15 an eliminating test and is given
in addition to the hydrostatic inspection and other tests
to which these boiler tubes are subjected in the course
of manufacture. It is an eliminating test because any
tibe is scrapped if, under the rigid conditions of the test,
a trace of weakness or any other defect is developed.

The manufacturer has heen hampered ever since the
first tube was made by a variety of specifications, It has
been our object to make the best tube possible for loco-
motive service. The American Railway Master Mechan-
ics' Association Specifications of 1913 were adopted as
the result of their committee’s lahors to reconcile the dif-
ferent specifications, and was a great step in advance.
The manufacturer can make a hetter tube under this
specification than under any of the older ones, and with
more assurance of uniformity in guality as soon as this
standard becomes universal,
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[t is rapidly becoming a well-known fact that soft basic
open-hearth steel tubes, either seamless or lapwelded,
withstand the severe treatment encountered in the process
of expanding into the flue sheet better than charcoal iron.
The steel, being more rigid than the iron, requires less
attention while in service. The life of the tube to-day is
governed by the number of times it can be worked without
destroying the life of the material. The steel, being more
dense and rigid, will stand more working and reduction
without any ill effects to the tube, either in splitting or
breaking off of beads, ete. Owing to its density, the steel
has greater holding power than the iron, thus considerably
reducing maintenance cost and giving increased mileage
between settings of tubes, as well as reducing engine fail-
ures due to leaky tubes to a minimum. The steel beads
are stronger than the chareoal iron, and are thus better

Fig. 3.—5pecial Test Applied to Spellerized Steel Locomative Boiler
Tubes, Combined Vertical Crushing, Horizontal Flattening
and Flange Tests on One Pieece

able to resist the stresses incident to modern service, and
eliminate the bulging of tube sheets.

SafFe Exps

The practice in a large number of shops is to use steel
almost exclusively for safe ending rather than to use iron
and steel alternately. There seems to he no difficulty in
welding steel safe ends on steel tubes under these condi-
tions. In safe-ending, it is best to bring the body tube
to a bright orange heat (1,750 degrees .} for expand-
ing to admit safe end, and .|1|o~.-.- it to cool to at least a
blue heat hefore reheating for welding. Precautions
should be taken not to overheat the metal near the weld,
which may occur if there is much difference in thickness
between the body tube and safe end,

The recent application of electric buttwelding to safe-
ending is worthy of consideration. The important advan-
tage is that the metal away from the weld is not so read-
ily overheated. The process appears easy to control, is
economical and should give a continuous, fine- -grained
structure throughout the weld. Some laboratory tests
recently made show electric buttwelds made at the Nor-
folk & Western Railroad shops to have 9o percent of the
strength of the material itself. This railroad has for
some time past been using this method of w elding on safe
ends and with very satisfactory results, attracting the
attention of the mechanical officials of a number of other
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railroads, who will in all probability soon adopt this
method,

Nearly go percent of the locomotives in America are
now equipped with steel safe ends, although some rail-
roads adhere to the use of charcoal iron body tubes carry-
ing steel safe ends. The reasen for this apparent incon-
sistency is not plain, for it 15 the safe end that must
endure the most severe serviee,

With respect to durability in the

flue sheet. there is

Fig. 4.—5helby Hot-Fimished Seamless Steel Boiler Tube, Afier
Being Crushed Together From the Ends

abundant evidence on record to show that the mileage
made with steel tubes iz considerably greater, under the
same service conditions, than with charcoal iron. In the
following tables are given some comparative figures on
the corrosion of iron and steel tubes, and the mileage
obtained in actual service of various railroads, which are
indicated by letter. One of the most remarkable exam-
ples of unbroken service, probably the greatest tube mile-
age made in America, is shown by the Lehigh Valley Rail
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road in fast passenger service. Engine No. 2470, pulling
an average 450-ton train, during 28 months completed in
Tune, 1913, ran a distance of 245,675 miles on one set of
lapweld “Spellerized” steel tubes.

After testing out, side by side in service, the two classes
of tubes, charcoal iron and steel, the leading railroads now
recopnize the value of the steel tube in service, the saving
in shop work, and the great economy in first cost and in-
creased mileage.

In this paper it 15 the desire to present the facts, both
theoretical and practical standpoint, pertaining
relative value of iron and steel boiler tubes as
gained from the experience of manufacturer and con-

from a

to the

sumer, all of which points to the one conclusion that steel
tubes will ultimately replace iron, just as this material has
displaced iron in other parts of boiler construction.

Hor-Eorrep Seamiess Tuses

Many of you undoubtedly are familiar with the manu-
facture of cold-drawn, seamless steel tubes, hut probably
few have heard anvthing regarding the manufacture of
hot-rolled seamless tubes, which is practically a new pro-
cess, and [ might devote a few minutes to explaining the
manufacture of this tube, which, like the cold-drawn, is
pierced hot, considerably larger than its finished size, then
reduced by passing to a series of rolls, each roll reducing
the tube both in size and thickness of wall. Small gas
furnaces are placed alternately between rolls, which, as
tubes pass through, keep up the temperature adaptable
to the working of the metal, and the tube is, practically
speaking, finished at the same degree of heat it was started
with. Then it is allowed to cool gradually, and in this
way is annealed throughout, which gives us a very soft
and uniform material,

It is a well-known fact that hot metal will gather oxide
from the air, which is beneficial to the material., In this
case, while tubes are passing from one roll to the other,
they are eoated with exide, which is warked into the sur-
face of the metal by the rolls, and forms a protection to
the tubes, whereas, when tubes are drawn cold, all of this
oxide is removed while drawn through the die, or, in
other words, the surface of the metal is removed, which
in all cases is a protection to any material. In my opin-
ion, the only reason a tube was ever drawn cold was to
insure a uniform gage. The finishing of a seamless tube
hot is, I might sav. of recent date. The process has been
perfected, however, so that we can finish a tube hot and
get a uniform gage throughout, This being a fact, there
i5s no goodd reason why the material should be worked cold,
which cannot be of any benefit to the material. All of
our tubes are made of basic open-hearth steel and will
give equally good service.

A great deal of your tube troubles on the road are due
principally to the water: it starts through the ingredients
in the water, and that starts in turn the tubes to leaking.
One of the most important things is proper care of the
locomotive in service, such as washing, and in carefully
cooling them off.

Another thing 15 misuse and abuse of the locomotive, as
we term it, on the railroad. An engineer can be of the
greatest help in the way of increasing tube mileage on
a locomotive: in fact, after the tubes have been properly
set, it 15 up to the engineer to help take care of the fues.
[ might say that I do not care how good a set of tubes
may be mstalled in a boiler, without the engineer’s assist-
ance you will not get the expected mileage out of the
tubes. I always lay great stress on the pumping engines,
which should never be done while standing still, if it can
e possiblv avoided.
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| side of same engine.

TAEBLE No. 1.
ERRVICE Cornrosion COMPARISONS,
1 Water Length Mo, Diacarded Cauge
Bail- Material Installed. Candi- aof of Remarks,
raad. rioma. Service. Steal, Tron. Rejection.

A Charceal iron and lapweld steel Mot 14 months 14 out T Fitting
tubes in opposite sides of same|  stated of 17 of 176
Enpine,

E Tests made on three engines Bad Three years (3| None T e | _Steel tubes are In as ng;fu?.
using half-zets of lapwelded steel re-settings) dition as iron. Tubes & b
iand charcoal iron tubes on each Test contin- service.
|[Eengine. s |

c Charcoal iron and lapweld steel.| Very bad | G0,000 miles ) 25 'I."._ = _Eu_lng |  Engines in which iron and steel

| tubes were used werc o Same
[ service under same conditions.

o | Tests made on one engine. using,  Bad _!;lnunth& a = [ 5 Pitting Tubes removed and ““-'-""-E'_"-@d-
lapweld stecl tubes on right side {Test contin- after 11 magtha,  All put back in
and charcoal iron on left side. aedd hailer except 9 which were dis-

jcarded.

H [mgot iron and lapweld steel  Bad Tron—15,000 b L All serapped i’i[ting: |
tubses. miles

Steel—10, W} g
miles

I ~ Swedish iron and lapweld steel] Very 14 months Nons All scrapped Pitting They report that 18 to 24
in opposide sides of same engine. ad (When ex- (One at end months' service is ohbtained from

amined} of eight steal; best service Erom charcoal
manths) irom was 12 to 14 months.

E Sep * Remarks.” Extreme- Ser " Renrarks" Mow using lapweld steel tubes

Iy bad on this division and obtain 257
{more mileage and have less pitting
than with charcoal iron.
TABLE No. 2,
MiLkaGe—FLUE SHEET PRACTICE.
RBail- Mileage.
road. Water Conditions. Remarks.
Steel, | Iron.
a0 | 1001000100 1, CHRD- G0, CH Mat stated Test made on one engine equipped with lap-weld steel tube
(One engine) Wias considered good under game conditions as the charcoal-iton previously used.
C 05,000 46,000 Bad Engines equipped with lap-weld steel tubes tested n compari-
[Average) LAYVerage) a0 u.'i_t.h engines equipped with charcoal-iron tubes upder same
| il.'r_'llid:ll.luns-
{ S —
E A, A00 | 41,000 Probably most severe | Tests made on engines equipped with lap-weld steesl tubes under
[Average) [Average) | in country. |lsame conditions as the charcoal-iran previously ased.
F | T0.000e0 75,000 Freight 30,000 Mot stated About three years ago the use of chargoal-iron tubes on this
108,000 ta 125,000% to 25, railroad was abandoned in favor of stesl tubes after comparative
Pazsenger 40,000 tests on these two materials.
o 50,000
G TR.O00 40,000 o 50,000 Mot stated | Tests made on engine equipped with lap-weld steel tubes under
(Cne engine) [Average) same conditions as the charcoal-iron previously used. Tubes still
\mond and in service,
H Test on engine equipped with Swedish iron on Mot stated After 13 months engine was shopped. Nearly all beads on
one slde and Shelby seamless tubes on the other Swedish iron tubes were in bad condition; these on Shelby seam-

less tubes were apparently as good as ever.,

*One engine on this road in fast passenger service equipped with * Spellerized ™ lap-weld steel tubes made 245,675 miles before tubes were removed,

‘This exceptional case is probably the largest tube-mileage ever made in

Another thing is where the engine is worked very hard
with the injector shut off; that will have a tendency to
bring boilers to a very high degree of heat, and then en-
gines are allowed to stand on side track with the injector
working. The cold water will rush to the bottom and
cause a sudden contraction, and the sudden contraction
is what loosens the tubes, and then you have them leaking,

Another thing is in connection with the engine going
over the cinder-pit. If I were in authority, [ would never
allow an engine to be pumped, if it can be avoided, from
the time it lands in the yard and is relieved from the
train, until it is under steam again. If an engine is placed
on the cinder-pit with three gages of water, it will not
be necessary to again put water in the boiler until engine
is fired up and again under steam,

The water is not in circulation when the engine stands
still, and the cold water will rush to the bottom and
strike the back flue sheet, where the hailer is hottest, and

meTica-

there is a sudden econtraction, and that is what causes
trouble,

Wisconsin Boiler Code

The steam hoiler orders of the Industrial Commission
of Wisconsin become effective January 18, 1915, The or-
ders of the commission have the same effect as law and
are printed in pamphlet form for free distribution.

The orders are arranged under two different headings,
styled Parts I and I1.  Part T contains general orders
which define terms amd explain the method by which the
orders will be made effective. Part 11 applies only to
boilers installed prior to Januwary 1, 1916, and contains
rules to govern the inspector in his work, The orders
affecting the construction and installation of boil-
ers after January 1, 1916, will be issued previous to the
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time when they will be effective. The commission re:
frained from issuing orders at this time affecting future
construction, as it wished to awvail itself of the advice of
the final report of the American Society of the Mechanical
Engineers’ Standard Boiler Code.
H. E. PressiNGER,
Dieputy in Charge, Department of Steam Boiler Inspec-
tion, Industrial Commissien of Wisconsin,
Milwankee, Wis.

Specifications for Lap=Welded and

Seamless Boiler Tubes

On September 25 representatives of boiler tube manu-
facturers adopted a standard specification for lap-welded
and seamless boiler tubes. It differs in only a few details
from the corresponding specifications of the American
Society for Testing Materials. The specification is im-
portant, however, in one point at least, that it stands for
an agreement of those in direct competition, and for this
the American Society of Mechanical Engineers is to be
given the credit, through the activities of its committee,
which has been engaged for over three years in estab-
lishing a steam boler code covering construction and
maintenance. It was out of the hearings and delibera-
tions which this committee held that the manufacturers
were brought together, and it is a commentary on the co-
operative spirit of the manufacturers’ representatives that
they were quickly able to assist the mechanieal engineers’
committee in their joint recommendation. With the
American Society for Testing Materials specifications as
a base, the work of drawing the new specification was
rendered doubtless easy. One of the main points, it may
be said in passing, lics in the variation from gage allowed,
which requires that all tubes be up to the gage specified
at the thinnest point. The other important feature is the
use of an impact test on lap-welded tubes while under
pressure.  The manufacturers whose representatives
signed the specification were: Alleghany Steel Company,
Monongahela Tube Company, National Tube Company,
Parkesburg Iron Company, Pittshurg Steel Products Com-
pany, Reading Iron Company, Spang Chalfant & Co.,
Tyler Tube & Pipe Company and Worth Brothers Com-
pany.

The specification is in part as follows:

Process.—"Lap-welded tubes shall be made of open-
hearth steel or knobbled hammered charcoal iron.  Seam-
less tubes shall be made of open-hearth steel” (The
A, 5. T. M, specifications for steel and iron tubes are not
combined and the new specification so far as it covers
iron tubes is a departure from the A. 5. T. M. iron tube
specification.)

Chemical Properties and Tests,—The stipulations apply
to the steel tubes and are the same as in the A, 5. T. M.
steel tube specifications.

Physical Properties and Tests—“Flange test. A test
specimen not less than 4 inches in length shall have a
flange turned over at right angles to the body of the tube
without showing cracks or flaws. This flange as meas-
ured from the outside of the tube shall be 3§ inch wide.”
{There is no reference to diameter of tube as in the A. 5.
T. M. specification.) Flattening Tests—A test specimen
3 inches in length shall stand hammering flat until the in-
side walls are brought parallel and separated by a distance
equal to three times the wall thickness, without showing
eracks or flaws. In the case of lapwelded tubes the test
shall be made with the weld at the point of maximum
bend. [A test specimen 4 inches in length shall stand
hammering flat until the inside walls are in contact, with-
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out cracking at the edges or elsewhere. For lap-welded
tubes care shall be taken that the weld is not located at
the point of maxinium hending.]  ( The portion in brack-
ets is the A. 5. T. M. specification. No crushing tests are
provided for, as the A. 5. T, M. specifications.)] Hydro-
static Tests—Tubes under g inches in diameter shall stand
an internal hydrostatic pressure of 1,000 pounds per
square inch and tubes 5 inches in diameter or over, an
internal hydrostatic pressure of Soo pounds per square
inch,  Lapwelded tubes shall be struck wear both ends,
while under pressure, with a two-pound hand hanmner or
the equivalent. (The part in italics is new.)

The part of the new specification covering test speci-
mens, number of tests and retests is substantially the same
as the A, 5. T. M. specification. A table of standard
weights does not form a part of the new specification,

Workmanship and Finish.—The finished tubes shall he
circular within o.02 inch and the mean outside diameter
shall not vary more than o.015 inch from the size ordered.
All tubes shall be carefully gaged with a B, W. G. gage
and shall not be less than the gage specified, except the
tubes on wwhich the stondord slot gage, specified, will go
on Hghtly at the thinnest point, will be gecepted. The
length shall not be less, but may be 0.125 inch more than
that ordered. (The part in italies is new.)

The remainder of the specification is not materially dif-
ferent from the A. S. T. M. specification. In marking,
the name and brand of the brand of the manufacturer, the
material from which it is made, whether steel or charcoal
iron, and “Tested at 1000 pounds” for tubes under g
inches in diameter, or “Tested at 800 pounds” for tubes
5 inches in diameter ar aver, shall be legibly stenciled on
each tube.—The fron Age.

Boiler Explosions in Great Britain

The annual report for the year ending June 3o, 1913,
on the working of the Boiler Explosions Acts, 1882 and
1890, has just been issued by the Board of Trade. Dur-
ing the period named, 66 preliminary inquiries and 14 for-
mal investigations were held under the provisions of the
acts. The Bo explosions thus dealt with caused the
death of 3t persons and injury to 42 others, The 31
deaths were caused by 20 explosions, of which 11 occurred
on land and g on ships. The number of persons killed is
above the average (26.5) for the thirty-one years since
the act came into force, but the number of injured is con-
siderably below the average. There was a drop in the
number of explosions which occurred during the vyear,
though this is still slightly above the average (72.9).

Omn analysis of the complete summary of the explosions
for the year, it appears that 22 boilers, etc., were under
boiler insurance or accident insurance companies; 12 were
under the Board of Trade or Lloyd's Survey: 5 were
under mutual marine insurance companies, ete.; 3 were
under the inspection of the makers; while in the remain-
ing 38 cases the boilers, etc., were apparently under no
system of periodical inspection.

The 8o explosions occurred in the following types of
boilers or wessels, ete.: 13 horizontal muoltitubular hoil-
ers; 5 vertical boilers; 3 Lancashire or Cornish boilers;
3 locomotive boilers; 8 watertube boilers; g tubes in steam
ovens; 4 heating opparatus; 18 steam pipes, stop valve
chests, et..; 3 hot plates, ete.; 6 calenders, drying cylin-
ders, etc.; 3 economizers; I steam-jecketed pan; 4 miscel-
laneous.

The causes of the 2o explosions were as follows: 24
deterioration or corrosion: 13 defective design or undue
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working pressure; 11 water hammer action; 16 defective
workmanship, material, or construction; 7 ignorance or
neglect of attendants; g miscellaneous.

The average figures for each wear for the thirty-one
year period (T882-1913) were 72.g explosions, resulting
in the loss of 26.5 lives and injuries to 382 persons.

In the nvestigations of some of the explosions during
the past year important recommendations were made by
the Commissioners. In one case they recommended that
the attention of the users of small boilers should be called
to the neglect of periodic “thorough” examination of their
boilers. In two others they made recommendations deal-
ing with the construction and management of the boilers
of heating apparatus and cylinders of drying machines
respectively., In a fourth case the Commissioners recom-
mended that all owners of steam-trawlers should be
warned of the danger attending the use of loose-fitting
valve-seatings unless they are under the control of a mas-
ter valve interposed between the cheek valve and the
boiler.

It may be pointed out that many of the explosions re-
ported upon were of a comparatively trivial character,
such as those due to the failure of tubes in steam-ovens,
ete., but inasmuch as such occurrences endanger life, it
is reported that they should be investigated by the Board
of Trade in the hope that by the spread of information
on the subject greater care will be taken both by those
wha make and those who use any vessel liable to give rise
to an explosion of a more or less serious nature.

Hydraulic Pressing—VIII*
BY C. W. k. EICHHOFF

In my previons articles T have described some of the
operations in HAanging and forging which can be per-
formed on the sectional flanging machine. There are
many articles which can be pressed and forged on this
machine. as, for instance, pipe fAanges, manhole saddles,
nozzles, and so on. The boiler manufacturer can fabri-
cate these steel products in his shop if he chooses, but
it iz a question if it is advisable to do =0. In most cases
it is cheaper to buy these articles from a concern which
makes a specialty of this kind of work. There is always
occasion for more profitable work on this machine. In
fact, a sectional Hanger ¢an always be worked continu-
ously on regular boiler work. To manufacture small
articles in small guantities, however, is not economical,
considering the steam consumption and labor involved.

As stated in a previous article, the sectional flanging
machine is of more general use than a four column press.
hut for more rapid work on large pieces which have to
he produced in quantitics, the latter machine is preferable,

Four Corvmy Press

A four column press of modern design is shown in the
sketch. This machine has a main cylinder with a main
tam A fastened to and moving the platen . In the ram A
i5 contained a smaller ram B.  This can be used on smali
wark which does not require the force of the large ram.
It is also used in some operations in addition to ram .

I wish to call attention to the fact that every time any
one of the rams is operated the water has to fill the cyl-
inder which containg the ram for the required length of
stroke. To do this it requires every time a certain amount
of power or steam to operate the pumps which supply
the necessary amount of water. For this reason the de-
signer should be careful to get out dies and formers in
such proportions to each other that the travel of the rams

* Continued from the November, 1814, issue,
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is as short as possible. On the other hand, the fanger
operating the machine can do very much to economize in
this respect. -

In the flanging machine shown are four auxiliary rams,
€, C, €, C. These rams can be moved and adjusted in a
radial direction. There is also shown an auxiliary cyl-
inder, D, on top of the machine. In the table E and cap F
are T-slots in which the fller castings and dies are fas-
tened by heavy bolts and nuts.  The fillers are used to
give the necessary clearance. The table E slides along
the four bolts ;. The ends of these bolts are threaded
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Sketch of Four=Column Press

with a sguare thread to hold the adjustable eap F in place
by means of the nuts N. It can be seen that there is con-
siderable more clearance between the platen and the cap
in this machine when comparing the same with the scc-
tional flanging machine,

Franmcine Rounp Heaps

In the following [ shall take up some of the work that
has been done on the four column press. The simplest
work and the work mostly done in the boiler shop 15 the
ﬂangin{: of round heads for boiler and tank work, The
operation is shown in Fig. 1. The unfinished plate is
shown in black and the Aanged product by dotted lines.
In Fig. 2 the male and female dics are sheown in detail.
Such dies were vsed originally for flanging round heads
and are found to-day in many a boiler shop. Of late the
dics shown in Figs. 3 and 4 are replacing the ald style
mentioned. The male block is cast in three sections,
which can be adjusted by liners between the same to serve
for the different thicknesses of plate. The cone is for
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releasing purposes. A more complete description of the
use of such sectional dies will be given in the following
example.

In Figs. 5 and 6 the flanging of a dished head iz shown
by means of sectional blocks and a gripping female block.
Fig. 5 shows the position of the dies before the plate P
is flanged and formed. To the cap A are fastened the
distance bloeks B and the female die €. To the movable
table A is fastened the grip block L ; the sectional male
block rests on plate &, which is attached to the auxiliary
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plunger K. The table H is fastened to the main ram M.

By referring to our cut, we see that the grip block L,
resting on the table H, is run against the female die C.
Where these blocks touch each other the surface should
be finished—in fact, all surfaces in direct touch with the
plate or any part of the machine should be smooth and
finished, This is essential for adjustment and alinement,

Between the female block C and the grip block L is
left a space 1/16 inch or more deeper than the thickness
of the head, This clearance is governed by the thickness

)

NN,

Fig. 6
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Fig. 7

of the head. It should be small for thin sheets and larger
for heavy plates. The object of the ¢learance is the fol-
lowing : When the plate P to form the head is pushed up
by the plunger K and the male block F, the plate has an
opportunity to slide out from between the die and block,
keeping the plate from buckling or crimping, With the
old style blocks it happens too often that the heads are
buckled, especially when thin sheets are used.

Frawcing ayo Disuing

Now the flanging and dishing with these dies iz done
in the following manner: Before beginning the work, see

Fig. 9.—Dwouble Throat Sheet

that everything is adjusted properly and in good alinement,
I eannot warn too often that this precaution should be
taken. Have the moving table ff in its resting position,
then place the heated sheet & on the grip block L. The
space left in this block is of great assistance in centering
this plate. Run the table K, to which the grip block is
fastened, up against the female block C. In this position
hold the table with the full pressure on the main ram M
until the whole operation is completed—i. e., the head
dished and flanged. Apply the pressure to the center
plunger K. This ram will push the male block, dish and
heated plate up. The dishing will then begin and the space
left between ¢ and L allows the head to drag out, and
while following the sectional block there is just enough
space to avoid the tendency of the edge of head to buckle,
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By pushing the male die and dish further, the head is
flanged and completed.

Afterwards releaze the pressure on the main plunger
M and lower H to its resting position; then release the
pressure on the auxiliary ram K, bringing down the male
die with its cone supported by plate &. As soon as the
cone has descended a little the sections of the male block
will clear themselves from the head and drop down, fol-
lowing the plate &. The hot head will remain in the
female die, cool off, shrink, and finally drop out, after
which it can be easily removed from the machine.

Fig. 6 shows the position of every part when the head

Fig. 10

has just been dished and flanged before the pressures are
released on the different rams,

Pressinc Spuericar Forus

In Figs. 7 and 8 I have shown how spherical forms can
be pressed with a similar arrangement. The operation is
practically the same as in the previous case, only it might
become necessary to release the pressure on the platen
H earlier, as indicated in Fig. 8. The final releasing of
the grip block can also be accomplished by means of
wedges shown in the cut of forming spherical heads with
the sectional Hanging machine,

The few operations mentioned are all performed in one
operation—i. ¢., while the head is only heated once.
There are many parts of tanks and boilers which can be
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formed in one heat, as throat sheets, front heads with
flanged fire doors, heads with flanged openings and flat
surfaces. Such a form I have shown in Fig. 9. There
is no limit to the possibilities in this respect.

In Fig. 10 I have shown how dies for punching holes
can be made and used on the flanging machine. To be
successful, however, in punching holes, the capacity of
the machine should be considered carefully., Here, as in
many other cases, experiments will show better than any
caleulations how far one must go to get satisfactory
results.

To calculate the net pressure exerted by a ram or
plunger of a h‘l.rdrauhc press, the following formula might

be used:
: ___) —
100
where,
[} = diameter of ram or plunger.
P = net pressure exerted by the ram.
f = pressure in pounds per square inch on system
f = coefficient of friction in percentage.
' = weight of ram and attached dies.
The friction coefficient depends on the diameter of ram,
conditions of packing and varies from 3 to 25 percent.
The smaller the diameter the higher is the friction.

P = 7854 X DX p X

Federal Locomotive Boiler Inspection
Report

In the third annual report of the work af the Division
of Loeomotive Boiler Inspection of the Interstate Com-
merce Commission, signed by Frank MeManamy, chief
inspector, a comparative summary is given of the work
performed, the conditions found, and the results accom-
plished during the three-year period, because it is be-
lieved that sufficient time has elapsed since the law has
been in force to permit the benefits which may reasonably
be aceredited to its operation to be fairly shown,

The following table shows in conerete form the inspee-
tion work performed each year since the passage of the
law; and the decrease in the percentage of locomotives
reported defective indicates in a measure the improvement
in conditions,

1914 1913 } 1912
MNumber of locomotives inspected . .. ... ..., 82,718 ai), 346 74,234
Number found defective........ 45,137 | h4.522 48,768
Percentage found defective, i 52.9 6.3 G657
Number ordered out of service 2] 3,365 467G 3,377

Tt does not, however, fully show the |mp:rowd condi-
tions resu]hng from the operation of the law, because, as
pointed out in our Ig13 report, our attention was first
concentrated on the more serious defscts, so that the
number of fatalities might be reduced:; therefore, the
improvement is more accurately indicated by the redue-
tion in the number of casualties, as shown by the follow-
ing table:

1914 1913 1912
Mumber of aceldenta. . .o vvvnnacaneero, 555 R20 558
Decrease from nm-.rl.ous :.-!ar i nls wPHEDCERE .. 323 R
Decreaze from 1512 I 4 e 15,1 el Rl
Mumber Elled; . . se et e e s 23 36 a1
Decreage from prevlaun :.-ear ...... percent ., . 34.1 [0 T B
Diecrease from 1912, e & i TR RNl i
Number injured i b e fl4 B11 1,000
Dhecrease (Fom prevlcru,a :.n:a.r percent A2.8 B3l e
Decrease from 1912, ... R 38.9 Rl M
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The facts shown in the above tables are so conclusive
that nothing further that might be said could add to or
take from their weight; therefore, it is not necessary to
enlarge on the information contained therein.

IsvEsTiGATION OF ACCIDENTS

In addition to the inspection work above shown, a care-
ful investigation has been made of every accident reported
in accordance with the provisions of the locomotive boiler
inspection law. In each case active steps were taken to
remedy any conditions or practices which could be shown
to have caunsed or contributed to the cause of the accident,
and this action has materially assisted in reducing the
accident list.

Four hundred and six applications for extension of time
for removal of flues, in accordance with the provisions of
rule 1o, were filed, of which number 67 were withdrawn
by the railroad companies before an investigation was
made. An investigation was made in each of the remain-
ing 330 cases, in 264 of which the full extension asked
for was granted, in 21 an extension for a portion of the
time asked for was allowed, and 54 applications, or 16
percent of the total number, were refused after an inves-
tigation,

Facror oF SAFETY

Rule No. 2 of the locomotive boiler inspection rules pro-
vided that:

“The lowest factor of safety to be used for all locome-
tives in service or under construction on or hefore Janu-
ary 1, 1912, will be fixed after investigation and hearing
and after the expiration of the time allowed for filing
specification cards.

In accordance therewith a careful investigation, extend-
ing over the two-yvear period allowed for filing specifica-
tion cards, was conducted by this division. This javesti-
gation showed that 11,153 locomotives, or about 17 percent
af the total number for which specification cards were
filed, had a factor of safety below four, being divided as
follows: 4,407 with a factor between 334 and 4; 2,531 with
a factor between 3% and 334 ; 2,030 with a factor between
334 and 3%4; 1,082 with a factor between 3 and 374 ; 1,004
u-ith a factor below 3, on some of which the factor was
found to be below 2

This factor is bazsed on the ultimate tensile strength of
the material; the elastic limit, at which point the metal
takes a permanent set and never recovers, is usually about
one-half of the ultimate tensile strength: therefore, the
imperative need of increasing the factor to a point which
might reasonably be expected to provide adequate pro-
tection against flaws or hidden defects in the material,
poor workmanship, and undiscovered deterioration be-
comes apparent.

All of these points were carefully considered at a con-
ference held at the office of the Chief Inspector of Loco-
motive Boilers on April 28 and 2, 1914, at which the
railroad companies and their emplovees were represented;
and suitable amendments to the rules, providing for im-
proved methods of construction and increased safetv of
operation, were agreed upon, to be submitted to the Com-
mission for its approval

STrESSES 0N STAYS AND BRACES

It was also found that there were many locomaotives in
service with excessive stresses on stays and braces; there-
fore, a maximum allowable stress for stays and braces
was included in the amendments to the rules,

In preparing these amendments the practice established
by the Commission in previous cases of a similar character
was followed, and a series of time limits was provided
for the making of the necessary changes, so arranged as
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to require the more serious conditions to be promptly
remedied and allow more time for other necessary im-
provements in cases where the conditions, while improper,
were not so likely to cause accidents. Therefore, the
amended rules as approved by the Commission on June g,
1914, will not materially add to the expense of mainte-
nance, as the required improvements can in most instances
be made when the locomotives are shopped for regular
repairs.

In the following table is shown the total number of
persons killed and injured in locomaotive hoiler accidents
during the past three years, classified in accordance with
their oceupations:

Year ended June 30—
1813

1914 1812

| | | |
Killed | Injured) Killed | Injured) Killed | Injured

Members  of |
ET\F"D.'S:
Engineers,...o.c...
BFiremen. ..oo.an i
Brakemen. .. .. A el a6
Conductors, . .. .. ; 1 i
Svitchmen. . . ....0f ... 1
Roundhouse and shop
employees: |
Baoiler makers. ... ..
Machinlsta.........
Foremen . .........
Inspectors. .. .. .0 Fc
Watchmen......... |
Bobler washers. . . .. ;
Hostlers: . . .. .2
Dther roundhouss
and shop employees 1
Other employess. . ..., A
MNon-emplayeas. ... ..

wan

B TeRd D
2
o
-

v
i
Ll =
-

o N e e L
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)
] tads - L e nlby
=3

G614

Total. .. o3 |
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A check of the above table shows that 36 percent of
the total number of kiiled and injured were engine and
train men, and that the accidents were caused by failure
of some part of the hoiler or appurtenances thereof
while in service. Thirteen percent of these casualties
were caused by failures due to low water where no con-
tributory cause could be shown to exist,

CAUSES 0OF ACCIDENTS

Three percent of the total number killed and injured
were hoiler makers who were engaged in making repairs
to hoilers under pressure; about 3o percent of these cas-
ualties were due to plugs, studs, or rivets blowing out or
being driven into the boiler while being calked with pres-
sure on the hoiler. To reduce the number of accidents
from this source, we are requiring all plugs more than 114
inches in diameter in firebox sheets, excepting fusible
plugs, to be secured by a staybolt.  Approximately 16 per-
cent of the injuries to boiler makers occurred while try-
ing to tighten washout or arch-tube plugs while there was
pressure on the hoiler, which under no circumstances
should be required or permitted,

The remaining 11 percent of the total number killed and
injured were from the various classes of employees en-
gaged in the wark of caring for and repairing locomatives
at terminals.

Two formal appeals from the decision of inspectors, as
provided in section 6 of the law, were filed during the
vear, in hoth of which a subsequent investigation resulted
in the decision of the inspector being sustained.

No prosceutions for violations have heen filed during
the year, as the beneficial effect of the law and rules is
heing generally recognized by railroad officials, most of
whom show a disposition to comply with the very reason-

Jawuary, IQL5
able requirements and to co-operate with us in bringing
about improved conditions. On two or three of the larger

roads, however, and on several smaller ones, conditions
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and practices appear to indicate that we may be unable
to obtain a full compliance with the requirements of the
law without resorting to the courts.

Derects Nor ATTRIBUTABLE To BoILERs

During the yvear 2,141 defects to locomotives for which
the present laws do not provide a remedy, 1,155 of which
were defective wheels, were reported to this division by
inspectors and directed to the attention of the proper rail-
road officials. In most instances locomotives with defects
of this character were held for repairs by the local officials
when their attention was directed to the defective condi-
tions, In some cases it has been necessary to wire the
president of the road in order to get the repairs made,
and even that has not always brought about the desired
result,

In ome instance inspectors objected to the use of a
locomotive 1 passenger service which had sharp flanges
on both engine-truck wheels, three driving wheels, and
one trailer wheel, and also one loose driving-wheel tire,
and were assured by the local officials that the locomo-
tive would not again be used until repaired. Instead of
holding the locomotive for repairs, however, the local
officials sent it light to a point a few miles from the ter-
minal, sent a passenger train out to that point with an-
other locomotive and changed locomotives, sending the
defective one through with the passenger train.

If a freight car with similar defects were offered to
this carrier in interchange by a connecting line, it would
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be refused under their own rules as unsafe to handle; yet
this defective locomotive was sent out on a passenger train
by the officials after their attention had been directed to
its condition, and existing laws provide no remedy.

Our records contain other instances of a similar char-
acter; therefore, the recommendation made in our report
for the year 1913, that the provisions of the boiler inspee-
tion law be extended to cover the entire locomotive is
respectfully renewed.

Taking Care of the ““Kicks”
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In this connection it seems appropriate to state that the
inspectors now in the service are men of wide experience
in railroad wark, who were selected after passing a com-
petitive civil service examination, and their three-years'
training as inspectors, in addition to their previous expe-
rience and training, has eminently fitted them to perform
the additional duties that such a law would impose in as
satisfactory a manner as they do their present ones, and,
it is not unreasonable to sav, with equally good results.

in a Boiler Shop

Changes in Specifications the Main Cause of Complaints from Cus-
tomers—Minor Faults for Which the Manufacturer is Not Responsible

BY JAMES FRANCIS

It isn't the most pleasant position in the world—that
of “Kick Master” in a boiler shop—but it is a very neces-
sary position, for somebody must receive and take care
of the “kicks"” which come from customers—kicks some
of which are well warranted, while others are as unwar-
ranted as the high prices because of the Furopean war.
And when you run down the cause of a “kick,” it will
almost always be found on account of a change in speci-
fication from what the customer was to receive or ex-
pected to receive, And right here is the grand reason:
He erpected to receive a certain thing, and it's human
nature to kick when you don’t get what vou expect is
coming to you, even though you do get something just as
good, or perhaps just a Little better.

But to come right down to cases: Here is a letter from
Mr. Leeds, who is “up in the air” on account of a 6o-inch
by 16-foot boiler which he has just received from us, and
the kick is because the specifications called for 44 4-inch
tubes and the hoiler he received contained 54 34-inch
tubes. And what Mr. Leeds doesn’t say in his letter isn't
worth saying; but that is neither here nor there. What
we want to get at 1s: had we a right to make the change
in specification, and has Mr. Leeds any moral or material
right to “kick” regarding the change? Are the 44 4-inch
tubes any better or worse than the 54 smaller tubes?
That's the question; and as it is up to the “Kick Master™
to decide that point before he can deal with Mr. Leeds,
we might as well help out the K. M. by deciding the tube
business right here and now—or by leaving it toe readers
of THE Boirer Maxker to decide,

CraNGE 1IN NUuMBER anp 51zE oF Tuses
Let the editor hear from you all, my friends, regarding
this matter. I will try and state the matter as plainly as
possible, also such of the evidence as comes to hand at
this writing, and “you alls" shall be judge and jury in
deciding the matter. Docs Mr. Leeds get as much for
his money in the 54 small as in the 44 large tubes? For

evidence in this direction we will use the table in Kent's
Mechanical Engineers’ Pocket Book, and extract there-
from the fizures pertaining to 4-inch and to 3lz-inch
tubes,

The first two lines of Table 1 are taken bodily from
Kent—probably the same table may be found in other
reference books as well—but the third line was calculated
from the other lines and represents the equivalent number
of 3l-inch tubes required to replace 4-inch tubes. A
separate caleulation is required to find each quantity in
the third line, and slide rule calculations were used to find
those given.

To find the several quantities, let those given in the
first line be represented by ., those in the second line by
B, and we can use the equation:

44X B
Equivalent =
A

In the case of the internal diameters of the two tubes,
make the egquation:
44 X 3732
Equivalent = —————— = 30.3,
3.20

meaning that 50 tubes, each 314 inches in diameter, will
be required to equal 44 4-inch tubes. And by substituting
values of 4 and B in each of the ten other columns of
the table, the quantities given in the third line of the table
are worked out,

In the three guantities relating to the length of tuhbe
per square foot of heating surface, it will be necessary
to reverse the position of 4 and B in the equations, be-
cause of the fact that these are inverse ratio quantities.
And furthermore, they don't really have much bearing
upon the problem. What we are concerned with more is
the area of one foot of tube and the weight per foot.

The table shows that the internal areas of one foot

TAELE I—EQUIVALENTS OF 3}-INCH TUBES IN PLACE OF 4INCH TUEES

Length af Tube Per Square Foot’ |
Cireumference, Area in Square Feet. of Heating Surface.
Tube. Internal Standard - : Welght
Diameter. Thickness, | | Per Foot,
Internal, External. Internal. External. Internal. External. Mean.
¥ 1 = | | —
3}{" | 3.2 130 10, 242 10, 006 JNEE (HRE 1.172 | 1.081 1.1315% | 4.2
4 3.732 134 11.724 12, 56 _-uTE ] 1.024 | 0. 955 JHERG 5.47
Equivalent | 50 4% 1] 50 5GT.5 57.4 a0 [ 0.5 ] 56.2
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tength of tube are 058 and .076 square feet respectively.
Substituting these quantities for 4 and B in the equation,
we find that 57.5 3%-inch tubes are required to replace
44 4-inch tubes, and in the external area of the tubes it
is also found that 57.5 tubes will be required. In the
weight per foot, it is found that 56.2 small tubes are
required to replace the 44 larger ones.

A glance at the tube diameter equivalents, also at the
cireumferences and length of tube per square foot equiva-
lents, shows that about 49 to 50 tubes would be required
to give the customer value received for his money, but the
heating surface items and the tube weights don't say so,
and seem to indicate that the customer is warranted in
his “kick,” in fact as well as according to boiler shop
ethics. And we would like to hear stated in THE BoiLer
Marer why the boiler manufacturer should make the
change in specificationd after the customer had placed his
order for the boiler—why the change was made, and by
what right, reason or license such change was necessary
or permissible.

Variation 1v Prate THICKNESS

In the matter of minor changes, there are some things
which the manufacturer is not to blame for, and cannot
very well be helped by him except at considerable ex-
pense. Among these things is the slight variation in
plate thickness from the specificd gage. There are very
few sheets rolled which are not thicker in the middle than
at the edges, and this extra thickness may be carried by
the manufacturer at his expense, and to the benefit of the
customer, but the manufacturer must not put in a sheet
which runs a little under gage, although he can put in a
sheet which runs thicker,

The boiler is “no stronger than its weakest part,” and
no shell has a strength greater than that of its thinnest
plate, therefore the manufacturer is not warranted in
using thinner plates than those specified, but is welcome
to use those which run over gage. As this is not a profit-
able thing for the boiler manufacturer to do, it stands
him in good stead to look pretty sharp after what he buys
from the rolling mill and to procure good plates which do
not run under gage at all, or much over gage.

Slight changes in the pitch of rivets are permissible
and are necessary, but the boiler manufacturer has no
right to, and usually will not, vary the rivet pitch enough
to sensibly affect the plate or rivet-section value. He will
hear from the boiler inspector if this be done, The diam-
eter of rivets should never he varied from the specifica-
tions except in the case of a few larger rivets to fll holes,
which have been reamed over-size to correct some error
in the holes in question.

There are a great many changes in specifications which
are caused by poor workmanship, and it is the business
of the manufacturer to detect and root out these changes
and their causes—that is what the shop manager, super-
intendent and foremen are for. But any poor workman-
ship or material cannot exist without making a change in
the specifications, or rather a departure therefrom, which
i5 understood as a change in this writing. A departure
from the specifications, if not a change of them, entitles
the customer to a “kick,” whether it be for poor riveting,
poor tube expanding, bad flanging or slouchy calking.
All these, of course, come under the head of poor work-
manship, but nevertheless they are one and all departures
from the specifications,

Fiwoing THE TENSILE StAMmrp

No boiler shop can afford to use sheets which do not
bear the tensile stamp, but it is often an almost hopeless
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job to find that stamp after the boiler has been set up and
painted. Then it is some job to locate the stamps on _th::
head and on the shell, especially the latter, when the im-
press of the stamp is very faint and imperfect, as is many
times the case.

To obviate this difficulty, and to make the stamps easy
of location, until the beiler is actvally placed in its set-
ting, it is only necessary to send a man with a pot of
white paint and let him smear a small circle about 4 inches
in diameter around each stamp mark. A brush abnut1 i
inch wide may be used for this work, and the white ring
aronnd each mark is a guide to the painter as well as to
the customer, for the brush artist may then daub right
up to the white circle and then stop, leaving the number
clean and prominent. There will be a small area of black
steel left uncovered around each stamp impression, but
that matters very little. Indeed. T guestion very much
whether it pays, in many instances, to load the customer
with seven or eight dellars for time and material for paint-
ing boilers at the shop. The paint is utterly waorthless
after the boiler has been set, and, where the shell is
shipped direct a comparatively short distance to the cus-
tomer, I gee no benefit whatever that may be derived
from painting.

FaixTinGg BoiLErR SHELLS

When boilers are to he shipped long distances, they
should be painted. Likewise when held in the yard for a
long time, a coat of so-called “paint” should be applied,
but the daubing of boiler shells at the shop, when they
are to be sent 100 miles or less to the customer, seems use-
less expense. The boiler maker may claim that it makes
the shell “look nice” and appear more like a finished
product, but that is about the only argument which can
be brought to support the indiscriminate painting of boil-
ers at the shop.

Second-hand boilers are painted for several reasons,
The paint adds from oo percent to joo percent to their
value to the dealer, for customers will not consider shells
which are rusty and fire-stained. 3Such shells are in con-
dition to be closely examined by the agents of the cus-
tomer, who, it seems, had rather take a chance with a
doubtful bit of boiler plate if it be thickly covered with
black paint on top of the rust. Personally, I have scraped
off an acre or so of black or brown paint when inspecting
ald beilers for customers, and while the paint may protect
the shell an infinitezimal part from the weather, it doesn't
fool the true inspector a bit and only adds to the expense
of the inspection.

I am rather against the matter of painting new boilers,
except for distant shipment as stated above, and 1 surely
am dead set against the painting of second-hand boilers
under any circimstances, except when they are to be used
as water tanks, columns, or for some other purpose than
steam vessels. There should be no painting of second-
hand boilers, for there should be no use for them as boil-
ers again, There is a State law in Ohio or Indiana, or
perhaps in each State, which forbids the sale and use of
second-hand boilers for steam-making purposes—and a
right good law it is, too, both for the boiler maker and
for the customer. The hest is none too good for any
boiler, and inferior shells should never be tolerated in
any instance. There are a few instances where a second-
hand boiler may be “just as good as new,” but such cases
are few, Sometimes a good boiler is displaced for a larger
one, and again a brand new shell is thrown out by the
failure of a plant through commereial reasons.

I was up against a case of this kind a short time ago,
A trip to Chicago was made to inspect a couple of hoilers
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for the customer of a dealer in second-hand machinery.
Arriving at the plant, I found that the boilers had been
discarded on account of the installation of electric power
throughout the factory. DBut zomehow the entire plant
seemed to have a very familiar appearance, although I
was never in it, and had never seen it before. However,
very soon after I was inside the familiarity was explained,
for I found that the entire plant was of my own design.
I had mwade, a very few years since, plans for the entire
plant, and the two boilers were built from my own speci-
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fications, As the boilers had been in use only a year and
tallied with the specifications and showed no signs of cor-
rosion from the two years they had been laid up on ac-
count of electric power, I was able to certify to the cus-
tomer who bought the boilers that they were O. K., and
I shipped these boilers to the customer without even paint-
ing or cleaning them, except to brush with a broom the
worst dusty portions. Here is one instance where the
second-hand boiler should have a hearing and could be
used with safety.

Maintenance and Care of Locomotive Boilers

Causes of Engine Failures—Work on Flues on
Running Repairs—Cooling and Washing Boilers

LY J. F. RAPS +

Az we are on the verge of another winter, it might not
be amiss this time to take up the maintenance and care of
the locomotive boilers, as during this season of the year
the number of engine failures due to no steam and flues
leaking is greatly increased, aggravated by three distinct
causes, namely, improper work at the round-house, im-
proper firing and improper handling of the feed water.

In these days of long hauls, increased tonnage and high
speed, the locomotive boiler iz a very important item in
railroad economy, and there is no part of the locomotive
which requires more careful and painstaking care than the
boiler, and each one, from the engineer to the cinder-pit
man, should contribute his share toward keeping it in a
serviceable condition and in the highest state of efficiency,
which can only be accomplished by the hearty co-opera-
tion of all concerned with the handling and operating of
the locomotive,

Let us first deal with the shop organization, as a great
deal depends upon the proper method of handling the
wortle on running repairs. After the locomotive has been
turned out of the shop and before being placed into active
service, the roundhouse inspectors should make a thor-
ough inspection of the front end appliances, ash pan and
grates, in order to ascertain if they have been properly
applied and are in perfect condition. This is very essen-
tial in order te avoid engine failores, due to being im-
properly drafted or having some defect develop in the
newly applied front end rizging or grates, but more espe-
cially to overcome the setting of fires on bridges or along
the right of way. A like inspection should be made after
each trip and a report made on regular form showing
condition., Any defect reported should be repaired im-
mediately,

The cleaning of flues is a very important factor in loco-
motive performance, as stopped-up flues will cause a poor
steaming engine. Whenever an engineer reports steam
pipes leaking, engine not steaming or hot at door, examine
the flues first to make sure that thev are clean, as invar-
iahly the above conditions are due to stopped-up flues.
The proper method of cleaning flues is with the auger and
compressed air, Flues should be thoroughly blown out
with air at the termination of each trip. When flues are
stopped up they should be bored with an auger of sufficient
length to reach from end to end and then blown out thor-
oughly with air. Special attention should be given flues
in superheated locomotives. In locomotives with brick

* From the Himeis Certral Magpozine.
% General Boiler Inspector, Illinads Central Railroad.

arches the bottom flues must be maintained in clean con-
dition and no locomotive should be allowed to go into ser-
vice with any flues stopped up. This work should be done
previous to boiler makers entering the fire box in order
that they may check the work to see that it has been prop-
erlv performed,

The brick arch, which has gained such a prominent part
in the economical operation of the locomotive, should
receive a great deal of care and consideration. By its use
the trouble experienced by leaky flues is very materially
decreased and their life greatly increased. Care should
he taken to sec that the arch is properly cleaned off after
cach trip and is maintained in perfect condition, and
engine should not be allowed to go into service with holes
in the arch or with part of the arch missing, as trouble is
likely to be experienced either with the flues leaking or a
poor steaming engine,

The work on flues on running repairs should be per-
formed in the following manner: Flues showing cinder-
pit leak, to be calked by hand with standard beading tool.
Flues blowing or leaking enough to allow water to run
down sheet, should be expanded with a straight sectional
expander; the use of the roller 13 not permissible, Special
attention should be given to flues when the boiler is
washed out. All leaks should be stopped with a sectional
expander while the beoiler is hot and a “V" of flues in
lower part of sheet should be beaded with a light air
hammer and the standard beading tool, while the beiler
is empty. The flues should be inspected after the boiler
is refilled and any leaks tightened up. This is especially
important, because the inequalities in temperature occa-
sipned by the cooling and washing have a tendency to
break the joint of the flues in the flue sheet.

Now we are about to take up one of the most impor-
tant operations performed at the roundhouse: The wash-
ing of the boiler. This subject is s0 extensive and the
methads used so conducive of good or bad results, that I
will give a few concise rules governing the proper method
of preparing and washing the boiler,

1. Locomotive boilers are required to be washed as
often as may be necessary to keep them clean and free
from scale and sediment.

CooLinG BolLERS

2. Boilers should be thoroughly cooled before being
washed at all peints excepting where improved hot water
washing systems are installed.

3. When there is sufficient steam pressure to work it,
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start the injector and fll the boiler with water until the
steam pressure will no longer work the injector. Then
connect water hose to feed pipe and fill boiler full, allow-
ing the remaining steam pressure to blow through siphon
cock or some other outlet at top of the hoiler, Open blow-
off cock and allow water to escape, but not faster than it
15 forced in through the check, so as to keep the boiler
completely filled until the temperature of the steel in the
firebox is reduced to about go degrees, then open all
blow-off cocks and allow boiler to empty itself as quickly
as possible.

4. While the boiler 15 cooling the boiler washer is to
loosen all wash-out plugs,  All wash-out plugs and arch
tube plugs must be removed at every washing.

3. Removing the plugs or opening the blow-off cocks is
forbidden until the water coming from the boiler is cooled
to oo degrees, The object of this method is to cool the
botler equally.

fr. The crown sheet shall then be washed, starting on
sides and then washing through holes in back head.

7. The door ring to be washed next.

8. Wash arch tubes next. It ig very essential that the
pneumatic or other cleaner be used every time boiler is
washed and all concerned are instructed to strictly com-
ply with these instructions,

9. Then wash through plug holes in barrel of boiler just
ahead of firebox, using bent nozzle in order to thoroughly
wash down flues. Wash flucs through plug holes at front
of barrel, using bent nozzle,

1o. Wash bellv of beiler, starting at front end, using
hent nozzle, washing scale toward Arebos.

11. Wash legs of boiler through plug holes in side and
corner of firebox, using straight nozzle in corner holes
and bent nozzle through side holes, revolving same to
clean the side sheets. Rods to be used to dislodge any
accumulation that water pressure will not move.

12. After boiler is washed out it should be thoroughly
inspected through all plug holes before plugs are replaced,
to see that no accumulation is left, the work of inspect-
ing to be taken care of by foreman boiler maker or in-
spector,

13. The removal of all plugs is imperative. The plugs
should be put back with a coating of graphite and oil made
to a paste. This enables the plugs to be removed readily.

14. Boilers should be washed out with a minimum of
100 pounds pressure.

It must be remembered by those in charge that, when
orders are issued to boiler washers to slight the washing
of any hoiler in order to get the locomotive ready for a
certain run, they are storing up trouble for the future.
Although it might not be in evidence at that time, the
day of reckoning is sure to come. DBlowing out can be
resarted to in some instances to save washouts, with
cither inerusting or alkali water, but care must be taken
to sce that the fire is in proper condition—that is, clean
and bright.

The prevention of engine failures due to leaky flues
does not rest entirely with the roundhouse boiler makers,
regardless of the fact that they are compelled to assume
the responsibility in most instances. Cne may take a loco-
motive with practically a new set of flues and by the
improper use of the injector cause most of the flues to
leak. This can be demonstrated by getting into the fire-
hox after the fire has heen drawn and the locomotive
placed in the roundhonse with a perfectly dry set of flues,
then start either the right or left injector and watch the
results caused by the change in temperature of the water
around the Aues. The engineer and fireman should care-
fully examine the firebox sheets and flues as soon as they
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take charge of the locomative, reporting any leaks or de-
fects to the roundhouse foreman.

[f the flues are all open, in good condition, and there is
no mud on the flue sheet, there is absolutely no reason for
a failure due to flues leaking, yet there are cases where
tonnage is reduced or trains set out, and on making an
inspection of the flues, they are found to be in good con-
dition, but loose in the sheet, which is prima facie evidence
of the improper use of the injector,

After the cause and effect of the inequalities of temper-
ature in the boiler is thoroughly understood by the engine-
men and hostlers, it should not he dificult for them to
fully appreciate the damage done to the flues and firebox
sheets by the injection of waler at a temperature of about
200 degrees lower than the water in the boiler. It is a
common practice to fill the boiler at terminals while the
blower is on and the fire door standing open, in order to
eliminate the black smoke. Whenever it becomes neces-
sary to fill the hoilers while standing at stations or on
sidings, a bright fire should be maintained, using the
blower and applying fresh coal if necessary. The fire
door should be closed while the injector is working,

The successful maintenance of the locomotive bailer in
service is summed up in just one word, “Co-operation™;
first, by the foreman and mechanics turning out a perfectly
tight boiler from the locomotive works or the company
shop. Second, the careful inspection and work of the
roundhouse organization in keeping boiler tight and free
from mud and scale. Third, in the careful handling by
the enginemen. The best care and workmanship will be
of no avail, however, if the boiler does not receive intel-
ligent treatment while in service.

3100 Dollars for a Name

Prizes of $1o00 in gold, $125 in one hundred loose-leaf
leather reference books and $ioo in two hundred bound
reference books, making a total of $325. are offered by
Joseph T. Ryerson & Son, Chicago, for the best trade
name for the complete line of tool steel which this com-
pany manufactures,

This contest is open to all readers of this notice.

The first prize of $1oo in gold will be given to the one
who submits the winning name.

To those who send in the one hundred next best names,
the company will give one of their new reference books of
steel and engineering data in loose-leaf leather binders.

For the next best two hundred names submitted, bound
volumes of the same book will be given.

The names of those submitting the best one hundred
and one names and letters will be placed in the “Contest
Roll of Honor,” which will be published in Ryerson's
Monthiy Jowrnol and in trade papers.

It is desirable, but not absolutely necessary, that the
name bear some relation to the steel or its gualities, or
to the manufacturer's firm name. A name which can be
trade marked is also preferable.

The contest closes April 15, 1915, at 12 o'clock noon,
Central time, and each contestant may send in as many
names as he desires. When seclecting a name, however,
give your reasons for ite use. If any good ideas are
entered which can be used to advantage, the manufac-
turers will pay for them aside from the prizes. All names
should be sent to Joseph T. Ryerson & Son, Chicago, and
the officials of this concern will be the judges.

For further information regarding this contest write
to Joseph T. Ryerson & Son, Chicago.
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Development of Ninety-Degree Elbow

Method of Laying Out the Elbow Whereby Only One Tem=
plet is Needed, with Consequent Saving of Time and Money

BY JOSEFH WILLIAM ROSS

Many of the approximate methods of laying out a go-
degree cylindrical elbow, constructed of heavy plates in
several courses, require in the fitting up of the courses
a good deal of lining up with unfair and very often
“blind” hales.  All of this would have been obviated if
a good layout had been made in the first place, with the
result of a material saving in time, temper and money.

Each layver out has his own method of laving out elbows
—some prefer the approximate method, while others pre-
fer triangulation. The layout described in this article,
however, involves some marked advantages and has been
used with great success.

Fig. 1 shows a sectional elevation of an elbow con-
structed with five courses. If the end courses of this
elbow were butted together they would form a course of
exactly the same shape in every way as the intermediate
courses. Therefore, one templet will be all that will be
required to be developed.

It iz not necessary to draw a full-sized elevation view,
as in Fig. 1, to obtain the construction lines. In elbows
built up of several courses the end courses are each
counted as one, and the intermediate courses as two each,
so that in an elbow of five courses the total sum will be
eight. As this is a go-degree elbow, the miter lines will

FiG.3
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Construction Diagrams and Templet for Laying Out a 90-Diegree Elbow
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form angles of go— 8, or 1113 degrees, Now each end
piece is cut on an angle of 1% degrees, while the in-
termediate courses will eut angles of 2214 degrees each,

Tue CowsTRUcTION DiIiscraM

With this information construct the outline shown in
Fig. 4. With X as a center and X-Z, the distance to the
center line of the elbow, as a radius, construct the are 22,
Mark off the inside diameter as I with £ as a center.
On the base line 1-X make U, UT and T§ each equal
to one thickness of the plate. With X as a center and the
distance to the points I, U7, T, and & as radii, strike the
arcs I, UU, TT and 55 to an angle of 45 degrees.

Divide the arc 55 into four equal parts and connect
the points of division to X. Draw in the radial lines 2,
3 4 and 5. With X as a center and X ¥ as a radius,
draw in the arc WIF to the radial line 3-X. Connect by
straight lines the point F° to F° and U7 to T and similarly
connect points T to I and 5 to T, thus showing the
plate thickness,

At right angles to the base line 1-X and tangent to the
arc ZZ, draw in the straight line Z-00. Also draw in
(-P tangent to the are ZZ. Mark off ¥-¥ equal to the
plate thickness. With Q as a center make QH" equal to
OF’, OF equal to 0T and QL equal to 05, Also on
the radial line 4-X with P as a center and distances FI7™
and PT", mark off the distances PH and PY" respec-
tively. Draw in the straight lines A-F and C-I.

Now transfer the neutral lines A-B and C-I) over to
Fig. 2. On Fig. 2 draw in the lines -4 and H-B par-
allel to the horizontal line E-F. Extend the line C-D to
G and H, Bisect the line <-4 and describe the half sec-
tional view G-3-4. Divide this semicircle into a num-
ber of equal parts—in this case eight is chosen to save
confusion of the lines. Project these points to the diam-
eter line G-,

Proceed in a similar manner with the smaller diameter.
Connect by straight lines the numbered location points,
as 1" to 1°, 2" to 2, 3¥ to 3, and so on as shown. Where
these lines intersect the inclined lines C-A and D-B num-
ber accordingly.

LayouT oF THE TEMPLET

Transfer the outline @ 4 B H, Fig. 2 overto G A B H,
Fig. 3. With the trams set to B as a center, Fig. 5, and
with B-( as a radius, strike the are GJ. With H-4 as a
radius and H as a center, strike the are AJ. Also with
& and A as centers and G-A and A-G as radii, respect-
ively, strike the intersecting arcs at [ and J. With a
flexible batten draw a curve through these four points
thus located.

In a similar manner obtain the lower curve through the
points F, H, B, K. Make the curve [-G-A- equal in
length to the neutral stretchout of the diameter G-A in
Fig. 2. Also make the curve P-H-B-K equal to the
stretchout of the neutral diameter B-H, Fig. 2.

Divide [-G-A-J into sixteen equal parts, which is twice
the numhber of parts in the half view, Fig. =, and also
divide P-H-B-K into sixteen equal parts. Connect these
division points, as shown, from 3% to 3% 27 to 2% 17 to 1%,
4" to 4, and s6 on. Now with dividers set to the dis-
tance 3 3', Fig. 2; transfer that distance to 3 3', Fig. 3.
It will be noticed that there are three lines with this num-
her—the center line and also the two rivet lines,

Now reset the dividers to the distance 2” 2*, Fig. 2, and
transfer it over to its correspondingly numbered line on
Fig. 3. Also transfer over from Fig. 2 to Fig. 3 the dis-
tances 17 1, G G' 47 4" and 57 5" A fair curve drawn
through all these points locates the rivet line and also
each point may be used as a rivet center, and, if desired,
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extra rivets may be pitched equally hetween these points.

The lower curved rivet line is located in exactly the
same way, the measurements D' H°, 1' I, 2 2, 3 1%
4 4" and 5 <, on Fig. 2, being transferred over to their
correspondingly numbered lines on Fig. 3. The points
thus located will be used as rivet centers, and also the
extra ones will be marked to correspond with the top
curve.

If the above construction is done correctly, every hole
will be fair and very little lining up will he required in
the fitting up. Mark in the rivet centers for the longi-
tudinal seam at each end of the templet and add on the
laps. Of course the opposite corners will require scarfing
for a close-fitting job at these points,

The curve M-N-O is marked off equidistant from the
curves J-7-A-F and P-A-B-K, locating the line of demar-
cation for the end course.

Locomotive Injectors and Safety Valves
EY GEORGE SHERWOOD HODGING ¥

When a locomotive boiler is in place and the “iron
horze” is ready for the road, it iz important to know that
the machine has been fitted with adequate means of keep-
ing up the supply of water. Some instructive data may be
had by glancing over the record of a brake test made
several vears ago on the New Jersey & Seashore Division
of the Pennsylvania Railroad,

In those experiments a large Atlantic tvpe engine was
run over a good roadbed for a distance of twenty-eight
miles. A measured mile of track was fitted with electrical
recording apparatus, and tests were conducted with the
engine hauling eight coaches. Eighty miles an hour was
made with this train, and the fastest speed attained was
just a little under ninety miles an hour. The light engine
alome was able to run ninety-five miles an hour.

The consumption of water at high speeds is always
large, and in this case two No. 11 Simplex injectors were
used. A cubic foot of water contains 748 U. 5. gallons of
water, and in this instance about sixteen cubic feet, or
nearly 120 gallons of water, was put into the boiler and
turned to steam at 205 pounds pressure. An idea of the
consumption of water by this engine at high speed, on the
trial with eight coaches behind it, may be gained by com- .
paring its performance with what we know of and use
in daily life.

An ordinary bath tub in a house holds on a fair average
about ten cubic feet of water. This engine, therefore, took
an amount equal to about one-and-a-hali such bath tubs
every minute. This is at a rate faster than the ordinary
faucet will fill it, or the waste pipe take it away.

The earliest, and indeed the usual, way of determining
the size of injectors for locomotive boilers was empirical ;
that is, it amounted to the results of good practice, ab-
served and compared. It was not based upon theory or
calculation, nor did it follow any well defined or accurate
rule. The heating surface of the boiler formed a standard
upon which the so-called rule stood, and according to good
practice the following figures were very frequently used:

No. 6 injector for total heating surface of from fizg to
#zg square feet, 1,230 gallons per hour.

No. 7 injector for total heating surface of from 823 to
1,125 square feet, 1,920 gallons per hour.

No. 8 injector for total heating surface of from 1,125 to
1,650 square feet, 2,340 gallons per hour.

® Member American Society of Mechanical Engineers. Formerly Con-
sulting Mechanical Enginesr, National Transcontinental Railway,



No. g mjector for total heating surface of from 1,650 to
2,350 square feet, 2,040 gallons per hour.

No. 10 injector for total heating surface of from 2,330
to 3.200 square feet, 3,730 gallons per hour,

No. 11 injector for total heating surface of from 3,200
to 4100 square feet, 4,150 gallons per hour,

More recent practice, according to the American Loco-
motive Company's standard system of beiler proportions,
gives interesting results, A cylinder 27 inches in diam-
eter, using superheated steam at 135 pounds pressure, pro-
duces a cylinder horsepower of 2,427, One cylinder horse-
power requires the evaporation of 208 pounds of steam
per hour, To develop full cylinder horsepower for such
an engine, 30,420 pounds of steam per hour 15 required.
The heating surface provided for an engine will, of
course, do something better than this, if there is to be
any margin.

An engine recently huilt by the American Locomotive
Company for the Chesapeake & Ohio, of the Atlantie
type, has a heating surface of 4,448 square feet. This
15 made up of tubes, 2933; fues (for superheating),
1.263: firebox, 225 and arch tubes, 27 square feet. The
evaporative efficiency of the different portions of the
heating surface have been worked out by this company,
and their results give the tubes at 860 pound: of steam
per square foot, the flues at .85, and the firebox and the
arch tubes at 353, each portion thus having its specific
value,

From this it appears that the evaporative efficiency of
the tubes, at their value, is 25487, the flues taken at their
appropriate figure give 12,493, and the firebox and arch
tubes together at 33 give 15,334 pounds of steam per
square foot. These various evaporative efficiencies added
together give 33,334 pounds of steam per square foot per
hour. This iz a more scientific way of arriving at the
evaporative efficiency of the boiler than the empirical
method, and it is readily seen that the firebox must de-
liver much more heat to the water than the ends of the
tubes next to the “round head.”

There is, therefore, in this boiler 53,534 pounds of
water which must be evaporated each hour if the engine
is to be worked to its full capacity, and this heavy de-
mand for water must be adequately met. One gallon of
water weighs 8333 pounds, so that in 53,534 pounds there
15 6,423 gallons. This amount of water has to be turned
inte steam in one hour. To do this two injectors are usn-
ally emploved, and each has to supply its share, viz.; 3,211
gallons per hour. Two No. 11 injectors, each delivering
2,350 gallons per hour minimum and 4,700 gallons maxi-
mum capacity, give an average of 3,000 gallons per hour,
As each injector is only ealled upon to deliver 3,211 gal-
lons when the engine 15 worked very hard, the two No. 11
of this capacity would allow a little necessary margin.
All this iz on the assumption that the engine was worked
to develop full power, at other times one injector might
be able to keep up the lighter demand. -

In the question which has come up regarding the size
of injectors for a locomotive boiler having 48 square feet
of grate surface and 3,250 square feet of heating suriace,
it is fair to suppose that the boiler has 250 square feet
of firebox heating surface and 3,000 square feet of heating
surface in the tulbes. The grate area is not taken into con-
sideration, because it does not actually boil the water,
though it holds the fire in place. The horsepower figures
given above are not directly necessary in the calculation,
though they form a wvaluable check, but the values for
evaporative efficiency are important.

The evaporative figures when applied here become
250 % 55 = 13,750, and the 3,000 square feet of tube sur-
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face gives, at 8.6g pounds, 26,070. Both together amount
to 39,820 pounds. One gallon of water weighs, as before,
8.335 pounds, so that the equivalent in gallons of 3p820
pounds is 4.777.4 gallons of water to be evaporated per
hour.

Taking this engine, with properly designed cylinders,
and using saturated steam, and now applying the same
reasoning that the American Locomotive Company uses,
we find that 39,820 pounds of water, or 4,765 gallons, have
to be turned into stcam in the hour. If the consumption
15 supplied by two injectors, one of them must put 2,333
gallons of water into the boiler in an hour. By refer-
ence to the table given above, it will be found that two
No. 10 injectors would do the work.

Coming to the relief of steam from the boiler, we ap-
proach the safety valve problem. In 1go8 a report was
made on the size and capacity of safety valves for loco-
motives, This report was presented to the American
Railway Master Mechanics’ Association. The report
stated that “no uniform practice seems to have prevailed
in the past in proportioning safety valves to the work they
have to perform.” It has been very largely left to private
firms to further investigate the matter.

Mr. Philip . Darling read a paper some years ago on
this subject before the American Society of Mechanical
Engineers, in which he gave the results of some practical
experiments which have been incorporated into the prac-
tice of the Consolidated Safety Valve Company, New
York, from whom the report may be obtained. This com-
pany gives a formula from which the nominal diameter
o’ the valve, in inches, ecan be worked out

The formula is

H
D = o035 ——
Il
where
I iz the diameter of the valve in inches.
Iis_thﬁ vertical lift of the valve in decimals of an
inch.
il isithe_ pressure in pounds per square inch (abso-
utel.
H is the heating surface (rtotal) in square feet.

The constant .055 was found after a large number of
tests, carefully conducted by this company to be accurate
int their make of locomotive safety valves having bevel
face and seat. This does not say that another and equally
accurate constant may not obtain with other designs.
This company, however, experimented exclusively with
their own product and found this constant to be the cor-
rect one to apply to their work.

The heating surface in terms of square feet refers to
the total heating surface of the whole boiler. The pres-
sure, in pounds per square inch, is the absolute pressure,
and 1s 15 pounds greater than that shown on the steam
gage, It is 14.7 pounds, to be strictly accurate.

Applying this formula to an engine with 4,400 total
square feet of heating surface, 200 pounds gage pressure,
and a valve lift of 13/04 inch, we have

400

D = o35 _‘I.4_
L2031 X215
This works out giving a safety valve opening of 5.538
inches in diameter. Referring to any table giving diam-
eters, circumferences and areas, we fAnd that this diam-
eter would give an area of ahout 23.758 square inches
and that the large aperture could be replaced by twao
valves 4 inches in diameter or three safety valves of 3
inches in diameter. The zafety valve is the intentionally
weak spot in the boiler, designed to give way at a certain
pressure, and governed by appropriate mechanism so that
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it is under control and can open and shut without injury
and with minimum wear, and its well-known reliability
on hundreds of boilers all over the country attests to the
correctness of its principle and the careful thought be-
stowed on its design.

Determining the Number and Size of
Boilers for a Shop Power Plant

BY W. D. FORBES

A problem has been presented for solution in which a
boiler maker 15 called in and asked to supply a boiler or
boilers to meet the following conditions: A machine shop
having 73 tools which are now run electrically is obtain-
ing its current from an outside source, and it 15 desired
to substitute an independent plant to supply this current.
The building 15 to be heated by the exhaust steam, and a
feed water heater is to be supplied. The size of the
building 1= not given. The inguirer wants to know how
to proceed to arrive at the proper size of boiler or boilers
to give an up-to-date plant.

Here the whole problem lies in finding out how much
power it will take to run the machine tools. Fortunately,
the fact that current is now being supplied places the
ingquirer in a position to obtain easily this all-important
figure. The style of the boiler which 15 to be used is the
well-known B, & W. watertube type. The concern having
obtained the electric current from outside has been pay-
ing for so many kilowatts per month. This amount, there-
fore, must be devided by the number of working days to
get the kilowatts used per day. This amount, or numbet
of kilowatts, muost be multiplied by 1.34 to obtain the
horsepower which will be needed to drive the plant under
working conditions. If a single month is taken it is
quite possible to make a serious blunder in the calculation,
as that month might be one in which the machinery was
not used to its full extent. Therefore the power might
be underestimated. Again, if the machine shop was a
jobbing shop a large percentage of the tools is likely to
remain idle for considerable periods, and it is hardly prob-
able that all the machine tools have often been worked
at their full capacity at the time, while if the plant is a
manufacturing one this condition is probable. It is there-
fore wize to investigate this important matter carefullyv.

Next, knowing the horsepower, the type of engine has
to be selected. Tt may be a single evlinder, horizontal en-
gine of moderate speed, or it may be a compound. These
engines may be fitted either for belt or direct drive. Or
the engine may he of the vertical type, single or com-
pound. Again, a steam turbine, direct connected, might
be considered. If the horizontal type is deemed more
suitable the styvle of valve must be determined on. It
may be single or four valve. The single valve may be
assumed as not as economical as the four-valve type, but
is lower in first cost, and is simpler. A belted type of
plant is not to be recommended unless there is a great
deal of space available, but it has some advantages in the
fact that the generator first cost will be less than in the
direct eonnected type.

The water consumption of the engine selected must
then be found. Tt is difficult without knowing just the
make of engine to say what this will be, but for a single-
valve engine of the single cylinder type the water com-
consumption can be assumed as 20 pounds per horsepower
per hour, and this may be taken as fair for either the
horizontal or vertical tvpe of engine. As the engine is
to be run without a condenszer, the economy of the com-
pound tvpe will not be as pronounced as if run with one,
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but if the compound type is selected, a considerable saving
under some circumstances could be made in water con-
sumption. [ust what economy is effected by a feed water
heater under the circumstances of using the exhaust
steam for heating purposes 15 open to considerable de-
hate, but it would be safer to assume that it would not
affect the boiler size, or rather its economy during the
winter months, but it would make some saving, and in
the summer months a very decided saving, in fuel

After having found how muoch water has to be evapo-
rated in order to furnish the horsepower, the question
would come up whether it was wise to have a single unit
or to have the required horsepower in two boilers. The
tvpe of boiler selected is one which is very easy to repair,
and, if handled properly, requires little attention beyvond
cleaning, and this will depend largely on the quality of
the water which is available. One large boiler would be
run a little more economically than two smaller ones, yvet
there is an advantage at times in having the two smaller
units, as, for instance, if overtime has to be done, only
part of the machine shop would be in operation and one
unit could then be used with better economy. If a single
cylinder engine is used, the steam pressure should be from
8o to Ioo pounds, and 125-150 pounds if a compound is
selected.

The inguirer states that either alternating or direct cur-
rent could be used, but as he says that the plant is now be-
ing operated, it must have its motors already in place, of
one of the two styles named. Alternating generators and
motors are somewhat more expensive for first cost, but
this is offset by their being less liable to get out of order.
Let us assume something in the concrete,  Say that the 75
machines use 3 horsepower each. This will give 223
kilowatts, which, aceording to the previous statement, will
be 225 » 1.34, or 300 horsepower. Now as the kilowatt
consumption of power is taken from aectual conditions,
friction and drop, if any, are all taken into consideration.

Assuming that our engine is of a type using 20 pounds
of water per horsepower per hour, we would have to
multiply our 300 horsepower by 2o, getting 6000 pounds,
which would have to be evaporated to produce this horse-
power, One square foot of heating surface in a well
designed boiler should evaporate 3 pounds of water per
hour, Therefore, dividing our Gooo pounds of water,
which has to be evaporated per hour, by 3. we would
have to provide 2,000 square feet of heating surface, and
this, it must be particularly noted, must be effective heat-
ing surface.

The next thing to be determined is the necessary grate
surface for the heating surface, and this, of course, will
depend on the kind of coal and the draft. But assuming
good soft coal as the fucl, and a natural drafe, it would
be fair to say that 4 square foot of grate surface per
horsepower should be allowed. Now as we require 3oo
horsepower, we divide this by 4, and we have 75 square
feet of grate surface. This is not too large an area to
have under one boiler, if two furnace doors are nsed. Ttis
assumed in the above calculation that 13 pounds of soft
coal will be burned per square foot of grate per hour;
this would give us a consumption of 1,125 pounds per hour,
or about 3.75 pounds per horsepower per hour, The B.
& W. tvpe of boiler which has been selected has been
shown to give a lower figure than this—that is, 2.33
pounds per horsepower. It must be horne in mind, how-
ever, that the quality of coal is very variable, and that the
temperature of the feed water has considerable bearing
on the evaporation.

The plant on which these figures are based is to be
heated hy the exhaust of the engines. This means that
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during the cold months a certain amount of back pressure
will be put upon the engine, and this must be remembered
ifl determining its size. This could be cared for by set-
ting the valves during the cold months with a long cut-off,
and in the summer months with a short one. It is, of
course, evident that whatever steam comes from the ex-
haust can only be used to the extent of its volume, and
if the building is so large that more than this volume is
needed, a larger engine could be supplied, which would
act as a sort of reducing pressure valve, but this idea
might be carried to an absurdity. In heating a building
it is safe to supply one square foot of radiating surface—
that is, one square foot of pipe surface for every 100 cubic
feet of space in the building. Of course the exhaust steam
from an engine would be higher in temperature than steam
from an ordinary heating boiler, and if the leads and
piping were not too large and crooked, one-half the above
radiating surface per 100 cubic feet would probably be
satisfactory in all but the coldest weather.

Now as to the smokestack or chimney, The height will
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have to be governed by that of surrounding buildings, but
the draft power of the chimney will vary as the square
root of the height. It is quite common to allow one-fifth
the grate arca for the area of the smokestack, and in the
case we have taken the area of the stack will be one-fifth
of 75, or 15 square feet. This is equivalent to a diameter
of 32 inches, if the chimney is round.

It is to be remembered that if these general outlines
are to be made minute and exact they would have to be
maodified by an expert after he had obtained precise in-
formation. It is self-evident that other conditions than
those named might have to be considered. as, for instance,
the probability of more power having to be furnished
shortly for added tools, etc, but, as a general warning,
err on the safe side and provide more boiler power than
caleulations show is necessary. If the boilers are too
small it will be quickly found out and will be a great
annoyance, while if they are too large it will be a safis-
faction to the owners if they find it out when an unex-
pected demand for additional power is made.

Efficient Lighting in a Boiler Shop

Application of Electricity to Shop Lighting—Methods of In-
stallation-—Location of the Lights and Choice of Reflectors

BY J. E. BULLARD ¥

Inereased cost of labor and material without a propor-
tionate increase in price of the output iz causing manu-
facturers to analyze carefully their expenses. They are
constantly cutting out wastes, stopping leaks, and increas-
ing general plant efficiency.

One means of increasing efficiency which ordinarily
does not receive the attention it merits is efficient lighting,
Of all the expense items connected with manufacturing,
probably this is the smallest—a reason why it has received
no more attention. Nevertheless, there is scarcely any-
thing which so directly affects the efficiency of labor.
The hbetter the light, the more efficiently the worker can
complete the tasks set for him. The cost of the best light-
ing rarely, if ever, exceeds one percent or two percent
of the cost of labor, but it has a marked influence on its
effectiveness, and improved lighting may produce results
far outweighing the small expense involved,

Waat 15 Goop LicaTINGT
Efficient lighting may be defined as that quantity and
quality of lighting, either natural or artificial, which en-
ables the worker to do the best and the most rapid work,
with the least effort, over the longest period of years.

ADVANTAGES oF Goon LIGHTING

Such lighting affects the net profits of the business in
the five following ways:

1. It reduces the number of accidents and thereby re-
duces the operating costs. A great many accidents result
in expensive litigation ending with a substantial cash set-
tlement with the injured party. Ewven though the accident
i5 slight and does not prevent the worker returning to his
post of duty the following morning, it upsets his fellow
workers and the rate of output is lowered for the re-
mainder of the day. It, therefore, is self-evident that it
pays to reduce the number of accidents.

2, It increases the quantity of output. The better the
worker can see, the faster he will work and the less his
work will cost the coneern.

= (f the Saciety of Electrical Development.

3. It improves the quality of production, Just as a first-
class workman cannot do the highest grade work on an
old, worn out machine, he cannot do his best work unless
the lighting is of the best. The better the work the
higher the selling price and the greater the demand for
the output.

4. It decreases the percentage of defective work., The
better & man can see what he is doing the lesz likely he
15 to let defects escape him and fewer imperfections will
show up in the testing department.

5. Inm many instances the cost of good lighting is act-
ually lower than the cost of unsatisfactory lighting.
Change in and relocation of the lighting units frequently
results in much more effective lighting and a smaller con-
sumption of electricity.

LIGHT SOURCES

There are three general classes of electric lamps: the
arc lamp, the tube lamp and the incandescent lamp.

The arc lamp, depending for its light on the intense
heat of the electric arc, is manufactured in types ranging
from the enclosed carbon arc to the modern high candle-
power flaming arcs.

Tube lamps, depending for their light upon causing
gases or vapors contained in transparent tubes to become
incandescent by passing an electric current through them,
are manufactured in widely varying tvpes.

Incandescent lamps, depending for their light upon heat-
ing to incandescence a filament contained in a bulb from
which all air has been exhausted, or which is filled with
a non-combustible gas, are manrufactured in all sizes and
with carbon or metal filaments. The best example of the
incandescent lamp is the modern metallic filament lamp,
such as the Mazda.

For outdoor lighting and for indoor lighting in fae-
tories having high ceilings and traveling cranes running
on tracks elevated high above the floor, necessitating the
hanging of high power units at high altitudes, arc and
tube lighting is extensively used.

For indoor lighting where the lamps do not have to be
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hung an undue height above the floor, tube and incan-
descent lamps are used. For this purpose the modern
high efficiency Mazda lamp serves admirably, These
lamps are made in all sizes from those giving only a few
candlepower to large units giving several thousand candle-
power. This makes it possible to select the size which
will best meet the requirements under consideration.

All electric lamps have been greatly improved in ef-
ficiency and durability. The modern Mazda lamp gives
more than four times the light, for the same current con-
sumption, given by the lamps manufactured by Edison
thirty-five vears ago. This means that even at the electric
rates prevalent a generation ago, lighting would now be
only one-fourth as expensive as then,

Electric lighting companies, however, have immensely
increased the efficiencies of their plants and transmission
systems, The corresponding decrease in the cost of gen-
eration and delivery of the current has been shared with
light users through rate reductions. As a result the cost
of electric lighting has been tremendously reduced, and
it is practically the only item in the cost of manufacture
which has steadily decreased, instead of increased, during
the past twenty-five vears

ReFLECTORS

Reflectors are made in three different types—direct,
semi-direct and indirect. Since it directs all the light on
the surfaces to be lighted, and is very little affected by
dirt and dust, the direct type is used almost universally
for industrial lighting. The semi-indirect type is an at-
tempt to give daylight effects by directing part of the
light upward and part downward, uniformly illuminating
the whole space to be lighted. The indirect type directs
all the light to the ceiling, which in turn reflects it to the
floor. The success of this reflector depends upon the
reflecting powers of the ceiling. It therefore, can be
used only where the ceilings are of a light color and can
be easily kept clean.

It iz apparent from the foregoing that neither of the
last two types mentioned would be at all suitable for
boiler shop lighting. For this reason only the direct type
need be considered. These reflectors are made in glass,
metal and enamel-lined metal. Glass reflectors have many
advantages, but are hardly suited to the rough usage to
which they would be subjected in the lighting under con-
sideration. For this class of lighting the enamel-lined
steel reflector is very satisfactory.

MerHOoDS OF INSTALLATION

The methods of installing lights may be roughly divided
into three classes—Ilocal, group and general

Laocal, or the placing of a light over each machine or
piece of work, was used almost exclusively in the old days
of high electric rates and inefficient lamps. With the
wonderful increase in lamp efficiency and the steady de-
crease in electric lighting rates, this method is rapidly
giving way to the other methods of lighting. In fact,
changing over an old installation to the more up-to-date
methods may result in economies which will materially
reduce the cost of lighting and at the same time greatly
improve its effectiveness and guality.

Group lighting is used extensively in works where there
are groups of machinery requiring a comparatively high
intensity of lighting separated by groups, or stores of
material, requiring less light. In this method each group
of machinery or section of the factory is considered by
itself, and the intensity of lighting required for each
group provided. The units are usually hung at a con-
venient height ahove the floor and spaced sufficiently close
together to make the units selected give the intensity of
light required on the illuminated surfaces,
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The general method of lighting is the cheapest to install
and gives the most pleasing appearance, In this method,
if the building is of the modern mill type construction, a
unit is installed in each bay. Otherwise, the area to be
lighted is divided into as many rectangles as there are
lighting units, and a unit equipped with the proper re-
flector hung at the correct height in the center of each
rectangle. This results in a uniform illumination over
the whole floor.

Frequently all the varying requirements existing in a
plant cannot be met with any one method of lighting. For
example, a factory having good general lighting may have
a group of machines requiring more light than is required
in the rest of the factory. This necessitates supplement-
ary group lighting for that section. Where either group
or general lighting is installed, some local lighting may he
required. This supplementary local lighting can be pro-
vided by lamps suspended on drop cords and by hand
lamps equipped with cords of sufficient length which are
either permanently attached to the ceiling or wall or pro-
vided with plugs for insertion in receptacles distributed
along the wall, floor and ceiling.

All lamps, whether fixed or portable, should be equipped
with suitable reflectors. There are reflectors made for
every requirement. These reflectors are carefully de-
signed and should be used only on those lamps and for
those purpozes for which they are intended. All hand
lamps should be protected by wire goards, and no work-
man should be allowed to use one without a suitable re-
flector. The effectiveness of the lamp iz lost if used
bare. It requires the keenest eyesight to see, with any
degree of distinctness, work lighted by a bare lamp. The
light shining directly into his eyes blinds the workman
amd cauzes him to do his work slowly and poorly. Too
much stress cannot be laid upon the importance of the
proper reflector. Reflectors pay for themselves many
times aver during one lighting season.

Along with the development of the electric lamp has
grown up a new profession. Illuminating engineers spe-
cialize in planning and supervising the installation of the
most efficient lighting systems. Their competeént counsel
can be sought and secured in practically every large city
and the results obtained from following their advice
always more than repay the fees they receive.

Should the Paid Employees of Boiler
Owners Be Authorized to Make

Their Own Inspections?

At one of the hearings before the A. 5. M. E. committee
on uniform boiler inspection laws a question arose con-
cerning the right of, or the adwvisability of permitting,
locomotive boiler inspectors employed by railroads to make
inspections of the stationary boilers owned by such roads.

It iz generally understood that a fundamental principle
of all State laws for the compulsory inspection of steam
boilers is that such inspections should be made by outside,
impartial inspectors and not by paid employees of the
boiler owner. The real object of such laws is to safe-
guard human life, and the reluctance that paid employees
feel in asking their emplovers to effect needed repairs or
to expend money for any purpose whatever 15 well known,
Thus an employee who discovered a defect might, for one
reason or another, hold back his report and an explosion
might occur as the result. This would be against the best
interests of the employer, becanse it would mean serious
financial loss, protracted shut-down, and possibly the death
or serious injury of a great many persons employed about
the plant.
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For this reason boiler owners in general do not want
1l_n-m__- mspections to be made by their own employees.
]'-.1-.Il_gl|]|.'l'l"‘:- do not want to be charged with the responsi-
]Jllllt}' of making their own inspections, and States consid-
ering the adoption of a compulsory boiler inspection law
would niot permit any paid employee of the boiler owner
to make such inspections,  Neither the Massachusetts, nor
the Ohio. nor any other boiler-inspection law now in foree
grants such privilege. Inspections made by the licensed
inspectors of boiler insurance companies are accepted In
lien of State inspections, in order to save the boiler owner
11I1e expense and inconvenience of having to shut down
tor both State and insurance inspections. Such inspec-
tions, however, are made by impartial experts, who devote
their life work to the safeguarding of these vessels from
explozion, and they conform to the general principle in-
volved, since insurance inspectors are neither directly nor
indirectly in the employ of the boiler owner, .

Lawsz providing for the inspection of steam boilers are
enacted under the police power of the State, and should,
of course, go no further than is necessary to protect the
public against the evil anticipated. Whatever class of
boilers the Legislature seces fit to exempt from the oper-
ation of the law may be properly excluded if the classi-
fication is based upon reason.  Steam-hoiler insurance
companies are incorporated and authorized by the State
to inspect boilers and to insure them against explosion;
and the State. through its insurance department, super-
vises the operations of the companies and sees that they
are and continue to be solvent and wisely managed. The
State knows that the explosion of a steam boiler means
heavy financial loss to the company which insures it, and
that hence the company has a strong financial inetrest to do
its inspection work thoroughly. This being the case, it is
manifestly entirely reasonable that the State should except
trom the operation of its general steam boiler inspection
law, boilers insured in and inspected by duly authorized
steam boiler insurance and inspection companies. To re-
quire a boiler owner who has provided for insuranee and
inspection by highly trained experts in the employ of a
State-authorized and supervised insurance and inspection
company, which will be reguired to pay for the damage
done in case of an explosion, to also submit to and pay for
an inspection by State inspectors, is manifestly casting
upon such a person a wholly unnecessary burden. The
exclusion of hoilers inspected by the owner is quite a
different thing, The State has very great knowledge of
and supervisory control over insurance companies, while
it has no such knowledge of or control over the owner.
Moreover, the expense incident to the repair or condem-
nation of a boiler and other considerations might easily
influence the owner or his emplovee to continue to use
the boiler after it should be shut down, whereas the in-
surance company would not be subject to any such in-
Auence, and its interests would naturally lead it to require
a very strict adherence to good practices.

It would be transgressing a fundamental prineiple to
extend to railwavs a privilege not granted to other em-
plovers: and so it is to be presumed that the railways
themselves. acting in their own best interest, will not re-
sist upon having their stationary boilers inspected by their
own locomotive boiler inspectors.—Mounthly Bulletin of
the Fidelity and Casualty Company of New York,

Brirers For PeEak Loap Coxprrions—In plants that
are to e worked at high rates of evaporation it is im-
portant to select only those types of boilers which are
free from stress due to temperature changes and which
permit of casy renewal of tubes. Tt has heen pointed out
by engineers who have given this subject close study that
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when boilers are to be worked during peak-load periods
at from 7 pounds to 10 pounds of water per square foof
of heating surface—that is, from two to three times the
rating—the total cost of the boiler plant will be so greatly
reduced that the very hest boiler structure for the purpose
can be selected without greatly increasing the cost of
the plant. The cross-drum type of boiler offers advan-
tages for high rates of working as the discharge from the
upward circulation of steam and water is near the center
of the cross drum and therefore near the normal water
level, thus liberating the steam near the surface of the
water, which permits of freer and more rapid circulation.
—Electrical World.

How to Tell if a Crown Sheet Has Been
Hot

Low water, however caused, always produces excessive
heating. and if the temperature rizes sufficiently to weaken
the material, failure mayv occur by stripping of the stay-
bolts or rupture of the sheets by bulging between them, or
otherwise. If the temperature has raised the material to
a low or bright red ecolor, this can be readily determined
by superficial inspection. While the fire side will show
red rust or a black color, the water or steam side will in-
variably show a typical steel-blue scale, which will not
disappear even after years, as it is a so-called rustless
coating. If this be once oiled it will always be distin-
guishable, even if the plates had been exposed to mois-
ture and gases for years. The color of this scale will
depend somewhat upon the temperature at which it was
produced, being brightest at those points where tempera-
ture was the highest. Carcfully made tests, with auto-
graphic diagrams of such material, will again demonstrate
changes of properties which are very characteristic.

The yield point will be found very low, while the dia-
gram will show a material drop of curve just after the
vield point. The elongation will, however, as a rule, be
materially inereased, with a diminution of tenacity.
Nicked and guenched bending testz will again show
marked difference between strips cut from the sheet at
points which in one case were overheated or were above
the low-water line, and in others were taken from a part
below this line. The fracture will also be materially dif-
ferent. To demonstrate the temperature at which the
plates happened to be at the instant of explosion, it is
necessary to cut strips from points of the overheated plate
below the water level. These strips polished on the cdges
are then held in a clear fire so that one end remains cold
while the other is heated to a dull yellow or a very hright
red. This temperature being reached, the bars are with-
drawn, and while one is rapidly plunged with one end into
a pot of boiling water, the other i1s allowed to cool in air,
but not in contact with wet metal or stone. When the
piece which had been immersed in boiling water about
one inch deeep has become nearly cold, below blue heat,
it is plunged into eold water.

On the polished edges of both bars will be found scale
and heat colors, the temperatures producing them being
well established. These bars are then carefully nicked
at points opposite every change of color and then broken
off at these nicks. By comparing these fractures and
their scale and color with those obtained from pieces cut
from the overheated plates, the temperatures at which they
were at the instant of explosion can be determined with
great accuracy. Having thus determined the temperature
at which the sheets were during operation, it is also known
whether the metal was sufficiently soft to bulge off or strip
from the staybolts: examination of plates and bolts will
verify the conclusion—Railway and Locomotive Engi-
neering.
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Elsewhere in this issue 15 an article showing how to
determine the number and size of the boilers to supply
steam for a given shop. From the data given there would
be required to answer the inquiry properly a thorough
knowledge of steam engineering, electric drive, and heat-
ing. Now is it fair to expect this knowledge in a manu-
facturer of boilers, or even if he possessed it, is it wise
In the United States, and it
is the only country where the procedure is found, if a
man comes ino the office of a boiler making establishment
and intimates that he wishes a boiler for a certain pur-
pose. he would be plied with questions, and some sort of
a boiler with its price would be offered him. Some large
boiler concerns will e willing to send an expert to look

to azcept his caleulations?

over the situation, write a specification, and give prices.
Cluite commonly the specification will be copied by the
prospective customer, and gent to rival boiler concerns
for their bid, and the lowest 15 accepted.

This is totally unfair, to say the best about it. The ac-
tion borders on dishonesty. In other countries a customer
desiring a boiler will be first asked whether he is an en-
gineer. 1f he says no, he will be diplomatically and
politely informed that not being one he is not likely to
know his requirements, and they, the boiler people, can-
not guess what is wanted. The prospective customer will
probahly be informed that “Messrs. Wilson, Jones, or Rob-
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inson are all recognized engineers, and if any one of them
will undertake the investigation and write a specification
of what is required in the boiler line, we shall he very

much pleased to bid"”" Of course there are consulting

engineers and consulting engineers,  Often they are prone
to recommend a sweeping out of everything, which would
incur too heavy an expense to be considered. Is it not
wise, however, to place the selection of anything so im-
portant as a boiler in the hands of a thoroughly competent
man who is unbiased and unhampered?

The American system has, however, its advantages,
Under it bodler makers are jealons of their reputations.
Consequently they would be inclined to give something
which is
natural, to sell a particular product in which one is inter-
But the
great point in selling anything, and particularly a boiler,
It would

seem that all that could be fairly asked of a boiler man-

satisfactory, but there is always the inclination,

ested, rather than the product of someone else.

is to have it satisfactory, and have it stay sold.
ufacturer is that he provide first-class materials and work-
manship, and sufficient grate and heating surfaces to
evaporate a given amount of water in a given time under
clearly specifed conditions,

Some indication of the recent unprofitable condition of
the boiler-making industry is shown by the following
ahstract from bids which were opened at Tompkinsville,
N. Y., on November 1o, 1914, for two Scotch type marine
boilers for the United States lighthouse tender Larkspur:

A. D. Granger Company, New York... $11917.00 (133 days)
5. J. Waterman .... togzon (130 days)
Springfield B. & M, Co |l]lmu:s+ 1350000 120 days)
P. Delaney, Newburgh, N. Y., 1445000 {130 days)
Ellicott  Machine Cnrpuraho:t. Bilh-

more, Md. . 13.236.35 (160days)
New York ":]‘u;:hm!dmg anpalu

Camden, M. J.. . A 1250000 (125 days)
Harlan & IIU]l]nEbWI'Il‘ﬂ'l CDFJJUNUUH.

Wilmington, Del. 1331500 (118days)
Kingsiord Foundry & ‘nhcl‘nuc ‘|,1., m-lﬁ_

Oswego, N. ¥.. ] 1546500 (120 days)
Tohn Baiziev, Phl!adE]phm Pa 10,756.00 {120 days)
Valk & Murdock, Charleston, 5. C.o.. 1r,i70.00 (170 days)

Wm. Cramp & Song Ship & Engine
Building Company, FPhiladelphia,
B e e ’

W.T. L.,||111! Eilhmun‘: Mad..

Under ordinary conditions it would be quite unlikely

15,185.00
1370000

{145 days)
{100 days)

that competitive hids for only two boilers would vary as
mueh as §7.5 percent, as was the case above, especially
when the made from drawn

estimates were carefully

government specifications.  Whatever the reason may be
in this particular ease for the wide divergence in quota-
tions, it is to be hoped that a careful study of these fig-
ures and of the specifications covering the work to which

they apply will be beneficial to the trade.



Engineering Specialties for Boiler Making

Automatic Spacing Table for Punching Plates

Equipment for Field Work and

Thomas Automatic Spacing Table

The Standard Bridge Tool Company, Pittsburg, Pa,
has placed on the market a new and improved type of
spacing table which is designed for punching plates of
all kinds. The machine llustrated was built for one of
the leading tank manufacturers, and 15 designed to punch
two edges of a plate at one pass, either sidewise or end-
wize., One of the punches iz Axed on the base and the

Air Compressor
High=Pressure Hydraulic Pump

all steel and practically unbreakable. The carriage runs
on cast steel rollers fitted with hard steel roller bearings.

These machines can be modified for punching all classes
of plate work, either light or heavy material. The spac-
ing table can be used in connection with a sing[e_punch
for punching only onc edge of a plate at a time or in con-
nection with large multiple punches for punching all
holes at one single pass.

Thomas Automatic Spacing Table for Punching Boiler and Tank Sheets

other is adjustable to the width or length of the plate.

For punching very wide plates or the holes in the ends
of plates, auxiliary rolls are provided to aveid sagging.
These ralls are carried on separate bases located on each
side of the movable punch and are set to suit the size
of the plates. The tops of the bases are planed and are
get in concrete foundations.

The spacing is obtained from full-size templets. On
work where close spacing of holes is not essential a
wooden strip can be used. If great accuracy is desired
a steel templet must be provided. [t is claimed that the
machine will respond to the templet and that the wear
of parts or lost motion will not affect its accuracy.

One of the particular features of these machines is that
regular or irregular spacing may be obtained. Also on
boiler work or tank work the inner or outer course sheets
may be punched without changes or resetting.  The move-
ment of the carriage is automatic, deriving its motion
when spacing from the main shaft of the punch. The
return movement is effected by means of motor. The
table proper, the tracks, and the base of the punches are

A Small, Portable Air Compressor

The small gasoline (petrol) engine driven portable air
compressor illustrated has been developed by the Inger-
soll-Rand Company, New York, to meet the needs of the
contractor doing work of a temporary character requir-
ing compressed air in small quantities. The compressor
15 operated by a simple single-cylinder gasoline (petrol)
engine, which is coupled directly to the compressor, both
pistons working on the same crank shaft. The engine is
of the single-acting, two-cvele type, closely following the
well-known marine designs. The air compressor, which
is one of the company's standard types known as “Im-
perial XII," has a capacity of 45 cubic feet per minute at
a pressure of go pounds. It 15 ftted with an air unloader
and the engine with a centrifugal governor. Cooling is
provided for by a gear-driven pump and an automobile
type radiator, with large tank capacity, serving both the
compressor and engine, The radiator is assisted by a large
fan,

The frame, axles and wheels are of steel, the front
axle is arranged with swivel connection to the frame, per-
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mitting horizental rotation for turning corners and sui-
ficient vertical movement to accommadate the wheels to
inequalities of the road without strain on the frame. An
air receiver tested to oo pounds water pressure and
fitted with safety valve, pressure gage, necessary piping,
outlets, ete., is hung at one end of the frame, and a gas
oline {petrol) tank of 15 gallons capacity is supported on

Gasclene-Diriven Portable Air Compressor

a large tool box, as shown in the illustration. The outfit
complete weighs 1,600 pounds and is designed for hand
transportation, but can be hAtted with tongue and single
tree if desired,

Watson Stillman Triplex Hydraulic Pump
The Watson-Stillman Company, New York, has added
to its line of high-pressure hydraulic pumps a new type
of motar-driven geared triplex single acting pump, which
embadies some features of special merit.  While primarily

Motor-Dinven Hydraulic Pump

designed to meet the severe demands of tunnel service, it
will be equally appreciated for other conditions.

Tao secure unusual compactness and rigidity, and also
to insure perfect alinement of all the working parts when
under severe service, the motor is mounted on an exten-
sion of a heavy cast iron base. The driving shaft and
bearings are large and are amply provided with lubricat-
ing cups. The gears are of the heavy cut tooth type. The
drive from the shaft is by eccentrics set at 120 degrees and
are cast in one piece and keyed with one key to the driv-
ing shaft. The ecccentric straps are heavy and the plun-
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cers are of tool steel and are goided in a rigid crosshead
and bolted to the base.

ruide, which is keyes

The pump body is a machine steel forging with bronze
valves and bonnets, and designed to eliminate and aid
spaces. The passageways are made large to reduce fric-
tion of the water to a munimum. The pump as shown is
operated by a 10 horsepower motor running at 600 revo-
lutioms per minute and delivers 100 cubic inches per min-
ute at 3,500 pounds pressure, with a speed of the erank-
shaft of 100 revolutions per minute. Other sizes are built
to suit operating conditions,

Boiler Inspector Invents New Flexible Staybolt
H. A, Lacerda, assistant boiler inspector at the West
Albany shops of the New York Central Railroad, has in-
vented a new tyvpe of flexible staybolt so constructed that
an ordinary staybolt with telltale hole can be applied and

Mew Flexible Staybolt, Presented for Inspection
by the Inventor

driven at both ends. In the outside sheet the bolt is

headed up in a corrugated sleeve which provides for the

expansion and contraction of the bolt and makes a flex-

ible connection. The bolt can be tested by the hammer

test in the same manner as an ordinary solid stayvbalt.

- Technical Publication

STtEam BoiLers. Third edition, By C. H. Peabody and E. F.
Miller, Size, 6 by g&4 inches. Pages, 543. lllustrations,
22, Folding plates, 5. New York and London, 10912:
John Wiley & Sons and Chapman & Hall, Ltd. Price,
24: 175. net,

Authoritative books on steam boilers are not very
plentiful. What few there are, either deal directly with
the thermodynamics of the generation of steam or with
the mechanical details of boiler construction. In this
book, which was primarily intended for the use of stu-
dents in technical schools and colleges, theory and prac-
tice each have an equal share in the explanation of the
construction and operation of steam boilers. The subject
is thoroughly covered by giving only elear and concise
statements of facts concerning boilers. No preference
has been given to any one particular type, each type being
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descriled in detail,

Following a description of various
types of hoilers, a chapter is devoted to superheaters and
thizs includes a short discussion of superheated steam.
The chapter on combustion has been extended in this edi-
tion to cover oil burning and to include the moast recent
analyses of American coal, together with a detailed de-
scription of eoal calorimetr

as applied to the determina-
tion of the heating value of coal purchased on a heat unit
basis.

This chapter alone would make a very interesting
book, as the matter has been presented in the eareful and
thorough manner which is characteristic of the authors,
Corrosion and incrustation are discussed in great detail,
and the subjects of mechanical stokers, economizers and
steam piping have been treated at comsiderable length,
The new edition also includes new material on chimney
draft and a chapter on coal handling and coal-handling
machinery. The subjects of riveted joints, boiler testing
and stayving flat surfaces have also been extended and are
very complete. The design of the horizontal return tubu-
lar boiler is the only one taken up in detail as the prin
ciples in the design of different types of hoilers are the
same throughout,

Obituary

Col. Edward Daniel Meier, president and chief enginecr
of the Heine Safety Boiler Company, and past president
of both the American Society of Mechanical Engineers
and the American Boiler Manufacturers’ Association, died
in New York December 15 at the age of seventy-four
irom hardening of the arteries and heart. Col, Meier was
a veteran of the Civil War and one of the most eminent
mechanical engineers of the countrv. To boiler makers
he is probably best known from his lifelong activities in
the movement to better the standard of steam boiler con-
struction. From many vears' service as president of the
American Boiler Manufacturers’ Association and as
chairman of its committee on uniform boiler specifica-
tions, and also as chairman of the committee on uniform
boiler specifications of the American Society for Testing
Materials, Col. Meier through his personal efforts exerted
a marked influence on the progress towards better and
safer boiler construction in this country. What will be
recognized, however, as his greatest achievement in this
field of endeavor was the inauguration of the movement
for a standard boiler code by his appointment, soon after
his elction as president of the American Society of Me-
chanical Engineers, of a committee of eminent authorities
on boiler work to compile a standard A. 5. M. E, boiler
code which can be used as a basis for uniform boiler legis-
lation and practice throughout the country, a work which
is now still under way but which will probably soon he
brought to completion,

Col. Meier was born in 5t. Louis, Mo. May 30, 1341,
At the close of a scientific course at Washington Univer-
sitv, St. Louis, in 1858, he spent four years in Germany
at the Royal Polvtechnic College in Hanover, this being
followed by an apprenticeship at Mason's Locomotive
Works, Taunton, N. J. In 1863 he enlisted in the Gray
Reserves, the Thirty-5Second Pennsylvania, which was at-
tached to the army of the Potomac until after the battle
of Gettyshurg. He subsequently served in the Second
Massachusetts Battery, also in the United States Engineer
Corps, and finally became lieutenant in the First Lowis-
iana Cavalry, seeing much active service, and on May 30,
1865, receiving the surrender of Lieutenant-General John
B. Hood and staft,

At the close of the war he entered the Rogers Locomao-
tive Works, at Paterson, N, |, remaining one year. From
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Labhy to 1870 he

ith the Kansas Pacific
Railway, first as assistant superintendent of machinery,
its Western when the
bridges were swept away, designing, building and oper-
ating a mill for sawing, planing and turning the soft mag-
nesian limestones by machinery, designing machine and
car shops, etc

was associated v

keeping open communications

., and subsequently becoming superintendent
nf machinery
the [lhnois

He resigned to hecome chief engineer of

FPatent Coke Company, leaving there in 1872
to assume the secretaryship of the Meier Iron Company
and to build its blast furnaces. From 1873 to 1875 he
directed the machinery department of the 5t Louis In-
terstate Fair.
ested in the St. Louis cotton industry and was associated
with the St. Louis Cotton Factory and with the Feper
Hydraulic Cotton Press, for both of which he designed
machinery for compressing cotton. In 1884 he organized
the Heine Safety Boiler Company for the development in

During this time he became actively inter-

. Cal. Edward [, Meier

the United States of the watertube boiler of that name,
and has been its president and chief engineer ever since.
He has also been responsible for the introduction of the
Diesel motor into the United States, and until 1908 was
engineer-in-chief and treasurer of the American Diesel
Engine Company.

Col. Meier was lieutenant-colonel and later colonel of
the First Regiment of the Missouri National Guard, serv-
ing about ten years, and is a member of the Grand Army
of the Republic and of the Loval Legion. He has been
active in a number of professional organizations, serving
in 1881-1884 as treasurer of the St, Louis Engineers’ Club,
in 1839-1890 as its president and as secretarv of the
American Boiler Manufacturers' Association. [t was in
the latter capacity that he drew up the Uniform American
Boiler Specifications of 18¢8. He has been president of
that organization and also of the Machinerv and Metal
Trades Association since 1go8.

In the American Society of Mechanical Engineers he
has been active on many committees, was one of e
agers from 1895 to 1898 and has twice heen elected vice-
president, serving his first term from 188 to Tgoo, and
beginning the second in 1910, hut resigning in the same
vear to assume the presidency.



Letters from Practical Boiler Makers

This Department is Open to All Readers of the Magazine
—_All Letters Published Are Paid for at Regular Rates

A Boiler Failure

A boiler, about fifteen years old, on a river tug devel-
oped several bad leaks in the back sheet. After laying up
the tug all night, the engineer found no water in the glass
or gage cocks. This had happened on previous occasions,
however, due to the leaks in the back flue sheet,

The steam pressure was low and the engineer turned
on the steam jet to blow the fire, but neglected to bring
the water level up. When the fire became hot, the tubes
above the three lower rows drew away from the sheets,
front and back, showing that the level of the water must
have been down to the top of the third row of tubes from
the bottom.

This was clearly a case of neglect on the part of the
engineer. In the first place, when there is no water in
the gage glass and, especially, in the gage cocks, it should
be attended to immediately, In the second place, the leaks
in the tube sheet should never have been neglected for so
long a time. No doubt the failure would have occurred
in as short a time if only the first condition obtained that
of a low-water level. (1554 bl

Method of Boiler Construction Advo=

cated to Overcome Leaky Flues

On page 370 of the December number of Tue BoiLer
Maxer | read the discussion on welding tubes in back
flue sheets of locomotive boilers. This strikes me as a
last resort and an expensive way to overcome tube leak-
age, especially when the tube sheet deteriorates with
every weld that is made, to say nothing of the cost of
retubing, which would be added to by the Federal re-
quirements of removing tubes every three vears. On
some of the Eastern railroads where bad water exists
this retubing must be done every nine months.

Just so long as the same principle of construction is
adhered to, over which the master boiler makers have
puzzled their brains for the past sixty years, therc can
be no way out of the difficulty, and yet they show no
inclination to try a new and more scientific construction
which from experience and test, I, with other well-known
engineers, can confidently recommend to them as being a
far less expensive way of overcoming leaky flues and flue
failures on the roads., The welding in of tubes does only
one thing, and you are not sure of_ the exact amount of
good resulting, but the shallow corrugated construction
accomplished many things, among others the prevention
of tube and mud ring leakage and staybolt hreakage, and
we are exactly sure of the amount of resultant good.

I have had a boiler working for the past three years
with superheater tubes which has given the greatest sat-
isfaction in every respect, including the tubes. And in
closing I might state that the scale, which one might
almost say was the foundation of tube troubles, is broken
up and entirely dispersed in the shallow corrugations,
owing to the constant expansion and contraction allowable
in this flexible form of boiler, and therefore there can be
practically no scale burn and no leakage.

My working experience with boilers and hoiler making
has heen of forty-five years' duration, and the past eight
vears I have devoted a great deal of time to this particu-

lar and i||,'|l'_.ortu[1[ _-;uhj:_--:_‘l_ of locomotive |u‘.|i.|'-:.T-. and 1
say that it is now time to try the new construction.
i Wirrtam H. Woon,
Mechanical and Constructing Engineer.
Media, Delaware County, Pa.

Rolling Boiler Tubes

[n relation to “rolling” hoiler tubes, [ guite agree with
N. ;. Near in his statements, which appear in the De-
cember issue of the paper. [ have used the Dudgeon ex-
pander on marine and stationary boilers, both with new
tubes and with old tubes that had begun to leak at the
ends. Of course more care is required with old tubes,
for not onlv are the ends thinner from having been ex-
panded before, but the metal seems to he more brittle
than when new. The continued heating and cooling with
the consequent expansion and contraction, fatigues the
metal, and so re-expanding must be done cautiously. It
15 quite possible to run a tube end by expanding it too
much, for then the holding power is impaired permanently.

In the case of old tubes that have been expanded sev-
eral times at intervals, and still leak upon the least provo-
cation, the least possible expanding that is done the better
it will be. In such a case it would not be wise even to
malke the track of the rollers pronounced, but only to the
extent of showing that the rollers have lightly pressed the
tube all round. With new tubes, the track made by the
rollers should be well pronounced, as referred to by Mr.
Near, for when new the tubes can stand it hetter than
at any later period, The holes in the tube sheets, or
headers, as the case may he, should he ¢leaned out and the
sharp edges “broken” with a half round fle before put-
ting in a new tube, [ have found that by painting the
tube ends and the holes in which they are to be expanded
with thiek red paint, a good job can be made that will
last. Crartes J. Masow.

Scranton, Pa.

An Amateur Boiler Maker’s Views

I am not an authority on the manufacture of steam
hoilers "by a long shot,” but I am interested in them, and
therefore went to the meeting of the American Society
of Mechanical Engineers to watch them as they put the
kibosh on future failures. It will be pretty hard to
squeeze in any more failures after their proposition is
put through broadeast over the United States. The com-
mittee has evidently worked pretty hard at their new
code, and I notice that all engineering journals, and even
the daily papers, join hands in wishing the perpetrators
“God speed.” One prominent engineering journal in par-
ticular states that the new boiler code is “the most impor-
tant subject the American Society of Mechanical Engi-
neers has ever tackled,” and I guess that paper is about
right. Boilers are important. It would be hard to name
anything more important in the mechanical world

There were some big men at that meeting, such as An-
drew Carnegie, Mayor Mitchel, ete. T didn't speak to
any of them personally, and they didn't make an effort
to speak to me. You see, as long as I am an amateur
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and just a junior member of the A. 5 M, E,, I keep out
of the way of the big fellows. [ just stand around and
watch them and wish that I, too, were an autharity.

I noticed that most of the big men smoked cigars, and
s0 1 smoked a “toofer” also, but even that didn't put me
in the limelight. I can smoke just as many and just as
black cigars as the next man, but it doesn’t seem to do
much more good than to just help make the atmosphere
of the desired kind in the Engineering Building. They
are a jolly bunch. The big men langh and shout at each
other and call each other by their boy names, such as
Joe, Jim and Mike, and between them all they somchow
or other manage to make the mechanical world sit up and
take notice.

There seems to be a little sentiment among the older
men against the vounger members—so I have been told,
The big engineers don't always like to associate with
men of smaller caliber, and 1 don't blame them exactly.
But how are we going to learn if we are not allowed to
associate with them once in a vear, and thus be prepared
in a few years to take hold of the work where they—the
bg men—lefr oft?

It's a great thing to go to a meeting where great men
discuss the greatest subjects. T kept out of it, of course,
because, as I have already said, I am not an authority.

Here's wishing the new code the greatest success.

New York. N. G, Neaz.

A Criticism of the A. S. M. E. Boiler
Code

Az a subseriber to vour valued paper, and one who
takes great interest in all things pertaining to boiler con-
struction and the rules governing the same, I have read
with pleasure your article on the efforts of the A. 5. M. E.
committee on standard boiler rules, and wish to make the
following statement regarding their work:

It would appear to the layman, far removed from the
center of activities, that the gentlemen appointed by the
A, 5. M. E. as a committee on standard boiler rules had
taken the State of Massachusetts’ boiler code as their
guide in all things. In the first place, the committee for-
warded copies of their proposed rules to the various per-
sons throughout the United States that they had reason
to suppose would be interested. 1, among others, received
a copy with a letter asking for a criticism of the rules as
drawn. I have no doubt but that this was the action
taken with hundreds of other men throughout the coun-
try, and I have no doubt but that each and every one of
the gentlemen invited to criticise the work faithfully per-
formed hiz duty to the best of his ability, so that no
doubt the committee received several hundred various
criticisms on various points in the rules as drafted. No
doubt the committee zave to each letter received all the
attention that it was possible to give to such a large num-
ber of answers.

Probahly vou are aware that Mr. Thomas Durban, as
the chairman of the boiler manufacturers’ committee,
called a meeting to be held in Pittsburgh, Pa., in the early
part of November, 1913. At that time there were present
many representatives of the Boiler Manufacturers’ Asso-
ciation, also many of the inspectors of boilers from the
various States and cities that have laws governing the
inspection of steam boilers, also the representatives of the
steel manufacturers., The matter of “standard rules” for
the manufacture of boilers was taken up and received
a great deal of attention from the various interests rep-
resented, including Mr. George Luck, as the representa-
tive of the Commonwealth of Massachusetts; Mr. H. A,
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Baumbhart, representing the Board of Boiler Rules of the
State of Ohio: Mr, Raobert Wilcox, representing the city
of Chicago, and various persons representing interested
parties in the discussion of this vital matter. At this
meeting 1 had the pleasure of representing the city of
Seattle, and in the course of the meeting [ was called upon
to cdiscuss several matters pertaining to the rules as
adopted by the city of Seattle, and I had the pleasure
of having the same receive the approval of that meeting.

The same items that were discussed in Pittsburgh were
again taken up by me with the committee appointed by
the A. 5. M. E, but [ do not see wherein there has been
any attempt to adopt the same; therefore I submit them
to the boiler makers and boiler inspectors through the
columns of your valued paper. The following is a copy
of my answer to the A 5. M. E. committee on standard
boiler rules:

“To the American Society of Mechanical Engineers:
“Gentlemen: I am in receipt of your valued favor of
the 26th inst., enclosing a copy of the recommendations
of your committee appointed to draft a suitable standard
specification for the manufacture of steam boilers, and
kindly inviting me to critisise or suggest any changes. [
am pleased to be allowed to give my views on this im-
portant matter, and taking it for granted that you desire
a fair, impartial eriticism from the wvarious interested
parties, I feel at liberty to take up the following subjects:
“First. Method of determining net area of segment of
a head (Page 199, Section 4, Article 32), in which you
give as follows: ‘The area of a segment of a head to be
stayed shall be the area enclosed by lines drawn 3 inches
from the shell and 2z inches from the tubes (as shown in
Figs. 22, 23)." This rule I do not believe to be based
upon good mechanical judgment. True, it has been the
rule for many wears, and apparently, in order to follow
the line of least resistance, it has been decided not to
change it. I do not believe that this rule is right, for
as the conditions change, so should the allowance change.
Taking into consideration the thickness of the metal and
the pressure carried, it would look as though this allow-
ance could be graduated to meet the conditions. It does
not seem right that the same allowance should be made
where the thickness of the head is 7/16 inch and the
pressure carried is 130 pounds, and again where the thick-
ness of the head is 3¢ inch and the pressure carried is
100 pounds, That there iz a way of arriving at the
proper allowance, based upon the data given, is shown
by the rules in use in various places. In the city of
Seattle T have based this allowance upon the rule that
covers the greatest allowable pitch of brace or stay, and
by taking one-half of that allowance [ believe that it will
be much nearer a solution of the problem than to allow
3 inches for the holding power of the flange. As to the
allowance of 2 inches for the holding power of the
tubes, although T feel that it could be determined definitely
what the value of that power actually is, still T feel that
an allowance of 2 inches i3 a very conservative estimate.
and on account of the unknown quantity of the workman-
ship 1 believe that this allowance should not he changed.
“Second. ‘Determination of net area of a segment of
a head containing a manhole opening’ ( Page 201, Section
4, Article 35, Fig. 24). ‘An area 2 inches wide all around
the manhole opening may be deducted from the total area
of the head, including manhole opening to be staved.’
I do not believe that this deduction should be made. I
am of the opinion that it is not warranted by conditions.
True, the sheet has been flanged in for a distance of
not less than twice the thickness of the head, and by so
doing a certain stiffening effect has heen given, but 1
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believe that this stiffening effect has only been for the
purpose of forming a beam, and is used for the purpose
of transferring the load from the manhole cover to the
other part of the segment that we are able to brace. 1
cannot see wherein we have in any way lowered the total
load to be sustained by the brace or through-rod. We
have already given the flange and the tubes their full
allowance, and I believe that the arca to be braced in
the front head should be the same as if no manhole were
used.

“Three, Section 4, Article 7, Page 193. ‘The longitudi-
nal joints of a boiler, the shell or drum of which does not
exceed 36 inches in diameter, may be of lap riveted con-
struction, but the maximum pressure shall not exceed
100 pounds per square inch.,' [ believe that this ruling
is wrong, my contention being that the smaller the diam-
eter the more aggravated the fault, as the angle will be
greater. In fact, I am of the opinion that all longitudinal
joints should be of the butt (double strapped) tvpe, as
this form of joint is just as cheap to manufacture as the
lap type. I base this assertion upon the following rea-
sons: Taking into consideration the diameter of the boiler
and the pressure to be carried, the higher efficiency of
the butt type of joint will allow of the use of lighter
plates and will offset the difference in the cost

“Fourth. Section 4, Article 17, Page 195, ‘Bumped
heads.” T believe this form of construction to be not only
wrong, but also absolutely dangerous. I believe that the
head should be a true hemisphere. In the ‘bumped head,’
so-called, we have a condition that allows of an abrupt
change of angle, At the point where the departure is
made from the straight line to the curvature, there is a
condition set up that I believe has been the cause of many
disastrous failures. T have noted on at least three occa-
sions where a disastrous failure has occurred, that the
failure has taken place at this point, and I am of the
opinion that it is caused by this form of construction.
If the hemispherical type were used it would allow of the
use of a thinner plate, and this in turn would compensate
for the added expense, and T believe that it would give
much better service and I am sure that it would be a
great deal safer.

“Fifth. I believe the rule making it necessary to con-
sider a plain internally fired boiler with a furnace over
38 inches in diameter as a flat surface, is wrong, Appar-
ently it is considered that the limit iz reached immediately
at this point. I do not believe that to be a fact. T be-
lieve that a plain furnace with a diameter greater than
38 inches should be given some allowance for the strength
of the cylinder.

“Sixth, Article 50. Calking. ‘The calking edges of
plates should be beveled. I believe that at this time vour
society should go on record as being opposzed to the use
of the ‘rotary bevel shear,’ as | believe that the use of
this machine sets up a condition whereby the metal is
distorted to a greater degree than it is by the use of a
punch in punching holes for the riveted joints. T helieve
that this work should be done on a planer.

“In submitting the above, I have been actuated only
with the motive of trying to help to the best of mv ability
in your splendid work., Wishing you every success in this
matter, I am, very respectfully,

“Signed) Witriam E. Murray,

“Inspector of Steam Boilers for the City of Seattle”

In answer to the above I received an acknowledgment
of the receipt of the same and assuring me that the
committee would give it the fullest consideration. Now
I am very doubtful as to whether that consideration has
been given., If so, then it is apparent that my suggestions
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ar criticisms were not considered to have sufficient weight
to be incorporated in their next draft, as the next copy
of the proposed regulations did not incorporate any of
the suggestions given the foregoing letter, or it may be
that the committee, after careful deliberation, came to
the conelusion that I was entirely wrong in the ideas
advanced. Be that as it may, [ am submitting the above
for the careful perusal of the readers of vour wvalued
paper, and I respectfully invite a thorough discussion of
the above.

This letter was prompted by the article appearing in
the December issue of Tae Boimrer Maxer under the
heading of “How and Why I Taught Boiler Design”
which I believe contains a great deal of truth, although
apparently written as a humorous article, and I feel that
the task of drawing up a set of standard boiler rules
should be the task of a committee composed of boiler
inspectors, for the reasen that they are not in any way
hiased, and only have the one object in view, viz., safety.

WiLLiam E. Murray,
Inspector of Steam Boilers.
Seattle, Wash,

Does Quantity Make Quality ?

There is no gquestion but that in the manufacture of a
great many products, such as engines, boxes, wagons,
automobiles, ete, quality has much to do with quantity.
The manufacturer can either make a better product at the
same price when he makes it in large numbers, or he can
undersell his competitor. Henry Ford is now demon-
strating to the world the great value of quantity, produc-
tion and efficiency in shop methods. It is evident that if
he should choose to do so he could sell his car at a much
lower price by reducing the wages of his employees to
nearlv what it was before. His emplovees are thankful
that he is continuing his present policy.

In the manufacture of boilers, however, gquantity does
not figure so strongly because of the great amount of
hand work that must be performed on each and every
boiler. True, the factory that turns out ten boilers per
week to another factory's one boiler per week would
logically have better or more machinery for quick pro-
duction, but since all factories make boilers of all sizes
and types, the chances are that the big house, after all,
will not be able to make a given boiler much more quickly
than the smaller factory, anyway. This rings true when
we consider that the small factories seem to be success-
fully competing with the larger ones right along.

The big manufacturer has one important advantage in
the purchase of his materials: the more boilers built the
greater the amount of materials required, and the lower
the prices at which these materials can be obtained. This
is a common and well-known practice among all indus-
tries. Thus the larger boiler manufacturer may be able
to purchase a slightly better grade of materials at the
same price that his smaller competitor must pay for a
lesser quality and quantity.

Besides, the big producer iz often able to employ a force
of workmen consisting almost entirely of specialists. Each
is given his own peculiar task, in which constant applica-
tion has enabled him to become highly proficient.

As far as I have heen able to observe, though, the small
factories also are provided with experts who seem able
to hold their own very well, and although they may not
receive the same high salary, their lower salary tends to
equalize the profits between the large and small shop.

Truly, it is rather a complex question. The large fac-
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tory has a higher overhead cost usually. Smallness is
often more desirable than bigness. In boiler manufac-
ture both have their advantages and disadvantages.

tuilding a boiler is much like building a house : one man
in ten days ean often do as much work as ten men can
do in one day. 1f the one man is particularly skillful he
can build a better house alone than the fen could should
there be two or three unskillful men in the gang.

I therefore declare myself neutral. [t all depends upon
circumstances as to whether or not quantity makes quality.

New York. N. G. Neag.

Selected Boiler
Compiled by
DELBERT H. DECEER, ES()., Patent Attorney,
Millerton, N. ¥,

Readers wishing copiea of patent papers, or any further information
regarding any patent decribed, should correspond with Mr. Decker,

Patents

1,111,815. LOCOMOTINVE FIRE-BOX CONSTRUCTION. LIZ
GRAND PARISH, OF NEW YORK, N. ¥.

Claism 2.—A locomotive firebox comprising in combination with water
spaces, a plurality of circulating tubes extending rearwardly and up-
wardly from one water space to another and arranged in two rows, one
above the other, and an arch wall ‘.-l.||-pl'-r!1:-.| on the tubes: of the lower
row and extending rearwardly from a point adjacent the forward end

i

|

of the tubes a portion of the distance to the rear water space, :I!t said
wall protecting the tubes af the upper row from direct contact with the
intense heat, but subjecting said tuhes to the action of the hot gases

pazsing from the rear of the wall forwardly above the wall, Three
claims.

1,111,174 STEAM GENERATORS. MAXIMILIAN VON
PAGENHARDT, QF KANSAS CITY, MISS,

L i 1.—The combination with a furnace, of a shell, headers at op-

posite sides of the shell, inclined conduits leading through the furnace
and connected with the headers at opposite sides of the furnace, with

the lower end of one conduit communicating with the upper end of the
aother conduit through the headers whereby circulation is provided be-
tween the beaders independently of the shell, conduits leading from the

lower portions of the headers, and conduits leading from upper por-
tinis arll.r_- headers 1o upper pertions of the shell, for the purpose set
forth, Twelve claims.
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1,111,266, FIREROX FOR BOILERS. JAMES M. McCLELLOXN,
OrF EVERETT, MASS. f

Claim 1.—In a boiler the combination of a series of upright, uniary
Aexion sections, each having an open side; a chamber at their upper .
ends with which said secticns communicate and are connected; cover
means secured to said sections and closing their open sides; and secur-

ing means for holding adjacent sides of said sections against distortion
movement in the direction of the length of the series thereby fo localize
the expansion to individoal sections. Thirty-five claims.

1,111,601, FLEXIELE STAYBOLT FOR BOILERS. ]
ROGERS FLANNERY, OF PITTSEURG, PA,, ASSIGNOR TOQ
FLANNERY NOLT COMPANY, OF FITTSEURG, PA.

Clatm 1.—In a stavholt for hoilers, the combination aof a pair of op-
pagitely disposed sleeves each open at s ends, and each provided with
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an integral infernal curved seat, a stavbolt having twa a Drmi.ma.lth.‘
spherical heads, one of which is detachably secured to the bolt, the
said heads resting against the curved seats in the sleeves, and caps for
the sleeves, the inner faces of the caps being curved to conform to the
contour of the heads and approximately concentric therewith. One claim.

1,114,785, SUPERHEATER FOR BOILERS EDWARD I
MEIER, OF RIDGEFIELD, CONX.

Claim 1.—The combination with a steam-boiler furnace, of a super-
heater chamhber abhove the same having a hot gas inlet Aue in the rear of
the furnace leading hot gases upwardly and discharging them intoe sach

chamber, and a forwardly located return fAue leading downward from
such chamber and discharging im1e rhe combustion space of the furnace

at o poing which is in advance of the intake end of said inlet Aue with re-

lation to the path of the main body of combustion Eases.  Thictess
claims,

1,114,812, SUFPERHEATER TOHE LOCOMOTIVE iTh na
WILHELM SCHMIDT AND PETER THOMEEN, OF E.\ﬁtﬁtéll’-.‘:;'lf?:
HELMSHOEHE, RMANY, ASSIGNORS TO SCHMIDT' SCHE
HEISSDAMPE-GESELLSCHAFT M. T, H., OF CASSELAVIL.
HELMSHUOHE, GERMANY, A CORPORATION OF GERMANY,

Claim  1.—In combinatlon with a0 locomotive hailer PrWllitd with
smoke 1ubes, a superheater comprising a pluorality of umts constituted
of lpops arranged in =aid tubes all the ends of said units belanging to &
plurality of smoke tube rowe being bent into a common plane and, in
said plane, tho saturated sicam ends and %

: _the superheated steam ends
etrg arranged in two separate groups. Eight clzims,
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Electric Arc Welding in Boiler Shops

Benefits Gained by Electric Welding—Description
of the Process—The Strength and Cost of the Welds

BY GEO. W. CRAVENS®

The art of boiler making is a very old one, as old as the
use of steam by man for power purposes, and yet hoilers
are made with riveted jointz in practically the same way
as from the beginning. To be sure, there have heen great
strides made in many of the details of construction,
strength of materials, disposition of tubes and heating sur-
faces, forms aof grates, etc, and the modern boiler is a
much finer and more reliable piece of apparatus than ever
before.  Nevertheless, the limit of structural improvement

paired and thousands of low-pressure house-heating
boilers made with arc welded joints.  So gradual has been
the adoption of electric arc welding in this field that many
of the boiler inspectors and insurance companies are just
heginning to appreciate the situation and to investigate the
Process,

Hence an article on this subject in TuE BoiLer Maxer
at this time should prove of intense interest and benefit
ta all in this ling of business. The henehts to be gained

Fig. 1.—Corroded Seam After Having Been Repaired by Eleciric
] Welding

for boilers with riveted shells and sheets has about been
reached, whether of the internally or externally fired
types and of whatever variety, with the result that prac-
tice has become pretty well standardized.

It is because of this very standardization of practice
that recent advances and developments in the application
of electric arc welding to the manufacture and repair of
boilers is so impotrtant, In fact, this application of the
art of welding is so revolutionary and has heen adopted so
gradually and quietly that a large majority of boiler
makers and repair men are not fully informed as to either
the details or possibilities of the svstem. For instance,
there are over 2,000 steam locomotives running in the
United States alone to-day with more or less extensive
arc-welding repairs made to their hoilers; several hun-
dred marine boilers with patches and cracks welded
electrically ; hundreds of contract boilers of all kinds re-

* Manager, Welding Apparatus Department, C. & €. Electric and
Manufacturing Company, Garwood, N, J.

F1g. 2—Paich in Locomotive Boiler Welded to Plate

through the use of arc welding are so real and s0 numer-
ous that it is hard to say which is the most important.
Aside from the inconvenience of the process, it is a better,
quicker and cheaper one than any other method of making
permanent joints of great strength. This may sound like
a strangely broad statement to many, but wait until you
wet the whole story. Another advantage in this process
lies in getting joints of the same thickness as the plates.
if desired, and eliminating the necessity for calking in
order to get tight seams.

Erectric Arc WELDING Process

Electric arc welding is one of the oldest applications
of the heat developed by the electric are, but was not
developed to a commercially practical point until within
a comparatively few years. Several ways of using the arc
for welding purposes have been devised, but only twe of
them are in general use for boiler making and repair
worl, so we will consider them onlvy. Both of them have
been developed to their highest degree by the C. & C.



34 THE BOILER MAKER

I".I_w:cri-: amnd Manufacturing Company, but we will deal
with them under the names af the men who did the mast
originally to develop these processes to a practical point
and apply them commercially. These are known as the
Benardos and Slavianoff processes and are similar in prin-
ciple but differ as to the method of applving the heat of
the arc to the filling material and to the joint to be welded.

The Benardos or “carbon” welding process is the oldesi
form of practical arc welding, having heen in commercial
use for over 25 vears, and is the process used for eutting
and for certain kinds of welding. [t consists in attaching
one side of the current supply to the object to be welded
and the other line to a suitable halder for the carbon
The are 15 then drawn

or gTéiilhilL' pencil or electrode

Fig. 3.—Portable Are Outht for Use in Shops and Yards

" Yebred |

Fig. 4.—Thin Metal Pieces Welded with Metallic Electrodes

hetween the job and the carbon, and the pieces melted
together or the filling material fused into place by the
heat of the arc, in a similar manner to using a gas flame.
Cutting is done by allowing the arc to play upon one spot
until the metal fuses and runs out, and the operation is
very rapid and economical.

The Slavianoff or “metallic” welding process is the lat-
est form of arc welding and was developed especially for
use on steel plates and to give a more nearly universal
method of welding than when using the carbon electrode.
It also consists in attaching one side of the power supply
to the job and the other to a suitable holder, but a piece
of the filling material in the form of wire is used in the
holder instead of the carbon pencil. The are is struck
in the same way, by touching the electrode to the job and
withdrawing, but with this process the heat of the are
melts the metal electrade directly into place on the job
and fills the joint. This is the process used almost ex-
clusively for boiler work, and suitable apparatus for such
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work is now on the market, Those equipments comprising
the most complete contral systems are able to show advan-
tages over the others, of course, and eliminate the personal
equation to the greatest extent. Direct current at about
70 volts is used for both of the processes described, and
the positive line 15 carried to the job and the lIL"H"d.ii.'."(‘ line
to the electrode holder for the best results,

Joints are of various kinds, depending upon the thick-
ness of plates, location of joint, strength required, fune-
tion of piece, ete. For low-pressure work the plates may
be brought together edge to edge to form a butt joint,
whereas it is hetter to make a lap joint for high pressures.
The edges of the plates should be bevel-sheared for butt
joints in order to allow the filler to give a joint full thick-

Fig. 5—Cutting Scrap with Graphite Electrode

Fig. 6—Operator Using Metallic Electrade. The Electrode liself
I+ Melted and Supplies the Extra Meial Necossary
for Welding or Building Up

ness of the plates, bat lap joints may be made with either
square- or bevel-edged plates, because the weld is made
between the edges of the plates and the sides of the sheets,
PButt joints are good for pressures up to S0 percent of the
strength of the plates and lap joints up to 95 percent.
Where full strength is demanded it is hest to 1.1:-54;- a butt
strap and a butt joint, welding the joint and along baoth
edges of the strap. This is especially important for the
longitudinal seams of heavy boilers, but lap joints will do
for the girth seams. For medium and light boilers the
girth seams may be butt welded and the side seams lap
welded without butt straps.

The welding operation consists in setting the plates in
the desired position, attaching the positive cable to them
drawing the arc and flling in the Jont with the I'I'iEiH.”il.;
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electrode or melt-bar and arc. For plates up to about
%% inch thizk the work is done by working entirely from
one side, but for heavier work it iz sometimes desirable
to work from both sides of the plates if they are acces-
sible. In thiz case, the joint is heveled from both sides
to the center mstead of from one side only. Owing to the
peculiar action of the electric arc it is possible to work
against a vertical wall or overhead almost as readily as
down-handed, thus making this a much more convenient
and universal process than any other. This also saves the
expense of moving the hoiler in many instances, thus
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hoilers and balted temporarily in place, then welded in
Mast boiler shops are equipped with the necessary appara-
tus for handling plates and other boiler parts to good
advantage, so it will not be necessary to enlarge upon
that here, but, in weneral, it may he said that such labor
will be about the

as is necessary for handling the plates
same for either process of boiler making.
Apprication 1o Boier BuiLpinc axp Repatr

Turning now to the specific applications of electric are
welding to the various parts and nperations of boiler build-

Fig, 7.—Shows Pieces of the Flue Sheet Welded in Position Ready
to Rivet

reducing the cost very materially and saving valuable
time. The filling material should be of about the same
composition as that of the hoiler, and the work is done
with from 100 to 200 amperes, according to the thickness
of plates, etc.

Aside from the beveling of the edges of the plates, the
operation of preparing them for welding is similar to
that for riveting except there is no laying out and punch-
ing or drilling rivet holes. This is another big item of
For convenience in assembling, it 15 sometimes
desirable to insert bolts every 18 or 24 inches along the

SAVIIE,

Fig. 8—Boiler of Sarnia After Welding with Metallic Electrode

scams to hold the plates in position ready for welding,
and this is especially easy when making lap joints. After
the scams are welded the bolts may be removed and the
holes welded tight with a metallic electrode. Where butt
joints are to be made the sheets must he held in proper
relation by means of suitable clamps, and any boiler maker
will soon devise ways of handling such jobs easily, The
heads, flue and throat sheets, domes, ete., for boilers
should also be formed somewhat the same as for riveted

Ear of Throat Sheet Welded; Work Done Owverhead with
the Metallic Electrode

Fig. 9.
ing and maintenance, we find that all of the joints in
practically every variety of boilers have been welded
individually, but so far as the writer knows there has
never heen a completely welded boiler put into service.
This is due to the virtual impossibility of getting any
inspector to pass such a boiler on account of the existing
rules. And yet it is possible to build boilers with electric
arc-welded joints that will withstand pressures of 5,000
pounds per square inch, and parts of boilers have been
s built and tested. In fairness to certain progressive
hoiler inspectors, it must be said that a number of them
are highly in favor of electric arc welding, but have been
unable to convince their respective home offices of the
great value of this method of forming joints. But the
good work is going on and it will only be a question of
a short time before practically all who have to da with
boilers will see the lght, and then riveted boilers will
gradually follow the wooden passenger cars and sailing
Progress has always been a matter of finances
and demand, and boilers cannot indefinitely resist the
action of thiz law of business,

Boiler shells should be made by forming the sheets in
the usual manner for butt or lap joints, depending upon
the thickness of sheets and pressure of operation, and then
welded as deseribed. Boiler heads, flue sheets, firchox
sheets, throat sheets and corrugated furnaces should he
Ranged as usual and then welded in place all the way
around the edges of the flanges. In some cases it is
desirable to weld along both sides, while in others the
flanges may be omitted and the flat sheets welded in place
in the shell by going around the edge of the sheet on both
sides, depositing a fair-sized fillet with the metallic elec-
trode. The ease with which the most irregular corners
may be welded absolutely tight, regardless of position or
location in the boiler, and the consequent freedom from
leaks is not the least of the advantages of this system
of hoiler making.

Flue welding has heen carried farther and in more kinds
ared tvpes of boilers than any other welding operation,

vessels.
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with the possible exception of welding eracks, and has
cured an almost incaleulable amount of trouble. In fire-
tube hoilers of all kinds, and watertube boilers with steel
drums or headers, this operation has heen done success-
fully, but in watertuhe boilers with cast iron headers it
cannot be done becanse the tubes cannot be welded to the
iron castings, For other kinds of hoilers the work is
done by expanding and beading the tubes and welding
around the edge of the Lead with a metallic electrode
to tie it to the sheet. This makes a tight joint because
the tuhe, sheet and filler become one piece. Safe ends
are also heing welded on old tubes and ecracked or cor-
roded tubes are being reclaimed, such work alse leing
done with the metallic electrode.

Mud rings that have cracked or been badly corroded
are also being repaired in place, thus saving the time and
expense of removing and replacing. Cast steel doors and
manholes can be welded in place hecause they and the
sheets are hoth steel, and this saves making holes in the
sheets for rivets, with the consequent liability of leaks.
Domes and fittings of all kinds can also he welded on,
and changes or additions may be easily made. By using
the graphite electrode for cutting openings, these may be
made after the main body of the hoiler has been assembled
instead of laying them out on the sheets and cutting them
first, thus making it possible to save an appreciahble amount
of time when starting a rush job. This is also of value
when making up boilers of new types, becavse it allows
many attachments to be located and applied after the rest
of the work has been started without danger of error
and extra expense.

The marine boiler departments of hoth the United States
and Canadian Governments approve electric arc welding
far moast all sorts of repairs. and now allow considerable
leeway for applying patches, welding cracks, building up
corroded plates. calking seams and numerons other sorts
of work. Arc welders are in use in several of our navy
vards and in numerous shipbuilding and repair vards and
nearly 5o railroad.shops continuounsly.

STRENGTH AnND Cost or WELDs

Something has already been said about the strength of
welded joints, but this matter is worthy of further con-
sideration because of the very unwarranted opposition to
electric arc welding in some quarters. Joints can he made
much stronger than the plates welded by using high-
strength fillers or by reinforeing the joint, when making
hutt joints, or by making lap joints and welding on both
sides of the plates. Under average operating conditions, in
a number of shops that have come under the ohservation of
the writer, it has heen found that joints averaging from
Rn percent to over go percent of the strength of the sheet
are the rule. Tn arder to test the relative merits of riveted,
arc-welded and acetvlene-welded joints, when made hy
worlemen of average skill, the following pieces were made
up and tested, with the results indicated:

Breaking Percent

Samples and Preparation Sirain, Efficiency. Breakage.
Miriginal piece of steel plate. . S8,600 pounds 10000 ° Near endof piece.
Tap ioint, are welded, ... . ... 56,200 pounds 9362 Ouotside weld,
T ap ioint, riveted and welded . 54,200 pounidls 1% 560 Duiside joant
Putted inint, are welded. ... 47,800 pounds 8167  Throueh weld
Futted joint. acetylene welded 90800 pounds 6279 Through weld.
Lapped joint, riveted only. ... 35,000 pounds 5092 Tn rivet linles,

The pieces of steel plate were all 3§ inch thick and the
tests were made by pulling the pieces in a tension testing
machine and showed the relative merits of the various
kinds of joints quite clearly. Another test made by a
locomotive huilder showed the following results:

3 Tlast. Iim Tens, Strength Elongation Percent
Th]-i‘i.l.rl:tr:‘zv-'. I.'I = Sq.In Lha. Bq, In. Percent in 8 Tn. Effic.
ry inch 40,030 54 B5D 4.5 076
14 tnch 40,530 53,080 5.75 4.7
L4 inch 40,160 51,280 495 1.6
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The elongation in the weld is less than in the plate
hecause it is less fibrous, but its ductility can be improved
by hammering while still hot when welding, and this is
sometimes done on heavy plates. When the low efficiency
of riveted joints is considered, the high efficiency of are-
welded joints shows what great advantages can he realized
throngh nsing this svstem in place of riveting,

WeLns Fok Hici-PRESSURE

Several of the illustrations herewith show high-pressure
work and a number of boiler welds made by electric arc
welding. TIn all cases the joints were both tight and strong
and required na calking, The receiver, which was tested
tn 3,600 pounds per square inch by hydranlic pressure, is
not an isolated example, but one of a number of jobs re-
quiring great strength. Another example of high-strength
welding is the work done in making Foster superheater
flues by the Power Specialty Company. These tubes are
tested to 5,500 pounds per square inch without fracture,
and various other joints in these superheaters are also arc
welded. These fipures are absolutely reliable and prove
heyond reasonahble doubt that arc welding for hoiler
making is a perfectly practical operation, and it is bound
Lo come.

The cost of boiler repairs with the electric arc shows
such great economies that the figures are almost un-
helievable, and yet the records of a large number of users
of such apparatus made by the writer's company are very
clear and complete, so we will give some of the figures.
Take the very common trouble of a hroken mud ring in
a locomotive boiler and see what the comparative costs
are hetween the old and the new methods of repair. This
example was cracked in hoth corners:

Orp Mernop—Stripping engine, removing mud ring,
welding ring at the blacksmith shop, preparing for
resetting, riveting in place, reassembling engine
parts, and miscellaneous items of labor and material
required, at usual prices. . L ciiise e $118.06

Arc Wrerninc—Cutting out corners of plate, welding
ring without removing and with no dismantling of
engine, welding back in same pieces of plates and
deiring o Fewr pivels. oo B L $32.07

Showing a saving of 86,00 by using the newer method
for this work. Another case is that of making general
repairs to an old fircbox instead of replacing it with a
new one. The repairs cost $22.00 and a new box would
have cost $800.00, thus saving $778.00 and several weeks’
time. -New work can also he done rapidly, economically
and conveniently by welding instead of riveting, and loco-
motive, marine and contract boiler makers are slowly but
surely using this method whenever the specifications will
allow, and profiting greatly thereby.

Personal

T. C. @'Brien, general boiler inspector of the Balti-
more & Ohio Southwestern Railroad and Cincinnati, Ham-
ilton & Dayton Railway, at Cineinnati, Ohio, has heen
appointed general foreman at Lima, Ohio. Martin Mur-
phy has been appointed general boiler inspector at Cin-
cinnati.

Joseph F. Wangler, president Joseph F, Wangler Boiler
& Sheet Iron Works, 5t. Louis, died recently of heart
disease, aged seventy-eight vears. He had been in husi-
ness in St. Louis fifty-five years, and for many vears was
treasurer of the American Boiler Manufacturers’ Asso-
ciation. One of his sons, Joseph A. Wangler, will con-
tinue in charge of the business, having been the active
manager for some time,
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Common Uses of Electric Welding
Machines

In our issue of July, 1914, we illustrated and described
an eclectric-resistance welding machine for safe-ending
boiler tubes. This machine i5 used in railroad repair
shops, by manufacturers of pipe coils, and for other like
PUFPO5ELS,

There is a good deal of misinformation with regard to
the fields in which various welding processes are em-
ploved. There is a process in which the electric arc is
used with advantage, in the same field and for the same
kind of work for which the oxy-acetylene process is em-
ployed; in cutting, filling up blow-holes in castings, build-
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rings and hnaps as well as in straight lengths; _uutu:]mllji]e
rims: break levers: connecting rods; transmission shafts;
axles: springs; propeller, erank and cam shafts; braces;
hrake bands, etc., and a great variety of special articles:
like printers’ chases, tramway rails in streets, spokes _jn
hubs for agricultural wheels, seamswelding tubing, wire
fencing and wire mesh for concrete reinforcement.

In all of the above articles it will be noted that it 1s
duplicate work where an output is required.

There is, in electric-resistance welding machines, an
opportunity for some variation in the work, provision
being made in the machines to regulate the current for
various sizes of stock; for instance, a machine with a
normal capacity of 114 inches round stock can be used,

Electric-Resistance Welding Machine, Manufactured by the Thomson Electric Welding Company

ing-up material in fractured castings, and in some forms
of welding. This process, however, is quite distinet and
the apparatus entirely different from that of the electrie-
resistance process, which is not suitable for repairing
defective and broken castings, or in welding castings.

By the electric-resistance process heat is developed in
the material where the joint is to be made and is not
applied from the outside, like the arc weld and all other
welding processes, This fact necessarily requires that the
pieces to be welded together he held in electrodes con-
forming to the shape and size of these pieces, so that the
current can be caused to pass through the material at the
joint, and in order to do this these electrodes are made
in the form of dies.

[t will therefore be seen that a machine htted with
dies for welding a certain size and shape of material would
fiot be suitable at all for welding some entirely different
size and shape. The machines, therefore, are usually
employed in duplicate work and are not blacksmiths’ tools
ot machines for general repair work,

The machines are used in places where a large output
is required and where the machine can be started up in
the morning and employed all day in welding one thing;
hike safc—enrj[ng bailer tubes; welding pipe for coils; hub
bands for farm wagons; carriage tires: shaft irons; Gith
wheels; dash and fender frames; parts of bicycles; many
kinds of tools; wire in all sizes and for all purposes,

with the same dies, for welding Yj-inch round stock, and
by a change in the dies, Hat stock of any thickness from
1/32 inch 1 inch wide to 4 inches wide 3§ inch thick, or
any thickness when the sectional area is not increased
beyond the capacity of the machine; and this material can
be welded in lengths or in the form of rings or bands,

A comparatively late-used branch of the electric-resist-
ance method is what is known as “spot” welding. This
method iz entirely distinct and different from the older
form, commonly known as “butt” welding, and is the
subject of U, 5. Patents owned by the Thompson Electric
Welding Company, of Lynn, Mass. This method is em-
ploved in welding plate and sheet material in iron and
steel, and the process will finally probably be developed
to include this
metals,

material in aluminum, brass and other
It 15 vet confined practically to the lighter gages
under 4 inch.

The electric-resistance welding machine for this spot-
welding process i an entirely different machine from that
userd for butt-welding work. There are two ways of
making this spot weld. One is to punch projections or
hosses on the sheet, which makes points, to which the
electric current is directed in passing from sheet to sheet,
a flat electrode die being used. The other way is to con-
fine the current by a pointed rod or pencil electrode to
one point, without punching the sheet.

Boiler makers, however, are more interested in a ma-
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chine for welding pipe and tubes, and a welder with a
capacity for zl4-inch boiler flues and superheater tubes,
r_r'li:'-'“f" pipe up to 4 inches, extra heavy pipe up to 3
inches, and double extra heavy pipe up to 2 inches, is
shown in the accompanying illustration. This machine
will also weld solid rounds up to 2z inches, thick flats, and
the like, of equivalent section.

There are sometimes sections and shapes to he welded
for which the clamping device shown on the machine is
not suitable; that is to say, the pieces cannot be put into
the device on account of their shape. This clamping
device can then be removed and the pieces strapped directly
on the gun metal platens or table by any

asimple device,
which could Fe made in the shop in which the machine is

FEprUARY, 19I5

[t 1= manufactured by

and weighs about 8,000 pounds.
the Thomson Electric Welding Company, Lynn, Mass.

Marine Boilers with Tubes Welded by

the Oxy=Acetylene Process

Two marine hoilers rated at 150 horsepower and built
for a working pressure of 230 pounds per square inch,
were built recently by the Fowler-Wolff Sheet Metal
Works, Paducah, Ky., for installation on the river tow-
hoat Advance, of the Kansas City Missouri River Naviga-
tion Company, Kansas City, Mo. As the specifications for
these hoilers ealled for welding the fire tubes into both
the fromt and rear heads, and also the downflow supply

Welding the “Dewnflow™ Fipes on High-Presure Boiler of Western River Towheat

used. A more claborate form of clamping device could
| =

fitted on these platens, if reguired.

also he made a
['he pressure required to push the ends of the contacting
pipe or other material together is effected by a 12-ton

double-acting otl jack, operated by the lever at the frant

of the machine In order I-:;-1-|| these electrode dies
caol, water 15 cansed to circulate through them, as shown
kv the hose.

['a operate the machine to its full l':|'_|:|l'il,l.' a BGo-kilowatt

altert

(go K. V. A.)

phase of a multi-phase circuit mmst be used, preferably

ting current, single-phase or one-

from 40 to 60 cveles, and the machine can bhe adapted to

any voltage hetween 100 and 600 most convenient for
the operator. It takes about 30 seconds to heat a 4-inch
tube and 5o welds can be made per hour. Small tubes,

The

wer and less time to heat.
machine 1s |'-|I'|II'||1"_|_' in atselt, and it 15 necessary |||1|_'.' b

of course, take less P

run two wires from it through a wall switch to the =source

ol power

The machine illustrated is g4 60 < 47 inches high,

pipes connecting the main boiler shell with the lower
drums on each side, the builders of the boilers purchased
from the Economy Welding Machine Comy
City, Mo, one of their "Outfit A" oxy-acetylene welding
plants, which is shown 1 the illustration in operation.

any, Kansas

The boilers were reguired by the rules and regulations
of the United States Steamboat Inspection Service 1o
stand a hydrostatic pressure of so0 pounds per square
inch. All of the welding was done at the boiler shop in
Faducah with the welding the downflow
supply pipes, which was done after the botlers had heen
placed on the towboat at the Kan

l.'.\-.'|'|:-':i|||'| of

15 City Missouri River

Navigation Company’s docks in Kansas Citv.
PersovaL.—John Wood, president John Wood Iron

Works, Portland, Ore,;, died Januarv 12, havin

g been in
poor health for about a vear. He was born in Wales and
came to the United States in 1880, Tt wae largely due to
his E‘ITF-I'ER that tha&_tul'.lnl'!uigl Engineering Works made
the first steel manufactured on the Pacific Coast.



Electric Arc Welding; Its Use in the Shop

Description of Electric Welding Apparatus
Its Possibility as an All Around Shop Tool

General Electric Compary
Y T

Although are welding equipments have been in use for
several vears, there are many prospective users who are
ignorant of the possibilities of such equipments, the ap-
paratus they consist of and their operation. As all-around
shop tools for quick and thoroughly serviceable repairs
on all kinds of machines, they have no equal, and their
capacity is only exceeded by their wide range.

Disregarding the many arrangements that have been
proposed but are not used commercially, it can be said
that electric arc welding iz divided into carbon or graphite

Manufactured by the

SEEDE *

3o amperes for very light work to 130 amperes for all
ordinary work up to 200 amperes for rough, heavy work.

In both classes of welding a large part of the operator’s
success depends vpon the ability of the generating equip-
ment to maintain a steady voltage under the rapidly vary-
ing current conditions,
The construction shown
in Fig, 1

15 especially
adapted for such service
and the correctness of

Fig. 1.—B00-Ampere Are Welding Set, Consisting of
Generator Diriven by Induction Molor

electrode welding and metallic electrode welding. Carhon
clectrode welding includes the very light work on thin
metal using M-inzh diameter electrodes carrying 4o-S0
amperes, all average conditions using ¥j-inch diameter
electrodes carrying 300-300 amperes and wup to 13:-inch
electrodes carrving 600-1,000 amperes for very heavy work
including eutting. Metallic electrode weld

g varies trom

* Power & Mining Engineering Depariment, General Electric Com-
pany, Schenectady, N. Y

|

Fig. 4, —Broken Taps. Removed by Arc
Welding Equipment

LR

Fig. 2—200-Ampere Portable Are Welding

Fig, 3.—800.Ampere Arc Welding
Generator Panel

equipmenl

the design 15 demoustrated by the satisfactory service
of these equipments. The quality of the electrodes is of
ereat importance, the carbon electrode requiring fine tex-
freedom from cracks and irregularities; and the
metal electrodes, freedom from scale, slag, cracks, etc.
A modern arc welding equipment usually consists of a
suitably driven compound-wound direct-cutrent generator

ture,

designed to operate at a constant voltage between the
limits of 60 to 75 wvalts, with control panel having auto-
matic protection in addition to customary rheostats,
switches, etc, Stationary equipments have been standard-
ized in capacities of 200, 300, 400, s00, Goo, Boo, 1,000
and 1,250 amperes, with portable equipments of 2o0 and
300 amperes.

In the smallest sizes each equipment is only good for
one operator, unless very light work is being done; while,
as the capacities are increased, more operators can work
from one equipment, until with the largest sizes the num-
bher of operators iz only limited by the relation of the
capacity of the equipment to the kind of welding being
domne.

Tao vary the current supplied the arc, a rheostat 15 con-
nected in series and sections cut in or out by means of a
dial switch. A high-resistance low-current section, nor-
mally short-circuited by the contactor, serves as a pre-
ventative resistance,

There are several advantages to be derived from the
slightly increased complexity caused by adding automatic
protection. As long as operators are human, mistakes
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Fig. 5.—Compound Ketle, With Hole Fig. 6.—Compound Kettle, With New Plate Fig. 7.—Compound Ketile Repaired and

Burned in Bottom Plate Read_'.r for W'L-Hing Pr.‘l.l:hl.‘ﬂ”}' as Good as New
will occur and a distinet loss in working efficiency occurs [n Fig. 4 are shown taps, broken in work, which were
every time the operator leaves his work to walk to the removed by welding up to and through a nut. On being
panel to close a cirenit breaker, or what may oceasionally  allowed to cool, the tap was backed out, the total time
happen, to have several operators wait for someone to go required heing 4 to B minutes. Omne-inch taps broken

to the main panel in the case of a severe short-circuit  off 24 inches below the surface have been remowved

that blows the main circunit-breaker. With the equipment  without injury to the thread by putting a piece of gas
previously referred to, as soon as the operator takes oo pipe in the hele beiore starting to weld.

much current for a short time the series relay breaks In Fi g, & and 7 is shown a kettle used for heating
the exciting circuit of the contactor, throwing the pre- insulating compounds. After a time the bottom plate
ventative resistance in ecircuit, which warns the operator

that he has taken too much current. Immediately on

breaking the arc, the relay closes the exciting circuit
and the contactor short-circuits the resisance, leaving
the circuits in their normal operating condition.
These..relavs and contactors are clearly shown in
Figs. 2 and 3. In Fig
the 2oo- and zoo-ampere portable equipments. This is

g. 2 is shown the arrangement of

a4 verv col ot equipment for metallic electrode welding
and other 1 r
the somewhat rough treatment these equipments meet
when dragged around the ordinary shop. In Figs. 3 and 1
are shown the control-panel and the motor-generator set
respectively for the Soc-ampere equipment. This differs
in arrangement from the smaller sizes only in supplying
knife-hlade switches in place of the dial switch. on account Fig. 10.—31eel Roll Wobbler Worn and Repaired by Arc

ht work. and is designed to stand up unde

of the increased capacity Welding

Fjg, ﬁ,—."\nntaling Box With Hole Burned 1n Corner, Fivet Heads Fl.g. 9 —Annealing Box, With Hale Welded in Corner, Rivats
Burned Of and Plates Sprung at Joints Built Up and Plates Welded and Filled in at Joints



Fesrvary, 1013

THE EOILERE MAKER 41

Fig. 11.—5mall Section of Locomotive Flue Sheet, Tubes in Place
and Ready for Welding

bags and burns out. It is then cut out with the electric
arc, on account of rust and dirt on the metal and a pre-
pared plate is welded in, after which we have a practically
new kettle.

A similar class of work is shown in Figs. 8 and g, where
a box for holding laminations during annealing 15 shown
with a hole burned in the corner, the rivet-heads burned
off and the plates sprung apart at the joints. The operator
soon, filled up the hole, built up the rivets and welded the
plates together.

In Fig. 10 we have a sample of heavy work, in which
a steel toll wobbler is shown very much worn and uscless

without considerable repairing,  After the worn parts

o

Fig. 13, —Haole in Gear
Case, Cleaned UF and
Feady for Welding

Fig. 14.—Patch Welded Ower
Hale in Gear Case

Fig. 12—5mall Section of Locomaotive Flue Sheet, Tubes,
Welded

had been built up by arc welding, the wobbler was as
good as new, and a considerable saving in time and
money had been effected.

In Figs. 11 and 12 we have a section of a standard
locomaotive flue sheet with tubes before and after welding.
Thiz is one of the most important applications of arc
welding and one of the many in which it is showing up
very satisfactorily

In Figs. 13 and 14 we have a gear case with hole ready
for welding, and the same gear case ready for service,
Such holes are occasionally met with and the photographs
show the satisfactory way in which they can be repaired.

These 1llustrations exhibit only a few of the many
possibilities of repair woark that is being done every day
by these equipments and indicate losses in every plant
that does not possess such an equipment.

In addition to repair work, many of these equipments
are being used in welding small structural steel shapes
for various purposes, where the speed and flexibility of
these equipments are particularly desirable. While elec-
tricity Bas been put to many and varied uses, it is doubtful
if there are any that are more useful and interesting than
the various forms of electric atelawelding.

o
e

Oxv-AceryLene WeLpixnG axp Qurrive o8 THE Frisco.
—During the past eighteen months the Frisco has installed
amdd put in operation nine oxy-acetylene welding plants
supplied by the Oxweld Railroad Service Company. The
largest is at the new shops at Springficld, Mo., where
twenty operators are regularly employved, The oxygen
and acetylene gases are piped to the different shop depart-
ments from a central generating plant.  Accurate and
thorough records have heen kept of the comparative costs
of doing similar work with the oxy-acetylene apparatus
and by former methods, At the Springfield new shops
from July 1, 1913, to June 30, 1914, savings amounting
to $23,101.60 were made by the oxv-acetylene process,
while the savings for the nine plants from April 1, 1913,
to August 31, 1014, were estimated at $181,364. The
greatest use of the oxy-acetylene process so far has heen
in connection with boiler repairs. The Frisco now has in
operation more than 400 locomotives in which firebox
sheets and patches have been welded, and the welding of
tubes into the tube sheet has proved most successful, in-
creasing the life of hoth tubes and tube sheets, possibly
50 percent—Railway Age Gaszelic.
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Application of the Mahr Portable Torch
for Boiler Shop Use

One of the handiest tools in the boiler shop is a portable
oil-burning torch for use in pre-heating metal before weld-
ing, and also for laying up riveled seams, corners of
plates and flanges preparatory to ¢ither riveting or weld-
ing. The torch manufactured for this purpose by the
Mahr Manufacturing Company, ."-|i!m|.-:q=uii.‘u Minn., illus-
trated in Fig, 1, is s0 constructed that the vapor from
either kerosene or crude oil is discharged from an atom
izer into an inner chamhber, where it is ignited. This burn-
ing vapor in passing through a choked nozzle into a sec
ond chamber draws in free air through auxiliary air open-

Fig, 2

ings, causing, it is claimed, a perfect burning mixture and
a steady, compact fame.

Fig. = shows the inside of a boiler where the sheet has
been flanged for connecting to a dome. No welding 1s
done in connection with this job, but the portable oil-
burning torch is taken into the boiler and the lap around
the dome connection is heated and laid up to a perfect fit

In Fig. 3 the torch is shown in operation pre-heating
the thick metal on a part of a steam shovel which has
heen broken off. The picce broken off was part of a very
large casting, and it would have been almost nmpossible
to pre-heat this part by any other method except hy using
a portable toreh. The work was done in a railroad boiler
shop where the torch is in common use for many purposes.

Fig. 4 shows a fire door opening partly welded. The
inside sheet is brought through the fre door opening of
the back head, and then heated with a portable torch and
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Fig. 3

made to fit before welding, Fig. 5 shows another fire door
opening where an ashestos sheet has been placed against
the opening on the inside to deflect the flame from the
portable torch to the sides. In this way the entire lap
around the door hole is laid up with one heat, so that the
job is completed in fifteen minutes.

Fig. 5
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Fig, 6 shows a broken mudsing being pre-heated for
welding, A V-shaped notch is cut in the mudring where
broken, or a V is cut from each side and Tuilt up with
the welding torch. After the part of the mudring which
is ta be welded has been brought to the proper tempera-
ture, the oil-burner is regulated so as to produce a small
pointed flame just sufficient to keep the mudring well
heated while the welding is being done with the welding
torch,

Similar work is shown in
ing is being welded by the

Fig. 7, where a broken cast
oxy-acetylene process,

The

Fig. 6

casting is heated to the proper heat and maintained in this
condition during the welding operation. Pre-heating and
annealing when properly done in this manner, it is claimed,
take care of all expansion and contraction of the metal
welded, and work done in this manner is found to be en-
tirely satisfactory. The use cf the pre-heating torch in

Fig. 7

this manner saves both time and money, for when the
metal is brought to a red heat a smaller amount of welding
gases is used and the work is done more rapidly.

Ewcinveerinc Fouspartion Estaprissen, — Ambrose
Swasey, president of the Warner & Swasey Company,
Cleveland, Ohio, and a past president of the American
Society of Mechanical Engineers, has given $200,000 to
the engineering profession as a fund for research,
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Special Oxy=Acetylene Welding Jobs

Figs. 1 and 2 show iwao special jobs of welding carried

out with oxy-acetvlene welding apparatus manufactured
|:-_l. Messer & Co., |']1i];|r]|'|]||1::|_ I*a

'|'E1l_' steel l.'_'.'|.i|'|{|k"|'

| b

Fig. |.—31eel Cylinder, With Seams and Flanges Welded

shown in Fig. 1 is 24 feet 6 inches long and 72 inches in-
side diameter. It is constructed in three sections of
n/16-inch plate, and at the ends flanges 254 inches outside
dizmeter are welded on,

Fig. 2 shows an irregular section of twisted pipe, which

Fig 2.—Twisted Pipe, With Jonts Welded

has been made up with all the joints welded. The pipe

is 10 inches diameter, made of 3g-inch metal.

Difficult Cast Iron Welding

Cast iron welding is always more dificult than steel
welding, on aceount of the character of the metal. How-
ever, temperature effects may be much more important
than the composition or structure of the metal. This is
especially true in castings that have ribs or other parts
that make equal cooling and heating impossible.

The welding of cast iron in most instances depends
upon the skill of the welder in laying out the work, Es-
pecially must he take into account heating and cooling, so
that dangerous strains are not developed which may easily
wreck the, work.

One of the most diffienlt jobs of this type was done by
The Electric Welding Company, 220 West Forty-second
street, New York, on an old-fashioned walking beam
engine with a cast iron jet condenser directly underneath
the cylinder. This condenser was cvlindrical in form and
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supported the cylinder upon its upper flange. On each
side there was cast an L-shaped lug to which was fastened
one of the legs of the wooden A-frame which supported
the main shaft.

The condenser casting had gradually corroded and
wasted away until it was no longer strong enough to
carry the strains put upon it by the A-frame through the
lugs on the sides. The effect of this was to cause cracks
around the lugs. In front there was a crack about three
feet long.  Another
were also found,

e _ill.:-l above it and one below it

To take out the condenser and renew the foundation
of the engine would have required at least six weels
during the busiest season, therefore the owners decided to
take a chance on welding and the Electric Welding Com
pany, which specializes in cast iron work, was called in
to do the joh.

In doing the work the wooden beams of the A-frame
were removed, the cracks chipped open and the walls of
the eylinder braced in position. To avoid temperature
strains the large difference in mass and radiation capacity
between the lugs and the evlinder proper, it was necessary
carefully to preheat the whole working area so as to
maintain the uniform distribution of temperature,

Un account of the general weakness of the metal it was
necessary to do the welding in installments. First a thin
weld was made both from the inside and outside, then the
surface of the welding was chipped off and rewelded, and
finally the reinforcement was added. The mechanical
finishing of the welds was done with air tools, then the
whole area was packed in sand and allowed to cool. By
preventing sudden cooling dangerous straing were avoided.

This job occupied only three dayvs of time and the boat
ran until the end of the season. There iz every reason
to believe that it will also run through the coming season
without further trouble,

Repair of a Steam Road Roller After
Collision with a Wall

An interesting example of the application of the oxy-
acetylene process for the repair of heavy machinery is
found in the case of a steam road roller, illustrated in
Figs. 1 and 2, which was put out of service by running
into a wall. The shock of the collision broke the main-
head casting around the fore-truck swivel pin, and also
broke the G-inch swivel pin squarely in two. Fig. 2 shows
the detail of the break in the head casting, a large piece

being knocked out completely. The metal was about

Fig. |.—Road Roller; Damaged by Caollision

Fig. Z.—Broken Ht;a.d Casting

L4 inch thick., The swivel pin may be seen lying on the
floor with the hroken end pointing outward.

Such an accident as this, of course, put the roller en-
tirely out of service. In order to make a quick, efficient
repair and to return the roller to service as soon as pos-
sible, the head casting was unhbolted from the end of the
boiler and was sent, together with the pin, to the shop
for an oxy-acetyvlene repair. Both the break in the head
and the heavy pin were welded in a few hours’ time from
their delivery to the shop and were returned to the roller
for re-erection on the road. The two welds restored the
roller to service in as good condition as new, and the
great delay and expense of securing new
avoided.

This repair was made with a Milburn oxy-acetylene
plant, manufactured by the Alexander Milburn Company,
of Baltimore; Md

parts were

Bill Extending Boiler Inspection to
Entire Locomotive

The house of representatives passed on January 4 a
bill supplementing the federal inspection of locomotive
boilers, which will extend the federal supervision to all
parts of the locomotive and tender. The bill went to the
senate, and on January 6 was read twice and referred to
the committee on interstats commerce,

Sections 2, 3 and 4 'of the bill read as follows:

Sec, 2, That the chief inspectar and the two assistant
chief inspectors, together with all the district inspectors,
appointed under the act of Fehruary seventeenth, nine-
teen hundred and eleven, shall inspect and shall have the
same powers and duties with respect to all the parts and
appurtenances of the locomotive and tender that they now
have with respect to the boiler of a locomotive and the
appurtenances thereof, and the said act of February seven-
teenth, nineteen hundred and eleven, shall apply to and
include the entire locomotive and tender and all their parts
with the same force and effect as it now applies to loco-
motive boilers and their appurtenances. That upon the
passage of this act all inspectors and applicants for the
position of inspector shall be examined touching their
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gualifications and fitness with respect to the additional
duties imposed by this act,

Sec. 3. That nothing in this act shall be held to alter,
amend, change, repeal or modify any other act of congr
than the said act of February seventeenth, nineteen h
dred and eleven, to which reference is herein specifi 1
made or any order of the Interstate Commerce Commission
promulgated under the safety appliance act of M:
ond, eighteen hundred and ninety-three, and supplemental

[t

rch sec-
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Heavy Work Welded by the Oxy=
Acetvlene Process

Two representative instances of successful welding of
heavy metal are shown in Figs. 1 and 2. Fig. 1 shows a
large steel tank on which the angle iron ring at the base
was cracked in the course of construction. This crack
was welded up with exyv-acetylene apparatus.

Fig. 2 shows the broken head of a bull dozer bedplate,

Fig. 1.—Welding Up Crack in Heavy Angle Iron Ring

acts, execept that for a violation of the act of February
hundred and herehy
amended, aor of any rule or regulation made under its

seventeenth, nineteen eleven, as
provisions, ar of any lawivl order of any inspector acting
thereunder, the offender shall be subject to prosecution by
the United States for a penalty under said act, as hereby
amended, only: Provided, That the passage of thiz act
shall not affect any suit pending or offense committed prior
to the passage hereof.

: : this act shall take effect six months after

weighing 24,000 pounds.  In this photograph one head
of the bedplate is shown intact while the other is broken.
The head shown intact was brazed eighteen months be
fore, and when the casting received the strain which broke
the other head, it was clearly demonstrated that the head
which had been brazed on was stronger than the original
g, a5 the casting broke through the opposite side.

casti

Fig. 3 shows the same casting after being repaired with
both heads brazed on. This work was done by the Pitts-
burgh Reinforced Brazing & Machine Company, Pitts-

bhurg, Pa

i !

Bl

Fig. 2—Bulldozer Bedplate, With Fractured Head

Fig. 3.—Bulldozer Bedplate After Repairs



Electric Arc Welding"

Carbon and Metal Electrode Processes of Electric
Welding—Apparatus Required and Method of Operation

BY J. H.

The art of welding, which may be broadly defined as the
joining together of metals into intimate and permanent
union, dates back to the early days of history., Until
within the last half-century the only practicable method
of making a weld was by a process with which we are
familiar, namely, that of heating the picces to be joined
at the point where the union was to be made, then, when
they were almost at fusing point, placing them in their
proper relation and completing the weld by hammering.

This is a comparatively simple operation, and one which
is carried out daily in every cross-road blacksmith's shop.
There are, however, limitatioms to the score of this class
of work, and until the introduction of the process which
we are considering, these limitations were insurmountable,
The introduction of the electric are welding process and
the kindred ones of incandeszent electric welding and gas
welding has, however, very greatly increased the field of
possibilitics, and we are now able to produce results which
were previously impossible to obtam,

The method of joining the metals by the use of the elec-
tric arc is one branch of what is known as antogencous
welding.  This term may be defined as the fusing together
ot two metals without pressure, by causing them to melt,
then mix and unite as thev cool. Tt differs from older
methads in that suecessful results may be produced with-
out hammering or pressure.

Coming now to a consideration of electrie arc welding
or, more briefly, are welding as a commercial process, it
may he divided into two general classes as follows:

First—Renardos or carbon clectrode process in
the arc is drawn between the metal to be welded
carbon electrode.

Second—Slavianoff or metal electrode process m
the arc is drawn hetween the metal to be welded

which
and a

which
and a
metal electrode.

These two pracesses are generally spoken of as carbon
electrode and metal electrode welding, respectively.

In addition to these there is the Zerener process, in
which the arc is drawn between two carbon electrodes,
as in the arc lamp, and the metal to be welded is placed

* A paper read hefore the Western Bailway Club, Chicago, 1.

November 17, 1914,
+ Westinghouse Electric and Manufacturing Company.

nRYAN

in contact with the are, This is, however, not considered
as a commercial proposition in this country at least, as its
field of application is limited, and the apparatus itself is
unwieldy.

Carpon EvecrropeE Process

“In carbon electrode welding the metal to be welded is
made one terminal of a direct-current circuit, the other
terminal being a carbon electrode.  Upon closing the cir-
cuit by bringing the carbon electrode into contact with the
metal and then withdrawing it to a distance, an arc 1s
drawn between the two terminals.  Through the medigm
of the arc, which is the hottest Aame known (having a
temperature between 3,500 and 4000 degrees C.—6,300
to 7,200 degrees F.), the metal may be either entirely
melted away, molded into a different shape or fused to
another piece of metal as desired,

“In the first attempts Lo weld by this process the carbon
electrode was made the positive side of the ecirzuit and
the metal to he welded the negative. FPractice, however,
shows that it is better to reverse these conditions, for,
if not, since the flow of current is from positive to
negative, particles of carbon will find their wayv into the
welds, thus tending to make them exceedingly hard and
cansequently  difficult to machine. A further im-
portant advantage is gained by making the metal to he

YVEry

Fig. 2

welded the positive terminal. It is a well-known fact
that in a direct-current arc the highest energy consump-
tion—about 735 percent of the total—and therefore the
highest temperature oceurs at the positive terminal, and,
while no very extended data are available regarding the
hehavior of arcs having either or both electrodes of metal,
there is considerable information regarding ares, and it
is fair to assume that, with reference to this particular
point, there is not 2 wide difference between them. Since
the positive is at the highest temperature, the greatest
amount of heat is at the point to be welded and therefore
where most needed.” (C. B, Aver, dwmerican Machinist,
1911, )
Meral Evectrope Process

The metal clectrode process of welding is a somewhat

later development than the carbon electrode method, and

as has already been indicated, it differs from the latter
in that a metallic electrade is substituted for the earbon,
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APPARATUS REQUIRED

The essential requirements for arc welding are:

I-_"jrst—-.‘t suitable source of direct-current supply.

Second—A steadying resistance to be placed in
with the arc, together with means for adjusting
l-E-_- suitable control l::|L1'L|}mE|]t.

Third—A means of holding the electrode so that it can
be properly manipulated by the operator,

Fourth—Protective covering for operator,

Fifth—Suitable filling material

Sixth—Miscellanecus material, such as fAux, fire-clay or
carbon blocks for making malds, etc,

SETies

SETIE,

DirecT-CURRENT SUPPLY
Taking up this equipment in order, the direct-current
supply can be obtained in any one of several different
wavs. [f direct current is available from a shop or com-
mercial cirewit, welding can be done directly fram this

Fig. 2

source of supply, but this method has been found to be
very wasteful of power and should not be resorted to
except where welding is only to be done at very in-
frequent intervals. An additional dizsadvantage of the
use of the shop circuit as a source lies in the fact that,
unless arrangements are made for insulating the work
from ground, the shop circuit is grounded, with attendant
danger to other emplovees in the shop, as well as to the
welding operators. A much more economical method s
that of using a motor-generator set, the motor being con-
structed with characteristics snitable for operation on
the shop or other circuit, and used to drive a low-voltage
generator, In ease electric power is not available, the
generator may, of course, be driven by helts from a steam
or gas engine ar from a line shaft.

The generator may be either shunt or compound-weound,
the shunt-wound machine being satisfactory where only
one arc is to be operated, while the compound-wound
machine i5 preferable if several are to be supplied from
the same unit. Experience has shown that generators
giving a potential of 75 volts or thereabouts will enable
satisfactory results to be produced.

CoNTROL APPARATUS

As different welds require different strengths of cur-
rent, it is at once evident that there must be some means
of regulating the current supply. This is usually effected
by inserting resistance in the welding circuit connecting
it in series with the are. Without this resistance a con-
dition of practical short-circuit would oczur at the moment
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the eleetrode was touched to the work when striking the
are, and even after the arc is drawn and normal operation
hegun, the series resistance is necessary for the purpose
of steadying the arc, much as is the case in the ordinary
arc lamp.

ErLectrope HoLpers

must he provided for both
carbon  electrade There
are a number of forms of these in use at the present time,
all of which are arranged with either a spring or positive
clamp for holding the electrode, the construction of the
holder being such that the electrode may be removed in
a minimum of time, The metal electrode holder differs
from that for the carbon electrode in that it iz lighter
and more compact. The carbon electrode holder has a
disc shield on the handle to protezt the hand of the opera-
tor from the heat of the arc. which when heavy currents

A suitable electrode holder

and metal eleztrode welding.

Fig. 5

are used would cause discomfort. This shield is not
necessary for metal electrode, as the gloves of the operator
constitute ample protection.

FProtective equipment is necessary for the operator on
.count of the fact that the exposure to the ravs of the
an irritation and subsequent peeling of the skin

several

Arc Cause
if the exposure has heen suffiziently long, san
minutes.  The irritation 15 very similar to sunborn and
is uncomfortable, hut no serious consequences ensue, ani
at the end of a few dayvs all traces of the burn disappear.
The clothing has been found to he ample for the protection
of the body. For the eyes and face of the operator a
hood or shield is provided, both of these heing arranged
with windows of thick colored glass through which the
welding is observed. Experience has shown that where
carbon electrode work is heing done, especially when the
work is being carried on in an enclosure, the hood is
preferable to the shield or mask, as it gives entire pro-
tection from reflected light, which is not the case with
either of the latter devices. The hands and wrists of the
operator should be shielded by gauntleted gloves, which
are preferably of leather, although canvas gloves have
heen found to be satisfactory. The window of the hood
ar shield should he provided with several pieces of glass
in lavers, one or more of red and one or mare of blue or
green, the combination of these colors being much more
satisfactory than any one of them used alone,

In addition to the protective covering for the operator
himself, arrangements should be made for a suitable en-
closure around the work and operator so that the intenze
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brilliancy of the arc will not interfere with other workmen
m the vicinity

Frovins MaTERIAL

When the carbon electrode is used, the flling material
15 nsually of the same metal as that being worked wpon
and may be wsed in any convenient form, For instance,
when welding steel and iron, filling material may be in
the form of rods, clippings from boiler plate, steel chip-
mings, ete.  For cast and malleable iron, soft iron rods,
punched iron scrap or special cast-iron filler may he used.

Fig. &

These filling materials are fed into the welds and fused
into place much as solder is applied with a blow-torch,

When metal electrodes are used for welding iron and
steel they should be of best gquality of soft iron or steel
wire and may range in diameter from I4 to Y inch
The length mast generally used is about 12 inches. Copper,
hronzes and brasses with a low percentage of zinc may
also bhe welded by this process, in which case the elec-
should he of the same material as that being
welded, Where the zine content of brasses is high, it
valatilizes to such an extent as to make the work porous
and brittle.

trodes

PrOCEDURE

In making a weld by the carbon electrode process, the
work iz connected to one terminal of the machine, usually
the positive, the electrode holder being connected to the
opposite terminal. The work, if small, may be laid upon
a metallic table which forms the positive terminal. The
resistance of the circuit having been adjusted to what
is considered the proper value for the work in hand and
the circuit-breaker and the main switch being closed, the
nperator assumes his position in front of the piece to be
welded, taking the electrode holder in one hand and
having flux (if same is used) and Alling material within
easv reach. He fnally closes the window of the hood,
touches the carbon eleetrode Lo the metal to be welded
and instantly withdraws it to a distance of 2 inches or
more, thus striking the arc. Experience has indicated
that with a long are there is less opportunity for carbon
particles to enter the metal and in this way produce a
hard weld; the heating effect is also wore regular and
more evenly distributed.  For these reasons the arce should
e as long as possible, about 3 inches to g4 inches being
the usual length. Tf the arc is found to he too ferce or
to go out due to insufficient current, the
circnit may be increased or decreased accordingly,

After the arc is drawn it iz allowed to play upon the
wark, being given a rotary motion by hand. The object
of this motion is to heat a comparatively large area of
the surface about the weld so that the econsequent coohing
will take place more slowly and there will he less danger

re \' stance 'ill

THE BOILEE MAKER

Fepruary, 1915

of cracking the work or of making a hard weld. When
the metal Hows, the fux (if used) and the flling material
should be added a little at a time, the are, of course, being
continued until the metal is thoroughly melted and the
weld made, As soon as the meta]l commences to cool it
should be hammered thoroughly in order to prevent
spanginess and give the metal a finer grain. All oxide
and other impurities must he kept out of the weld. It is
advisable, therefore, to make, if possible, one continuous
application of the arc. When, however, more than a
single application is neccssary, care should be taken to
This may readily be done in most
Similarly, the metal
Tao ac-

remove all the scale.
cases by means of a stiff wire brush.
should be cleaned hefore commencing the weld,
complish this, chipping may be resorted to or the piece
may he tilted, the arc applied and the impurities allowed
to Tun off by gravity as fast as melted.

The current required for carbon electrode welding
varies from a minimum of about 200 amperes to a maxi-
mum of around F00 aniperes, or €ven morc m Very ]1(‘-'*‘-'_\'
work, In general, however, 300 or 400 amperes have been
found to be sufficient for ordinary carbon electrode work,

As is indicated in the foregoing, carbon electrode weld-
ing is more or less of a puddling process. A considerable
amount of heat is generated, and this is, in many cases,
objectionable on account of the expansion of the work,
in which strains may be set up on subsequent cooling and
shrinking. In work where trouble of this nature is liable
to be experienced, pre-heating may often be used to ad-
vantage. On small work this may be done by the use
of the earbon electrode. The arc is drawn just as in
welding, but it is moved about over the piece without
being held in any one place long enough to cause fusion.
With larger pieces, a temporary furnace may be made
by laying fire-brick together loosely to form an enclosure
around the casting and over it. Heating may be done
in any convenient manner either by the use of oil, gas or

coal. When the work has reached a red heat, the cover
15 removed and the welding done without taking the piece
from the furnace. After the welding has been completed,
the cover is replaced and the work allowed to cool slowly,
either with or without a second application of heat.

e ¥ -
MeraL Evectrope Procezs

The metal electrode process, though a considerably later
development than the carbon electrode method, has a field
of application very distinct in many cases from the older
process, 5 |1|'i|'|';."i;|:|] .'I1|.'|':II'|1_;|g|,' of its use iz 1n work where
it is desirable to localize the heat to the greatest extent
possible, thus minimizing strains due to .I.'.‘\]liﬂl:"i.k.lﬂ and
subsequent contraction. An example of this is in the
welding of sheet metal or of a broken |11‘i_¢{g.‘n in a flie
sheet. Another advantage of this process is that it enables
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Hand Lever Punch

T HESE Punches are built in capacities ranging from 14

through 14 inch to 1 inch through 34 inch, or ther
equivalents. The throats vary in depth from 4 to 18 inches.
Each machine is furnished with a stripping attachment. an
improved adjustable throat gauge, a hand lever, a punch
a:m'.:l dI'E.

Power Combined Punches and Shears

HESE. Power Combined Punches and Shears are buili

with punching capacity up to | inch hale I]'.mug]i A

inch material, shearing up to | x & inches flats, 214 inches

reands, and 4 x 4 x 15 inches angles. The frame 15 built in

one piece, making a much more rigid machine than if built in
parts and balted together,
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Hand Lever Spliting Shears

W E buld Hand Lever Shears to handle plates from 4

to 14 inch in thickness. The frames are offset so that
sheets of any width may be sphit.  The leverage iz so ar-
ranged that these machines can be eas:!j" handled i:l}' one
aperator.

Universal Steel Frame Hand-Lever Shear

T HIS shear s built of forged steel plates planed to size,
rhcn pinnrd and riveled 1uf,g,e1h.er. Thes makes it much
stronger and Iig}&trr than the cast ron Lype. It 15 r-s;:u:riu.“y
suited for heavy outside work, where portable machines are
necessary. | he machines are mounted on trucks, but can
|'|¢ furmsil.:d wilh or without as desired.
The machine will split plates up 1o 34 inch, will shear
flat bars, 1 inch rounds and 34 inch squares. Weight with-
out truck 330, with truck 450,
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welding to be done in a vertical plane or even from the
underside of the pieze to be repaired. This class of work
15 done daily in railroad shops in repairs to the side sheets
and crown sheets of locomotive firehoxes,

The method of using the metal electrode differs from
that of the carbon electrode in the fact that a much shorter
arc, generally Y inch to 14 inch in length, is used, and
and alsn in that the clectrade forms the filling material as
it melts and flows into the fused portion of 1h work.

With the metal electrodes much lower currents are used
than in the carbon electrode process. The maximum
value hardly ever exceeds 150 to 175 amperes. For a
greater portion of the work a current of about 100 to 130
amperes is found satisfactory, although the amount of
current required will vary with the size of the electrode
and the class of work being done,

Curring ny Use oF Carnon ELECTRODES

The carbon electrode process is also well adapted for
cutting of metals, In cutting, the arc is drawn just as in
welding and is plaved along the line to e cut, provision
being made for the melted metal to run off. Very rapid
work of this sort can be done, especially if ]'IL‘EL':"].' cur-
rents are used. The heat generated varies approximately
as the square of the current, so that a comparatively small
increase in current will give a considerable increase in
the rapidity with which work may be done. This process
of cutting s used to ady antage in work such as cutting
off risers dﬂl] sink heads from castings in a steel foundry,
cutting up scrap, and the like, where rapidity and cheap-
ness are of more importance than abselutely smooth finish
amd accurate work.

APPLICATION

In spite of the fact that arc welding as a commercial
process is of comparatively recent origin, it has been
found to have a considerable and ever-widening field of
applicability. It has shown itself to have a distinet range
of usefulness, in which it is unsurpassed either by black-
smith welding or by any of the systems of gas welding.

In the repair work of steam-railroad shops arc-welding
equipment has shown itself to be an exceedingly valuable
adjunct. The present high standard of maintenance in-
volves constant attention to rolling stock to keep it in
first-class condition; reductions in the expenditures for
this maintenance have been necessitated hy present-day
hnancial conditions in the railroad field. This combination
has been an important factor in the introduction of
electric-welding equipment as a valuable agent in repair
work,  Among the principal uses of arc-welding equip-
ment in steam-railroad shops are the following -

Flue welding,

Firebox repairs,

Frame repairs,

Building up of worn parts.
Gesides these there are innumerable minor uses for the
Crjuipment.

Flue welding is heing done hy practically every large
railroad shop in the country at the present time, and this
welding is, almost without exception, being done by the
electric-are process using the metal electrodes.  The ad-
vantages of welded fues lie in the fast that the results
abtained are practically permanent, since the flue and
sheet are bonded together without a joint. A welded
flue in which scale or other troubles do not develop could
remain in place indefinitely were it not for the federal
limitation of three vears. The elimination of leaky flues
means, not only that road failures due to this cause will
be entirely eliminated with attendant delays and expense,
but also that maintenance expense on this account is
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reduced to a minimum.  In this connection, I would like
to quote from the proceedings of the International Rail-
way General Foremen's Association, the guotation in
question being a part of the report of the committee on
antogenous welding and covering the experience of one
road {C. of G.):

“A field in which electric welding has proved very suc-
cessful and profitable is that of welding flues to back
flue sheets. We have in service to-day over go locomo-
tives with Hues welded to back flue sheets, making a
total of about 27000 Aues. Out of this number of loco-
motives in service with flues welded, we have our first
engine to fail on line of road with fAues. We have, how-
ever, had some few flues to leak after being in service
a short time, but this was due to bad beads on flues when
welded in.  If part of the bead is off, exposing the copper
( ferrule}, it is very difficult to get a good weld,

“Our first experience on flue welding was tried out on
a Pacific type engine. This engine was shopped for a new
back flue sheet. The old sheet was so badly worn and
buckled that it was impossible to keep fues tight. We
had just installed our electric-welding plant and we were
anxious to see what could be done along this line. Flue
beads and sheets were thoroughly eleaned with sand blast,
given a light working and welded in. The engine was put
back into service June 1, 1913, and to date {July, 1914)
has given no trouble by leaking. During this time hydro-
static test was applied and no leaks developed. This job
was done at a cost of $14.68, where a new flue sheet would
cost about $150 and the engine held out of service at
least 30 days.”

This report was made by one of the members of the
association, and serves to indicate some of the work that
15 being done along these lines,

General practice varies as regards the best method of
welding flues.  In most cases, however, the flues are ap-
plied in the usual manner with copper ferrules and rolled,
headed and pressed. The head is then welded to the
flue sheet, leaving a fairly romgh finish which has not
heen found to be objectionable, The time of welding
flues will probably average 15 per hour, although as high
as 25 per hour have been reported. This time is for
z-inch flues. Five-inch superheater flues are heing welded
at about one-fourth this rate.

It is interesting to note that the flue sheet iz found to
be in better condition upon removal of flues than iz the
case where flues have not heen previously welded in.
This is due to the fact that the welding builds up the
sheet around the flue holes to about the original thickness.
Where welded fAues are to be removed it only requires
a few hours longer to cut down the heads. and by the use
of a special tool for facing off the rough surface after the
Aues are removed a good, clean sheet is left

Flue welding has not been entirely satistactory if every
case, hut it is believed that the difficulties which have heen
experienced have been due to methods used and not to the
process itself, and these difficulties seem to he diminish-
ing with the increasing experience which is heing obtained
on this class of work.

FinEnox Rerairs

Closely related to flue welding is the subject of firebox
repairs. The defects to he repaired include eracks in the
side, flue, door and erown sheets, leaky staybolts, leaky
seams, etc. Also sheets will often be found to be in such
condition that repairs are impossible, and it is NECessary
to put in patches. All of this class of wark can be done
very satisfactorily by the use of the arc-welding equip-
ment. In the case of cracks, ete, it is necessary that the
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sheet be ecut along the crack into a notch, or V-shape,
s0 as to enable the weld to extend through the whaole
thickness of the sheet. The V is cut either by the use
of the carbon electrode or, preferably, by a chisel. It
is then filled in, using the metal electrode and a slight
reinforcement built over the outside of the weld.

Where a sheet has gotten into such shape that it is
necessary to replace it. it may be cut out by the use of the
carbon electrode and a new section welded in. Half side
sheets, door sheets, etc, are being welded in without
difficulty.

In thiz connection the repairing of mud rings might
also be mentioned. A mud ring is often found to be badly
corroded at the eorners of the Arebox, due to bad water.
VWhere this iz found to be the case, the sheet can, in many
cases, be cut out at the corners of the firebox, thus
giving access to the corroded portions of the muod ring,
which may then be built up. The section of the sheet
that has been ecut out is then put back and welded into
place. The same method may often he uged in the repair
of a cracked mud ring.

Broken locomotive frames are very satisfactorily re-
paired by the use of the electric are. The frame is pre-
pared by notching either from one side or from both sides,
preferably the latter; the noteh is then filled in by the
use of the metal electrade. A reinforcement is also built
up arpund the frame at the place where the weld s
made, so as to give extra strength at this point. The
electric-arc process of welding is probably cheaper than
any other for this class of work and is found to be just
as permmnent as can be obtained by any other means.
An additional advantage of its use lies in the expedition
with which the work may he completed, as no dismantling
of the locomotive is neccssary beyond that required to
allow the welder to secure access to the broken parts.
Cases have been known where a frame has been welded
without drawing the fire. One railroad (R, F. & P. R. R.)
reports that it has in service at the present time 63 welded
locomotive frames and has had only one failure; this
fallure was attributed to the fact that the arc weld was
in close proximity to one made by another prozess. In
wark of this sort it is often found desirable to pre-heat
the member of the frame opposite the one which is heing
welded in order to insure the absence of strains upon
cooling.

Tender tank repairs can also be easily made, the methods
used being similar to those applied to boiler work.

Savizes ErFecTen BY Arc WeLninG 1w Rarcroan Suoes
The following figures were taken from records of actual
repairs made in a large railroad shop in the Middle YWest
at varions times, the figures given heing a comparison
between the actual cost of welding and that of putting the
apparatus back into service by methods previously used,
either by replacement or by repair of the old parts. The
arc welding costs were hased on a power cost of 51 cents
per hour for the carbon electrode and 17 cents per hour
for the metal electrode, together with cost of labor and
an overhead charge af 4o percent. It might he mentioned,
in passing, that the power costs used are slightly higher
than those usnally obtaining in shops of this nature:
Cost
Costof by Other
Welding, Methods.
Plugging 51 holes in expansion plate,

haoles 1 inch diameter by ¥4 inch deep %273 frors
Repairing mud Fing. ..o o .50 34.57
Cutting four 6-inch holes in tender deck

sheet 14 inch thiele. . ..o oo in o 108 #.15
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Welding eccentric strap, bicken through
] ol A P . RS D 1.08 41.28
Repairing mud rings. ... 650 24.57
Welding two spokes in driving whecl
center v e B e ol 0408
Welding cracks in bulkhead in tender
(L B 1, - s T PP 2.33 200
Welding eracks in side sheets.......... 2015 3179
Repairing Arebox .......h .o e 13480 Bg. 58
Building up flat spots on locomotive
RE ] g A1 Tk SR L I 40 225.00

Numerous other figures could he presented showing
similar savings.

With reference to the last item given above, namely,
that of building up flat spots on locomotive drivers, the
repair in this case is effected by welding at the round-
house without withdrawing the locomotive from service.
The tire 15 simply buoilt up at the flat spot and filed to
shape, using a templet. Against this the cost of repair by
other methods would include the sending of the locomotive
to the shop and having the entire set of drivers turned
down, which vsually means putting the locomotive out of
service for at least a week or ten davs, as well as the loss
of at least one year’s wear on the tires. Taking the loss
of revenue from the idle engine, the cost of the older
method might easily be 300 or more.

Marixe Rerair Work

An industry of comparatively recent origin is that of
the repair of marine boilers.  Practically every large
harbor now contains one or more repair barges. These
barges are equipped with an arc-welding equipment and a
compressor for furnishing air for samd blast and pneuma-
tic tools: they are employed in the repair of the boiler
equipment of vessels that may arrive in the harbor in need
of such repairs. The harge is brought aloengside the
vessel while the latter lies at the dock ; eables and air hose
are carried through convenient port-holes to the point
where work 15 to he done, thus enabling the necessary
repair wark to be accomplished without any loss of time
on the part of the steamer.

Geweral. Repair Work

There are a numhber of minor applizations of arc-weld-
g equipment, among which may be classed general repair
work in large shops, work in steel plants, cutting wp
serap, etc.

Industrial plants employing a large number of machines
will oftentimes be able to reduce their maintenance ex-
pense very considerably by the use of arc-welding equip-
ment. Repairs to be taken care of in these shops consist
of broken shafts, worn journals and keyways, Dbroken
gear-teeth, worn rolls, etc, The welding equipment
may be installed permanently and wiring carried to dif-
ferent sections of the shop where welding is likely to he
required, or the repair equipment may be made portable
and suitable connections arranged for the motor end of
the equipment. 5till another method is that of installing
the motor-generator and wiring permanently, and using
a portable welding control panel, which is connected to
the circuit by plugging in at the point where work is to
he daone.

IvsraLLaTiONS

The earlier installations of arc-welding equipment em-
ployed a motor-generator for each operator, but this
method was soon found to have several disadvantages in
shops where two or more operators were to he employed.
In the first place, electric-are welding is essentially an
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intermittent process, and experience has shown that the
arc will be in actual use not more than 50 percent of the
total time in most cases. From this it can be seen that
the load factor of the motor-generator would be below
and that the cost of power would be correspondingly
higher. In the sezond place, such an installation is neces-
sarily more expensive than one employving a motor-gen-
erator of sufficient capacity to supply all operators within
a reasonable range, and it would also be more expensive
as far as regards maintenance. Again, the cficiency of
the smaller equipment will necessarily e lower than that
of the large unit. The general practice now followed is
that of mstalling a motor-generator of sufficient capacity
to supply all operators within a range of Soo to Goo feet
of the set, permanent wiring being installed and panel
outlet for the individual cperators located at points where
it is desired to do welding.

A word as to the size of outht required may not be
amiss.

No hard and fast rules can be laid down, as no two
installations will be alike in their requirements, and the
matter of selection of apparatus of proper capacity 1s
largely one of judgment and experience. It may be said,
however, that in general for miscellancous repair work
around large industrial plants a 3joo-ampere equipment,
which is of sufficient capazity to take care of two opera-
tors on metal electrode work, or to do, when necessary,
light carbon electrode work, is usvally satisfactory. For
electric railways for track work, a 200- or 3oo-ampere
outfit will be found to be about the proper size. In the
repair shop the track-repair outht may be used or a
separate outfit may be installed if conditions justify it.

In steam-railroad shops installations are usually made
of sufficient capacity to take care of not less than four to
six operators, and the larger shops can occasionally use
even greater capacities to advantage. Where a greater
number of operators are to be supplied, however, it is
generally found to be more economical to nstall addi-
tional cutfits in other sections of the shop where welding
is to be done, rather than to put in onc large central plant.
This i5 on account of the fact that as this work iz usually
more or less scattered the cost of line copper becomes an
item for consideration.

In steel foundries and steel mills outfits of Boo to 1,000
amperes capacity are usually installed. Thesze are large
enough to take care of six or eight operators on metal
elestrode work, respectively, but most of the operations
found in these industries will be performed with the
carbon electrode, and the large capacity will he found
advantageous in that it will enable more than one operator
to be emploved using the carbon electrode, or, when neces-
sary, the full capacity of the machine can be concentrated
at a single are, thus enabling extremely rapid work to
he done.

In conclusion, it should be noted that arc welding 1s
not to be considered as a panacea for all the ills that the
metal worker is heir to. There are many classes of work
for which it is entirely unsuitable, but its range of use-
fulness is =0 wide that it has long since fully justified
its existence.

Precautions in Welding Angle=Iron Rings

The autogenous welding of angle-iron rings to cvlin-
drical shells aften leads to failure if proper precautions
are not taken: the shell is apt to be distorted and the ring
warped, making the work unfit for use.

Usually the shells are butt-welded to the leg of the
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Aange, as shown in Fig. 1, says a writer in the American
Machinist. When heat is applied to this leg, this part
expands more than the upper leg, forcing the sides of the
ring away from the shell, as shown in Fig. 2. SG_me
welders try to overcome this by clamping a heavy casting
to the face of the ring. This is bad practice, as when
the Hange is released after finishing the weld, the stresses
set up by the welding will be transferred to the ring, the
weld and the shell. With a thin shell the ring will not
be straight and the shell will be distorted; with a heavy
shell the ring tends to pull away from the shell, and often
does so after cooling,

Good results are obtained if the ring is first heated all
aver, tacked well and the welding finished with a pre-
heating torch. This makes the expansion of both legs
practically the same and eliminates excessive stresses that
would otherwise oceur.

It is sometimes desirable to have the shell extend
through to the face of the ring. In that case the weld is

e
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Good and Bad Results in Welding Angle-
lron Rings te Cylindrical Shells

Fig.a

made as in Fig. 3. The commercial spiral riveted pipe
Aange is not well adapted for this unless bored out, as
the diameter of the bore is usually larger at the bottem
than at the face. This causes thin shells to be drawn up
and pushed ahead, as shown in Fig. 4. On heavy shells
the flanges usually turn down, as shown in Fig. 5.

If a tight-Atting flange is used with a straight hore and
the edge of the lower leg chamfered, good work should
be obtained, provided the pre-heating torch is used to
heat the top of the flange.

Whenever faced rings are vsed and the fange must be
true, none of the above-deseribed methods will answer.

To insure the desired accuracy in welding these rings
the methods shown in Fig. 6 give good results. The shell
is welded to the inside edge of the Aange; the corner built
up with the flame and the top of the weld left slightly
below the face of the flange, this to reduce cost of trim-
ming. A good welder can finish this weld so that only
the line where the weld runs into the original metal need
he filed,

The heat applied to the inside edge of the fange affects
hoth legs alike and the ring remains in the same position;
therefore, no stresses remain in the weld and the weld s
as strong, if not stronger, than the butt weld. The ring
should, after placing in the proper position, be heated
all over; then tacked well on opposite sides; then 43
degrees from this, also opposite. The number of tacks
depends on the diameter of the ring; up to 30 inches four
tackes are sufficient. The weld is then started between
tacks and carried on alternately on opposite sides until
finished. The use of the pre-heating torch is not neces-
sary except on heavy rings of large diameter to save gas.
A ring welded in this manner, of any thickness or size,
will then be straight.
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A Mile of Cutting
The value of an efficient portable oxy-acetylene eutting
outfit and its facility of operation is well shown in the
accompanying illustrations. A steel pipe line of the
Northern Canada Power Company, in the Cobalt disirtct,

THE BOILER MAEKER 53

The oxy-acetylene cutting process greatly simplified the
problem.  The Davis-Bournonville Company of New York
was called upon, and they sent a single operator, “Jack”
Saunders, from their Jersey City shops, with one of their

portable cutting outfits. The operator went by train to

Fig. 2

47 miles north of Timmins, Ontario, was put out of com-
mission by shifting sand and resulting buckling of the
pipe. An auxiliary wooden pipe line had been constructed,
and it was decided to cut the steel pipe line in- fwo hali-
sections, replacing the buckled lower hali with the upper
half to form a sort of trongh for a new wooden stave hne.

The steel pipe was 12 feet in diameter, 1,480 fect long,
with 7li-foot riveted sections. The amount of cutting
necessary, and the time required, with the difficalty of
cutting by older methods, would have been prohibitive,
especially as time and the placing of responsibility on a
single pipe line for the power requirements of many large
industries within a considerable area, were of the great-
est consideration.

Fig. 4

Tinmins, thence by motor boat up the river to Wawaitin
Falls, with his outfit, oxygen and acetylene gases being
shipped in portable tanks from Toronto. The complete
equipment was thus immediately available.

Longitudinal cuts were made on both sides of the
entire length of the pipe line (Fig. 1) eutting the pipe into
two halves. Lateral cuts (Fig. 2) were made every three
riveted sections, and a hole cut in the middle of each half-
section for the hook with which the 22%4-foot half sec-
tion was hoisted out of place with a derrick (Fig. 3).
Fig. 4 shows the damaged under-half section of the pipe
line, after the upper half had been cut and removed, and
the huckling of the plates, causing the damage, is plainly
seen,



In all there was z,007 lineal feet, or nearly one mile,
ot cutting of 5/ 16-inch steel plate.  Five tanks of com-
pressed acetylene, 1,125 cubic feet, and 6614 tanks of oxy-
gen, 8,285 cubic feet, were used.

Necessarily the cutting
could

1t be done continuously, owing to other labor in-
volved and some had weather during the seventeen 8-hour
days on the jab, but the operator accomplished from 258
to 393 lineal feet of cutting cach day after the first day,
generally averaging 350 feet, and the last 85 lineal feet of
cutting was done in 65 minutes.

Welding in Gas Main Construction

It has beén demonstrated in many of the large cities in
this country and through widespread practice abroad that
oxy-acetylene welding is not only the most economical
method of making joints.in steel and wrought iron mains,
but that a welded main entirely eliminates the joint leak-
age and subsequent maintenance cost due to insecure
joints. Tt has been found that with skilled operators the

Fig. 1.—Welding G;i Main with Oxy-Acelylene Torch

strength of the welded joints ranges from 8o to g5 per
cent of the strength of the pipe itself. By bulding up
the ‘section at the weld the strength of the joint is readily
increased beyond that of the pipe, if so desired.

In welding gds mains with the apparatus developed hy
the Oxweld Acetylene 'Company, Chicago, Ill, twoe or
more lengths of pipe are butted together and welded by
the operator. Where the pipes are cut off straight the
two sections are butted up to within 1/16 inch or 14 inch
of each ather, according to the size of the pipe and the
weld is made by heating the metal on each side of the
joint to the fusion point with the oxy-acetylene flame
when pure Norway iron wire is fused into the molten
metal, forming a true fusion weld, The pipe may e ob-
tained at no increased cost from the mills cut at a bevel,
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Fig. 2_—Twen1}r-Fr>u.r |__.r11.g|:|'|s of 10-lInch Pipe, Each 200 Feet
l,nng. Welded Inte One Section

in which case the two pipes are butted together, forming
a V-shaped opening of about fio degrees. It is desirable
to have the pipe prepared in this manner, as the weld can
be made quicker at less cost and with the use of less filling
material.

Among the advantages derived from welding gas mains
is the fact that on account of the great strength of the
welded joint it is possible to use pipe 40 fect long in main
construction instead of the 2o-foot lengths commonly
used with other methods. Much lighter pipe is also feas-
ible, as no allowance need be made in its thickness to
permit threading. It is reported that in some parts of
Europe, where welded joints have been in widespread use
for a much longer time than in this countrv, pipe of 40

Fig. 3.—Welded Joint in 12-Inch Gas Main. Entire Joint
Welded in the Trench
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percent less thickness is being used instead of the size
necessary where the ends are threaded.

In city streets the number of lengths of pipe that can
be put together outside of the trench is usually limited,
but in the open country it is not unusual to weld up
Looo feet of pipe at a time and one case is reported where
4,000 feet of S-inch pipe was welded into one section
|‘:-_l:!HT1: being lowered into the trench. As fast as a sec-
tion of welded pipe is finished it is capped at both ends
and tested for leaks under any desired pressure,  As soon
as it has been placed in the trench it is welded to the pipe
already laid by digging around the joint a bell hole of
sufficient size to allow the operator to weld entirely
around the joint.

In practice it has been demonstrated that welded joints
can be made at a cost of from 25 to 40 percent less than
the cost of producing and connecting recessed screw
coupling while the economy is considerably greater in
comparison with the cost of insulated coupling.
~ The {following costs are given as representative of
joints of steel pipe, butt welded, made with the Oxweld
process by competent operators:

T a Tl S e e e e e
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One of the great values of the Oxweld process in gas
main work is the cutting of holes for branch pipes and
the welding in of the branches at any angle. In this way
it is possible to cut and comstruct fittings of any type
desired. Samples of this kind of work are shown in
Figs. 4 and 5. The Y shown in Fig. 5 is formed of 6-inch
pipes cut and welded at a 6o-degree angle. The cost of
cutting was 33 cents and of welding $1.815, making the
total $2.145. The total cost of cutting and welding two
pieces of B-inch pipe to form a 45-degree angle, as shown
in Fig. 5, was only $.765, the cutting amounting to $0.095
and the welding to $0.67. In forming and welding the
6-inch and 4-inch reducer, illustrated in Fig, 5, the flange
is cut out of Iz-inch plate welded to a piece of 6-inch
pipe, a similar piece of plate is cut and rolled to form a
reducer, one end of which is welded to the 6-inch and
the other to the g-inch pipe. The total cost of this work
is §o.245 for cutting, $1.605 for welding the flange, and
$1.495 for welding the reducer, making a total of $3.345.

Fig. 4—Emergency Welding and Cutting Job
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Fig. 5.—Branch Pipes with Welded Joints

In considering the utility of this work, not only the low
cost of preparation, but the fact that these welded fttings
are ahsolutely gas-tight and as strong as the pipe itself
should be borne in mind.

Oxy=Acetyene Welding at the Milwaukee
Shops of the Chicago, Milwaukee
and 5t. Paul Railway

BY A. N. LUCAS*

The Chicago, Milwaukee & 5t. Paul Railway Company
at Milwaukee, Wis., put their first acetylene welding outfit
to work in September, 1013, and it has been in service
now for about Afteen months, Since this outht was in-
stalled no locomotive tires have heen taken off on account
of flat spots. All flat spots have been welded up in a
first-class manner with the oxy-acetyvlene apparatus and
only two cases occurred where it was necessary to reweld
on account of “shelling out.” During the past year flat
spots have been welded up on the tires in sixty-five loco-
motives and the saving on any one of these locomotives
would buy a complete welding outfit.

On the machine side, considerable work has been done
on frames, Some good welds have been made and also
a few have failed, due, however, to not loosening the
frame and getting the proper contraction and expansion.
Many short eracks were welded up on frames and also
worn spots were filled up on frames

Cracked eylinders have been welded up and patches-put
on some. It has been found that this can be done suc-
cessfully, if the cylinder 1s warmed up in a proper manner.
The method by which thiz is done is to take off the steam
chest, valve and piston, and then warm- up the cylinder
with charcoal, and then weld. When the welding 15 .com-
pleted the eylinder is covered up with ashestos paper and
allowed to cool down gradually,

A great many parts, such as cast steel driving boxes,
trailer hoxes, which- show cracks above the crown, and
shoe and wedges when cracked in the cormer of the flange
have been reclaimed by welding up with the oxy-acetylene
apparatus. Other work which is welded includes cracked
driving-wheel spokes and all kinds of worn forgings, such
a5 link hangers, transmission bars, radius bars, rocker
arms, tumbling shafts, throttle levers, throttle ratchets,
* General foreman, boiler work, Chicago, Milwaukee & St Paul
Railway.
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new ends on armature shafls, guide vokes, hrake shoe
hangers and broken castings; also parts of large shafting
are filled in so that a hbearing can be turned and a new
fit made, thus reclaiming a worn piece of shafting,

A lot of work also comes into the railroad shop from
outside parties and various classes of work, such as the
following, are carried out:

Reclaiming electric headlight castings, ear wheels, lawn
Mowers, water pumps, vises, waler jackets for motor cars,
stand pipes, dry pipes, “nigger heads,” frames for gas
engines, journal boxes, eylinder castings, eracked cases
amd exhaust pipes.

BoiLer Work

Among the boiler work which has been done at the
Milwaukee shops during the past vear is the welding of
sixty-five door collars. Welding door sheet flanges to
the back head does away with the laying out, punching
and applying rivets or patch bolts and suhsequent calking
and makes a saving of $15 per door ring.  This kind of
work is giving the best of results. This method gives
more expansion to the door sheet and it is believed that
the door sheet will not crack as readily. In renewing, all
that 15 necessary is to take the air hammer and cut the
door sheet flanges loose from the back head, which can be
done very readily and which leaves the back head in its
original condition, so that if at any time a patch would
have to be applied, the same could be done as heretofore.

Full door patches have also heen welded inside on to
the door sheet. A couple of these, however, gave trouble
on account of opening up after being in service three or
four months.

Other welding work which has been done in the hoiler
shop includes welding up short cracks in the door ring.
We have also welded in two three-quarter door sheets;
three half side sheets and thirty-five patches on side sheets,
We have also reclaimed several back flue sheets hy weld-
ing up cracks in the top flange and in the bridges. A large
number of cracks have also been welded up from stay-
holts and cross-seams. Worn spots in sheets above the
mud ring have been welded, and also cracked mud rings
have been filled in where worn.

As a matter of fact, there is practically no limit to the
work which can be done with the oxy-acetylene tarch, for
we have welded in all corner patches; welded up short
cracks in the throat sheet; welded patches on cracks
the front flue sheet; welded bottoms and patches in smoke
arches, and also welded up patted Aues,

Oxy-ACETYLEXE CutTinG

Practically all of the cutting is done with the torch,
such as cutting out old hreboxes, half side sheets, patches
nf all kinds, and also cutting frames which makes a hig
saving at all times.

One special piece of work whizh should be mentiomed
is that we have found that we can hurn out a broken stav-
Lalt in the outside sheet or inside sheet much quicker than
we can drill same out. Thiz we can do nicely, where
we are renewing broken stayvbolts or radial stays, with-
ont damaging the thread in the hole

In east steel we have been reclaiming all back plates
for swing head couplers, welding up eracks in openings,
as well as welding on new rests for coupler heads, result-
ing in a big saving. We have also welded up coupler
heads, broken spots on the side as well as cracks in the
face, also cast steel holsters for tender trucks and where
worn badly at the center we have welded pieces of hoiler
plate on top, making same as good as new.

At the present time we have two welders on the loco-
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motive side and are asking for more. Omly recently the
general storekeeper has placed a welder in the scrap yard
to reclaim all broken or defective castings and forgings
and da other welding or cutting that may come to him.
In car work we now have three welders and they are
reclaiming truck sides, draft arms, Bettendorf truck
holsters, barber bolsters, spring planks, spring leafs, ete.
Welding is done on different jobs that cost from 8 cents
to $3.65 and make a saving on each one of anywhere
from %120 up to $22.21 each. All repairs to steel cars
are made with the oxy-acetylene apparatus, and forgings
and castings are reclaimed.

Cost oF (PERATION AND SAVINGS

In fact, the oxy-acetylene welding outfit is a money-
saver from the start. We figure that a welder costs us
for labor and material, including a helper, about $1.50 per
hour. We also hgure that a welding outfit can average
a saving of $4 and over per hour for every hour it works.
It is just a maller of getting an outht, getting vour welder
broken in and getting accustomed to the work when the
results will follow.

It 15 very necessary, of course, to have the proper mate-
rial for the different jobs. When welding up flat spots
in the tires we straighten out amd vse chips from the
tire lathe. When welding up steel castings, we shear
up tank steel in narrow strips. In welding up ordinary
cast iron castings, we use small bars of cast iron that we
get from our foundry. In cylinder jobs and other work
where particular care must be taken, we use the best
cast iron welding rods that we can buy. We also use
a flux that helps to keep the casting soft. so that when
the job is finished it can be machined readily. In welding
up firehox work we are using good Swedish iron welding
Tz,

Ten Miles of Autogenous Welding

At the Washoe Reduction Works of the Anaconda
Copper Mining Company, located on the Butte, Ana-
conda  Facifie Railroad, between Butte and Anaconda,
Mont,, is the largest copper smelter in the world. A
striking feature of thiz plant, to the uninitiated, is a
brick-sided, metal-roofed structure running from the base
of an adjoining hill to the top, where its terminus is sur-
mounted by an unuswally tall brick stack.

This structure branches at its lower end into numerous
ramifications leading to all parts of the smelting works,
and serves as a common flue carrving off noxious or
gaseous vapors and fumes of all descriptions produced
in the smelting and refining operations, The top of the
hill en which the stack is located is approximately 400
feet above the smelter, while the stack towers 300 feet
alwve the hall-top.

From the view of the flue and stack shown in Fig. 1, bhe-
ginning at the point where the overhead trusses end, can
be seen an expanse of metal-roofed Aue 120 feet wide for
the most part and approximately 850 fect long. The roof
was composed of steel plates, 20 inches by 240 inches, riv-
eted to supporting 7-inch I-beams. Tor several years this
roof gave no trouble, but, owing to the riveted construe-
tion, it was impossible to make the joints in the plates abso-
lutely tight, so that rain or melted snow leaking through
the riveted joints bromght moisture in contact with flue
dust containing sulphur fumes and this formed sulphuric
acid, which in time corraded the sheets hadly and resulted
in reducing the flue draft to such an extent as to serinusly
curtail the entire works' production. ]
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Fig., 2 shows the appearance of a section of the plates
attached to the [-heams in which the honeyeomb effect
is qulh: noticeable. After an investigation which showed
that roof sections which remained watertight were not
deteriorated, the company decided to  adopt means
whereby the roof would shed water over its entire sur-
face. The 7-inch I-heams were drilled and tapped

&

Fig. 1.—Welded Metal Rocfed Flue, 120 Feet Wide, B50 Feet
Long

for 5g-inch bolts, and to these new plates were fastened
by 1I-inch beolts and washers. The plates were spaced
Y4 inch apart for clearance, and, as evidence of the care
taken to allow for strains due to temperature changes,
V-shaped bolt holes were provided.

Autogenous welding by oxy-acetylene apparatus sup-

Fig. 2—Honeycombed Roof Flates Resuling from Riveted Con-
struction and Leaky [Joints
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plied by the Davis-Bournonville Company, Jersey City,
M. J., was adopted as the means to elose the plate joints
and to attach the washers to the plates. For the acety
lene supply two Davis pressure generators, each having
a capacity of 200 pounds of lump carbide per charge,
were employed, the acetvlene being conveyed by flexible
hose to the operators, of whom an average number of
eleven were emploved for a continuous twelve-months’
period.  Standard Davis-Bournonville welding torches
were employed throughout the work, The oxygen was
stored in portable cylinders at jo0 pounds pressure,

It is believed that this is the largest work planned and
carried to a successful conclusion in the history of oxy-
acetvlene welding. Covering a period of twelve months
with an average of cleven Davis-Bournonville welding
torches in use, there was employed 330,000 cubic feet of
axygen; acetylene production from 2o tons of lump car-
hide ; 9,200 pounds of 3/16 inch round welding rods,  Six
hundred and ninety thousand pounds of No. g gage plates,
1o inches by 240 inches, were welded together, with the
periphery of 16000 washers 2 inches to 332 inches in
diameter welded to the plates, making i all 53.365 lineal
feet, or 10,1 miles of welding !

Some Queries Answered
BY GEORGE sHERWOOD HODGINS *

A question which has recently arisen in hoiler practice

and which includes some practical considerations in con-

struction, may be stated as follows: “Give the rule to
find the working pressure on a boiler flue 5/16 inch thick,
20 inches inside diameter and 12 feet long. The flue to
he made in two sections, with longitudinal seams single-
riveted.

It is evident here that the thickness of the flue sheet,
ie, 5/16 inch, and the total length of the flue, are the
determining factors. The fact that the flue is made in
two sections and probably double-riveted in the circum-
ferential seam really has a tendency to strengthen it in
the center, so that in finding out what is the fair working
pressure under which such a flue should be operated, one
may disregard the central circomferential seam.

The rule which has been adopted by the British Board
of Trade is a very safe one and a very practical method
of ascertaimning what is a safe working pressure. The
formula is as follows:

0,000 1
P
(L 4+1d
where
FPiz the safe waorking pressure in pounds per
square inch,
t s the l;uckrwf-s of the plate in fractions of an
maen
L Iiﬂ the length of the fue in feet.
d iz the diameter of the fue in inches.
The Go0o0 pounds given as a constant in the numerator
nf the fraction is that nsed where the longitudinal seam
is single-riveted, or where the workmanship 15 not of the
highest quality.
The formula works out:

o000 (57167
T =

(1241} 20 260
sBen.37s = afio — 22536 pounds.
This 2274 pounds is the safe working pressure, and with
a factor of safety of 4, the collapsing pressure would he
go pounds per square inch.

Another question involving somewhat similar eonditions

* Memhber of American Society of Mechanical Engineers,



58 THE BOILER MAKER

but extending a little further, may he stated as follows:
“Give the rule to find the number and size of staybolts
required for a circular firebox 3/16 inch thick; 36 inches
inside dmmuler and 36 inches high, to carry 125 pounds
prcss_ure Here we may suppose that the circular fire-
box is vertical. The top is staved by the tubes, and the
bottom by a mud ring or equivalent means, The problem,
therefore, narrows down to the staying of a circular sur-
face 36 inches long and 36 inches in diameter so as to
safely sustain a working pressure of 125 pounds per square
inch.

The circular, or rather the tubular, shape of this fire-
box has some stiffness due to its form, and this ean he
ascertained by means of the formula used above, viz.:

60,000 £ 58=~93F5

(I. -+ 13 g 144
5B50.375 + 144 = 4060,

The pressure, therefore, which may be safely used upon
this firebox is 40 pounds per zquare inch. The working
pressure of the whole was to be 125 pounds per square
inch, so that staying, capable of supporting a pressure
of 125 — 4o = B35 pounds to the square inch, has yet to be
provided.

The area of the firehox, 1.1.h|:'11 unrolled and laid out flat,
is 30 > 3.1416 > 36 = 4,071} square inches; so that on
this surface a pressure of 85 pounds per square inch has
to be sustained. This amounts to 4.071.5 % 85 = 346,077.5
pounds. A stavbolt 34 inch in diameter has a sectional
area of 4418 square inch, and taking the tensile strength
of the bolt iron at 50,000 pounds per square inch, we find
that our 34 inch stavbolt will support 22,000 pounds pres-
sure per square inch.

In order to sustain the pressure on the total fArebox
surface, viz.: 346,077 pounds, we divide the one by the
other, thus: 346077 —— 22,000 = 15.66, s0 that we may
say that each area of 16 square inches requires a staybolt,
or 253 such staybolts in all are required. As each one of
these holts supports an arca of 16 square inches, it follows
that when each is placed in the center of a square of
these dimensions, adjacent bolts will be spaced 4 inches
apart. and the firebox will be able to sustain the pre-
scribed working pressure of 125 pounds to the square inch,

A question involving hoiler feed by means of a pump,
is stated as follows: “Give the rule to determine the size
of a pump capable of supplying a boiler rated at 250 horse-
power, assuming that 30 pounds of water are evaporated
per horsepower hour with a speed of pump 47.5 feet per
minute."”

One rule to ascertain the gallons per minute which would
pass thromgh the required pump, is to multiply the horse-
power given hy 06, this gives 250 3 of = 15 gallons per
minute. This result can be verified by converting pounds
per hour, given in the question, into gallons viz.: 303 250
(the horsepower) = 7.500 pounds per hour, and by divid-
ing hy fo, ascertaining the gounds per minute,
7.500 —— 60 = 125, FEach gallon of watér contains 8.335
pounds by weight, and if 125 pounds per minute is pumped,
we find that 125 — B.335 = 1400 gallons of water, or
sav 15 gallons.

The pump which will perform the service designated
and deliver 15 gallons of water a minute can readily he
found by turning to the pages of a pump maker’s catalogue.
This is done becanse it is not customary to design a special
pump for each hoiler which is built. A pump maker sup-
plies a standard article in which parts are interchangeahle
and can be readily duplicated.

Loaking at, say, the Worthington Pump catalogue (115
Broadway, New York), we find a 6 45 6 pump to be
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the most suitable. This pump has a speed very close to
that specified in our question and its capacity is approxi-
mately the same. Our pump, if it has a 6-inch stroke
amid a piston speed of 47%: feet per minute will give 7.91
strokes per minute, and the delivery set down in the
catalogue 15 1.25 gallons per stroke. This gives the gallons
per minute as follows: 47.5 6 = 9887z, and for the
duplex pump, such as those made by Henry R, Worthing-
ton, the total capacity is twice this amount, or 19.77 gallons.
Our pump was required to supply 15 gallons, and this
one, giving 1934 gallons, is capable of being run slightly
more slowly and has a very desirable margin of power to
draw on in case of emergency.

Oxy=Acetylene Welding and Cutting
With Portable Apparatus

Much boiler and sheet metal work, both in the shop
and in the feld, can be welded to advantage with oxy-
acetyléne apparatus when the apparatus is portable and
can be brought to the work, With the Prest-O-Lite*appa-
ratus, which is supplied by the Prest-O-Lite Company,
Inc., Indianapolis, Ind., the equipment consists of one cyl-
inder of acetylene gas, one cylinder of oxygen, one oxy-
gen regulator, one acetylene regulator, one welding blow-
pipe with interchangeable heads and one cutting torch.
The welding hlow-pipe has a serics of tips suitable for all
classes and thicknesses of work, and the welding tps
range in capacity from 1.5 to 35 cubic feet of free acety-
lene per hour, the consumption of oxvgen being approxi-
mately 1.2 parts to one of acetylene.

The acetylene cylinder consists of a steel tank packed
with a porous material which iz saturated with a chemieal
which has the property of dissolving and holding many
times its own volume of acetylene. Tt is-omly in this
way, the manufacturers claim, that large gquantities of
acetylene can be held in a small eylinder and stored safely
under a comparatively low-pressure.  The porous sub-
stance, it is claimed, not only aects as a sponge for ab-
sorhing the solvent, but also makes it impossible for an
explosion to be propagated through the cylinder.

The entire equipment is mounted on an ordinary two-
wheel truck, and one man can easily take it to any part
of the shop or to the work in the field. The extreme
portability of this type of apparatus is one of its many
advantages to which the manufacturers call particular
attention. It is pointed out that in general shop and
field use the cost of making repairs will be reduced cod-
siderably if a portable apparatus is emploved. Then the
apparatus can be wheeled to the work for much less cost
than that reguired for transporting heavy work to or
ahout the shop.

One advantageous feature in connection with the hlow-
pipe welding using the oxy-acetvlene fame is that it does
not affect the skin of the operator.  The glare, of course,
is injurious to the cves unless tinted glasses are worn, hut
it is unnecessary to protect the face and hands as in
electric arc welding, where the injurious rayvs affect the
skin.

Crxy-acetylene welding has found a wide application in
the eonstruction of various articles made of hoth Jight
and heavy plates. Many of thase articles, -:uch a8 t.mks
air vessels and domestic hoilers: are ».111_;&1:1 t Mm{:ara-
tively high-pressure and other conditions -n.hrc]-. rqq;e
extreme strength and durability.

Some specific nses for the process in this connection are
the welding of mild steel plates emploved in the manufac-
ture of steel barrels and drums, steel tanks of all sizes
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Fig. |.—Prest-O.Lite Portable Welder

and shapes, compressed air receivers, pipe and pipe fAt-
tings, smoke stacks, angle, channel and tee iron, and alse
the welding of flanges or bosses on to vessels.

Welded receptacles for highly inflammable and search-
ing liquid chemicals are capable of withstanding high-
pressure, allowing no leakage or evaporation, and are
capable of withstanding excessive vibration and rough
handling. Cylinders for gases under pressure are being
welded to withstand necessary rough usage and rigid

Fig. 4—Cuttimg Out Flue Sheet with Oxygen-Acetylene Tarch

tests.  The shells are welded longitudinally, the ends
welded in and the necessary spuds for valves and fittings
welded to the tanks. Cylinders so welded are to-day ap-
proved by the Interstate Commerce Commission for the
transportation of various gases.

An angle elbow is easily welded to a smoke stack by the
oxy-acetylene process, whereas by any other process it
is an exceedingly difficult and expensive operation.

The elhows at times make acute angles with the stack.
The turning of a flange on the elbow at such angles would
be likely to cause the flange to fracture and it would be
difficult to get at the riveting from both sides and then do
the necessary calking.

The welded joint can be casily made and is even
stronger than the riveted joint. In this process the haole
in the stack to take the elbow or branch is cut out by
means of the cutting blow-pipe. This part of the work

Fig. 2.—Welded il Siorage Tank

Fig. 3.—5teel Welded Cylinders
alone effects enormous savings as compared with the old
methods of cutting,

Irregular Patch Welded in Side Sheet
with Electrical Welder

In the accompanying sketch is shown a section of the
side sheet and leg of a back flue sheet of a wide firebox
boiler of a freight locomotive. A fracture developed on
the side sheet, as shown, extending from the first row
of staybolts above the mudring and running vertically
aver five staybolts. Then the fracture traveled forward
and upward one row of staybolts, as shown. On account
of the fact that the fracture extended up towards the
front of the firehox, it was not thought advisable to

Sketch Showing Location of Fracture and Shape of Paich

apply a V-shaped patch and therefore the method shown
in the sketch was employed.

Starting above the staybolt ‘at the top of the fracture,
the section was laid off with circular ares on each side of
the staybolts along the fracture to the mudring, as shown
in the sketch. After having marked off this section, the
side sheet was V-ed out along the lines shown, The stay-
bolts were drilled on the outside wrapper sheet, the rivets
backed out and the piece removed from the side sheet. A
duplicate was marked off from this piece for a patch and
punched out. Rivet and staybolt holes were drilled and
the patch trimmed off and beveled all around. It was
then bolted up securely in place and welded in by the
electrical process.  Finally, the rivets were driven and
the staybolts applied.

This patch has now heen in service for three months
without requiring any attention from the boiler maker.

W. J. GILLESFIE,
Boiler Inspector, Pittsburg & Lake Erie Railroad,
MeKees Rocks, Pa.
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Lead Furnace Water Jackets Welded
with Oxy=Acetylene Torch

In fabricating steel water jackets for the lead furnaces
at the plant of the International Smelting Company,
[noele, Utah, extensive use is made of the oxv-acetylene

Fesruary, I0IS

welded up and welded to the back sheet with a torch, mak-
ing in all about 1,050 lineal feet of welding. An idea of
the size and construction of these jackets is shown in
Figs. 1 and 2.

The tools and eguipment usually used in large contract
heiler shops for such work are not provided at the plant

Fig. |

torch in welding the sheets together. This job is of spe-
cial interest to smelter boiler makers on account of the
size of the jackets, some of them being ¢ feet in height
and & feet 3 inches wide. The plates are nof the hest

where these jackets were fabricated. There were no
hydraulic ¢lamps or presses to flange the plates with, but
a set of blocks was rigged up under a large power punch

which dird the Aanging very nicely.

Fig. 2

Lo inch thick and the

Hange steel, the fire sheets heing 14
back sheets 34 inch thick, strengthened by having 34-inch
by g4-inch by s-inch tees riveted to the back sheets, The
plates are Aanged, the stays and fittings riveted on, and
then they are ftted together with a water space of §
inches and welded up with an oxy-acetylene torch. The

discharge pockets are flanged of 4 inch steel and are also

While these jackets when completed weighed about
75,000 pounds, this work is only one of a large number of
interesting steel jobs that are turned out by the shops of
this modern copper ind lead smelting plant.

WiLttam T. CLEmo,
Foreman Boiler Maker, International Smelting Ca,
Tooele, Utah.



Electric Drive for the Boiler Shop

Advantages of Electricity for Power Transmission
—Its Reliability and Safety—Speed Regulation

EY J. E., BULLARD

In any industry every reason for the use of power can
be reduced to one of the following: The power is used
either to decrease the lahor cost or to increase the pro-
duction. If we realize either or hoth of these ends we
reduce the cost of production, The first power-driven
machines were only crude affairs. The first mechanical
power producers were windmills and water wheels. From
these small beginnings the use of power has developed
till now we find in mills and factories the wonderfully
complicated machines of the present day, and scattered
throughout the country enormous electric power gener-
ating stations, some of which contain gigantic steam tur-
hines, each one more powerful than a team of 25,000
heavy draft horses, and some of which send power to
points hundreds of miles distant.

The power from these great eleciric power generating
stations is communicated to the machinery in the shop
not by means of ropes, belts, line shafting, etc., as power
was transmitted in the days of yore, but through the me-
dium of small, flexible copper wires. These wires can be
strung on poles, buried in the ground, or carried under
the water. After these wires reach the factory they can
be carried along the walls, ceilings or floor to the machines
to be driven. They always deliver as much or as little
power as may be desired,

The modern great electric power generating station
might be likened to the large insurance companies. Just as
the insurance company is a poaling of funds to reduce the
burden of any possible loss, the large electric power gen-
erating station is a pooling of the individual shop power
plants into one large central plant. This co-operative or
specialized system of deoing business is being adopted in
all branches of industry. It iz a product of evalution
and the result of competition. It has been found the most
satisfactory and the most economical method of producing
big results. Factories are coming more and more to use
central station service for the same reason that they pay
imstirance companies to carry their insurance. They find
it cheaper and more satisfactory.

Specialization in the production of power has resulted
in a reduction in both the cost of power and the cost of
the manufacturing operations. This is true in spite of
the fact that most mechanics now work only eight hours
a day with Saturday afternoon off and receive each week
as wages considerably more money than did their grand-
fathers, who worked twelve hours per day and did all
their work by hand.

In order to male labor more productive, machines must
be placed in the most convenient locations. To do this
some flexible method of transmitting the power to the
machines must be adopted. If the machine is to be placed
where the material is located, instead of the material
being conveyed to the machine, we find that it cannot he
driven hy anv of the old methods of transmitted power.
A punch press is needed in one location, an emery wheel
in another. And scattered throughout the shop in such a
way that they could hardly be belted to line shafts, will be
milling machines, bending rolls, compressors, lathes, drills,
shears, hoists, cranes, pumps, ete. Electricity, thus far,

= 0f the Society of Electrical Development,

has proven by far the most flexible method of transmit-
ting power, [t is the only method which permits of the
placing of the driven machine anywhere—indoors or out
—with no regard for the location of line shafting.

The adoption of electricity as a means of transmitting
power always resulted in an increase in production. This
increase in production has been brought about by the
possibility of installing additional machinery in the space
saved by the elimination of belting and line shafting, the
relocation of the machinery in such a way that no time
is wasted in conveying the material back and forth from
one machine to another, the hetter speed regulation ob-
tained, etc. The increase in production resulting from
the adoption of electric drive has varied in different fac-
tories all the way from five percent to a hundred percent.

From all the many advantages which may be enjoved
through the use of electric power generated in large sta-
tions by means of large units distributed to many and
varied mndustries, we will seleet only four for eonsidera-
tion here. There advantages are:

1. Reliahility of service.

2. Better speed regulation.

3 Greater safety.

4. Better lighting.

RELIABILITY OF SERVICE

Night and day, holidays and Sundays, hard times and
good times, the electric motor is always ready for use.
Where a motor is installed on each machine, a rush job
requiring the use of only one or two machines can be
finished at night or on a holiday at small cost. For in-
stance, a job of shearing can be run off by operating only
the shearing machines required to do the work without
operating any other part of the shop, starting up the en-
gine, or turning aver any line shafting. All that is neces-
sary to secure the power needed 15 the closing of a switch,
No engineers or firemen need be called on to work over-
time. Where steam power is used the services of these
men would be required and their wages would make the
cost of the comparatively few horsepower hours required
to complete the rush job very high. Where central sta-
tion electric power is used the cost of a unit of power
need be no greater when one machine is being operated
and very little power consumed. than when the whaole
shop is in operation and a great deal of power is being
consumed.

Where electricity is used from large power plants, shut-
downs due to power troubles are less frequent and of
shorter duration than where the old svstems of small
plants, line shafting. and hbelting is used. If there is
trouble with or an accident to any of the machinery in
the factory only the machines affected need he out of
commission. The rest can keep on operating. They will
not have to wait till the trouble is remedied, a line shaft
is repaired, a bearing babbitted or a belt mended.

SPEED
Modern machines require much closer speed regulation
than was required by the clder and cruder machines of
bygone days. There is always a correct speed for each
machine. The speed may vary with different jobs. For
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a given piece of work, however, if the best results are to
be obtained, a definite rate of speed must be maintained,
1f the machine is driven at a higher rate of speed disaster
follows. If at a lower rate output suffers.

An ordinary belt-driven engine lathe depends for its
speed control on counter shafting carrying cone pulleys
matching pulleys mounted on the head end of the lathe
and on back gears in the head of the lathe. At best this
system permits of very limited control. Often, though,
the speed may be too slow with the belt on one cone; it
will be too high if the belt is shifted to the next step.
Electric motors are now on the market having a very
wide range in speed. These can be mounted directly on
the lathe and geared to . All helts, exposed gears, etc.,
are eliminated, and the speed variation is not only very
wide, but vnder complete control.  This perfect speed
control results in wore and better work bemng turned out
by the machinist operating the machine,

On account of the ease, quickness and positivencss of
their control, electric-driven cranes are now more and
more dizplacing cranes driven by any other form of
Power.

SAFETY

There is a movement now going over the country with
the slogan, “=afety First,” In order that a shop may be
as safe as possible. it is almost necessary that individual
electric motor drive—that is, an electric motor mounted
on and used to drive each machine—be used. There is
hardly a mechanic who has worked around machinery for
any length of time who has not seen some fellow work-
man caught by a protruding set screw in some rapidly
revolving shaft and either killed or severely injured. Pos-
sibly he himself has had his clothing caught in exposed
wears or by the belting on his machine and heen pain-
fullv injured. Where individual motor drive is used this
need never oceur. There is no line shafting, helts are
short and small, if not entirely eliminated, and all gears
nsed can readily be encased and made harmless.

L1gHT

There is no one thing of greater importance both to
the owners of, and the workers in a factory, than good
and sufficient light. [f there iz not enough light the
owners suffer hecause production falls off, more material
is wasted, and the work 15 not up to standard. The work-
man suffers hecause he is working under a constant eye
strain which will in time permanently weaken his sense
of sight and bring on more or less eye trouble. Because
of his impaired evesight he will never again be able to
do as good work as he did before, working nnder poor
light.

In order to secure gomd lighting it is usually necessary
to eliminate all line shafting and belting, Line shafting
and helting traveling at high rates of speed throw dirt,
ail. etc.. on the walls and surroundings and soon blackens
them to such an extent that they reflect little, if any,
light thrown on them.  Belting and shafting fast shadows
which make the problem of lighting very difficult.

Where each machine is driven by an individvual motor,
a clear space is left above the machine with no obstruc-
tions hetween it and the spot where the lighting unit can
be placed. This makes it possible to install large and
cfficient lights which will brilliantly light the whole fac-
tory and do away with the necessity of each mechanic
working with a bare light shining directly into his eyes
and with the rest of the room in darkness.

Efficient lighting is of the greatest importance, for the
results are hetter work and more of it.

Feeruary, 1915

Factor of Safety in Compulsory

Boiler Inspection Laws

The factor of safety employed in engineering con-
struction is made to vary not only with the character of
the material used, but alsa with the nature of the loading
to which the structure is subjected. The greater the
variation in the strength of different test specimens of
the material, the higher is the factor of safety employed
for that material. Thus for a homogeneous and ductile
material, such as mild steel, a factor of safety of five
might be employed, while for a material lacking in homo-
gencity and in ductility and for test specimens which
show wide variations in strength, such as cast iron, a
factor of safety of ten might be employed, Again, for
a structure such as a railroad bridge subjected to live
loads varying between wide limits—that is, from no load,
excepting the dead load, to maximum load—a factor of
safety of five might be emploved; whereas in the case
of a roof truss not subject to a live load, a factor of
safety of three might be employed.

For an engineering structure built in the form of a
boiler and carrying extreme pressures, a factor of safety
of five is not too great, [t should be remembered that the
term “factor of safety” 15 composed of two parts—one
part a true factor of safety, the other a real factor of
ignorance. The factor of ignorance takes care of dif-
ferences in strength that often occur in the same piece
of material, takes care of necessary abuse of the material
while it is being punched and worked to form, and takes
care of varying qualities of workmanship. The true fac-
tor of safety is, therefore, all that is left to take care of
any overload to which the boiler may be accidentally sub-
jected in service. Moreover, this particular factor is
based upen the ultimate strength of the material, whereas
the yield point of such material is only about one-half the
ultimate strength. Consequently this true factor of safety
is cut in half. For example, if the assumed factor of
safety were five, and the factor of ignorance happened
to he one, then the true factor of safety based on ultimate
strength would be four, and the factor of safety based on
the vield point would be only two,

Now, if a factor of safety of five is good engineering
practice for new construction, it also is good engineering
practice for boilers already in service, Certainly there
wottld be no consistency in using a lower factor of safety
for old boilers than for new hoilers. Boilers in service
are subjected to serious intermittent stresses due to ex-
pansion and contraction brought about by an alternate
heating and cooling.

As a matter of fact, however, many boilers in service
have a theoretical factor of safety of only four or even
less. Inmsurance companies in general demand a factor
of safety of not less than five. PBut not all beoilers in
gervice are insured, and it is well understood that if a
law were passed affecting boilers in operation at the time,
and if a factor of safety of Ave were required, it would
seriously alfect a great many industries: and would mean
cutting down the pressure of a great number of hoilers
and the discontinuance from service of many more.

For this reason, although a factor of safety of five is
desirable and is adopted in virtually all compulsory boiler
inspection laws for new construction, it is usual to per-
mit a factor of safety of four and one-half in boilers in
service at the time of the enactment of the law. This is
probahly the best that can be done, and it means, of course,
that eventually the desired factor of safety of five will he
attained—Moanthldy Bulletin of the Fidelity and Casualty
Company of New Fork. ;
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Few recent developments in the boiler-making field
have made greater progress than the application of auto-
genous welding to repair work, particularly in railroad
shops. Ten years ago autogenons welding had hardly
approached a successful commercial development. The
possibilities for the utilization of such methods were by
no means fully realized by boiler makers, and it has been
due very largely to the vigorous efforts of the manufac-
turers of welding equipment, during the last five years,
that autogenous welding has become such an important
factor in boiler work to-day.

Both the electric and oxy-acetylene processes of weld-
ing have passed far beyond the experimental stage, and
such a fund of valuable data and experience has heen
gained that the factor of uncertainty regarding the re-
sults that may be expected is rapidly disappearing. Fur-
thermore, the remarkable economies made with autogen-
ous welding methods in repair work are becoming fully
recognized. Not only is the cost of repairs very mate-
rially reduced, but with the present methods locomotives
are kept out of service for repairs for a much less length
of time than was the case with former methods.

Experience has shown that the two principal methods
of autogenous welding, the electric and the oxy-acety
lene, have advantages over each other in different oper-
ations. According to a report presented before the last
convention of the International Railway General Fore-
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men's Asscciation, the electric process is recognized as
particularly suited for welding flues to back flue sheets,
filling in on calking edges, reinforcing small corroded
parts and for use wherever it is important o confine the
high temperature to as small an area as passible, On the
other hand, for large boiler patch work, new half or whole
side sheets, long eracks and work where suitable pro-
vision for contraction can be readily provided and in
cutting or removing defective parts of old sheets, the
hoth electric and oxy-
acetylene welding equipments have been found to be pay-

oxy-acetylene excels. In any ecase,

ing investments. One report states that the electric weld-
ing outht would pay for itself by just welding flues alone,
while, in another case,
acetylene outfit an average saving of $4 and over is

it is estimated that with an oxy-

made for every hour that the welding outfit is at work.
The cost of labor and material. including a helper, was
only about $1.50 per hour,

The uses to which both electric and oxy-acetvlene pro-
cesses can be put are almost infinite. It is interesting to
note, however, that in welding flues to the back flue sheets
by the electric process it 15 found that the flue sheet is kept
in better condition than it was before the flues were
welded in. As a matter of fact, it requires only a few
hours longer to remove welded flues than it does to re-
move flues applied in the ordinary manner. Flue leakage,
however, is practically almost eliminated with welded
Aues, and cases are cited where an engine with an entire
zet of tubes welded in has been in continuous service for
eleven months with the tubes in excellent condition and
with no occasion for repairs. In view of such excellent
results, it is now becoming the standard practice on some
roads to weld all of the tubes to the back flue sheet, either
by the electric or oxy-acetvlene process.

From two hundred to two hundred and ffty papers and
reports, covering all phases of engineering work and con-
tributed by authors representing some eighteen different
countries, have been assured for the forthcoming Inter-
national Engineering Congress to be held September zo-
25 in connection with the Panama-Pacific Exposition at
San Franeisco, Cal.
of representatives from the countries involved in the
he less than originally
planned, the Congress, nevertheless, will be thoroughly
international

report from the Secretary of the Congress, the papers

In spite of the fact that the number
European war will naturally

in scope and character. According to a
are now rapidly coming in, and their character gives full
assurance that the proceedings will form a most impor-
tant collection of engineering data and a broad and de-
tailed review of the progress of engineering art during
the past decade. Invitations are now being issued by the
Committee of Management to all important engineering
societies of this country and abroad to appeint official
delegates to attend the sessions of the Congress, and the
presence of a considerable body of such delegates is well
assured. Membership in the congress with the privilege
of purchasing any or all of the volumes of the Froceed-
ings is open to all interested in engineering work.



Engineering Specialties for Boiler Making

Water Circulating System for Locomotive Boilers—Useful Safety
Device for the Shop—Meter for Measuring the Flow of Fluids

Ross Schofield System for Circulating Water in Loco-
motive Boilers

The Ross Schofield system for the circulation of water
in fire-tube boilers, which for zome time has been in suc-
cessful use in stationary and marine boiler practice, is now
being applied to locomotive boitlers. On locomotives the
device 15 made up of three parts. A bafle plate, which
lonsely surrounds the tube and separates the barrel of
the boiler from the firehox portion, is secured to the shell
of the boiler at the throat sheet. This extends to a height
level with the highest point of the crown sheet, and open-
ings are provided at the sides below the center line of the
boiler. The space between the bafile plate and the firebox
side sheet is closed by zide plates which extend downward
to a point about 1o inches above the mudring. A water
column is thus formed which is enclosed by the Aue sheet,
the bafle plate and the two side plates. All circulation
from the barrel of the hoiler must pass through the open-
ings in the baffle plate, downward through the water leg
to the bottom of the side plates and thence upward over
the rear flue sheet and the rear ends of the tubes. Sup-
ported to the top of the baffle plate is a curved hood ex-
tending up to the normal water line, which directs the
circulation over the crown sheet toward the back of the
firchox. The water about the firebox thus moves in a cir
cuit; upward across the flue sheet, backward and down-
ward along the crown sheets, side sheet and door sheet,
and forward near the hottom of the water legs. As the
water in the firebox space 15 evaporated, more flows in
from the barrel of the boiler through the openings in the
batfle plate.

From the above it will be seen that a space is confined

Cr{.\u Sver,l:ion, 5|'|n’l.\'mg the Direction of Flow from the Barrel DF
| af the Boiler

around the hottest portion of the heating surface by means
af baffle plates, communication with the body of warter
in the boiler being provided at the top and bottom onlv.
The generation of steam within the water column thus

Section of Locomotive Boiler Fitted with Ross-Schofield System of Circulation, Showing the Direction of Currents Over the Crown Sheet
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tormed produces a rapid circulation of the water, pro-
vision being made at the surface of the water to properly
guide the current thus formed.

It is claimed that this device increases the rapidity of
'-_"~'<'l[Jflr:'-tiDJI due to the constant freeing of the heating sur-
face from the steam. bubbles by the sweeping action of
the water. Priming which is caused by the vialent separa-
tiom of the steam from the water is overcome by means
of the hood which directs the rush of the rising steam and
water in a horizontal direction, thus making availalble the
entire surface of the water aver the crown sheet for the
:i':.‘]ml'a‘.lf}tl of steam, with a consequent decrease in violence
of ebullition at any one point The rapid circulation ol
the water prevents the formation of stagnant poclets’ of
cold water near the corners of the firebox and produces a
uniform temperature ai all points around the firebox, thus
i1 a measure reducing the effects of unequal expansion and
contraction, It is also claimed that the formation of scale
18 largely prevented by the rapidity of the ecirculation,
which causes the particles of scale-forming material to
collect at the mudring, where they may be disposed of
through the blow-off cock. This is borne out by the resul:
of experience with the zystem in stationary service,

This device may be readilv applied to old boilers when-
ever the tubes are removed for repairs. The baffle plates
may be made in sections of any size suitable to be taken
into the boiler through the dome, the parts heing assem-
bled inside the boiler before the tules are applied.

The Q). & C. Company, with offices at go West street,
New York, and in Chicago, are the sole selling agents for
this system in the [United States and Canada for loco-
maotives.

Buffalo Machine Guards
The Buffalo Wire Works Company, Buffalo, N. Y., has
on the market wire machine guards to be placed around ex-
posed moving parts of machinery, such as belts, flywheels,
pulleys, etc. The gpards are made to At almost any
arrangement of machinery. They are constructed with
1 Ya-inch diamond mesh of No, 9, 10 or 12 gage wire with
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cither channel iron frames {as shown in Fig. 2) or round
iron frames (as shown in Fig. 1}, Means are prﬂvidf‘d
for fastening the guards to the floor, or either type can
be made with legs that can be fitted into holes in the floor

Fig. 2

and thereby allow the guards to be removed when neces-
SATY.

Machine guards of this tyvpe are one of the most im-
portant safety appliances that can be installed in a shop.
They not only save life and limb, but also decrease in-
surance rates and the costs for damages from accidents.

Kreutzberg Volumetric and Velocity Meter

I. 5 McChesney & Co., Chicago, Ill., has placed on the
market a meter, known as the Kreutzberg meter, which is
designed to measure accurately the volume and velocity
of any fluids passing through it. The meter consists of
a casing in which a drum fitted with hinged wvanes is
mounted eccentrically. As the drum rotates a certain
definite volume of the fluid passing through the meter is
confined between two adjacent vanes, and in this way
the Auid is mechanically divided into sections of definite
volume, so that the number of revolutions of the drum,
recorded on a register, pives by direct readings the
amount and veloeity of the flow of the fuid.

The Auid enters the meter through a screened chamber,
The fAuid then
passes into the meter and impinges agamnst the vanes,
causing the drum to rotate. When a wvane passes the
cut-off point on the inlet a section of fixed volume of
the fluid is contained between the cut-off vane and the
next vane ahead. The fluid is discharged as the wvane
paszes the ontlet opening at the opposite side of the
meter.

It is claimed that the Kreutzberg meter makes possible
the rapid and accurate measurement of commergial quan-
tities of any fluid, such as mil, alechol, turpentine, etc.,
and also gas, steam and air under high pressure.  Since
the function of the vanes is to divide the flow into sec-
tigns, the pressure on each side is theoretically the same,

s0 that any solid matter will he removed,



iy

and in practice differs only by the energy required to
rotate the drum which in pressures greater than five
pounds is negligible. The wear on the vanes is at the
end, and this, it is claimed, is automatically taken up.

With compressed air and pneumatic tools in general
use, the loss of air, whether through faunlty tools or [
£9% leA g, TN aimics <rils pgoron. Ta
detect this loss and accurately measure the amount of air
required to secure maximum efficiency, the Kreutzherg
meter has been found most wseful, especially to the user
of pneumatic tools seeking absolute information as to air
consumption in the shop or the efficiency of tools offered
for sale.

It is stated by the manufacturers that several railroads
and factories are using the meter in compressed air and
steam lines to determine proportions of total supply de-
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I‘{r:‘ulzl:-{-rg Meter with Side Removed, 5|'|m\-|:n.g Drum and Vanes

livered to different departments, thus affording figures
upon which to base operative and manufacturing costs,
Comparative tests are also made as to the air consumption
of a tool when new and after a period of service, In this
latter case, if the consumption has increased excessively,
the tool may be subject to inspection to determine where
the leakage occurs and how this can be reduced so that
the tool will regain 1ts original efficiency for a longer
period. Further, tools may be tested periodically and sent
ta the tool room for repair when excessive air consump-
tion is reguired to work them at full efficiency.

The Mew Wilson Safety Goggle

[n the May, 1914, issue of Tne Borler MakKer was
published an illustrated description of the Willson safety
glasses, manufactured by T. A. Willson & Co.. Inc., Read-
ing, Pa., for protecting the cyes of chippers and men doing
heavy work where they are liable to be struck by large
slugs of metal. These glasses, it will be recalled, are of
an extra stromg construction, having a patented safety
flange which extends !4 inch over the back of the glass
to prevent hroken glass going through and injuring the
workman's eve. The side shields are made of strong wire
screen. The temples are inside the shields and fold back
of the glass. !

Such heavy protection glasses, however, are unsatis-
factorvy for grinders, machinists and men doing light
work. s a short time ago the manufacturers perfected a
new Willson goggle especially designed to meet the re-
quirements of grinders and machinists, The new goggle
is very light in weight and at the same time ﬁulljs.tannal
enough to withstand the hardest knocks to which it :.x'cu11]d
he likelv to be subjected. The safety flange used in the
prrvinu;: heavy chippers’ glasses has been e]iminated,‘as
there is no danger of the glass heing broken, Prote:t:c:n
is only necessary from flving bits of emery, dust and grit.

Fepruary, 1015
The rim of the new goggle which replaces the flanged
frame of the safety glass is amply strong. The lenses
are of good quality glass. The side shields are much
lighter and of finer mesh. The temples are on the outside
of the shields and fold over the front of the glasses. The
new gogyrles are supplied in a strong steel case, protecting
them when carried by the men.

The manufacturers of the ahove specialties were
awarded the grand prize at the Second International Ex-
position of Safety and Sanitation, held at the Grand Cen-
tral Palace, New York, December 12 to 19, 1914, in ac-
knowledgment of the merits of the Willson safety glass,
the new Willson goggle and the Albex eve protector.

Waorth Brothers=Coatesville Rolling Mill Company to
Manufacture Basic Open Hearth Steel Tubes

The Worth Brothers-Coatesville Rolling Mill Company,
Coatesville, Pa., which holds the unique position of being
the only tube manufacturer that can supply itself with
basic open hearth stee! skelp for tube manufacture, has
decided to take advantage of this opportunity to manu-
facture hasic open hearth steel tubes. The value of
Worth Brothers” well-known quality of locomotive hoiler
and firebox steel for equipment and repairs is well recog-
nized throughout the United States. This same guality,
it is claimed, will he used in making basic open hearth
steel tubes.

The Coatesville Rolling Mill Company claims that for
many years it has heen the largest producer of charcoal
iron locomotive tubes, and that it will continue to main-
tain this position, at the same time having the distinction
of being the only tube manufacturer that can supply the
trade with both charcoal iron and basic open hearth steel
tubes manufactured from the ore to the finished product.

Technical Publications

L Fuel rFor STEaMm BoiLers. By Rufus 1. Strobm.  Size,
5 by 7 inches. Pages, 140, Illustrations, 63 New York
and Londen. 1914: MeGraw-Hill Book Company. Inc

Price, §1 net; 4/2 net.

This book is one of the series, called the Power Hand-
books, which is frequently referred to as the "Best Li-
brary for the Engincer and the Man Who Hopes to be
One.”  The purpose of the volume is to describe the un-
derlying principles in the use of oil as a fuel for steam
boiler practice.  The construction and operation of va-
rious types of burners, together with their arrangement
in different boilers and the operation of pumps, heaters,
etc., are described clearly and in many cases by excellent
drawings. No special reference is made to marine prac-
tice, as the subject matter is confined to stationary boilers.
Steam Bomews. By E. M. Shealy. Size, 614 by 93§ inches.

FPages, 350. Tllustrations, 185, New York and London,
1912: MeGraw-Hill Book Company, Inc.  Price, $2.50 net.

As this book is intended for the use of firemen and
others who are in responsible charge of boiler rooms, it
is given over almost wholly to the subject of the opera-
tion of boilers rather than to their design. Chapters on
the chemistry of combustion and fuels form a basiz for
the study of the proper burning of fuels. These are fol-
lowed by descriptions of firing and smokeless combustion
of coal. Chapters are also included on the care and in-
spection of boilers and boiler testing. As a text-hook for
correspondence students, for which it was primarily writ-
ten, it is excellent for practical study, and although it does
not refer especially to marine practice, nevertheless it
should be a valuable asset to those operating any type of
hoiler.
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The Safety Plug Variety of Fusible Plug

After a boiler explosion we hunted around for the
pieces, and about a mile away we found a patch of the
boiler that contained a plug—the safety plug. The piece
we found looked something like the sketch indicated here-
with. i

We removed the plug after some severe labor and put
it through the test. It was hard—very hard. It was not

“The Safety Plug”

very ¢asy to chip it with a chisel nor was it easily filed
with a file. It seemed quite unlike fusible metal. We
hammered it hard with a heavy sledge and fnally managud
to fracture it. Its crystalline structure was identical with
the structure of a high grade of cast iron. We diagnosed
the plug as being pure cast iron.

The plug was a good one—perfectly safe.
derive its name—SAFETY PLUG!

New York.

Hence we

N. G. Nean.

Size of Tubes for Return Tubular

Boilers

In the January, 1915, issue of THE BorLer MaKEk.
under the title “Taking Care of Kicks in a Boiler Shop,”
Mr. Francis asks the question: “Are 44 — 4-inch hoiler
tubes any hetter or worse than 5,4—3__1.ﬁain:h tubes "'
These tubes are 16 feet long and are placed in a Go-inch
diameter return tubular boiler.

The internal heating surface in

54— 314-inch tubes = 737 square feet, and in
44— 4-inch  tuhes = 687 square feet.
Therefore, from the standpoint of heating surface alone,
the 3%4-inch tubes have about 50 square feet to their credit
over and above that in the g4-inch tubes. This would he
equivalent to about 5 horsepower.

A still greater item in faver of the 3l4-inch tubes, and
one which is usually overlooked, except by boiler designers
well versed in the art, 15 the resulting higher velocity of
the flue gas in passing through the smaller tubes, Actual
practice with locomotive boilers anil various experiments
with other forms of hoilers have proven that an increase
in the velocity of the gases passing over the heating sur-
face means a direct increase in the heat transmitted to the
water in the boiler. The tubes in a locomotive hoiler are
smaller in diameter than those in a stationary type boiler,
which accounts to some extent for the higher efficiency
of the former type of boiler. In general, a boiler with
long tubes of small diameter will be more efficient than
a boiler with short tubes of large diameter. Kreisinger
and Ray, in “The Transmission of Heat into Steam
Boilers,” state: “If the same weights of gas at the same
initial temperature are passed through a z-inch and a
4-inch tube, hoth tubes having the same length, the 2-inch

tube will ahsorb more heat than the 4-inch tube, although
the 4-inch tube has twice as much heating surface as the
z-inch tube.”

In the case under consideration, the g4 — g-inch tubes
have an internal cross-sectional area = 44 % 076 = 3.33
square feet, and the 54 — 3%:-inch tubes have an internal
cross-sectional area = 34 3 038 = 313 square feet, from
which it will be seen that where all other conditions are
the same, for each 3.13 feet per minute flue-gas velocity
through the g-inch tube there would be a corresponding
Aue-gas velocity of 3.35 feet per minute through the 3%:-
inch tubes. This is an increase in wvelocity of nearly 7
percent in favor of the smaller tubes, which when added to
the additional 50 square feet of heating surface in these
tubes would make the boiler containing the 54 — 33%-inch
tubes about 10 percent greater steaming capacity than the
hoiler with the 44— 4-inch tubes. Tor the same condi-
tions of operation, the boiler with the 322-inch tubes would
be the more efficient.

It 15 the writer’s opimon that return tubular bailers less
than 18 feet long should always have 3-inch tubes, and
above this length 3L4-inch tubes may be used, if necessary,
where the draft is poor. As regards g-inch tubes for
return tubular boilers, there seems to be no good excuse
for their use.

Syracuse, N, Y. G. M. K.

Approximate Methods of Laying Qut

It seems to the writer that there is a great deal of
unnecessary quibbling over approximate methods of laying
out. [ have vet to see the method of laying out riveted
pipe which is not approximate. Even with this handicap
it is mot good policy for a layer out to have blind or even
unfair holes in an elbow of tapered courses, as Mr. Ross
suggests we do, by using approximate methods. In fact,
such @ policy, # persistently followed, might have a
tendency to make said laver out a unit in the army of
unemploverd,

A capable layer out ought to be able to take any one of
several methads and make an elbow which can be ftted
together with holts the same diameter as the rivets which
are to be vsed. However, careless preparations for as-
sembling can make the best layout fit up only after much
trouble.

In an elbow of go degrees. made in five courses, the end
of each course must be Lent in the back and throat 2204
degrees, and the hend tapered to nothing on the other
quarters, [f there is trouble in assembling, that bend
is often a good place to look for it

To get hack to approximate methods, let us consider
Mr. Ross' method. He uses what he decries. In his
Fig. 4, section I7 I 1™ I"*, is the frustum of a scalene
cone, vet he does not develop it as such, but uses a rather
cumbersome method of fnding the camber for a right
cone, and proceeds to lay out his plate on that line. 1
Tiave no doubt but that his elbaw will fit up O. 8, however.

Ome thing I do doubt, though, is the advisability of mak-
ing hoth ends of the elbow the same diameter, vet different
from the intermediate courses at either end. Seems to
me that is wasting any pipe that connects to the elbow,

Ensley, Ala. C. G, Reem.
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Rolling Boiler Flues

In the December issue of Tug BoiLer Maker, under
the heading of “Letters from Practical Boiler Makers”
I notice an article from N. G. Near relative to the rolling
of flues.

In my opinion, his method is very slow, and then not
sure, as a flue i5 liable to be perfectly smooth after the
rolls have been turned completely around four or five
times, and no boiler maker ecan say that a flue is rolled
tight if it is smooth to the touch. Taking out the rolls
to feel the flue, and upon finding it is not, in his opinion,
tolled enough, to have to put the rolls back again is very
tedious work. In an up-to-date shop this would not be
tolerated five minutes. I am a boiler maker working for
the Southern Railway Company, and I will try to give an
idea of how we work things here;

In the first place, most all Hue rolling is done with the
air motor and an extension rod to reach from the outside
of the smoke box to the flue sheet, and after the same
principle in the firebox. In most cases the flucs have a
full eighth of an inch clearance in the flue sheet, and
must, of course, stand the strain of being rolled out that
much, and after that as much as the boiler maker thinks
enough to make it tight. By watching the flue carefully,
the boiler maker will notice the end of the flue that is
sticking out of the front flue sheet stretch the least hit,
and the air motor will pull harder, until it almost stops;
but before it does that the ordinary practical boiler maker
will have it reversed and draw the pin and move the rolls
to the next flue,

With a little practice and a steady air pressure, say
about go pounds, we can tell to a certainty when the
flue is rolled and able to stand from 230 to 3oo0 pounds to
the square inch water pressure, which we always put on
hefore the steam test,

In the case of rolling a flue with hand rolls, which un-
doubtedly Mr. Near refers to, my experience has taught
me, and any boiler maker who his served an apprentice-
ship and worked at marine or railroad work will say the
same, that the best method to determine when a flue is
rolled is when the pin drives solid and the rolls turn
evenly around in the flue, so that no slackening or tighten-
ing of the pin is felt by the boiler maker. In no case
have I ever known a flue to leak if the above method is
used ; but in the case of self-feeding rolls, which are used
in the majority of boiler shops to-day, the judgment of
the boiler maker, after he has rolled one or two flues to
his satisfaction, the size of rolls he is using and how far
the pin goes in the rolls, will act as a guide for him in
the other flues, without having to take the rolls out of the
flue. Afterwards, by feeling around the flue inside, a
ridge can be felt, and coupled with the smoothness of
which Mr. Near speaks, is a very good indication that
the flue is rolled successfully.

1 hope the above remarks will be to the interest of
Tue Boreer Maker readers in general, and I also hope
they will give their views on this guestion.

:‘_:J.l_'i!-ihl]f_'_r'. N. C D G I'Iri:l'l_'.\lllf.-:.

A Defense of the A. S. M. E. Boiler
Code

I note that William E. Murray wrote “A Criticism of
the A. S. M. E. Bailer Code” in the January issue of
BorLek MAKER as a result of reading my letter in the De-
cember issue, entitled “How and Why 1 Taught Boiler
Design.” He says my article was “apparently written
a5 a humorous article,” but not so. I told the plam, un-
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varnished truth about myself. Perhaps he can hardly
believe that anybody would do such a thing, but I did it,
and [ did it for the same reason that Mr. Murray wrote
his code criticism on the A. 5. M. E. code. He says
that safety is his objective, and that is his reason why
boiler inspectors should have a hand in framing the new
code along with the A, 5. M. E. committee. The com-
mittee certainly should have considered what he wrote,
and perhaps they did.

From my viewpoint, which I do not claim is absolutely
authoritative, I will give the probable reasons why the
committee did not follow Mr, Murray's suggestions. My
ideas are just those of an “Ex-Professor,” and therefore
my mind may be steeped too much in a combination of
bluff, guesswork and theory. I would therefore wish to
shake hands with Mr. Muorray before I start and wish
that I knew as much about the inspection end of the
business as he does.

First—Who knows just where the area of the segment
begins that should be stayed? Why should it be 3 inches
from the shell and 2 inches from the tubes? The only
way it can be arrived at in my mind is by experience,
test and judgment. 1 haye made no tests, but my expe-
rience and judgment tell me that 3 inches and 2 inches,
respectively, are all right. The head is certainly more
securely held by the shell than by the tubes, because the
head and shell are virtually one piece. If the tubes could
be riveted in, I can see no reason why 3 inches from the
tubes would not hold as well as 3 inches from the shell.
Conditions as to thickness and pressure change, true
enough, and it would be possibile to use varying distances;
but why do it when 2 and 3 inches are sufficient in all
standard cases? It is a good thing to have set rules like
this as long as they are always safe. As to the holding
power of tubes, T am sure it 15 a settled matter that we
cannot state their definite strength, The holding power
in one boiler might be quite different from the holding
power in another. In some cases, where we have had
tubes merely rolled m without beading over, results have
heen disastrous.

Second—Right here I will have to “erawl.” Mr. Muor-
ray's argument is powerful and sways me in his direction,
I can see no reason why the pressure on the manhole
should not be considered and braces next to the manhole
made stronger than the others. His argument 15 so good
that I will repeat it here:

“True, the sheet has been flanged in for a distance of
not less than twice the thickness of the head, and by so
doing a certain stiffening effect has been given, but I
believe that this stiffening effect has only been for the
purpose of forming a beam, and is used for the purpose
of transferring the load from the manhole cover to the
other part of the segment that we are able to brace. 1
cannot see wherein we have in any way lowered the total
load to he sustained by the brace or through-rod We
have already given the fange and the tubes their full
allowance, and I believe that the area to be braced in
the front head should be the same as if no manhale were
used,”

However, the beam effect must not be forgotten, We
have the tubes on one side holding up one end of the
“heam™ and the boiler shell holding up the other end of
the “beam" which takes care of a good share of the
manhole area. Perhaps the A, S, M. E. committee con-
siders that the manhole area is thus ENTIRELY cared
for. Nevertheless, I believe extra caution should be ob-
served with the braces adjacent to the manhole,

Third —Whether the longitudinal joints of small boilers
should be lap joints or butt joints is largely a matter of



Fenrv-ary, 1015

experience with explosions or semi-serious ruptures. That
the lap_ joint is a ticklish proposition is well known by
all, and what Mr. Murray says about the fault being more
aggravated in small boilers than in large is doubtless true,
but small boilers are not so liable to explode. The factor
of safety of small boilers is generally greater than in large
boilers, hence designers are allowed to be more shiftless.
Besides, the committee doubtless possessed a large array
of fizures on explosions, from which they deducted the
conclusion that lap joints are O, K. in sizes smaller than
a certain diameter, Nevertheless, I take my hat off to
Mr. Murray in specifying the lutt joint throughout.
His arguments are sound and certainly worthy of an ear
of the committee,

Fourth—The hemispherical head is an ideal shape, with-
out question, but it is almost impractical constructionally.
It does not permit interchangeability of tubes, is difficult
to make, iz less mechanical in appearance, and even if
used would perhaps he just as dangerous as the present
types. With a large radins of curvature at the flange and
sufficiently thick metal the faults of the bumped head are
obviated. It is common in nearly all walks of life for us
to use things that are more easily made than to use those
that are made with difficulty. We just make the simple
thing a little stronger and heavier. The head, of course,
is invariably hghter.

Fifth—It is well to always be on the side of safety.
A plain furnace with a diameter greater than 38 inches
has some strength to resist collapse, without doubt, but
why not consider it as a flat surface and thus be absolutely
safe? The committee certainly knows that a limit iz not
reached at a certain point—33 inches—hut it is best to
place the limit somewhere, and why not right there?

Sixth.—The rotary bevel shear distorts metal, I admit,
but the metal that is distorted is not so imporant in the
ultimate strength of the hoiler as is the metal right around
the punched or drilled holes; it is not subject to so great
unit stress.

The time will come, perhaps, when our methods of
manufacture will be advanced to the extent that we can
make a “perfect” boiler at about the same cost at which
our present boilers are made. With automatic manufac-
ture and other improvements machining costs are growing
less every day. The Ford automobile factory is an excel-
lent example. But until that time comes in boiler-making
rules will be made that will meet our most economic
eonditions.

It would be easy to say, for instance, “Boilers must have
no seams, and no rivets,” but who is going to make the
boilers? Maybe, some day, we will have such boilers.
As soon as they can be made at small cost they will doubt-
less Le specified.

New York. N. Y. “Ex-ProrFessor.”

Improved Locomotive Ash Pan

Mr. T. P. Madden, traveling boiler inspector of the
mechanical department of the Missouri-Pacific Iron Moun-
tain Railroad, St. Louis, Mo, has recently patented some
new and useful improvements in locomotive ash pans.
The objects of the invention are to construct a compara-
tively simple, strong and durable ash pan which will ef-
fectively prevent the dropping of live coals on to the
right-of-way, thereby meeting the requirements of the
safety-appliance laws, and also to construct an ash pan
in such shape that it will resist a tendency to buckle or
become distorted as the result of unequal expansion and
contraction, due to the variation of the heat of the ashes
deposited in the ash pan. Means are provided in the
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form of a series of jet nozzles adapted to deliver water
into the ash pan to quench any fire in the live coals in the
ash pan and also to flush all ashes from the pan whenever
desired.

The improved ash pan is constructed of metal in the
form of a chute which gradually hecomes narrower and
deeper from the front to the rear end. By constructing
the pan in the form of a tapered chute which slopes from
one end to the other, all ashes falling into the ash pan
will, by gravity, tend to pass to the lower end of the
pan. The upper end of the pan is closed by a fixed plate
and the lower end is normally closed by a hinged door,
which is operated by toggle links actuated by a lever

Conrect toinddpendeat
blawolf cock placed
m throaf or sde sheetd

£'x 2 x4 15 balted to
firebox support
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Details of Improved Ash Pan

extending to the locomotive cab, so that the door can Le
locked in its closed position or opened from the cab
whenever desired.

At the upper end of the pan is a tubular head into which
iz fitted a series of short nipples which project downward
toward the inclined curved bottom of the pan. The ends
of these nipples are cut off at an angle so that the jets
of water issuing from them will be deflected down on
the surfaces of the bottom of the pan.

The shape of the pan, it is claimed, materially stiffens
the pan against any tendencies to warp and become dis-
torted on account of unequal expansion or contraction,
due to the varying temperature of the ashes in the pan.
The shape of the pan also causes the ashes to gravitate
toward the lower end and by means of the jets of water
the contents of the pan can be flushed out or any fire in
the ashes put out,

Evectric WELDING oF Frues.—According to statements
by C. L. Dickert, assistant master mechanic of the Central
of Georgia Railroad, over go locomotives with flues welded
to the hack flue sheets by the electric process, making
about 27,000 flues, are now in service on the Central of
Georgia without a flue failure on the road.
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Selected Boiler Patents
Compiled by
DELBEERT H. DECEER, ES(., Patent Attorney,
Millerton, M. ¥,

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

1,114,196, LOCOMOTIVE ASH-PAN. ALFRED H, SMITH, OF
NEW YORK, AND HARRY WANAMAKER, OF ALBANY, N. ¥.

Claim 1.—The combination wiith a locomotive firehox of a hopper
q_chnnﬁh::l to and depending from said firehox, Aanges on 1he lower por-
tions of the sade walls of the hopper, an ash-pan formed in two uirts,
each comprising a side wall and a pair of end walls, overhanging lips on
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the upper edges of the side walls of the ash pan, which lips engage the
flanges on the lower portions of the side walls of the hopper, and

diagonally disposed intersecting strengthening riba formed on the inner
faces of the side walls of the ash-pan. Fourteen claims.

1,116,106, BOILER. ARCHIE M. BAIRD, OF TOFPEEA, KAN.,
ASSIGNOR OF ONE-HALF TO HENRY W. JACOBS, OF TOPEEA,
Claim 1.—A hoiler provided with a sectional fre-box, the door-sheet
and flue-sheet whereof are sccured to the adjacent sections of the fire-
box and independent of the outer bodlr-shell, said shests heing com-

posed of sheet metal formed so0 a2 1w provide off-set Aanges extending sub.
stantially parallel with the main or bedy portions thereof whereby the
sheets are secured to the Aanges of the hre-box sections sp as to permit
expansion and contraction in the firechox  without transmitting the
streszes Lo adjacent portions of the hoiler and to the flues of the Em:!r.
Five claims.

1,115 STEAM BOILER.
ISBURY, N. C,

Cladin 2.—A steam hoiler having heating Aues and a combustion ¢ham-
ber and having ats heating flues divided into upper, lower and inter-
mediate series, a smoke box in advance of the boler and receiving the

CHARLES W, CROWELL, OF SAL-

products discharged by the upper series of Aues and delivering tlie =ame
to the lower series of flues with the latter discharging into the com
bustion chamber and the intermediate Aues extending forwardly from
the combustion chamber, a smoke chamber to which the intermedinte
Auwes discharge, an exhaust nozzle discharging into such chamber and a
stack leading from the chamber, substantially as set forth, Thirty-four
claims.

1,110,819, TUBE CLEANER. ALBERT F. FROUSSARD, OF 5T.
LOLIS, MISS,
(leim 1.—In a tuhe-cleaning device, the combination with an outer

rotary member, of an inner stationmary member, 8 plurality of shalis

Fepruvany, 1015

carried by said inner member and arranged to simultancously enler a
plurality of tubes, tube-cleaning tools carried by said shafts, and means
for communicaling motion from said outer member to said tool shafts
Sixteen claims

1,116,801, LOCOMOTIVE FIREROX. FREDERICK F. GAINES,
OF SAVANNAH, GA., ASSIGNOR TO AMERICAN ARCH COM-
PANY, OF NEW YORE, M. Y., A CORPORATION GF NEW YOREK.

Claim.—In a lecomotive boiler fire-box 8 refractory cross wall rising
from the level of the grate extending from side shect to side sheet an
spaced from the flue sheet and ._|i-.-i|i‘;_|1g' the combustion chamber inte a
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rear main chamber and a forward auxiliary chamber, a ]'-'ll.ﬁ'i_l'-!diﬂﬂ re-
fractoey wall also rising from the level of the grate and dividing the
main combustion chamber inta twa paralle]l subsidiary chambers, each ot
gaid walls being adapted to discharge heated air into the fireshox from
discharge openings arranged near their upper edees, rearwardly and up-
wardly inclined refractory baffe walls covering the forward ends of said
subsidiary combustion chamhbers, and a hoppered hottom in said auxiliary
chamber for the collection of cinders and unburned fuel particles car-
ried over by the gases of combustion. Chne claim.

1,115,955, LOCOMOTIVE-BOILER FURNACE. CHARLES E.
MOORE, OF EVANSTON, ILL,, ASSIGNOR TO AMERICAN ARCH
COMPANY, OF NEW YORK, N, Y., A CORPORATION OF NEW
TORI,

Claim 1,—A locomotive-boiler firebox having a Dlﬂr-'ﬂil'g of arch sup-
perting tubes, in combination with & refractory front arch thercin rest.
ing on said tobes, said arch comprising a plurality of individoal refrac-
tary arch bricks lnid vpon and supported by said tubes, and locking

bricks interposed hetween the edges of said arch body and adjacent side
gheets of the firebox resting at their inner ends upon said arch body,
the arch body and said bricks being formed with mutually interlocking
projections and sockets and said locking bricks being theéreby retained
against movement relatively to the arch body. Five claims

1,017,391, WATER.-TURE BOILER. DAVID 5 JACOBUS, OF
ERSEY CITY, ¥. I, ASSIGNOR TO THE BARBCOCE & WILCOX
ANY, OF BAYONNE, ¥N. I, A CORPORATION OF NEW

JERSEY.

Claim 1.—In & water-tube bedler, two inner banks of generating tubes
inclined toward each other so as to form two sides of an A-shaped com-
bustion chamber, & steam and water drum into which the upper ends of

- A as

e o e A D

the tules of both of said hanks are expanded, two mud drums inte which
the lower ends of the tubes of the respective hanks are expanded, two
puter banks of Lubes, ane omn each side of the inner banks, -gh:-a“; and
water drums and headers into which the tuhes of the outer banks are
expanded, steam and water circulators connecting the intermediate steam
and water drum with the outer steam and water drums, and connections
hetween the mud droms and =zaid headers. Ten claims, E

1,117,248, GRATE. JOSEPH F, ROTHE, OF GREEN BAY, WIS,

L Tadim |._—]]IE_ grite har comprising a sinuous weh provided along irs
upper margin with integral laterally projecting flanges constituting teetlt
and having the upper portion of said web gxtended at each end and pm:
vided with depending rocker bearing projections adapted to support =aid
kar, Two claims,
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A. S. M. E. Boiler Code Completed

Rules for the Construction and Allowable Working Pressures
of Stationary Boilers Approved by A. S. M. E. Council

A signal event for the boiler industry and one that
means much to the field of power production in general,
was the completion of the report of the Committee to
Formulate Standard Specifications for the Construction
of Steam Boilers and Other Pressure Vessels and for
Care of Same in Service, and its presentation to the
Council of the Socicty on February 13, 1915, Tts approval
by the Council—the governing body of the Societv—and
the authorization granted for immediate printing of the
report a2 a Boiler Construction Code mark a new era
in the manufacture of steam boilers, and it is hoped will
prove the inauguration of a movement of considerable
importance for the protection of human life and prop-
erty, The benefits that will acerue from an economical
standpoint, when the rules for construction embodied
the new code are generally put into effect, are far-reach-
g, and will affect alike the manufacturer and the user
of hoilers,

The work involved in the final revision of the Code was
otte of the mast strenuous and tryving committee under-
takings ever carried out in the history of the Society.
The significance of this will be realized from the follow-
g account of the work taken from the current issue of
the fournal of the American Society of Mechanical Engi-
neers. The work of revision hegan on December 15, 1914,
and was carried on continuously without interruption until
February 3, 1915, covering a periaod of nearly eight weeks
of the most exacting and painstaking work. The Boiler
Code Committee worked constantly in conference with
the Advizory Committee which had been appointed in
Dezember and the sessions, which were hoth investigative
and judicial in character, were marked by a peculiarly -
tense interest of the committee members and the maost un-
usual display of energy, The daily sessions lasted usually
throvghout the day and until midnight, and the attendance
was usually a majority, which is a matter worthy of note
when it 18 considered that the committee members came
from all parts of the country and some of whom were in
constant attendanece for the entire seven weeks. A notable
feature of the final revision was the amount of research
work involved, several series of tests having been carried
out by members af the committee to check and establish
the authenticity of the rules and formule embodied in the
Code.

The work of the Committee was confined to rules for
construction of steam boilers only, all references to “other
pressure vessels” and fo laws and matters of legislation
having been omitted. The result of the work of revision
of the construction rules was the division into two parts,
one for new ipstallations and the other for existing in-
stallations, and following this was provided an appendix

in which were placed the rules, examples, illustrations,
references, and data that were 1in nature supplementary
to the rules.  As now laid out, the rules for existing in-
stallations ( Part 1) cover all details of construction of
new steam boilers and the rules for allowable working
pressures upon them, the details being referred to in the
following order: Materials of eonstruction, including the
matertal specifications, maximum allowable working pres-
sures, boiler joints, braced and staved surfaces, combus-
tion chambers, tubes, riveting and calking, manholes and
handholes, safety valves. water and steam gages, and fit-
tings and appliances. At the end of Part I is a section
devoted to heating boilers, in which the above order of
subjects is also adhered to.  In Part 11, which is devoted
to existing installations, the same order of subjects is
followed, although less complete and exacting in details,

The text of the Code in its revised form was printed
i the form of printer’s galley proof and sent to each
memhber of the Council of the Societv, as well as to each
memhber af the Boiler Committee and the Advisory Com-
mittee for final proof-reading, on February 3, ten days
hefore the Council meeting on February 13, At the Coun-
cil meeting on this latter date at which the whole Boiler
Committee was invited into conference, the report was
approved by the Council in full, as finally revised, and
was ordered to be printed as soon as possible for general
distribution. and pamphlet copies are heing issued as a
preprint of the Transactions of the Society. Following
the acceptance of the report, action was taken by the
Council commending the Boiler Committee and the Ad-
visary Committee for the heroie work that it had carried
out in such a painstaking and careful manner and express-
ing the gratitude and appreciation of the Society to the
Committee for the oreat work it had done for mankind.

The next step taken by the Committee was a careful
proof-reading of the entive report for tvpographical errors
and the preparation of the Code for fnal printing. It is
now being issued in pamphlet form as above mentioned
at %1 per copy to members and $1.50 o non-memhbers.
Later the Code will he distributed to the entire member-
ship.

It 15 pleasing to find that the Code 15 fnding smmediate
application.  The State of Dudiana is at this time consid-
ering the matler, and it 15 very probable that an amend-
ment will he passed by the legislature rendering the for-
mer Indiana boiler code optional, with the proviso that the
A, 5 M. E. Code mav he nsed for boiler construction in
place of the present State code if desired. The Ohio State
Boiler Board has the new code under consideration, and
it is possihle that it will he adopted in place of the boiler
code now in force in that State. In Wisconsin the code
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will probably take immediate effect as a result of an action
of the Industrial Commission of Wisconsin taken last year
looking forward to the A. S, M. E. Code hefore it was
completed: while a preliminary set of hoiler rules were
put into effect in that State the first of this vear, provision
was made for their replacement by the A, 5, AL E. Code
as soomn a5 finished. '

With the completion of this great work, consideralle
interest attaches to the originators of the movement, the
committee of seven members, appointed in 1gri. The
original members represent the exceptional wisdom and
foresight of the officials of the Socicty in their concern
that all the various lranches of the mdustry should be
represented. John Al Stevens, a consulting engineer of ex-
tended power plant experience, who was appointed chair-
man, offered the advantages of his experiences in formu-
lating the Massachusetts code, the first State boiler code
that was put into effect in this country. R, C. Carpenter
and E. F. Miller, professors of engineering, came as rep-
resentatives of the steam Dboiler users; £ D, Meier and
Richard Hammond brought in the fund of experience that
only long experience in boiler manufacturing rendered pos-
sible ; Charles L. Huston was particularly valuable to the
Comnnmittee as a manufacturer of steel boiler plate and an
investigator in the scientific manufacture of iron and steel
plate, and William H. Boehm, an insurance engineer,
brought to the Committee valuable suggestions as a rep-
resentative of the field of boiler inspection and insurance.

Boiler Feed Connection
The scheme that looks most logieal to me for feeding
Loilers 15 to feed through the Blow-off pipe about as in-
dicated in the sketch reproduced herewith.
Using this means only one apening—a large opening—
that is easily stiffened. The feed pipe does not come into
actual contact with the boiler shell, hut 15 separated from

T

Lt.‘r...
Howfer Feed
Feed Pipe Connection

it by a water jacket. The water in this jacket has a
temperature intermediate between the feed water tem-
perature and the temperature in the hoiler, because the
feed water will keep it down. This does away with the
dangerons stresses cansed in boiler shells by the cold feed
coming in contact with the hot shell.

Besides, this method protects the Llow-off against the
high heat to which it is subjected and prevents burning.

There are some ohijections Lo this scheme in that
does ol |_.|-..-1,-4.-|:|| afl siresses, and thal more scale 15 lable
1o be I'_]L'l_.ll_r""\.][l.'ll near the hlow-of than otherwise, but these
are almost trivial compared with the objections where the
feed pipe enters the hoiler by other means. 1f there is a
hetter scheme T would like to know about it. N, G, N.

MarcH, 1915

Electric Welding
ny J. E. BULLARD®

All electric welding is based upon the principle that in
the work of overcoming resistance electricity produces
heat. This principle is made vse of in meandescent lamps,
arc lamps, heating utensils, etz. An electrode welding
experiment which can he made with an ordinary tungsten
lamp is as follows: When the filament in the lamp is
broken place the lamp in a portable socket, turn on the
current and shake the lamp in such a way as to cause the
broken ends to come into contact.  The moment they
touch each other they fuse together and the lamp is given
a new lease of life. This simple experiment, which is
repeated hundreds of times every day, illustrates the sim-
plicity, ease and rapidity of electric welding

There are in commercial use two general forms of elec-
tric welding. These are called the arc process and the
resistance or incandescent process. Both of these proc-
esses are, of course, based on the same principle. Their
main difference lies in the degree of heat employed. In
the resistance process only a sufficiently high temperature
to form the weld is used. This temperature varies to a
considerable extent with the metals being worked. The
are process, on the other hand, employs a heat of 7232
degrees F. (4000 degrees C.). This is the highest tem-
perature vet produced by man.

The application of these two processes may in a general
way be classified as follows: The resistance process is
used in the factory for welding new work, and especially
small parts turned out in large numbers and at high rates
of output. As manyv as 1,000 welds have been made in
wire hoops in an hour. The arc method. on the other
hand, is applicable to repair work, such as repairing breaks
in heavy castings, locomotive frames for instance, re-
pairing boiler seams, building up worn parts, ete.

In the resistance process a comparatively low intensity
of heat is applied over a large area. Tn the are process a
high-heat intensity is applied at a single point.

The resistance process is emploved prineipally in the
fallowing classes of work:

Butt welding, end to end: whole abutting surfaces of
nearly the same cross-section welded together.

Tee and angle welding, in the form of 2 letter T or L.

Cross welding, in the form of an X,

Lap welding. overlapping and squeezing or mashing
together.

Seam welding, cither by abutting or overlapping the
eldges of the metal,

Spot welding instead of riveting: practically one spot
at a time.

Point welding, surfaces in contact only at raized point
or multiplicity of points, at which the current is confined;
welding onlv at these points. Usually in sheet metal.

Ridge welding: instead of a point, a ridge, across which
a weld is made.

Upsetting, to form collars and the like.

Heating of blanks for forging. bending and working.

In all electric-heating processes the amount of heat is
determined hy the quantity of electricity, that is, the num-
ber of amperes of current flowing through a given resist-
ance. The amperes of electricity are determined by the
volts of pressure divided by the ohms of resistance, Since,
n this process of welding the ¢

sistance is comparatively
low, a disastrous amount of corcent would ow through
the work if the ordinary commercial voltages of 110 volts
or 220 volts were used.  For thizs reason it is necessarv

* Memhber of the Society for Electrical Develcpment,
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to reduce the voltage by means of specially constructed
transformers to from 1 to 7 volts, at which potential from
2,000 [0 30,000 amperes are nused,

Resistawce ELectric WELDING

Far clectric wi:Hing an ample supply of clectricity s
necessary. TFor the resistance process, alternating current
is preferable. This i{s the form of clectricity which is
sold in almost cvery section of the country with the ex-
ception of the more densely populated sections of our
large cities. Its main advantage for this work lies in the
fact that its pressure or potential can he readily changeil
through the medium of a transformer consisting of coils
of wire with an iron core and having no moving parts.
Diirect current can also be used, but requires more cumber-
some apparatus, having moving parts, in arder to reduce
the voltage. Otherwise it is as satisfactory,

With alternating current the only equipment required
is an electric transformer, a clamping device for attaching
the current conductors to the pieces to he welded, and a
pressure device for exerting pressure on the surfaces to
be welded as soon as the temperature is raised to the
correct point. All these are commonly assembled together
on the machine. The pressure is applied by hand, spring
or hydraulic power, depending on the degree of pressure
required. The electrodes and clamps frequently have to
he made in special forms =o that this machine is more or
less a special machine, No machine is suitable for a great
variety of sizes or forms of work, Some machines are
semi-automatie, as when the operator’s duty is only put-
ting in and taking out the picces.  Others are entirely
automatic, clamping, exerting pressure for welding and
controlling the current automatically,

Some advantages possessed hy this process of electric
welding are as follows: The heat is generated in the
metal itself; uniformly over the section to bhe welded.
Absolute control of the heat is obtained. The pieces are
heated in full view of the operator, and, if for any such
reason as collections of rust or scale the process is not
going on as it should, the operator can remedy the trouble
at once. Usually no flux 15 required. Practically all
metals can be welded, also all sorts of steel and many
alloys, as well as many combinations, such as carbon steel
to mild steel, malleable iron to steel, nickel and hrass to
platinum, ete.

- Arc WEeLniNG

The arc process of welding differs from the resistance
method, not only in the temperatures employed and in
the class of work done, but also in the kind of current
used. In this process alternating current is not as effective
as direct current, that is, electricity flowing continuously
in one direction. Instead of using such low pressures
as from 1 to 7 volts, a pressure of from 10 to 60 wvolts,
or potentials about ten times higher, is used, this higher
potential being required to overcome the resistance in
the are. Direct current is used hecause of the fact that
with it higher temperatures may be reached. In this
process the two pieces of metal to be joined are actually
melted together,

The current is usually supplied by a motor-generator
set—an equipment consisting of an electric generator
driven by a direct-connected motor, the whaole heing
mounted on one hase.

In this process of welding the positive terminal of the
clectric-welding circuit is connected ta the work and the
other to an electrode holder handled by the operator. The
positive lerminal 15 connected to the work for the reason
that it is at this terminal the highest temperature is
ohtained. This means that the work to be welded is kept
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at a higher temperature than the electrode the operator
handles, It also has the advantage that i building-up
work the material from the operator’s electrode is de-
posited on the work through the influence of the are, anid
the operator can safely work on breaks which are ahove
his heard,

To produce the arc the aperator hrings his electrode
in contact with the work in order to complete the cireuit
and mmmediately brings it a short distance away, [le can
then move the electrode over the work and the arc will
follow, He is able to concentrate the heat at one spot
or distribute it over a wide area,

There are two general classes of arc welding. These
are the graphite electrode and the metallic electrode
processes.

GrarHITE ELEcTRODE PROCESS

The graphite electrode customarily requires a potential
of 50 to 6o volts and a current of 300 amperes or more.
It can be used for all kinds of welding, filling in, building
up, pre-heating, cutting, etc.  When welling 1w this
method the flling-in or welding metal is supplied from
an outside source; that is, the operator has a rod of soft
iron or steel or uses scrap metal, which the arc reduces
to a state of fusion and forms into a hemogeneous mass
with the part being repaired.

When the metal electrode 15 used, the potential at the
arc is usually lower, according to the nature of the work.
In this process the metallic electrode is fused, particles of
molten metal from the electrode heing deposited on the
work. An important use of the metallic electrode is the
repairing of cracks in large work in locations hard to
get at. TFor instance, a crack in the crown sheet of a
boiler can be repaired from below., All the metal from
the electrade is deposited on the work., There is no neces-
sity of the operator stepping aside to dodge drops of
molten metal.

Curring Metar By ELECTRICITY

Another vse to which the are process may bhe put is the
cutting of metal. In the electric arc the hirhest tempera-
tures are obtained. This means that with a graphite
electrode metal ean be more rapidly and cheaply cut than
by any other heat process of cutting.

I the arc process of electric welding, on account of the
intensely high heats used and the blinding intensity of the
ate, the operators should always he provided with face
and hand shields,

These two processes of electric welding taken together
tharoughly cover the welding field. In other words, all
welding of whatsoever nature can he done =atisfactorily,
expeditionsly and cheaply by means of electricitv. Elec-
tric welding is now rapidly replacing rivets and other
methods of joining metal in a number of industries,

The general adoption of electricity purchased from the
electric central statiom for all shop purposes requiring
light and power makes this process of welding superior
ta all other processes in the following respects: An un-
limited supply of energy is always at hand. No gases have
to he stored under high pressure in tanks. No gases have
to he generated. There is no danger of explosion. Cim-
pressed air is not required.

BoimLer Exprosion ox U7 5, S Furrow —The Fulton, a
submarine tender only recently placed in commission, had
an explosion in the frchox of her hoiler om the afternoom
of Jannary 2o, 1g1s, which resulted in the death of one
man and prevented her accompanving the fourth division
of submarines to Pensacola for winter maneuvers, The
casing of the hoiler was badly damaged and the steaw-
line connections were hroken,



“Safety First” in

Boiler Shop Operation

Ninety Percent of the Accidents in a Boiler Shop are Due to Ignor=
ance—Examples of the Right and Wrong Ways to Handle Work

BY C. E. LESTER

The operation of large boiler shops is fraught with
more or less danger irrespective of the care uszed. The
dangers, however, can be brought to a minimum by
adopting standard methods and schooling men into think-
ing. Few men are criminally or purposely careless of
their own or others’ welfare. Most accidents come sim-
plv of careless thinking.

One of the foreman’s principal duties should he to
school the men of his department into careful and safe
ways of thinking. Don't blame a man for what he does,
for he does as he thinks, and any onc is liable to think
wrong.  What is thought right to-day may be thought
Wrong to-morrow,

The first thought to be impressed on a new employee's
mind 15 that safety is the first and prime consideration.
The young apprentice should have “safety first” shot into
him like bullets out of a machine gun.

“An ounce of prevention is worth a pound of cure”

As a general rule, workmen are promoted to foremen
through what their superiors deem their mechanical skill
and their ability to get the work out. Too often, how-
ever, are men promoted without due regard to their gen-
eral fitness to look after the physical welfare of a body
of men. The number of accidents in a department of a
shop, in my opinion, bears a definite relationship to the
ability of the foreman.

Taoo often does a foreman consider his work well done
when he gets his work out in a given time at the allotted
expense.  Too often does a foreman see dangerous prae.
tices without stopping them and dangerous equipment
without reporting it. The ability in a foreman to see all
the necessary moves to suecessfully operate a department
is quite essential from the viewpoint of output, but a
really successful foreman is one that can get his work
out at a minimum cost, keeping his men satisfied and pro-
tected from accidents.

The trouble mostly experienced is due, however, to lack
of training on the part of the foremen., The thought of
trying to conserve life and limb in a shop is comparatively
a recent one and the foreman of the past could hardly be
hlamed for some things he was more or less ignorant of,
However, in the past five years the safety movement has
heen agitated so much that any foreman of to-day who
pleads ignorance of it should be demoted, for he doubt-
less is so ignorant that he would never learn anything
of it.

THE Foresan's RESPONSIRILITY

The success of a movement to promote safely in a de-
partment, as stated hefore, is entirely up to the foreman.
If the foreman is not in sympathy with progressive
methods of safety or is careless of his men’s welfare, so
alzse will he the men. An honest effort on a foreman's
part to enforce rules for safety usvally will have the
desired effect without discipline. It may, however, he
necessary to dismiss some persistent offender. Tt will
generally be found that the so-called difficulties of getting
men to follow rules for safety lies chiefly in the fore-
man's mind and attitude. His actions should be a criter-
ion for his men. A little diplomacy, a little tact, will
usually get things cheerfully done that harsh and severe

methods will force grudgingly and stubbornly. However,
a successful foreman must teach his men. The methods
used successfully on some men would be a rank failure
with others. Figuratively, some require coaxing along,
others pushed, some dragged, while some few require a
club. We are all human, with the same hopes, desires
and feclings; each has his good and bad qualities, In
some the intelligence is quick, in others latent. Charac-
teristics prominent in some are practically nil in others.
The quick intelligence grasps an idea like a flash of
light, to the slow dull brain a full exposition of what is
desired may have to he made several times. It hehooves
the foreman to know his men—to learn their little pecul-
iarities and profit by his knowledge.

Too often is the workman kept in ignorance of the
plans of the management. The writer has found, in a
numher of vears' experience in a supervisory capacity,
that it often pavs to confide, in a measure, with his sub-
ordinates. To trust most men 15 to make them trust-
worthy.

In the past (I fear not altogether in the past, though,
as [ believe it, somewhat in vogue to-day ) it has been con-
sidered policy to conceal or minimize accidents. This
policy is undoubtedly a bad one, Every accident should
he given the greatest publicity, and by so doing its re-
currence is conziderably lessened.

AccipENTs Dre 1o Ioworaxce

The sum and suhstance, in a nutshell, of 9o percent of
the accidents in the hoiler shop and every other depart-
ment, for that matter, is ignorance, or, if yvou please, lack
of education. The tensile strength of materials is Greek
to 75 percent of the men in every hoiler shop—in not a
few cases the foreman included. The faintest conception
of such a thing probably would have prevented the fol-
lowing described accident:

Recently, in a large boiler shop where locomotive boil-
ers are constructed, a man was badly injured by a back-
head falling on him. The head weighed approximately
,500 pounds, The workmen were bolting it in the cas-
ing, getting it ready to be laid up. The head had been
lifted into position by the clectric crane and a 3g-inch
holt had been put in the top center hole. These fitting
up belts are, as a rule, made from all sorts of serap iron
and have a tensile strength of not more than 435000
pounds per square inch.  Assuming the strength to be
about that amount, there was a factor of safety of less
than six before any strain was put on the holt by tighten-
ing it up with the wrench. A 16-inch wrench in the hands
of a husky helper pulled the bolt until it broke, the head
fell, and nearly killed a man when it dropped on him.

The man in charge of the job was not, in a measure,
to blame for the accident. He had been on the same
work for several months and had done the same thing
many times without censure. The accident was undoubt-
edly the fault of the foreman for not insisting on the
workmen applying atl least three holts hefore letting go
of the crane.

There are many simple wavs that men are injured and
just as many simple ways of avoiding them. The sketches
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showing the right and wrong way of placing blocks under
material is a fair example. There are some willful vio-
lations of rules laid down for safety that often result
fatally. [t iz but a few months ago that a throat sheet
was picked up by a traveling crane that had been im-
properly hooked on. The result was that the slings came
loose and the sheet fell and killed a man.

Had the clamp shown in sketch Mo, 14 or the lug shown
m No. 5 been used, the aecident would not have hap-
pened. This was a case where standard methods and
devices had been adopted for handling material.  The
employee was an old one and familiar with the instrue-
tions. He was in a hurry, took a chance, and lost a
life. This was in a shop where “safety first” is deemed,
by the management, to be the fArst consideration, and the
subject had been threshed out with the men repeatedly.

The cranemen in the shop have positive instruetions not
to lift a load when they think there is the least doubt of
it being safe. However, both the craneman and the floor-
men violated instruetions with the fatal result shown.
In adopting rules, deviees, ete., for safety, the personal
equation should always be taken into consideration.
Wherever possible, “foolproof” devices shonld be pro-
vided,

CoNCEALING AccIDENTS A MistaKEr Pouicy

It is a mistaken policy on the part of some concerns to
conceal or minimize accidents. This is done in many
cases to prevent damage suits. The thought occurs that
if many emplovers who have many accidents in their
plants would spend less money in trying to defend dam-
age suits and inerease their appropriation for education
for employees and installation of safety appliances, they
would profit in diverse ways—particularly in being able
to practically dispense with a corps of high-salaried at-
tl_'ITI.'_Ii.','_'\'S ﬂ'l'l.d court [“..'{I]t‘]lsfs.

It is a deplorable thing for a man, otherwizse strong
and healthy, to lose an arm or leg or an eve, or to have
his body otherwise mutilated ; but the hard. practical, hard
way of looking at it is the lessening of his ability as a
money-getter. Every wage carner has a monetary value
based on his earning ability. He is worth that to himseli
and dependents and to his employver. When, by foree of
accident, he is mutilated or hereft of part of his anatomy,
he at once hecomes damaged goods and depreciated in
value. As an asset to his dependents he iz reduced any-
where from 2o to Too percent, depending on the nature
of the injury. To his employver he at once is transformed
from an asset into a liability.

The writer is illustrating some few devices and methods
for handling work in the shop. There may be other de-
vices and methods easier and more rapid, and undoubi-
edly some of the methods could be improved, but they
have been without exeception tried and proved safe and
practical,

Flatiorm planks vsed for scaffolding are quite a costly
item as they are generally used. They frequuently split
and break up, as a rule cansed by rough handling. They
are also a source of danger. By reinforcing them with
bands of iron the life is increased enough to make it a
paving proposition as well as increasing the strength.
This is done by placing on each end and in the middle
close fitting iron bands about ™4 inch by 2 inches. The
bands can he kept in position by deilling and countersink-
ing and applving several screws.

The writer saw illustrated some time ago in THE
Borrer Maxer a device to pass staybolt taps made out
of a capped piece of pipe. It is thought that this device
is more ot less dangerous on account of the liability of
the tap dropping out if the shank end is lowered helov

THE BOILEE MAKER 77

the reamer end. A piece of 3i-inch hose & or 10 inches
long is about the best thing obtainable for the work, and
is absolutely safe, as the tap will turn i it and vet the
hose grips hard enough to preveat it falling out when
passing,

The carcless handling of oil 15 a constant source of
danger in divers ways. It is but a few weeks ago that
the writer stepped on a sheet of tank steel laving on a
slight inclination on the floor, 4] had been smeared aver
it and the result was that the writer had a very had fall—
fortunately without serious results other than a bad shak-
ink up. thl burners in the hands of a careless man are
exceptionally dangerouns,

A SAFEGUARD FoR TRAVELING URANES

The American Locomotive Company has the sheave
casing and big hook at the floor end of the main and
auxiliary hoists on all traveling cranes painted with white
enamel paint, so that the cranemen can follow the route
af the hook in a dark eorner or along the Aoor when the
lights are poor. This also helps the man on the Aoor to
keep out of the way of the hook, which ordinarily might
not be seen,

The practice of having the weights of the principal
heavy articles handled posted in the cab of the crane is
a good one which should be also extended to the fAoor.
The maximum approximate weight of all heavy articles,
as well as the capacity of the chains, should be posted on
every hulletin board and in various conspicunus places in
the shop.

The adoption of zafety clamps along the lines of the
ane illustrated should be urged and put into use whenever
possible.

Where gas flanging furnaces are used and the con-
struction will permit, the doors should he kept open when
not in use. [ this is not practical, instructions should
e posted and enforced that doors should he opened at
least two minutes hefore any attempt is made to light
it off.

There are innumeralble ways in which the safetv of
workmen can be enhanced. The writer deseribed some
of these in an article on “Safety First in the Boiler Shop,”
in Tue Boiwer Maker a few months ago. There have
heen many papers along the same line published fre-
quently in various technical papers for several vears past.
The writer has been much henefited by them. It is a very
good plan when reading a paper whercin some good prac-
tices are delineated or some good devices are illustrated,
to make a note of them to be brovght up with the man-
agement at an opportune time, or to be continually where
yvour eves will not allow yon to forget them,

Rrecer Desicw ofF LocoMmorive Firepox AporreEn—
There has recently been placed in service on the Delaware,
Lackawanna & Western Railroad a “Pacific” type of
locomotive fitted with a special desion of firchox con-
struction of the type known as the “Riegel” firchox, a
description of which was published on page 226 of the
July, 1913, issue of Tre BoiLer Maker. The purpose of
this design is to enhance circulation about the firehox and
thus afford a higher rate of evaporation. The manner
in which this is accomplished eonsists in the installation
of two nests of watertuhes connecting the space in the
lower leg on cither side of the firebox with the space
dircetly above the crown sheet. These tubes, which to-
gether afford 471 square feet of service, are exposed to
the highest temperature obtainable in a locomotive firehox,
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Strength of Flat Plates for Bins, Tanks,
Coal Bunkers, Etc.

In the construction of rectangular tanks, bins, etc.
comparatively thin plates are used which are supported
by I-beams, channels and angles. The supporting mem
bers of the structure are placed sufficiently close to pre-
vent undue stresses on the plates and to keep the deflection
ﬂ_‘ithin proper limits. In work of the class under con-
sideration, the plates are usually rectangular or square

MapcH 1015

solving for 117, which is the safe load per square foot of
i]l;l.l.l:. W have

P

W = 48000 —. {2)

To illustrate the use of formula (2), assume that it 13

desired to hnd the safe load per square foot which can

be supported on a rectangular plate 14 inch thick, 4 feet

long by 2 feet 3 inches wide (measured center to center

of supports), using formula (2} and putting for £ its
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and are fastened to the supporting members by rivets or  value, 3 X M = 1/10, and for 4. 4% 2.25 =9 square
bolts around the four edges of the plate. Under these feet, we have
conditions the ability of a Hat plate to carry a uniformly : : ~ r/ib 45,000
distributed load varies directly as the square of the thick- W = 48000 3 —— = i_ 333 pounds,
0 160 3 G

ness of the plate and inversely as the area supported.
If the plate is not fastened at its edges, it will safely
carry two-thirds the load per square foot that it would
sustain if fastened,

The formula for the fibre stress prodoced in a Aat plate
supported and fastencd at its edges under a uniformly
distributed load mav be written;

[

in which
f = hler stress—pounds per square inch.
I = load per square foot.
A = area of plate between supports in square feet,
{ — thickness of plate in inches,
The fibre stress f can be taken at 12000 pounds per
square inch, putting this value for § in equation {1} and

From which it is seen that a plate with the above dimen-
sions is able to safely earry 333 pounds per square foot,
or a total load of 333 = 0 = about 3.000 pounds, uniformly
distributed over its entire surface. i
To further llustrate the use of formula (2), let it e
assumed that a rectangular water tank is to he designed,
having a depth = 21 feet and the distance hetween the
stiffening members on sides of tank near bottom is
4 feet > 3 feet O inches, what is the required thickness
of plate to safely carry the load due to the pressure of
water # The maximum head of water acting against the
plate is 21 feet, and for calculations in tank work the
maximum head is assumed to act over the entire surface
of plate. A head of 21 feet is equal to
21 ¥ 023 = 13125 pounds per square foot = 7.
Area of plate = 4 % 3.5 = 14 square feet = A,
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Futting these values of 1" and 4 in equation (2), and
solving for !, we have

48000

13125 = ————

14
B — 3%
Thickness of plate ¢+ = 62 or 34 inch.
The load on the horizontal plates on the bottom of a
tank or bin is equal to the weight of the substances directly
over the plate. Thus the load per square foot on the
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under consideration and the total load just above this
area. Thus, suppose that a in 2o feet deep is to be de-
signed for bituminous coal and in order to calculate the
thickness of plates it is necessary to find the load on the
four feet of vertical plate nearest the bottom. From the
chart the total pressure per square foot at 20 feet depth
for bitwminous coal = 2,700 pounds, and the total load
at 16 feet depth = 1,728 pounds, then the pressure on
the plate between the depth of 16 feet and 2o feet for

hottom of a tank containing water 30 feet deep is equal to  each foot horizontally = 2700 — 1728 = grz pounds,
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62.5 ¥ 30 = 19750 pounds per square foot. ( Weight of
water = about 62.5 pounds per cubic foot.)

If a bin holds sand 30 feet deep, the load per square
foot on the bottom plates would be 30 % go = 2700
pounds per square foot, {Sand weighs about go pounds
per cubic foot,)

By aid of Chart 1, it i5 a very easy matter to find the
required thickness of plate for uniformly distributed loads
and area of plates, as noted thereon.

With the exception of that due to water, the load on
the vertical side plates of a rectangular bin is not readily
caleulated, hecause the load depends upon the angle of
repose of the material, and the solution of this problem
requires the use of higher mathematics or graphics, By
aid of Chart 2, the total load on the side plates of hins
of various depths for each foot horizental length of hin
can be easily read off. Curves are given for hituminous
coal, anthracite coal, ashes and sand. The calculations
were made for total loads when bins are full without
surcharge. The load for any unit of area is equal to the
difference between the total load, including the unit area

or a little less than an average of 250 pounds per square
foot. If the plate is to be supported at g4-foot intervals
by proper supporting members or stiffeners, under which
condition the area of the plate being 16 square feet, the
required thickness of the plate, as found from Chart 1,
is about 5/16 inch.

If the bin is surcharged, that is, material piled above
the sides of the bin to the maximum angle of repose,
the total load perpendicular to the sides of the hin, as
given by Chart 2, would be increased very nearly 2.4
times the values given for bituminous coal and sand, ashes
z.7 and anthracite coal 2.1 times the values given.

[n the calculation of the strength of the vertical stiffen-
ers on the sides of bins, the normal load due to pres-
sure may be considered as acting at a point two-thirds
the distance from top to bottom of tank. Thus, if a tank
is 21 feet deep, the center total pressure acting on the
sides could be considered as concentrated at a point 14
feet from top of hin.

Syracuse, N. Y. G. MK



John Trisects an Angle!

A Simple Problem in Geometry in
Which Some Long Names Are Used

BY TAMES F, HORART, M., E,

“Say, Mr. Hobart, I've 'got one on vou' this time. mathematician, Diocles, who worked out that figure, was
You told me about something which could not be done, trving to find some way of determining the side of a
or you said it would not pay for doing, and here’s a man  cube which would contain just twice or three times as
who ealls vou and tells about a way of deing that very much volume as another cube. They call this the ‘dupli-
thing. How about this, is it ‘on vou," or what's the cation of the eube. Another process, which 1 like better
matter ™ than the cissoid way, has been worked out by another old

“What is it all about, John? I don't quite seem to un- mathematical sharp. The method in question is known
derstand what yvou're driving at.” to mathematicians as the ‘conchoid of Nichomedes,' and

"Why, it's about that angle trisection business—the may be drawn in several wavs., One way is to draw a
dividing of an angle or of a line into three equal parts line 4-B, Fig, 1, and from any point outside that line, say
or portions without measuring or stepping it off with at C, draw radial lines D, E_ F_ G, etc.  On the vertical
the dividers.” line through € draw D, and measure the distance -0,

“Ohh, that old problem, eh? Well, it's a good one, but  or take this distance on the dividers or on a picce of
what does your man have to offer concerning it ?” paper and lay it off, beginning at line A4-B, on all the

“Why, somebody has written to the editor of Twre diagonals, E-f, F-K, G-L, H-M, etc. Through the points
Borcer Makzer, saving: ‘In one of Mr. Hobart's letters D, E, F, G and H sketch in the curve as shown. This

pu)

]

Fig. L--—Thu Conchoid of Michomedes
Fig. 2—Tramming a Conchoid

to “John," that appeared in Tre Boirer Maker some five
or six months ago, T think he tells John that there 13 no
way of trisecting an angle. On looking in Webster's Un-
abridged Dictionary I find the word ‘Cissoid,” a curve in-
vented by Diocles for the purpose of solving two celebrated
problems of higher geometry, namely, to trisect a plane
angle and to construct two geometric means between two
straight lines, And would Mr. Hobart, or any of the
“high brows,” as he calls them, ‘be =0 kind as to explain
this curve in the columns of TeE Boirer Maxer? 5o
vou see by that letter, Mr. Hobart, that you are right up
against it hard. You said it couldn’t be done, and this “But, Mr. Hobart, what iz the curve good for, now
gentleman says it can. How about it?" that we have got it? I don't see any angle trisection in
“Tohn, I haven't my copy of that issue of THE BoTLER  it. Where do we get off at?”
Maxker, for one of the boys pinched it before T had read “Say, John, vou will fly off the handle pretty regularly,
half of it. Most of my papers go that way, too. But  won't you? Can’t yvou wait until we get a layout, and
didn’t [ say something about the problem of trisecting an  then see for yourseli?”
angle being one which could only be solved by higher “Yov-ves, | s'pose so; but vou know I wanted to see that
mathematics, calculus and all that? And didn't T men-  angle eut into three pieces like a minge pie, and I don't
tion something about a man in California whe would,  see it vet and haven't even seen the angle.”
upon the receipt of three dollars, send two methods of “All right, John; vou'll get to that presently. Don't
‘trisecting an angle, and then he winds up his advertise-  you have to lay out a boiler sheet before vou can punch
ment by offering to pay $100 to any party proving that  the holes? Yes? Then what in creation are viou helly-
the methods in guestion are not correct. Didn’t T men-  aching for about trisccting that angle before you even
tion these things? Seems to me T did  Wish I had a2 yet your tools on the joh?”

will be the conchoid which we are after. A cissoid can
be laid down in a somewhat similar manner, but the con-
choid is the simpler for trisecting an angle.

“A fine but rough and ready method of drawing this
curve is shown by Fig, 2, in which a tram D iz zet with
the points £ and F the reguired distance apart (corre-
sponding with I-D in Fig. 1), than with one end of the
tram sliding in the screw-eve at C, point F is made to
move in the line 4-B, and point E will trace the con-
choid.”

copy of that issue here and we would see just what 1 “All right, Mr. Hobart: I'll be good if you will only
said.” : show me how that angle iz divided up”

“Never mind the paper, Mr. Hobart; just show me “T'll not show vou, John: vou have just got to trisect
what he means. What is a ‘cissoid,” anyway that angle by yourself. T will tell vou what to do on the

“The ‘cissoid of Diocles’ is the name of a certain geo-  first one, then you can do the work all by vour lonesome.”
metrical figure, and it is a sort of parabola. The ancient “My goodness! T don't know how to do that sort of
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thing. [ won't be in it on this work, Mr. Hobart. You
do it first time, will you 2"

“Not a bit of it, John. This is your funeral—or will
be if you don't take the trick—so you just close your
yawp-trap and get busy.”

“Well, I'll try it. What shall I do first?”

“That's the talk, John. Just draw the angle vou want
trisected—no, it makes no difference what the angle is.
but you had better take one between 20 and 70 degrees
to begin on.  There 15 more trouble with very oblique
lines in very small, as well as in very large, angles; so
take one for the first trial which doesn't go to either
extreme, If the angle is greater than go degrees you may
divide it into two smaller ones by a line in the middle—
bisect it with the dividers—then trisect one side of the
divided angle and swing the dividers over the other side
of the division line with the third of smaller angle be-
tween them, and the part thus laid off on both sides of
the division line will be the third required of the larger
angle, and it will be laid off right in the middle of that
angle, too, with the remaining thirds on either side.”

“Say, how will sketch [, Fig. 3, do for an angle to
work on? The angle is shown by the lines E-C-0."

“That will do first rate, John. Now draw a line -8,
square with line C-D—perpendicular to line -0, the
mathematicians say, while the boiler shop boys like to say
‘square with.! Start the line at A, anywhere in line C-D,
it makes no matter where, but to avoid too large a dia-
gram it 15 well to start well down toward C, as shown at
A, sketch IL"

“Doesn’t it make any difference where yon begin with
line A-B7 1 should think that the answer would be all
wrong if point 4 were taken in the wrong place.”

“No, John; it makes no difference where we start A,
One place is just as good as another, and that is where
the beauty of these geometrical stunts comes in. You
don't have to be everlastingly making exact measurements
to get results, You can start 4-B anvwhere, and as that
line is longer or shorter, so are all the other lines, thus
bringing the same answer, no matter where .4-5 was laid
down,  And now you have, in sketch 11, Fig. 3. about the
same layout that vou made i Fig. 1, 5o just go to work
amed find the points in the conchoid, the same as vou did
in Fig. 1.

“0Oh, T begin to see something now. You want the
conchoid to work from in getting the angle divided up.
Isn't that it? The end E-I? of the angle is all open and
there's nothing there to work against, so yvou draw the
conchoid across that end and work from that. Isn’t that
the reason for using the conchoid

“YVou may call it that 1f you wish, John. Perhaps it
is as good a reason as any. If I should tell you right
here the scientific reasons for using the conchoid. you
would have some columns of reading so mighty dry that
the dictionary would seem a dime novel compared with
the description. 5o [ just won't, and will only say that
they have proven bevond dispute that the conchoid, or
the cissoid, is of just the might shape to form the work-
ing line in trisecting the angle. Why this is so, you must
find out from geometry, and you will have to go higher
than that branch of mathematics—yes, even into the cal-
culus—to find the real proving reasons of ‘wherefore the
conchoid.” ™

“Well, Mr. Hobart, I'm willing to take your word for
it and leave the calculus proof go for a time—till T get
tired and want a rest, anyway, Then I might try to dig
out the scientific reasons for using the conchoid, but not
to-day for little Johnoyv."

“Well, then, John, lay off the conchoid from I, as in
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sketch [11, Fig. 3, and you can use the method shown by
Fig. 1 or Fig. 2. Just make 8- = 2 4-C, then find diag-
onals 1-2, 3-4, 5-0, ete., lay off length B-I) on each and
sketch in the conchoid eurve as already directed.”

“Here it is, Mr. Habart, and pow what is it good for?"

“Keep yvour courage, John, you are almost finished now.
Just start at point A, and draw a line parallel with B-I
right to the conchoid. We will call this line A4-G. Next,
from the point & on the conchoid, deaw another line right
to point C, as shown by sketch IV, Fig, 3. Got that,
John?"

“Yes, Mr. Hobart; here it is. Now what?"

“Nothing, John; you have the answer now, for that
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Fig. 3.—John Trisects an Angle

line C-, sketeh IV, splits angle E-C-I? right into thirds—
at least, it splits off one-third, and the angle G-C-D is
just one-half of angle &-C-E.”

“Say, is that so? How can I prove it?”

“Well, as stated above, to prove it geometrically by
demonstration would be more of a job than yvou would
relish, and more than [ would, cither; but you can prove
it graphically, as they say when they figure things by
lines and diagrams. Sketch V' shows how you can prove
the work., Place one leg of the dividers at O, opening
them any convenient distance, and draw the arc H-I-1.
Now lisect the angle /-C-f by placing the divider leg in
turn at f and at S, and describing short arcs cutting cach
other at K. Then draw the line K-C, and by testing with
the dividers you will find that H-J, L-J and L-T are all
equal to each other, therefore the line C- ecuts off one-
third the angle D-C-E, and the line L-C cuts off another
third, so we have actually trisected the angle at C, and
that without making a single measurement.”

“Well, that conchoid matter is certainly a beautiful
piece of business, hut isn't there a more simple way of
getting  the conchod laid down without drawing and
spacing off all those diagonals in sketch ITI, and then
sketching in the conchoid 2

“Yes, John: I have just worked out an approximate
method of doing the stunt. Tt will not be quite as accurate
as the conchoid way, but it will approximate pretty closely
the result obtained by the above method.”

“How is that method worked, Mr. Hobart? Can 1 get
next to it?"”

“Yes, John.

Fig. 3, sketch VI, shows the way it is
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done. Go ahead the same as in sketch 11, and lay down
line A-F: then, instead of developing the conchoid by
either of the methods already shown, just take distance
A-C on the dividers and when you lay it off from B
toward I, sketch III, lay it off to L, in the opposite direc-
tion from £3. Now, open the dividers to the distance L-17
and draw the are 0-G-F, which will lie so very close to
the direction of the conchoid that it is hard to tell which
is which in the very short space occupicd by the third
of the angle we are trisecting—that 15, from D to F, Fig.
1, the conchowl departs very slightly from the eircle,
whose center is at L. sketch VI, Fig. 3. But while the
result obtained is gquite close when point & lies close to
ling C-I, the answer will be far from accurate when the
trisecting line moves over toward H, Fig. 1, for the con-
choid has departed from even an approximation of a cir-
cle and the radius from L to D, sketch VI will not give
even approximate results, Therefore, do not try this ra-
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sure 15 hard to comprehend.
of showing it?”

“Yes, there is a way to do it, as there 15 a way to do
everything—if we can only find that way.”

“Crackee! Just show me that way, guick!”

“Fig. 4 does it, John. There you have a picture of 10
divided by 3. The correct dividend is 3%, but the first
time you divide you get 3, do vou not?"

“Yes, that's what, sure enough.”

“Well, divide again, and you get 3.3, which is shown
closer to the 3%5 line”

“Oh, 1 see it now. You need not tell me any more,
The line keeps rising as the dividend gets larger—3.33.
3333 35333, ete—and keeps approaching 313, more
slowly each time you divide, and is always approaching
but never gets to touch the 3% line. Therefore, the more
vou divide, the ¢loser you get to 3%, but vou never guite
get there, Om the other hand, the geometry sharps say

[sir't there some plain way

I
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Fig. 4—Lines Alway: Approaching But Mever Touching

dius method except for very small angles, say less than 15
degrees in the part of the angle as trisected, This means
that for trisecting angles greater than 60 degrees it is
not safe to use the approximate method, where much
accuracy is required.”

“Oh, Mr. Hobart, I'm just going to try hoth methods
on all sorts of angles, from three or four degrees up to
as large as I can do, I'll try each angle by both the regu-
lar and by the approximate methods, then [ will know
how large an angle the radius method is good for,”

“That’s a good plan, John. Go to it. But vou will find,
as stated at the beginning, that trizecting an angle hetween
8o and 9o degrees is mot very satisfactory, and as also
stated, vou had hetter bisect the angle to be trisected, work
on half of it, then double the angle found by swinging an
equal angle over on the other side of the bisecting line
with the dividers, But, John, in doing this stunt, be
sure to take the hisecting line to work to—that is, make it
into the line corresponding to C-I', which in that case
will be in the middle of the angle instead of to one side.”

“Mr. Hobart, where would line &-H, Fig. 1, get to if
it were carried out far enough? It seems to be headed
to reach line 4-B. Would it get there if it were de-
veloped far enough?”

“Now vou have raised a question which is hard to an-
swer, The geometry people call it that the lines eventually
meet, but only at infinity—that is, for any distance which
can be measured or imagined the two lines will not touch
each other. They are always approaching each other.
but never guite get together. Finally they come so close,
at a distance so far away, that neither can be measured
or imagined.”

“But how is that, Mr. Hobart? [If two things are al-
ways approaching each other, they must reach each other
sometimes, mustn’t they "

“No, JTohn, not necessarily. If they approached always
at the same rate, then they surely would get together
somme time, but they don't in this case. They approach
less and less as they go farther along the line 4-B, and
this is what keeps them from ever reaching each other”

“I wish T could get that matter made a little plainer; it

you st get there at infinity, and there you have it. Al-
ways approaching, never getting there, but you do get
there in the forever,

“And, John, that's just the case with the conchoid D-H,
in Fig. 3—always approaching line .4-B, but never touch-
ing it until in the infinite distance we can't tell one line
from the other, and therefore sav they come together at
infinity."”

“Say, there's not a limit to this game, is there?
even the sky?”

“No, John, there no limit to a man, either, only what
he thinks is hiz limit, so go ahead. There's nothing to
stop you if vou will only think s0.”

WNot

Two-Tex-Two Locomorives ror THE Cmicaco, Bum-
LincToN & Quincy.—In the spring of 1912 the Baldwin
Locomotive Works built five locomotives of the 2-1o-2
type for the Chicago, Burlington & Quincy Railroad
These were at that time the largest non-articulated loco-
maotives in service, and ten additional locomotives gener-
ally similar in design have recently been constructed for
this road by the same builders, The rated tractive force
for all these locomotives is 71,500 pounds, and with equal
hauling capacities and a large number of interchangeahle
detail parts they constitute a notalble group of unusually
large units. In eight of the ten new locomotives, counter-
weights keved to the main axle have been fitted in con-
junction with the usual weights in the wheel centers, bal-
ancing a large proportion of the reciprocating and revalv-
ing parts to avoid destructive effects at the speeds at
which these engines run. In the two remaining locomo-
tives this important and difficult problem of design
has been worked out so that, by using special steels to
reduce the weights of reciprocating parts, the necessity
of applying additional counterweights has been avoided,
With 25 percent greater hauling capacity than a Mikado
type locomotive carrying the same weight per pair of
driving wheels, this type will. it is claimed, under favor-
able conditions effect a material reduction in the cost per
ton mile of moving freight.
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Some Principles of Boiler Design
BY GEORGE SHERWOOD HODGINS *

A locomotive hoiler is necessarily a very small appliance
for boiling the amount of water which it is called upen
to handle. The ohject of the design is to provide a vessel
which, with the water it carries, shall have the least pos-
sible weight necessary to do the work., Water must be
turned to steam in large quantity and at a rapid rate,
and the fuel carried is often burned on an area about
the size of an ordinary dining-room table. The horse-
power to be developed is such that the weight of fuel
water and boiler seems altogether inadequate, but yet we
know that the thing is done, and done most satisfactorily.

When we determine the kind of fuel to be burned, i.e.,
anthracite or bituminous coal, we have practically fixed
the type of hoiler; for, roughly speaking, hard coal re-
quires a larger grate area than soft coal does. Soft coal
burns faster than hard coal, and a smaller grate area is
permissible. Soft coal gives off a large quantity of hydro-
carbon gas, by distillation, and it is therefore not only
necessary to provide for a sufficient supply of air to effect
the combustion of the coal, but also to afford adequate
room for the proper mixing of air and hydrocarbon gas.

In burning the volatile constituent of coal, one of two
gases may be formed, and these produce very different
quantities of heat. Where the supply of air, and of course
of oxygen, is sufficient, carbon dioxide or carbonic acid
gas will be formed. This gas, in forming, gives off 14,500
heat units, but where carbon non-oxide, or carbonic oxide
gas is formed, as it will be with insufficient supply of
air (oxygen), then only 4,500 heat units will be given off.
There is, therefore, a loss of about 1o,000 heat units per
pound of coal when the wvolatile hydrocarbon is imper-
feetly burnt. The fixed carbon in the coal burns more
slowly and turns to ash.

It may here be remarked that a heat unit, or more
correctly, a British thermal unit (written B, T. T3,
is the guantity of heat required to raise one pound of
pure distilled water at 30 degrees F. to 40 degrees F, or
generally the amount necessary to raise a pound of pure
water 1 degree Fahrenheit. The loss of 1o,000 British
thermal units, therefore, is equivalent to a loss of energy
capable of raising 7,780,000 pounds one foot high, and this
1% equal to the raising of one ton (2,000 pounds) 3.8g0 feet.

To us the center of a circle is always the important
point, and it may come as a surprise to some, to find
that in dealing with a locomotive boiler the diameter is
the more important factor. A circular boiler shell con-
taining water and steam under pressure has to constantly
resist a force tending to burst it. This force is measured
in pounds per square inch. The pressure acts in all direc-
tions, but it is considered and measured as if it acted
only upon the diameter of the boiler.

A boiler eut in two along its horizontal length presents
the appearance of two arches, one right side up and the
other inverted. One of these arches alone is considered,
and this arch is, in the mind, reduced to a half hoop
by thinking of it as just one inch wide. TIf the boiler is
so inches in diameter, the portion considered is 5o ¢ 1
inch in area, or 30 squate inches. This area approximates
to what the shadow of a half hoop would be on the foor,
if set immediately below a powerful electric light. Tf
the pressure carried was 200 pounds per square inch, it
is evident that the total disruptive force would equal
50 % 2o0, or 10,000 pounds,

This pressure would be sustained by the two edges of

* Member of the American Society of Mechanical Engineers and

formerly Consulting Mechanical Engineer of the National Transconti-
nental Railway.
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the hoop. If the boiler plate was '3 inch thick, each
edge would have a cross-sectional area of 1 3 14, or
14 square inch. Together they would have an area equal
to 1 square inch. If the breaking strain of boiler steel
i5 taken at Hooo0 pounds per square inch, we have a
total of 10000 pounds, tending to burst the hoiler, and
this is resisted by 1 square inch of steel, capable of sus-
taining something under 60,000 pounds.  Allowing for
contingencies, that is where the breaking strain may not
be exactly as quoted in the tables, for authorities vary,
taking the safe side and calling it ;o000 pounds, the
steel 15 therefore five times stronger than the strain put
upon it, and this is as it should be, giving a factor of
safety of 5. The factor of safety is the number of times
the plate, or seam or boiler is stronger than the pressure
it is called on to bear. The smallest factor of safety
which may be used is 4; but 3 is the factor which good
practice calls for wherever it is in any way possible to
use it in designing a boiler,

When it comes to joining the free ends of a rolled bhoiler
plate, the strength of the joint has to be considered. The
simplest form 18 the lap joint, This is where one plate
averlaps the other, and the holes are punched out and
the rivets driven through hoth. In order to find the per-
centage of strength of such a joint, an example will help.
Consider the rivets to be spaced 2% inches, center to
center, and the size of the holes 7§ inch. This gives
13 inches between the outer edges of the holes, and
represents the amount of the plate not punched out.

A problem in simple proportion presents itself here
Let the strength of the original plate, not punched, be
represented by 1oo, then this proportion holds: As 214 is
to 134, s0 is 100 to the answer. Stated mathematically,
it becomes 2.25 : 1.375 :: 100 : X, When this is worked
out it appears that the punched plate is 61.1 percent as
strong as the original plate. If the breaking strain of
the steel is Go,000 pounds and this joint is 61.1 percent
as strong, it is therefore able to stand 36,660 pounds to
the square inch. If a factor of safety of 5 be used, it
is manifest that this joint, as far as the plate is con-
cerned, is too weak for safety, as it has only a factor of
safety of 3.66.

When we come to consider the strength of the rivets,
we may take the iron rivets in single shear, as able to
stand 48,000 pounds. Each rivet carries the strain of
only one side of a section of the boiler 213 inches
wide. This stated in terms of mathematics comes out
200 ¥ 30 % 214
—— = 11,250 pounds. The area of a Zg-inch
2

rivet is G013 square inch. At 48,000 pounds pressure
strain, each rivet carries 28862 pounds, and this gives
a factor of safety of 2.55 for the rivets, which i5 mani-
festly too small for safety. The example, while condemn-
ing the joint for punched plate and for rivets, neverthe-
less gives the method of working out similar examples,
Objections have been urged against the lap joint, so
serions as to put it out of use for horizontal seams in
modern boiler work, The principal objection is that the
single-riveted lap joint is lable to readily corrode or
“groove” on the upper inside edge of the plate, The
rapid grooving of the plate along this line is due to the
fact that the joint cannot lie in a true circle like the
rest of the plate, and the internal pressure tends to pull
it in such shape that the inside of the outer lap tries to
get in line with the outside of the inner lap. When the
pressure and heat are withdrawn, as when the hoiler
is cooled off, the joint assumes its original shape, and
any scale or rust which formed on the upper inside edge
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-_lf the lap is therehy broken off and a new, clean surface
15 exposed to hot water and steam, and the process is
repeated until the plate gives way.

The lap joint which we have heen considering was not
strong enough as far as the plate and the rivets were
concerned,  If the joint was chain-riveted, that is, if it
h_ad two rows of parallel rivets placed one directly be-
[1Imd the other, the factor of safety would be 5.10 for the
rivets, _\\'}Iifh would satisfy the condition imposed. Tt may
he noticed that the factor of safety is double that found
for the rivets in the first case, and this fact implies that
the lap joint, when following the chain system with rivets
and spacing, as previously supposed, is twice as strong
as the single rivets in the first case,

~Taking now the strength of the plate in the chain-
rn'_eter:l lap joint, we would have the proportion
233 17 1100 5 X, or 275 1 1.875 1100 : X, or 682
The chain-riveted lap joint with two rows is 68,2 percent
as strong as the original plate before punching, With
60,000 pounds breaking strain, the plate, when punched,
would stand 40,920 pounds per square inch, and this would
give a factor of safety of 400, This is got by dividing
40,020 by 10,000 pounds, which is the total internal pres-
sure acting to burst the hoiler. This factor of safety
is very close to the limit proposed, but the joint would
be all the better if made stronger.

Another form of lap joint is where the rivets are zig-
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zag or staggered. When such a system is employed, good
practice has established the custom of making the zig-
zag pitch 6/10 of the straight pitch, to which is added
4/10 of the rivet diameter, In the example we are con-
sidering, if 234 inches is the straight pitch, we will get
about 2 inches for the zig-zag pitch, and the rows of
rivets will be 134 inches apart. This makes the strength
of the plate on the zig-zag pitch equal to the plate strength
on the straight pitch.
The rivet strength will be determined, as in the other
examples, and works out as follows:
50 3 134 X 200
- = 3550 pounds per square inch.
2
The area of a Zg-inch rivet is Gor3, and with 48000
pounds per square inch shearing strain the rivet strength
ig, as in the former case, 28,862 pounds per square inch.
The factor of safety, then, appears as
28 362
— 00T
3,750
This is, of course, far too low a factor for safety, and
the joint will have to be strengthened by an extra row
of rivets, thus allowing for smaller individual rivets and
wider spacing. The lap joint is at best a poor arrange-
ment and has been superseded Ly the butt joint with
welt. A consideration of the butt joint will follow later.

Ethics of the Boiler Shop

The Science of Moral Philosophy Applied
to Every-Day Conditions in the Shop

£ EY TAMES FRANCIS

In the conduct of a boiler shop, as in any other business,
there is a conflict of opinion, inclination and personality
all along the line from the board of directors, general
manager, superintendent, to straw boss, workman, and
to the last cub apprentice and water boy.  And it scems
as though it were a case of "dog bite dog” from the top
af the ladder to the bottom! Each official in turn re-
ceives “a wigging” from the one immediately his supe-
rior, and in order to get rid thereof, must necessarily
pass it along to those of whom he is in immediate charge.

Some member of the board of directors, who already
has more dollars than is good for him, gets an idea that
the botler shop tree only needs shaking to scatter down
a big lot of dollars, and the official in question immediately
begins to “shake" things for all they will stand—and
sometimes more !

I do not know of anything which will demoralize a
shop worse than one of these uncalled for “shake-downs”
by the directors. Such things are usually ill-timed, to say
the hest, and like some of the strikes which have taken
place, are brought into action when it would have been
better to have waited for a more propitious opportunity.

The ethics of boiler making should prevent boards of
directors from “throwing scare heads” into the shop. A
lot better would it he to let all such things come down
easy street than to tumble plump wpon the shop from
the precipice of Mount Arrogance! When “the board”
has decided that certain things must be done to “shake
down' the shop, then let them do it with kid gloves in-
stead of with four-ounce gloves, and the business will be
much hetter therefor.

Such “shake-ups and shake-downs" usually are done

over the heads of general manager and superintendent,
and done peremptorily at that. How much better for all
concerned to let those officials work the changes gradually
and in conformation with the policy upon which they are
running the shop?

Although the manager and superintendent thus have a
bad example set for them, it rests upon their actions
whether or not the shop can carry the load. Let the
officials named pass along the changes in the shape in
which they received them from the board, and strife and
dissension quickly claim that shop for its own and inhar-
mony rules everything,

The wise manager and superintendent will sugar-coat
such things as much as possible and let them dribble
through the shop as gently as can be arranged. But, do
all they can, there will be trouble if the spirit of forbear-
ance is not carried out by everybody. The shop and gang
foremen must receive and assimilate a whole lot before
they pass the word along to the men. And the men them-
selves must “grin and bear it” as far as possible when
word comes down the line that “the carpet is tore” and
there is to be an upheaval in the shop. And next to the
bad results of having such shake-ups at all, comes the ill
effect of disturbing the ethical shop policy as above noted.

Let us all, whatever be our official station in the shop
organization—let us be constantly on the line to make
things as profitable and as pleasant as possible for shop
and man. That is a slogan which it will pay us all to
fallow. k

Shop ethies may be much better or much worse, accord-
ing as we help to make them; therefore, let us, one and
all, do a lot of thinking along this line. Tt will pay the
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owners and it will make things pleasanter for us all.
Carrying the matter of shop ethics down the line, after
it gets to the rank-and file, does not mean that the me-
chanic should stand up for his fellow workman even to
the extent of lying for him. Neither does it call for the
passing of all mistakes and errors along to "Patsy Bol-
liver," but the observance of shop ethics does call for the
helping of each and every one of our fellow workmen,
and the officers of the company as well. It also calls for
the use of tact and common sense in dealing with the
thousand little annoying things which are constantly
cropping up to hurt work or feelings in the shop or out
of it.
TrHE ETHICAL STANDARD

Shop ethics calls for a whole lot of brotherly “give and
take," and the best shops are those in which the ethical
standard is the soundest and best. “But what are
‘ethics?' " asks somebody from the shop. "I never heard
of any ‘cthics’ in any shop I ever worked in! What is
it?"”

And that's just the trouble in lots of shops.
“short” on ‘ethics'!

They are
“Ethics” is the science of moral
philosophy. In plain English, it's the right and wrong
of things. When you hear a man telling another not to
let Tom be thought guilty of some poor work which he
—Sam—had done, then that man is talking ethics, and is
talking them from the right side, too!

The man whose ethics are sound will never say “Oh,
shute! I didn't do that! Tom did it, or Bill or Sam!
"Taint my business to fix it. Let the chap eat the bread
who buttered it!™ This chap's ethies are all wrong and
he won't ever get anywhere with that kind,

There uged to be a man in pur shop who was continu-
ally poking along in a quiet way—nothing ever disturbed
him and you could never get the old fellow “riled”but
the things which that man did for everybody else in the
shop were many and great! Did he find a badly finished
rivet, he never said: “Let Bill fix it; he is the man who
drove it.” No, you never heard Old Henry say anything
like that. Instead, the old man would take his hammer,
get somebody to ride a dolly-bar, and finish that rivet the
hest he could, saving -at the time: “Oh, well, boys, we may
skip a hit ourselves sometime, and it's mighty fine to have
somebody help you out on it!” .

And the simple little things he did made things a whole
lot easier in the shop. It may be thought that the men
would leave things purposely, knowing that Old Henry
would find and fix them before the bad work got out of
the shop, but, to my surprise, it worked just the other way.
1 overheard a couple of men one dav as they were quit-
ting a finished job. One man said: “Hi, Bill, here's a
job for 01d Henry: somebody's left three rivets 'up’ in
this corner—Ilucky for us that we have Henry in the
shop, isn't it?"

“Orp HeEwry's” MeTHOD

“Yeg, Sam,” said the other man., *01d Henry's all right,
but let's not leave those rivets for Henry. He never
leaves such things for anybody elze, and he will go out
of his way and work overtime to help any of us out of
trouble. Let's us do a little of the same!”

“All right, Bill! Tl go you. It's mighty decent of
0ld Henry all the time, and T'm glad to get hack at the
ald man a little bic. He's all right, Henry is!"”

The above shows the best variety of shop ethics—shows
them in their most effective form for everyday vse, and
the shop which can boast of such ethics is one which it
is good to work in or to hold stock m.

Right between foreman and men is the place where a
whole lot of the right kind of shop ethics is needed. That
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is where the friction takes place, and it's where things
are lubricated, too. Once the men find that the foreman
is fair and “straight” and does the best he can in the
interests of both men and shop, then there are no people
on the earth who more quickly come across and meet the
foreman's ethics half way than will the boiler makers in
any shop, be it large or small, in East or in West.

How a REPUTATION AFFECTS A SHoP

The ethical reputation of such a shop and its foreman
are not confined to its city or town, or to its State, either.
Its reputation goes forth in every direction, and good men
and good workmen are attracted to that shop and wish
to stay with it. The boiler makers appreciate the ethics
of the foreman, even though they don't perhaps recog-
nize the condition by that name. To them, perhaps, it is
merely a “good shop” with no look forward as to what
makes it a good one to work in.

I recently asked a boiler maker why he liked so well to
work in Blank's shop. He admitted that they didn't pay
quite as high wages there as in some other shops, and the
work was pretty hard, but he stated the real reason for
his preference when he said: “Mr. Francis, I like that
shop because it's so sort of neighborly ™ The man didn't
know what made it a good shop to work in, but he knew
it was a good one, and that was all he knew or cared
about it

But, brather boiler makers, it is up to us, one and all,
to know more about these things. About “shop ethics,”
and all that sort of thing, for we can add a good deal
in that way toward making the shop “profitable and pleas-
ant"; and let me tell you one thing more, brother boiler
makers: if you want to make the shop pleasant, that's
up to us, and our own business entirely, but if we don’t
make the shop profitable—well, it won't be long before
there won't be any shop as far as we are concerned, for
the shop simply won't have us. That's all and final!

Snor Etnics

A “profitable and pleasant shop” does not depend en-
tirely upon ethics for its making or unmaking—not by a
good deal—but it does depend a whaole lot thereupon, and
the shop with good ethical principles is always more
pleasant and profitable than the one in which each and
every man seeks only to “do others before they do him!”
No, I don't blame vou for not wanting to stay in a shop
of that kind; therefore, just remember that the shop is
just what the men make it, and the better your shop
ethics, the better will be the shop—both as regards profit
and pleasure,

Shop ethics strike in guite a number of directions which
are not even noted in the above paragraphs. The time-
keeper can do a whole lot in ethics to make things or to
break them. His work and records are to be accurate
and exact, of course, and no hour or minute is to he lost
or added, but the manner in which the thmekeeper does
his daily work among the men has almost as much to do
with the mental condition of things in the shop as has
the influence and example of the foreman. Who ever
saw an ethically comfortable shop—one which was “good
te work in"—which carried a sour-faced, dyspeptic-look-
ing timekeeper, one who ware an undertaker's face from
Monday morning until Saturday night. Such a counte-
nance in the shop, be it on timekeeper, foreman or water-
boy, never helped the shop to he “profitable or pleasant.”
And if a man finds himself wearing such a face, for pity's
sake, take some liver medicine quickly and get rid of that
countenance. A man can’t be ethical when he's bilious,
but he won't be bilious if he's ethical, so there's a chance
far us all!
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There's just one other place regarding boiler shop
ethics which 1 want to take a shot at, then I'm done and
will shut up.
Now a man has no business in the sales department, any
more than he has in the shop, if he isn't ethical, so all
ye "ambassadors of commerce” get yourselves busy and
absorb and assimilate shop ethics in liberal doses and
you will sell a whole lot more boilers—and get better
prices for "em, too!

And, boys, there's another thing: don't try to sell boil-
ers until you know hoilers. A man who hasn't taken off
his coat and wrestled with boiler shells, dolly bars and
the rivet forge isu't fit to sell boilers. Before you try
even to “locate a prospect,” go into the shop and locate
a boiler and see what it looks like, inside and out, in the
stock pile and on the car.

Then, Mr. Salesman, you will know vour stock and be
able to talk all around all the other fellows. I don't care
a rap whether you are able to drive a rivet or not, and
as to whether you are able to calk a seam or expand a
tube so it won't leak—well, that don't concern me in the
least as long as you know how those things are done and
what they stand for.

Ernarcs For THE SaLESMAN

But, abave all other things, you must take a course in
ethics. There is only one kind—the kind which iz used
in the shop is the same old kind which is used on the
road or in the bank, so see to it that you lay in a mighty
good stock of first-class ethics and wou will sell boilers
all around the other chaps. “What's the difference?”
Well, just watch and listen to the salesmen as they come
around and sing their little songs! Here is one now.
All he knows or cares for is—himself. He is the great 1,
MNothing else matters. He is “i,” that's all there is to it.
He comes in “knocking” everybody else's hoilers. In
fact, there is only ane boiler in the world, and that's fis!

He proceeds to knock everything and everybody out-
side of his company, and when he gets through we feel
that the war in Europe has settled right here in our shop.
His descriptions and remarks are punctuated with the
mean things he can think of—or imagine—to say about
his competitors, and he has never a good word for any-
thing or anybody, When he goes, we feel a great relief,
as though a great calamity had passed and just missed
ug all

And then here comes the other fellow. He has a smile
as big as a Dutch oven and a hand shake like a bear hug.
Knock? Never heard a word from him. Why, he met the
other fellow as he came in, and straightway began to talk
about the man and to tell what a good boiler the fellow's
company put up. This salesman understands shop ethics,
all right, and gave the other salesman and his boiler a
reputation that would almost pass them through the
pearly gates, and then the salesman—and he is a sales-
man, too—begins to tell what better things his boiler has
than are found even on the competitor's extra good bailer:
paints the lily, this salesman does, whitewashes the glum
salesman, too, and makes a better man of that fellow than
he ever was or will he. And we think much hetter of the
departed salesman after that spiel. We think better of
everything, and we surely find ourself thinking best of
all of the boiler which is being so heartily talked to us.
We begin to feel that this boiler is the right one, and to
want this boiler and no other. Why? Just because this
salesman understands ethical and some other matters, and
puts evervthing hefore us in such a hright, pleasant light
that we fwant to do the things he so pleasantly holds up
to 1s.

We feel that he is right, that his boiler is right, and

And that place is the sales department.
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that we will be doing right in purchasing his boiler and
appliances, And that's what shop ethics are and are for
—ihe right and being right. There's nothing more to it
than that, but it is a mighty important thing and sure
makes everything in the shop—and out of it—all to the
good when we act as ethically as we can. And let’s all
learn all we can concerning boiler shop ethics, and then
do it!

Finding Valley Angles Graphically

Buoiler makers often have difficulty in determining val-
ley angles for hoppers and hoxes of the type shown in
Figs. 1 and 2.

From a drawing similar to Fig. 1, one corner may he

Valiey
i — : An.;_r.fa.s
Tap i
VIEW | :
! 1
g I
aanll s BEELS

i FliG. 2

FlG. |

laid out on paper, as in Fig. 3, and the valley angle ob-
tained as follows:

(1} From point a draw line a-c perpendicular to diag-
onal a-b and equal in length to H, the depth of the hopper.

(2) Draw b-c.

(3) From any point on a-b as d. draw d-¢, perpendicu-
lar to f-c,

(4) From d also draw line g-h perpendicular to a-b.
intersecting the top edges of the hopper at g and h.

(5) Lay off d-f on a-b equal to d-e.

{(6) Draw g-f and h-f,

{7) The angle between g-f and h-f is the required val-
ley angle.

For those familiar with a table of tangents, the follow-
ing formula will prove much quicker than the graphical

method.
Hxe

a}{b-

Tan. Valley Angle = — (See Fig. 4.)
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@, b and H are given dimensions of the drawing, ¢
equals the square root of H® plus C* equals the square root
of & plus & plus H*

As there is a minus sign before the value of the tan-
gent, the angle found from the tables must be subtracted
from 180 degrees to obtain the true valley angle,

Wn. D, TavLor.

Elyria, Ohio,

Development of a Y Breeching

BY J. L. WILSON

The ¥ breeching shown in plan and elevation, Fig. 1,

consists of a connection between a large cylindrical pipe
with axis I-d and two smaller cvlindrical pipes equally

THE BOILER MAKER
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semicirele at D and points a, B, ¢, ete., are projected down
to give points a, b, ¢, ete., corresponding on the elevation.
Lines 1-a, 2-b, 3-c, etc., are then constructed as shown in
this case by dot and dash lines forming the elements of
the surface.

Following the system of triangulation, lines 2-a, 3-b,
4-c, etc., are drawn as shown in this case as dashed lines
to distinguish them from the elements throughout the
problem,

These lines are all projected and drawn in the plan view,
as shown with their corresponding letters and numbers.

Now the simplest method to follow is to develop the
full section with d-4 as an axis and then cut off the part
d-C where the other section of the breech joins it.

Horizontal dotted lines are then drawn from a to (3
and through points 1, 2, 3, etc., as shown to form the dia-

Fig. 1.—Palterns

spaced from the axis of the larger one. In general the
smaller pipes will have some definite cross section as an
oval, circle or ellipse, ete., and the connecting piece he-
tween these and the larger pipe will not always be a true
cvlinder,
'
Divipiwg THE SURFACE

The circle or profile of hase £ is divided into an equal
number of parts by points 1, 2, 3 ete., and these are pro-
Jected up into the elevation to corresponding points 1, 2, 3,
ete. The same number of equal spaces are laid off on the

for Y Breeching

gram of triangles. The vertical through O remains fixed,
but the heights of the triangles vary according to the
heights of points 1, 2, 3, etc., as projected from the ele-
valion.
DEvELOPMENT

First take the elements 1-g, a-p. 3-¢y ete., and transfer
distance T-g from the plan view to the diagram of tri-
angles, laying it off as shown by peint I to the left of the
vertical line through point &, Then transfer 2. from the
plan view to the diagram of triangles, laving it off to the
left of the vertical, as shown by point 2. Fallow this
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method for all the elements to 7-g, since it is only neces-
sary to actually develop one side of the figure as the other
side 15 exactly the same only to the other hand.

Now connect points 1, 2, 3. ete., on the left of the ver-
tical in the diagram of triangles to the point O, which
gives O-1, O-z, ()-3, etc., as the true lengths of the ele-
ments I-a, 2-b, 3-¢, ete, Following the same method for
the diagonals, z-a, 3-b, 4-c, etc., we transfer 2-g from the
plan to the diagram of triangles, only laying it off to the
right of the vertical as shown by point 2. Similarly lay
off points 3, 4, 5, 6 as shown by transferring 3-8, 4-c, etc.,
irom the plan view to the diagram of triangles.

Now connect these points 2, 3, 4, etc., to () in the dia-
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¢-, ete., throughout the pattern are equal to each
of the plan view
Next with 7 as a center and with length 2 as a radius,

g-f, Fog

other and to the arcs g-f, f-e, ¢-d, etc,,

transferred from the profile, strike an arc through point 6
in the Intersecting this arc at 6, draw another
arc with ¥ as a center and with a radius equal to 6-C) on
the left of the diagram of triangles. This will deter-
mine point 6 of the pattern. Continue this process on
 the pattern until the pattern is determined
throughout by points 1, 2, 3, ,and a, &, ¢, ete.

The distances 1-2, 2-3, 3-4, ctc., of the pattern are equal
to each other and equal to length + of the profile,

'||;|_11_|_'r1l.

both sides «

efC.

It will
also be easier to follow the layout if it is noted that the

Fig. 2

gram of triangles, giving lines 0-2, 0-3, -4, ete, or the
true lengths of the diagonals 2-a, 3-b, 4-¢, ete.

Now by projecting the intersection of the breech and
smaller pipe to the left we obtain a profile in the form
of an cllipse. This profile is dividing into the same num-
her of equal parts as the section at £ in the elevation
siving length x as the length of one of these divisions

Laving Ovr THE PATTERN
Element 7-C' is transterred from the diagram of tri-
angles and laid off as 7-g in the pattern. This forms a
center line and the pattern is laid off equally on both sides
of it. Now with 7 as a center and 7-f as radius equal to
=-() on the right of the diagram of triangles draw an arc
through f in the pattern. Then with g-f as radius and g

as a center, draw an arc intersecting this are at £, Radii

Fig. 3

elements are dot and dash lines throughout and that the
diagonals have been carried throughout as dashed lines.

The next step consists of laying off the part to be cut out
for the mtersection of the other side of the breech as
shown by d-A-B-C-d in the elevation and pattern.

A new diagram of triangles is constructed to the left of
the ¢levation by projecting dotted hines hornizontally from
d, A, B and C and drawing a vertical throu

gh point P
I'ransfer e-A from the plan view and lay it off from the
vertical through P, giving point A°. Continue this with
f-B and g-C of the plan view, giving points B° and 7.
Connect these points with P, giving P-A4', P-B and P-C"
as the true lengths of that part of the elements, e-5, -6
and g-7, to be cut out. - Transfer these lengths to the pat
tern, laying them off from points e, f, g, respectively, and
draw in curve d-A-B-C-B-A-d, which, together with the
curve drawn through points previously obtained on the
pattern, complete the outline as shown. The part of pat-
tern to be left out iz shown by a dash line and 15 only
used for convenience in laving out.

Collapse of Steel Stack
BY FRANE T. SAXE

The accompanying illustrations show a 150-foot steel
stack built last summer, which was blown over in a recent
storm. . The stack was 7 feet 6 inches diameter, made of
7/16-inch, 34-inch, 5/16-inch and %§-inch stock, costing
about $1,100 for erection.

Fig. 1 shows the base of the stack, and in the lower
right-hand corner the dark space shows the hole in the
roof where the stack formerly stood. It is clearly seen
that the stack jumped about 6 feet from the spot where
it was erected when it was blown aver.
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Iig. 2 gives an idea of the length of the stack, and also
shows how it broke in two. A better view of the break
is shown in Fig. 3. in which can also be seen a concrete
Lridge connecting one building to another which the
stack struck when it fell and over which it bent at right
angles. The way in which the stack collapsed is shown
i Fig. 4, the material shown in this view being I4-inch
stock,

The apparent reason why this stack fell down was due
to the fact that one end of a turnbuckle which was not

Fig. 4

welded opened out, so that when this gave away the others
straightened out and the stack was no longer supported
against the force of the storm.

Too much stress cannot be laid upon the importanee of
welding the eves of turnbuckles when used in holding a
large stack. In this case there were four sets of guys
supporting the stack and the base rested on [-heams.

Cavses oF Hovevcome ow FLve SHEeTs.—The forma-
tion of honeyveomhb on flue sheets is doubtless contributed
to by the presence of excess ash material and sulphur in
the fuel. In this connection it is interesting to note that
the fine material produced in the ordinary process of
mining has a higher percentage of hoth ash and pyrites
(iron sulphide) than is present in lump coal taken from
the same mine. In a series of tests conducted by Prof.
5. W, Parr, of the University of 1llinois, on samples of
eoal from seventy-five mines in that State, each mine
being represented by one sample of screened lump coal
and one of screenings, the results showed an almost um-
form ash percentage in the screenings, at least double
that of the ash in the lump coal. In run-of-mine coal
the product is somewhat deceiving, having the appearance
in the mass of being very largely lump material. Of
course, it is possible for occasional car loads of run-of
mine coal to be fully equal to the best screened liump from
the same mine, but the fine material must sooner or later
come along somewhere in the output.  After the hlast and
the breaking down of the coal at the working face the
miners enter and clean up the rooms by sending out first
the coarse or lump material, At the clean-up, which is
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made before the new drill holes are started, that part of
the underlying floor which has been more or less pulver-
ized and loosened in the various processes is shoveled up
and sent out along with the coal. In this way it is evident
that the fine material will be much higher in ash and will.
moreover, contain mineral constitvents which usually are
in themselves higher in sulphur. Therefore, in run-oi
mine material there will often occur exactly those physical
conditions of fineness of division and high content of
ironn pyrites which are productive of pasty articles that
can be made to grow by small aceretions, finally forming
a honeycomb structure on the flue sheets—Electrical
World.

Double Oblique Pipe Connection
BY GEORGE A. JONES

To develop patterns for an oblique pipe connection, as
shown in the general plans, proceed as follows:

First draw the plan and elevation of the center lines.
The vertical pipe in the plan is set to one side of the
horizontal pipe, a distance equal to 5-B,. The elbow is
above the horizontal pipe a distance equal to B-A4, in the
elevation.

First find the true angle of the elbow, as shown in Fig.
1. Lay off the distance D-C equal to B-C in the plan.  A:
right angles to D-C, Fig. 1, draw the vertical line -4
and make the distance -8, Fig, 1. equal to B-4, in the
elevation, and also B-A equal to H-A in the elevation,
Draw the diagonal B-C, which is the true length. The
angle 4-B-C is the true angle.

The outline and profile can be drawn in in the usual
way. Next, it will be necessary to get the true angle of the
branch, as shown in Fig. 2. On the horizontal line, Fig.
2, set off the distance B -X equal to B -C of the plan. At
right angles to B-X draw B -B equal to B-C of the ele
vation. Then draw the diagonal B-X, which gives the
true angle of the branch.

TrRUE

LENGTH oF THE BRANCH

Now check Figs, 1 and 2 and see if BC, Fig, 1, equals
B-X, Fig. 2, These are both the true lengths of this piece
of pipe, and, if the layouts are found to be eorrect thus
far, proceed to outline the pipes in the branch connection
in the usual way, and letter these lines 4, B, C. D, E. F, (-

Before we can combine in one piece the pattern for
this section, we must draw another view in arder to find
how much the developing lines for the branch are offset
from those for the elbow. Below Fig. 2 and parallel
with the line B-X draw the line R-K,. Upon this line lay
out plan No. 2, which is exaetly like the frst plan. R-B
equals B-B and B-C equals B-C. To the left of plan
No. 2 draw elevation No. 2, which is like the first eleva-
tion. K-C equals 4-4, and K-4 equals 4. -C.

Horizontan Pire

Now we will draw the hole in the horizontal pipe, plan
No. 2, as it will appear when in its proper position, or
in the position shown in the elevation. Deaw -0 at
right angles to B-C and space the half circle into six
spaces the same as in the branch, and letter the division
points A4, B, €, D. Draw lines through these points to
the right and parallel to K-R,. Drop lines from similar
letters in Fig. 2 and locate points 4°, B, (7, D, in plan No.
2. A smooth curve drawn through these points repre-
sents one-quarter of the hole. The remainder is found
in the same way, although only one-guarter is all that is
needed for the layvout,

In plan No. 2 the line B-C represents the axis of this
pipe, and it also represents the throat or highest position
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of the elbow marked & in Fig. 1. Therefore, if this line
B-C iz extended to the curved portion of the hole, and
point & is located, then a line drawn parallel to R-FK, will
locate 5, in the circle. This point determines the relation
between the developing lines for the elbow and the de-
veloping lines for the branch. With this muech known,
we can now proceed to lay out this section of pipe.

In Fig. 4 draw the line B-B, the length of which is
equal to the circomference. Square up the plate and
mark the length B-C equal to the length B-C, Fig. 1, or
B-X, Fig. 2; both are the same and true lengths, Now
take the distance B-L, Fig. 1, and place it on the line B-C,
as shown in Fig. 4, and mark B-4. On the line 4-4 step
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points B and C, and, as 5, in elevation No. 2 represents
the throat or the line N-1 in the pattern, Fig. 4, it also
must fall hetween the points B and O Now with the
dividers take the length 5, to B in elevation No. 2 and
place it to the left of the line N-1 in Fig. 4 and locate
point B, Lay off one-half of the circumference to the
leit of B and locate point F, dividing the length into six
spaces. Continue these spaces to the left of F and to the
right of B, running one space over the sides of the pat-
tern, as shown by the dotted section. Number these
spaces, as shown, in proper order, and through these
points draw lines parallel with the line B-C. Next take
the lengths of the lines 4, B, C. D, E, F, & in Fig. 2
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Double Oblique Pipe Connection

off twelve equal spaces, and through these points draw
lines parallel to B-C extending up above the line B-B.
As it 15 customary to lap elbow work on the side instead
of a few holes at the throat, we will lap this elbow on
the side, as this makes the neatest looking job. Take the
lengths of lines 1 to 7 in Fig. 1 and lay them off on cor-
responding lines in Fig. 4. A smooth curve drawn through
these points will finish the elbow layout.

Brancu Pire

Turning now to the branch pipe, in order not to con-
fuse the lines we will draw another line parallel to 4-4
an inch or so from it, as shown by line E-F. Now, as
shown in elevation No. 2, the point 5, falls between the

atd lay them on similarly lettered lines in the pattern.
The dotted pattern is used only to finish drawing the
curve and is not left on the pattern. Allow for laps and
flanging and this completes the pattern.

The hole in the pipe is obtained in the regular way, as
15 also the top section of the elbow. Defore allowing the
pattern to leave his hands, the layer out should check the
overall length B to € and also the twist §, to B, The
layer out should also be sure that the elbow of the branch
was started on the right lines.

In the layout given no allowance has been made for
the thickness of material, so in taking the length 5, to B
it should be taken on the centerline of the irom.
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Layout of a Spiral Pipe
The profile and elevation of a spiral pipe are shown
in Fig. 1. The pipe is shown as if wound spirally around
# cylindrical column egual in diameter to the diameter
of the pipe, so that as the pipe makes one round of the
column it rises through a distance equal to one and one-
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would be just as long as the full circumference of the
outer circle 1-7 in the profile. But it is not shown in its
true length, as it should be for development.

To make the diagram smaller let us take one-half the
length of one round of the pipe and, as shown in Fig. =,
lay off 1-7 equal to the semi-circumference 1-7, Fig. 1.
From 7, Fig. 2, lay off 7-C equal to A4-C, Fig. 1, and draw
the diagonal 1-C represented by A-C, Fig. 2. This will
be the true length of the longest side of the pipe for one-
half of a revalution around the column. Divide this line
A-C, Fig. 2, into six equal parts by points X, ¥, B, F and
Z. Then take any section, such as B-F, and construct an
outline of the elbow as follows:

ConsTrUCTION oF ELBOWS

With w as the center of B-F, Fig. 2, lay off w-z, equal
to the diameter of the pipe. Through o line D-E is drawn
equal to arc a-y, Fig. 1, and points B-D-E-F connected
to form the outline of the elbow as shown, This is a
section of a eylinder and is subdivided in the usual man-
ner to he rolled out in pattern.

The section B-D-E-F, Fig. 2z, 15 subdivided into six
equal parts by lines a-o, b-k, c-h. etc., projected over from

Fig. 2.—Diagram and Paltern

quarter times the diameter of the pipe, as shown in Fig.
1 by A-E.

Division oF PIrE 1870 ELsows

In order to lay out such a pipe in a simple manner it
15 necessary to divide it into elbows, so that one pattern
will apply to all elbows or sections. The clevation, Fig. 1,
shows the pipe as though it were continuous and without
elbows, but is used only to assist in laying out the pattern
and does not represent the Anished pipe. In this case
twelve sections are used for one complete round of the
pipe, and as shown in the profile the semicircles about A
as a center are divided into six equal parts by points 1, 2.
3. etc. The axis of the pipe is shown by dot and dashed
lines, while the outline is shown by the dashed line semi-
circles.

If the pipe.were unwound so that its axis formed a
straight line we could represent it by a straight eylinder
equal in length to a line drawn completely around the
outside of pipe from A to E, Fig. 1. This line in profile

points 1, 2, 3, 4, etc,, of the half profile shown by dashed
lines,

Laving Our THE PATTERN

On a continuation of w- then lay off m-n equal to one-
half the circumference of the pipe and on it lay off per-
pendiculars which will divide it into six equal parts.
Project points @, b, ¢, — o, k. I, etc,, to their respective
perpendiculars, giving points @', ¥, ¢, etc, and o, ¥, I,
ete. Now draw B'-F" and [Y-E’ the extremities of the
half pattern and connect points a', ¥, ¢, etc., and o', ¥, ',
etc., by curved lines I'-B" and E'-F" to form the outline
of the half pattern of the elbow. The other half pattern
will be exactly the same, only reversed in direction, and
the full pattern will apply to all sections of the pipe.

This forms a simple method of developing a difficult
problem without making complicated projections on the
original plan and elevation, and depends on the same
principles as the development of a serew thread.

J. L. Witson.
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boiler shops in North America, oz well o5 in many of the leading boiler
shops in other parts of the world, ond that mearly every subscriber iz
it her JOn owHer, moRg@er, superinfendent, foremam or loyer-oul.  Our
subseription books ore alweys apen Er tREpEcHon,

Tue BolLER Maker {5 oie of § 7
Burgguw of Circulations,

5,500 copier of this ifrne were prinfed.

KNOTICE TO ADVERTISERS,

. Changes to be made in copy, or in orders for advertisements, must be
in our kands mot lofer tham the 150h of the month, fo insure the carrying
out of such instructions in the ixnwe of the month follousing.

In the excellent article on electric are welding in hoiler
shops, contributed by Mr, George W. Cravens, of the
C & C Electric & Manufacturing Company, to our Feb-
ruary issue, an unfortunate error was made in printing
one of the statements made by the author regarding the
benefits to be gained through the use of arc welding. On
page 33 of that issue the following statement appears:
“Aside from the inconvenience of the process, it is a
better, quicker and cheaper one than any other methaod
of making permanent joints of great stremgth” This
sentence should read: “Aside from the convenience of the
process, ete.” To anyone who is familiar with the process
of electric arc welding as applied to boiler work, the in-
congruity of the statement as printed in the February
issue is obvious, for one of the principal advantages of
electric arc welding 15 its convenience,

The ecompletion of the boiler code, formulated by the
American Society of Mechanical Engineers, marks a
turning peint in the history of steam boiler construction
in the United States.
by the existence of various conflicting boiler codes, there
is now available a standard which should tend to bring
about uniformity and greater safety in boiler practice.
The amount of work involved in formulating this code,
and the amount of time gratuitously given to the work
by the experts who composed the committee, can be real-
ized only by those who were constantly in touch with the
activities of the committee.

Ot of the chaotic conditions caused

It is sufficient to say that of

orypmel members of the Awndilc
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the thousands of men directly or indirectly interested in
the construction and use of steam boilers, a great many
took advantage of the opportunity to place at the dis-
posal of the committee their ideas and the results of their
experience, so that the code as finally adopted and ap-
proved by the Council of the Society, represents not only
the expert knowledge of the members of the committee,
but also the knowledge and experience of hundreds of
others interested in one way or another with the con-
struction and use of steam boilers. [t 18 encouraging to
note that even before the A. 5. M. E. Code was com-
pleted, at least one State had taken action providing for
the adoption of this code. This was the State of Wiscon-
sin. Indiana has fer some time withheld action towards
revising its boiler code, awaiting the completion of the
A. 5. M. E. Code, and it is quite probable that Ohio will
also adopt the new code. At least four other States—
Florida, New Jersey, Tennessee and Pennsylvania—are
considering the adoption of the code, and it is to be hoped
that others will speedily follow.

In discussing the report of the sub-committee on rail-
roads, presented at the annuwal meeting of the American
Society of Mechanical Engineers, F. J. Cole, consulting
engineer of the American Locomotive Company, de-
seribed a method which he has recently developed for
adapting cylinder horsepower requirements to proportion-
ing locomotive boilers, With this method, suitable values
are assigned to grate surface, tube heating surface, etc.,
with corresponding evaporative values, so that the balance
between the amount of steam required by the cylinders
and the amount of steam which the boiler is capable of
generating can be expressed in percentage of cylinder
horsepower. As a result of careful investigation, data
were obtained on which to base the evaporative values of
different parts of the boiler. For firebox heating surface,
combustion chamber and arch tubes, an evaporation of 35
pounds per square foot was adopted. For tubes and fues
from 10 to 24 feet lcrng:. of 2 inches, 2% inches and 314
inches outside diameter, spaced /16 inch to I inch, the
evaporation adopted was from 7.50 to 14 pounds per
square foot per hour. The grate area required for bitu-
minous coal was based on the assumption that 120 pounds
of coal per square foot of grate per hour is a maximum
figure for economical evaporation. For hard coal the
grates should be proportioned for a range of from 35 to
7o pounds of coal per square foot per hour, according to
the grade of the fuel. Complete tables of horsepower for
saturated and superheated steam, evaporation of tubes and
flues of varions lengths, diameters and spacing, and dia-
grams of temperature of flue lengths have all heen pre-
pared to facilitate the caleulations in determining the
proportion of grate surface, firebox, tube and flue heating
surface. This information will be found of much value to
locomative boiler designers and should result in hoilers
better proportioned for the work for which they are de-
signed.



Engineering Specialties for Boiler Making

New Tools for the Boiler Shop and New Fittings
for Boilers—Safety Appliances for Practical Use

Safety Rivet Set Retainer
The George Oldham & Son Company of Frankford,
Philadelphia, Pa., manufacturers of pneumatic tools and
appliances, have recently placed on the market a safety
rivet set retainer which is a decided step in advance in

the “Safety First” movement. The details of the device
are clearly shown in the illustration. Omne of the chief
advantages claimed for it is its flexibility, as it can be used
on a pneumatic hammer of any make. The retainer
weighs 2 pounds,

Mew Powell “Irenew’ Valve

The William Powell Company, Cincinnati, Ohio, has
placed on the market a new iron body bronze-mounted
valve made in sizes of %4 to 2 inches, inclusive, with

screwed ends suitable for 130 pounds working steam
pressure. The body is of cast iron with four guide ribs
cast in the neck extending down close to the seat for a
true axial guide to the disk while opening or closing the
valve. The valve seat ring is cast of white “Powellium”
bronze, a non-corrosive metal applicable to most tem-
pertaures of superheated steam, or cyanide solutions.

Whenever a renewal is necessary, it is simply necessary
to unscrew the seat ring by means of a flat tool of any
kind engaging the lugs projecting from the inner circle.
The valve disk is of the renewable horseshoe type ar-
ranged to slide over the head of the stem nto a socket,
permitting it to swivel freely. It is cast of white
“Pawellium” bronze, making it practically indestructible.
For regrinding, it is simply necessary to release the
bonnet by unscrewing the hexagonal end, withdraw the
valve trimming and insert a pin or nail of suitable size
through a drill hole to lock the disk. Fine sand or brick
dust, ground glass and soap water is then applied to the
disk, and it is rotated back and forth on the seat ring
until a good bearing is obtained. The valves are made
in globe, angle, cross and check valve patterns with
screwed ends.

Lutz Compression Wrench
The Lutz compression wrench, manufactured by the
Lutz-Webster Engineering Company, Inc., Philadelphia,
Pa., is a universal tool which, it is claimed, can be applied
to almost any job which confronts the machinist, boiler
maker, steam fitter, engineer or manufacturer. Iis con-
struction and operation are clearly shown in the illustra-
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tion. It is evident that it will be especially useful for
driving studs, taps, reamers, drills, ete., and for the ad-
justment or installation of pump and valve rods, pins,
shafts, bolts, pipe fittings and the like.

The Tool-Om-=Eter

The Tool-Om-Eter, which has just been placed on the
market by the New Jersey Meter Company, Plainfield,
N. T, is an instrument for the measurement of air used
bv pneumatic tools. The meter is so constructed that it
shows direct on a scale in cubic feet of free air per
minute the flow of air in a pipe or hose. Reference to
the sectional drawing will show that there is only one
moving clement consisting of a weighted piston in the
upper or metering cylinder, a small piston in the oil dash-
pot cylinder and a rod joining the two pistons and extend-
ing upward, where it moves freely without contact inside
the sight glass at the top of the meter. This moving ele-
ment floats on air and is, consequently, frictionless and
non-wearing. The rod rises and falls with the pistons,
so that its height in the sight class corresponds exactlv
to the position of the piston in the metering cylinder,
The scale plate mounted against the outside of the sight
glass permits reading the exact height of the top end of
[I'Il._' rnfl.

The meter operates in accordance with the well-known
law that the volume of a definite compressed fluid, or
gas, flowing under small constant head through multiple
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..._rjﬁu:n:s of the same shape and size is directly propor-
tional to the number of orifices exposed to the flow. It
can be seen from the sectional drawing that the air enters
at the lower left-hand opening into the chamber sur-
rounding the dash-pot cylinder and passes through ported
apemings into the interior of the meter cylinder, the wall
of which is drilled with a large number of small, accu-
rately reamed holes uniformly spaced. To pass to the

outlet chamber the air lifts the piston and exposes some
of these holes to the flow. A small head, or difference
of pressure, is established between the interior of the
cylinder and the outlet chamber, the pressure difference
amounting to only a few ounces per square inch, being
fixed by the exact weight of the moving elements and the
area of the piston on which the difference of pressure
acts. The moving element rises until the weight is ex-
actly supported by the difference in pressure.  The pistons
and rod are then floating in static balance in a position
corresponding exactly to the volume of air Howing, the
number of holes exposed and the height of the top of the
rod in the sight glass.

An accurate and easily handled instrument of thiz sort
is especially useful for comparing the eeonomy of dif-
ferent makes of compressed air tools and for maintaining
efficiency at a maximum by knowing how much air such
tools take when new and after use, and hefore and after
repairing, adjusting or putting in new parts. While prac
tical men can judge the work performed by pneumatic
tools, they are unakle to judge when the air consumption
of individual tools is excessive. A tool may work fairly
well, even though the rated air consumption may be ex-
ceeded Ioo percent or more. The Tool-Om-Eter, it is
claimed, will detect and measure any leakage in air lines,
valves, hose, cocks, etc., and determine the net volume
of actual air produced by compressors for comparison
with a nominal rating or displacement, and, therefore,
show whether the machines are operating efficiently or
not.

These meters are manufactured in two sizes, one known
as the Tool-Om-Eter, of 10 to 1oo feet capacity with 1-
inch openings, which 15 recommended for most small tools,
such as chipping and riveting hammers and drills, rated
by manufacturers at not over 60 feet per minute when
new, and another size styled the “Drill-Om-Eter,” of from
go to joo feet capacity with 2-inch openings for large
drilling machines, motors, air lifts, compressors, etc.

Stow Two=Spindle Drill
The Stow Manufacturing Company, Binghamton, N. Y.,
has placed on the market a two-spindle drill particularly
adapted to heavy work such as would be reguired in ma-
chine shops, railroad shops, shipyards and large industrial
plants. One spindle is fitted with a Jacobs chuck taking

S. 5. drills up to 2 inch running at a speed of 450 revo-

lutions per minute. The second spindle takes M. T. drills
up to 34 inch, operating at a speed of 225 revolutions per
minute. The drill is furnished complete with a breast
plate and screw feed and will drill holes up to a 1-inch
diameter in cast iron,

This tool is claimed to be the only two-speed, two-spindle
drill on the market, and among the special advantages
claimed for it are greater power for heavy drilling from
the large spindle and the ease with which either spindle
can be reversed, which will be found a great advantage
in light tapping, etc. The tool 15 operated by electricity
and, as shown by the illustration, can be readily attached
to an ordinary socket.

Imperial Oxy=Acetylene Equipment

Orxy-acetylene welding and cutting equipment, possess-
ing some new exclusive features, has recently been placed
on the market by the Imperial Brass Manufacturing Com-
pany, 1204 West Harrison street, Chicago, Tll. For the
safe, efficient, economical and continuous operation of
oxy-acetylene equipment two vital points ‘are necessary,
namely: (1} Thorough and uniform mixing of the two
gases emploved, and (2) close and accurate regulation
of both volume and velocity of the gases delivered to the
mixing chamber of the torch, and ability to maintain a
sudden fixed pressure under continuous operating condi-
tions, as well as to control a wide range of pressures
called for by the various requirements of service. These
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features, it is claimed, have heen attained in *'Imperial”
welding and cutting equipment.

A new principle is used for mixing the oxygen with the
acetylene. Before entering the mixing chamber of the
totch the oxygen under high velocity passes through a
spiral groove which imparts to it a whirling motion. The
whirling motion of the oxvgen, it is claimed, causes it to
mix thoroughly with the acetvlene, with the result that a
uniform mixture is obtained before the gases reach the

Cutting Equipment Welding Equipment
combustion point, In this way a saving of oxygen is
obtained, together with an incraased intensity of the
welding fame and greater efficiency in cutting,

“Imperial” welding and cutting torches are fitted with
interchangeable tips to cover all ranges of work within
the limits of the process. The needle valves permit a fine
adjustment and are located so that the operator can make
any desired adjustment of the flame with the hand that
halds the torch, making it unnecessary to lay aside the
welding stick. Due to the thorough mixing and accurate
regulation of the gases, the welding flame generated is a
long, white, incandescent jet free from carbons and
oxides, The cutting Hame 15 a very closely confined and
accurately proportioned jet designed to make a clean,
quick, narrow cut with a minimumn consumption of gas.

“Tmperial” regulators, it is claimed, deliver an abso-
lutely constant pre-determined volume and velocity of gas
to the torch and the movement of the valve with relation
to the valve seat is limited in such a way as to prevent
cutting of the seat, thus insuring long life. In cutting
operations under high-pressure “Imperial” regulators will
automatically shut off in an emergency.

A Correction

We are informed by the National Tube Company, Pitts-
burg, Pa., that the statement published on page 66 of our
February issue, which reads in part as follows, “The
Worth  Brothers-Coatesville  Rolling  Mill  Company,
Coatesville, Pa., which holds the unique position of being
the only tube manufacturer that ean supply itself with
hasic open-hearth steel skelp for tube manufacture . . . "
is incorrect for the reason that the National Tube Com-
pany has for a number of years used hasic open-hearth
steel in the manufacture of boiler tubes, and this material

'~ H.
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is still used by them for this purpose. They have also
used this material for a number of vears in the manu-
facture of both lap-welded boiler tubes and pipe, and also
in the manufacture of seamless tubes from ore to the
finished product. It should be understood, therefore, that
the National Tube Company was the first tube manufac-
turer to use basic open-hearth steel in the manufacture
of boiler tubes, and has continuously used this material
up to the present time.

Boiler Inspectors’ Annual Dinner

The fifth annual dinner of the New York section of the
American Institute of Steam Boiler Inspectors was held
at Rector’s in New York City on February 20, Over one
hundred attended the bapquet and the evening was one
of the most entertaining and enjoyable the boiler inspec-
tors in New York ever held, Among the speakers were
Dr. ]. 5. Jacobus, consulting engineer of the Bahcock &

Wilcox Company ; Fred R. Low, editor of Power; Herman

van Ormer and John H. Gleason, of the Hartiord Steam
Boiler Inspection and Insurance Company, and others, in-
cluding the newly elected and retiring officers. Michael
Fogarty, one of the best known boiler manufacturers imn
MNew York, acted as toastmaster.

Personal -

Harry ]. Ernst, formerly advertising manager of the
D, T.
E. E. Mullane, recently elected president. =
: A, Lacerda was appointed gang foreman in charge
of the boiler department work in the tank department of
the West Albany shops of the New York Central Railroad
on February 1, vice 0. Shellenberger deceased.

C. E. Lester, formerly with the American Locomotive
Company at Dunkirk, N. Y., and well known as a valued
contributor to this journal, has been appointed foreman
boiler maker of the west bay of the Sayre shops of the
Lehigh Valley Railroad, succeeding Mahlon Stark, who
has been appointed hoiler inspector.

M. E. Sherland, general foreman boiler maker of the
Missouri-Facific Iron Mountain Railroad shep at Me-
Gehee, Ark., for the past five years, received the appoint-
ment of postmaster at MeGehee on February 4, to become
effective March 2.

Thomas F. Nurten, formerly hoiler inspector with the
Missouri-Pacific Iron Mountain Railroad, become Mr
Sherland’s successor as foreman hoiler maker.

Wallace W, Manning, chief inspector for the New York
branch of the Hartford Steam Boiler Inspection and In-
surance Company, died of pneumonia December 27, 1014,
at his home in Brooklyn, N. Y. aged thirtv-four. Mr,
Manning was with the Hartford Company for sixteen
vears and for the last six years was chief inspector.

John W. Exler has been elected president of the James
Lappan Manufacturing Company, of Pittsburg, Pa. For
over forty years Mr. Exler has been actively engaged as
a beiler maker and iren worker, holding important posi-
tions with various large concerns in Pittshurg and ather
places.

Williams Valve Company, Cincinnati, Ohio, has -
been elected treasurer of the company, suceeeding Mr.®

¥



Letters from Practical Boiler Makers

This Department is Open to All Readers of the Magazine
—All Letters Published Are Paid for at Regular Rates

Old Boilers in the Wilds of Panama

Waste? There probably has never been such a splendid
aggregation of waste in the history of the Western Hemi-
sphere, if not of the world! Locomotives, dredges, steam-
shovels, steam-scrapers—pulleys and wheels and hoilers-
the last-named in particular, and by the countless
hundreds !

Jack Roosa, who has an eye to figures, counted—well,
no matter how many, just rusting away amid the rushes
and the reeds and beneath the palms of the jungle—simply
rotting—it’s more that than rusting—within plain view
of the Panama Railway: and all over the line of the

S : ]

Discarded Fremch Boiler al Panama

French course of operations on the Isthmus of Panama
there are more and still more such !

These old boilers, often overgrown with ivy and seem-
ingly buried, in part, by tropic vegetation, are souvenirs
of the French attempt to build a Trans-Isthmian canal
and of the work of De Lesseps, which ended in such
glorious failure, 5Somehow or other they seem just the
proper foil against the magnificent work of the American
engineers here—to show the latter in ats proper light
They represent the days of graft and inexperience and of
make-for-vourseli-what-you-can-put-of-it—in sharp con-
trast to which the finished canal awaits such fleets as
may care to pass through,

The old boiler in the picture is resting on a slope near
Corozal.

Cincinnati, 0. Frrix J. Koch.

The Boiler Maker Apprentice

I have read various articles on training and educating
apprentices and I have heard a lot about what the different
railroad companies are doing toward making first-class
mechanics out of the apprentices. In an article on the
apprentice question published in the November, 1014, issue
of Tue Boicer Maxer, the author of the article refers
to the old-time boiler maker. 1 would like to say that
my views of the question are that the old-time hoiler
maker’s day is a thing of the past, for the simple reasan
that railroad officialz do not take proper interest in the

botler maker apprentice or in the boiler maker in order
to develop the men into the kind of mechanics that boiler
makers were in the olden days.

Less encouragement is offered for young men in the
hoiler maker’s trade than in the machinist's trade. What
I mean by that it that when a young man secks apprentice-
ship in the railroad shop, more than likely he will select
the machinist's trade in preference to the boiler maker's
trade, because he knows that the boiler maker never gets
an opportunity to hold a position higher than foreman
of the boiler shop, although, occasionally, on some of the
roads, a boller maker is promoted to the position of gen-
eral master bmler maker,

[ must admit that a large percentage of the men who
are following the boiler maker’s trade, and call themselves
boiler makers, are men of a very rough character. The
height of their ambition seems to be to beat their brains
out against flues and staybolts month in and month out.
When pay day comes around they will draw their pay
checks and probably keep out enough to pay their board,
while the balance will go into the hands of some saloon-
keeper, or into some poker joint or other disreputable
place,

On the other hand, there cannot be found anywhere
hetter men, either morally or mentally, than some of the
men who are following the boiler maker’s trade, wha are
working for the betterment of themselves and of the
company by whom they are employed. I am sure that if
these men, who are showing the proper spirit, should be
taken hold of by some good capable officer of the company,
and he given the proper encouragement, they would in
return he of greater benefit to the company. Moreover,
they would show the other class of men referred to ahove
what they are doing for themselves, and this would natu-
rallv have a tendency to make the other men “sit up and
take notice,” so that eventually they would begin to realize
that they would never accomplish anything by the way
they were conducting themselves, and would soon get
busy and try to make something better of themselves.

If this were done, what would be the consequence? In-
stead of on every pay day having half of the hoiler shop
force out on their monthly jag, we would have our full
shop force all the month ‘round and everyone would be
working to better his own condition, and, consequently,
the railroad companies would he getting better results
from a better class of men, and the foreman also would
have an easier time, for he could place his men on jobs
without worrying about whether he was going to get a
good job done or not,

[In my shop, at one time, there was an opening for a
boiler maker apprentice. It was impossible for several
months, however, for me to get a boy who would accept
the job. T went to several young men who were working
around in different departments, waiting for their turn
to go in as machinists’ apprentices. I tried very hard
to get one among them, but one of them told me he would
prefer to wait a year longer and get in as a machinist’s
.'_L[:prrntite and take the chance of some day heing a general
foreman or master mechanic, than he would to take up the
boiler maker’s trade, and spend the balance of his days
driving staybolts and rivets.

There is no doubt in my mind that if the boiler makers
were given as much encouragement as the machinists,
when it hecame necessary to appoint a man as 2 round-
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house foreman or general foreman, the boiler maker would
make just as good a man for the position as the machinist
and, in some cases, better than some of the machimists
that I know of who are now filling such positions.

Take, for instance, the apprentice instructor. The writer
served his apprenticeship in a shop where there was an
apprentice instructor, who was by trade a machinist. In
the mornings he would hold his classes with the Dboiler
maker apprentices, and in the afternoon he would spend
his idle moments in the machine shop with the machinists’
apprentices, and he very seldom came over to the boiler
shop to see how the apprentices in that department were
getting along. If a drawing or sketch of some part of
a locomotive or some tool was to be made, the machinist’s
apprentice was always selected to make the drawing.

The reader, I think, will readily agree with me that
the railroad companies cannot expeet to make any better
hoiler makers out of their boiler maker apprentices as
long as they are not given any more encouragement along
mechanical lines and also as long as their ambitions for
promotion are not gratified when they have proved them-
selves capable. After a close analysis of this subject I
do not see any reason why the boiler maker, tramed as
we have suggested, would not be capable, in preference
to all others, to fill such positions as general foreman or
master mechanic.

It is a fact, however, that very little thought is given
to the study of what the modern locomotive boiler rep-
resents in original cost, in the theory of its construction,
and in its maintenance, which are the most important fea-
tures of a locomotive. Compare, for instance, the locomo-
tive boiler of twenty years ago, or even ten years back,
with its 130 pounds pressure, its small heating surface and
insignificant requirements, with the superheater Mikados
which, with a full tonnage, ignore grades and almost every
other obstacle, except orders, jumping this hill, pounding
down a grade, driven as though by a madman, with every
pop valve up, and a smiling fireman, and best of all, an
unhindered trip. This is the kind of service railroad com-
panies want, and it is what they get, but still how little
encouragement they give to the men who know how to give
this service and how to maintain it!

Another thing that is very important and must not be
neglected by anyone, is the Federal Locomotive Boiler
Inspection Service, which is part of the work of the
Interstate Commerce Commission. This is no little thing
ta eonsider, as everyone knows what it means to overlook
the rules prescribed by this service. It not only means
trouble for the railroad company, but it means trouhle
for the officer in charge, who is held responsible for the
inspection, test and repairing of locomotive boilers.

Referring again to the apprentice question, here is where
the apprentice needs a jacking up; all of them, excepting
none. If they do not develop along the above lines, they
should he thrown out bodily. They should know first
something about laying out and the chemical analysis of
boiler plate, rivets and staybolts. What I mean by this is
that they should simply memorize these formulas and
familiarize themselves with the most important properties
in the manufacture of different grades of material, so
that in time they will appreciate the knowledge, however
little they may be fitted for scientific observation, They
should study how iron is tested for its value in resisting
stresses. [ do not mean the deeper problems in mathe-
matics (that should not he expected of an apprentice},
but they should know every possible detail of the seientific
side, as by studying this their curiosily and interest will
be aroused, and if they show the proper spirit they will
he able to zo inte the subject more fully,
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The apprentice should also have some idea about the
heat units in coal, what they are there for, how many a
properly designed boiler catches, how many it lets go by,
and what the boiler does with them after they are caught.
By teaching the boiler maker apprentice these things you
will prepare him just as well as you could equip any
apprentice in the machine shop for a position of trust and
responsibility. It is not 50 much a matter of the actual
trade that the voung man has been developed in, in the
present railroad shop, but it is more a matter of what
attention and what demands are made on these young
men. Proper attention is not only for their own benefit,
for with consistent encouragement these men can give
a great deal more in return than they have ever received.

The reasons why I base this letter so strongly on the
question of the boiler maker being made a general fore-
man, is that [ do not think it altogether requires so much
mechanical ability for a man to hold such a position, but
it requires a man with some technical knowledge and a
fair education, and a man who knows how to handle men,
to obtain the best results. [ am sure that such men can
be selected from the boiler shop as well as from the
machine shop. When vou have found a man of this kind
yvou will he able to obtain as good results, if not better,
towards increasing the monthly output of the shop. Asa
matter of fact, the boiler maker has been held back and
not even considered, not because he was lacking in ambi-
tion, but because he has not been given an opportunity
to show what he could do in a position of this kind.

Adfter these long vears of being mastered by a machinist,
and having them think that they are the only ones that
have any brains, the boiler maker will be as proud of one
of these appointments az some men would he if elected
President of the United States. This would be true, not
because he had been honored se much, but because he
would have an opportunity to show the mechanical trades
that a boiler maker had strived hard to obtain a goal
honored among tradesmen, and had finally won.

I hope that every reader of Tue Bomwer Mager will
give this subject due consideration, and I would also like
to hear from others on this same subject.

H. C. Aaroxn,
Foreman Boiler Maker, Southern Railway Co.
Alexandria, Va.

Talks to Young Boiler Makers

Laying out is one of the most interesting parts of boiler
making. I venture to sav that the greater percentage
of men who are perfectly capable of designing a boiler
could not lay out the work required to produce it. |
have been somewhat surprised to find so many appren-
tices and young boiler makers who seem unable to grasp
the fundamental ideas of the beautiful work of laying
out, and I am not going to show readers of Tue Borier
Maxer how to lay out a boiler “while yvou wait,” but I
do want to present some ideas on the subject,

Let us assume for a moment that we are going to make
a square chimney or smokestack out of plates and angles,
and it is to be four feet square and any length. The
boss comes along and says, “Ten feet from the bottom
of the stack I want to have an outlet two feet s(uare,
running off at right angles™ Now this is a pretty easv
job to lay out. Tt is supposed that the outlet is to be in
the middle of the stack. The boiler maker will measure
off ten feet from the bottom and make a chalk line. then
he will take a square and square across the stack. Then
he will measure two feet up from this line and square
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again. Then he will measure one foot each side of the
center Ime and the laving out will be done.

Of course in actual practice this outlet would have
been punched out before the stack was put together or
erected. The boys on the job would then make a two
toot square outlet as long as necessary out of plates and
angles, and drill and rivet the outlet to the stack. Tf now,
instead of having smoke go up the chimney, we hoisted
up a box just two feet square or a little less we could
shove it into this outlet and push it on to the end

Now if ten feet ahove this first hole the boss wants
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another outlet, just the same size as the first one, but in-
stead of going out at right angles, it is to lead out at
farty-five degrees, how about the hole then that you will
have to cut?

At first sight a voung fellow might say it would be the
same two-foot square hole; if you could get a two-foot
square hox through the first hole cut you could certainly
get it through the second one if cut the same size. But
this will not be the case, Fig. 2 shows this box stack
and the right angle outlet. If now this outlet had no
gides to 1t and the top and bottom were hinged to the
stack, and these two sheets were swung on their hinges
upwards, the top one would finally come against the
stack and the bottom one up against it, which would
practically close the two-foot outlet entirely.

Looking at the 45-degree angle opening, it will be at
once seen that it is considerably longer than two feet, and
the reason is ohvious, which is, that a two-foot outlet pipe
Iying at an angle must be cut on a bevel, and this bevel
will, of course, give a longer line. This the boys will
understand if they remember how they cut a sausage in
a delicatessen shop, as this makes the slice from a round
sansape oval instead of round.

1, now, our square 2-foot outlet pipe is put up at right
angles to the stack, but is hinged at the top to the stack,
it will be easy to see that if this pipe is swung on the
hinge as the pipe is pushed up an opening will be made
between the lower end of the pipe and the stack. This
opening will be triangular in cross section—that is, look-
ing from the side of the 2-foot outlet pipe.
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When the pipe has been raizsed, or swung on the hinge,
to a 45-degree angle with the vertical stack, the triangular
opening will he 2 feet on the side 4 (Fig. 2), which is,
of course, the diameter of the pipe, and the distance B—
that is, from the edge of the pipe to the vertical stack
will be the same. Here is the point to be remembered
in laying out: you must always continue your surfaces in
straight lines. In his case the bottom of the 2-foot pipe
must he continued until it strikes the vertical smokestack.
By geametry we know that in a right angle triangle the
length of the long diagonal side can be found by adding
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together the squares of the other two zides and extract-
ing the square root of the sum, which will be the length
uf the hypothenuse,

In this case we would have the length of the side A
iz feet) multiplied by 2 feet equals 4 feet, plus the side
B (z feet) muoltiplied by 2z feet equals 4 feet, or 8 feet.
The square root of 8 feet equals 234 feet. Therefore the
length of the hole which would have to be cut in the ver-
tical pipe can he found by this mathematical calculation.
To extract the square root of a number iz quite a little
job, and tables which give the sguare root of all num-
hers within reason are to be found in all text-books, so
| will not explain the operation.

To lay out this opening graphically, as it is called, a
Lotler maker would take any good-sized plate and start
irom, say, the lower left-hand corner (Fig. 3) and chalk
a line from it at an angle of 45 degrees, making this line,
say, 6 feet long, or any convenient length. He could lay
this line off with a protractor, or if the sheet is sheared
square he could divide the right angle equally.

Cme way to do this would be to take a 2-foot square,
mark off 2 feet each way from the corner, and square
across from these two points 4 and B, Fig. 3; where the
lines cross would be a point O, and laying the straight
edge so that it will touch the corner and this point of
intersection you have a 43-degree line. Measuring from
this line at right angles to it a distance of 2 feet, and
then running through this point a line parallel to the
first, the left-hand cdge of the plate will be cut by it at
£}, and the distance from the lower left-hand corner to
this point 0 of intersection will be found to equal 234
feet.

The intersection of our 2-foot pipe with our vertical
stack is what the highbrows call the intersection of single
planes—that is, the surfaces that meet are both flat. Ta
lay out work in a single plane is not difficult, bt when it
comes to laying out surfaces which are not flat, but
curved, the problem becomes very difficult, but the whole
idea of continuing all lines until they intersect is the point
to he borne in mind.

As an example, let us suppose our 2-foot square pipe to
be changed to a round one 2 feet in diameter. If it leaves
the vertical square stack at right angles a perfectly round
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hole 2 IIrct in diameter would have to be cut in the stack
to receive it, but if the round outlet be tipped up to 43
degrees, the hole which would then have to be cut would
be an oval, longer than it is wide. And if our Square
vertical stack was turned into a round one the hole would
llak:c to be oval still, but when laid out flat, or developed,
as it is called, it would be found to be very much larger
i all directions than our 2-foot pipe. In other words,
if the round pipe enters the square smokestack at an angle
of 45 degrees, the horizontal measurement of the OpEning
to receive it would be 2 feet, but the vertical measure-
ment would be considerably more, as in the case of the
square pipe; if, however, the smokestack too was round,
then the horizontal measurement of the developed hole
would be greater than the diameter of the outlet pipe
and the vertical measurement would be the same as in the
previous case. The vertical measurement, when the nut-
let leaves the stack at 45 degrees, would be the same
whether the pipes were both square, both round, or one
square and one round. This is not easy for the young
or untrained mind to grasp, and 1 strongly advise the
young boiler maker to get some paper tubes of various
sizes and experiment by fitting them to each other at
various angles.

While the word trigonometry is quite likely to scare a
young boiler maker, it is really nothing more or less than
the study of angles, only it goes a little further and takes
in the study of curved surfaces as well as of planes. For
instance, if a circular tank of a given diameter is made
and a line is stretched across it anywhere, and the length
of this line. which is called the chord, is measured the
length of the arc between the ends of the line can be
calculated by geometry,

It will be a pretty good thing for all young boiler mak-
ers to start in at once to study plane geometry and trigo-
nometry, and I hope that T have pointed out enough of
these beautiful studies to interest my readers to go into
them, which will be much to their advantage,

W. D, Forees,

New London, Conn,

Expense of Caring for Locomotives

on Railroads

Many of the readers of Tue Borcer Maxer, no doubt,
will be very much interested to know what the common
expenses are which are required to keep a locomotive in
operation annually. The amount seems greatly in excess
of what it should be, and it is claimed by engineéring ex-
perts that it can be considerably reduced so as to save
millionz annually for the respective roads,

Willard A. Smith, of the Railway Revicw, speaking be-
fore the Western Railway Club, says: “Fuel saving is ex-
tremely important, T would not depreciate it in the least,
but its relative importance has changed very much within
a few vears. We find that during the past year the main-
tenance cost of American railroads took between 31 and
32 percent of their entire gross revenues, while the trans-
portation which invelved the entire operation of the road,
and included fuel as well as other suppliez of that kind,
only took an average of about 35 percent. Maintenance
costs have increased right along and are increasing right
along, in spite of everyvthing that can he done. Appar-
ently there has not been much accomplished in attempt-
ing to reduce the proportion of gross revenue they con-
sume, therefore it is up to the railroads to increase the
efficiency of operation to get more out of their plants.
You will recall that a year or two ago one of our large
western railroads had an investigation made regarding
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locomctives as to the time in which they were doing work.
The average locomotive on that road—and it is not differ-
ent from any other large systems—was actually deing
work, earning money by hauling trafic four and one-half
hours out of the twenty-four hours. Tt spent something
like six hours in the round house, which would give ample
time for overhauling the stokers and other appliances out
of the twenty-four, and it spent seven and one-half hours
undergoing heavy repairs, That is the way the average
locomotive on the road spends each twenty-four hours.

“Now if conditions are such that you can only get
actual work out of a locomotive for four and one-half
hours out of the twenty-four, is it not of the utmost im-
portance that you should get all the work possible out of
it during those four and one-half hours? Of course, it
is important to change the conditions and keep your ma-
chines working a greater length of time, if it is possible
to do so, but there are railroad companies that have
worked on that for years without making appreciable im-
provement, therefore anything that will greatly add to
the efficiency of the locomaotive during the short time that
it 15 doing actual work will add enormously to the reve-
nue of the railroad company. It seems to me that that is
a consideration to which the mechanical men should give
their very best thought, and that they should not hesitate
to recommend to their superior officers when anything of
this kind comes up, that they should spend money to save
money; because if there is any prineiple that has been
thoroughly established in America’s railway management
during the past few vears, it 15 that economy and eficiency
can only be secured by spending money liberally to bring
it about.”

These remarks, coming from Mr. Willard A. Smith,
are undoubtedly taken from records, and it is well to have
them made public, for it shows undoubtedly that the range
of engineering skill with the railroads iz not sufficient to
bar outside skill that is known to have developed improve-
ments that are not allowed to come into use to reduce
the expenditures that Mr. Smith speaks of as continually
increasing all the time, which is surely a serious proposi-
tion for the presidents of all railroads, and especially
where the president docs not use hiz prerogative with the
heads of the different departments. So long as a presi-
dent allows the discretion to rest entirely with these heads,
such things that are developed by railroad men will have
to be wsed and the outside engineering skill, no matter
how it may he endorsed by hundreds of the best engi-
neers, boiler makers and layvmen, cannot be used,

Below is a list taken from the last reports of various
railroads, giving the expenses required to keep a loco-
motive in repair annually, which includes repairs, depre-
ciation and renewals in most cases:

Penngylvania Railroad ........... . ........ $4.258.30
New York Central & Hudson River Railroad. .. 4.075.87
Philadelphia & Reading Railroad. ... ..., .. .. 3, 180.77
Baltimore & Ohio Railroad. ... ... ... ....... 3,156.62
Atchison, Topeka & Santa Fe Railroad........ 4.176.90
Lehigh Valley Railroad Company............. 2871.16
Chicago, Burlington & Quiney Railroad. .. ... .. 2,670.41
Chicago & North Western Railroad. ........ . 2,616.50
Chicago & Great Western Railroad. ... ..., . 2,037.41
SonthernsRelenar st br et g s R 3,001,068
Central Railroad of New Jersev.............. 3.010.24
Atlantic Coast LINEL v s s s b 2,528.56
New Yaork, Ontario & Western Railroad...... 278805
Union Pacific Railvoad. .00 iaiia.,. 3.500.11

Witriam H. Waob,

Mechanical and Constructing Engineer.
Media, Pa.
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Selected Boiler Patents
Compiled by
DELBERT H, DECKER, ES0., Patent Attorney,
Millerton, N. Y.

Readers wishing copies of patent papers, or any further information

regarding any patent deseribed, should correspond with Mr, Dlecker.

L1150, LOCOMOTIVE FIREBOX. FREDERICK F. GAINES,
OF S5AVANNAH, Ga., ASSIGNOR TO AMERICAN ARCH COl
PANY, OF NEW YOREK, M. Y., A CORPORATION OF NEW YORK.

Claiig 1.—In a locomative-boiler frebox a rearwardly inclined bridee
wall arranged at the forward end thereof, a channeled wall sup
members arranged at the forward end of the grate space and space
slightly to the rear and above the lower edge of the Aue sheer, an i
clined huck stay arranged at the forward side of the bridge wall adapred

——— e —————

o guppert same and extending downwardly and forwardly 1o the lower
edge of the flue sheet, a cinder outlet entering the space between the
bridge wall and the Aue sheet throogh the lower end of the inclined
huck stay and a cinder outlet passage extending beneath the bridge wall

1,111,766,  CIRCULATING SYSTEM FOR
BLAKE SCOTT, OF CLEARFIELD, PA,
Cleime 1.—In a boiler, the combination with a casing having a firebox
therein, a water leg surrounding =aid Arebox, and fAre tobes extending
from "-11'-!| echox 1o the forward end of said casing; of a ring dis
posed in said  water leg, =aid ring heing provided with ports com
municating with the warer leg, nm.F means to conduct water from the
forward end of said boiler to said ring.  Six claims,

BOTLERS.  JAMES

1,117, 15, FIRLEROX FOR BOILERS.
OF SPRINGFIELD, MO,

Clafsi 1.—A fre-box provided with a front and a back Auid-containing
head, a crown-sheet composed of a series of longitudinally disposed chans
ne, a sectionnl mud-ring provided with longitudinally dis-
antaining headers, and means disposed longitudinally of the

WILLIAM J. LEIGHTY,

fire-box, at the sples and longituding! center therenf, whereby commum-
cation between the longitudinally disposed beaders of the mud-ring and
the water space above the crown-zsheet may be had. Twenty-one clams,

1,118,386, BOILER-FLUE CLEANER. RICHARD H. BATE, JR.,
OF CONEHMOHOCKEXN, PAL

Clirini 1.—In a boiler flne cleaner a discharge pipe or header connected
with a hoiler, a number of valves situated in said discharge pipe, a dis-
tributing pipe leading from each of said valves, branch pipes leading
from the ii.:tr:lhutnllt pipes and norzles carried by the diseributing pipes
and hranch pipes and lovated at points opposite the ends of the Aues 1o be
cleaned. Three claims.

1,105,213, DIVISION-WALL FOR WATER-TUBE BOILERS
WILLIAM F. SELLERS AND HENRY B. BRADFORD, OF EDGE-
MOOR, DELAWARE, ASSIGNORS TO EDGEMOOR IRON COM-
PANY, 0OF EDGEMOOR, DELAWARE, A CORFORATION, OF
DELAWARE.

Claism 1-—In a water-tube hoiler the combination with a bank of water
tubes, of a rransverse division wall which divides the intertube space
into separate passes for the hot gases, and comprising a shkeleton frame-
work formed of metallic barda passing through the spaces between the
tubes transversely to the latter, some of said bars extending trans
versely to others, and a body portion of refractory material plastered
on said bars and supported by and sccuring together said bars and said
tuhes, Four claims,
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1,111,818, CIRCULATIX(G MEANS FOR '|I_I'.Jf_'l'.l).]rJTJ".-E-BO.rL'
ERS. JOHN P. NEFF, OF EAST ORANGE, N. L.

Cloémi 1.—A water circulating system for locomative boilers includ-
ing in combinalion with the heiler and fire tubes, a separating dia-
phragm arranged below the fre tubes and extending across the boiler
farming a mixing compartment open at one end and closed at the other,
ANEATS %ar establishing communication between said compartment and the
top of the loiler, and operative means for forcing the water through
the latter. Threes claims.

1,118,647, LOCOMOTIVE-ROILER FURNACE, (:_[‘l.-'t]’".L.h:‘.!
BREARLEY MOORE, OF EVANSTON, ILL., ASSIGNOR, BY
MESNE ASSIGNMENTS, TO AMERICAN ARCH COMPANY, OF
NEW YORE, N, ¥., A CORPORATION OF NEW YORE.

Claim.—A locomotive firebox having a flue sheet at its frent ead, in
cambination with a plurality of refractory members spaced in MCET!'JIHE
step like form in fhe frebox from the lower portion of the flue shest,

said refractory menbers being substantially  vertical and having substan-
tially horizental extending portiens, the said refractory membera being
adamed, to deflect, haffle m-;r_ipzln:-rnug'hlg; admix the gases rising from the
I'l.1l.‘|I bed before they pass into the Aues, Omne claim.

1,118,615. LOCOMOTIVE-ROILER FIRE-EOX. JTAMES T. .-".:\::
THONY, OF EAST ORANGE, K. T, ASSIGNOR TO AMERICAN
ARCH COMPANY, OF NEW YORK, N. Y., A CORPORATION OF
NEW YORE.

Claise 1.—In a locomotive boiler of the extension fire-box type having
a waoter space heneath the extension defined by the floor of the extension
and the awter shell_of the hoiler, a tube extending through the water

space rigidly connected at its ends tn the cpposed boiler sheets, said
::ll:u:_ being corrugated between its ends and one of 1h.q ends heing ]a.l_'ger
in diameter than the largest diameter of the corrugations, Two claims

1,118,848. LOCOMOTIVE.BOILER FIRE.BOX. FREDERICK F.
GAINES, OF SAVANNAH, GA, ASSIGNOR TO AMERICAN ARCH
COMPANY, OF NEW YORK, N. Y., A CORPORATION OF NEW

L'I.z.i.u-. l.—A locomotive hoiler fire-hox having a barrel-like cxt-.-.nsion

at its forward end beyond the forward end of the grate, wnich extension
15 closed av its forward end by the fAue sheet, water circulating tubes
vising from the rear part of sand extension and extending upwardly and

rearwardly through the firebax, a refractory wall arranged in contact
with satd tobes and supported in inclined position thereby, air passages
rising through said l'alr from the lower end thereof and adapted to ad.
mit air to the fire-box above the fuel hed, air inlet thimbles arranged in
the lower part of the boiler beneath said wall adapted to admit air to
zaid passages and a cinder opening or outlet alzo arranged in the lower
part of the boiler and between the wall and the flue sheer adapted ta
permit the easy rémoval of cinders from this space and a remavahble
cover narmally closing the lawer end of the outlet. Twa claims.
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1,113,731, LOCOMOTIVE SUPE EATE
DERSON, OF LHIo 00, }:,LI‘;";ILPJ. RHEATER,
Claim l—ln a superheater for licomotives, the combination with
casung comprising therein a wet steam chamber connected to the steam
supply and headers depending from and communicating with said cham-
ber, of a second casting comprising therein a superheater steam cham-
ber connected to the -:r?mde: steam chests and headers depending there-
trem in alternate relabion to the headers depending from the wet steam
chamber, means for yieldingly connecting sand castings, and superheatmy
coils located in the hoiler flues, each coil being connected at one end 1o &
h*“-"*‘[' depending from the wer steam chamber and at its other end to
:{l;:,d;u:m beader depending from the superbested steam chamber,  Six

1118026, LUTHER 1. 'EKIN F PHILADELF PENN-
5\_];*__1&“1&- ROILER. LOVEKIN, OF FHILADELFHIA, PENN

Claim 5—The combination in & horizontal cylindrical beiler com-
prising an external boiley shell, an internal combustion chamber located
at a distance froms one end wall of the boiler, and the usual sub.
merged fues leading from said combustion chamber to the other end wall
of the hoiler, and baving a steam eutlet adjacent said other end wall,
tubes located within sard boiler shell above the water level in the
boiler and extending between zaid end walls, means for causing hot
gases discharged by said foes at one end of the boiler to be conveyed

ANDREW W. AN-
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through said tubes to the opposite end of the boller comprising a cham-
bered casing exteérnal to the boiler ghell, means for regulating the flow
of hot gases through said casing, and a bafle arranged within the boiler
shell above the water level and below said tubes and steam outlet to
provide a steam space ahove the baffle freely communicating with the
steam generating space beneath the bafle only at the end of the boiler
remote from said steam outlet. Seven claims

1,114,818, JAMES HERMANN ROSENTHAL, OF CHISELHURST.
ENGLAND, ASSIGNOR TO THE BABCOCK & WILCOX COM-
ANY, OF BAYONNE, NEW JERSEY, A CORPORATION OF
NEW TERSEY. SUPERHEAT-REGULATOR FOR STEAM-GEN-
ERATORS. i i L .

Claim 8.—The combination with a steam heiler drum of a super-
heated st=am attemperator lecated therein, steam inlet and outlet con-
nectinng to said attemperator, and a directing valve adapted according to

its position to cause the superheated s1
nection or partly or whally 1o Ly-pass =
ing a4 compartment in which said attempe
from the main hody of feed water, and a fees
compartment.  Three claims.

1,109,326, WATER TUBULAR BOILER FOIR LOCOMOTIVES,
FATRICK J. HEALY, OF SEATTLE, WASH., ASSIGNOR OF ONE.
THIRD TG WILLTAM R, HOUGHTLING, OF SEATTLE, WASH.

Claim 4. —A locomotive boiler, the shell of which 18 formed of water
tulres, 1he rear end of said hailer being suhstantially closed, the wialer
tubes at the rear end heing deeper than the remaining tules to provide
a fireshox, a draft regulator pivetall conneeted o the hottom of the
boiler adjacent the forward end of the deeper water tubes and adapted
to clpse the pir connection between the fire-box and the rest of the locos
motive, means for inter-connecting |_I|r:‘ fubes, and a common steam reser-
voir im connection with =aid tohes.  Sixteen claims.

1,100,832, WATER CIRCULATOR FOR STEAM BOILERS, JOHN
EDWIN TULL, OF BROOKLYN, N. Y

Cleime 1.—The combinaticn with a steam boiler, of a turhine operated
by the feed-water supply, and means operated hy the torhine for -J_raw-
ing the dead water from the hattom of the boiler and discharging it at
the top thereof,  Six claims.

eam to flow through said con-
id connection, partitions form-
T8 I‘u|5||_1n11|:-| and cut |':rT

water inlet to said
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1,109,687, WATERTUEE BOILER. ROBERT DELAUNAY-
BELLEVILLE, OF ST. DENIS, FRANCE, AShlith:!H rTU Sk
CIETE ANONYME DES ESTABLISSEMENTS DEL.-‘:._L’.‘MAE -'BEI:LIE-
VILLE, OF 8T, DENIS, FRANCE, A CORPORATION OF FRANCE.

Claim—2A boiler element of the Belleville type, composed of a spiral
coil having clockwise convelutions and a spiral coil having anti-clockwise
convolutions, the front boxes on the one band and the rear boxes on the
ather hand being superposed but disposed in Eta_.Fgr:rN_‘E relation, the left
land half of the boxes of the second spiral coil resting wpon the right-
hand half of the boxes of the fAirst spiral coil and wice versa, all the
tubes rising from front to rear on the one hand and all the tubes rsiog
from the tear ta front on the other hand being parallel and equally
spaced, Une claim.

1,116,495, STEAM GENERATOR, JAMES HOWDEN, OF GLAS
GOW, SCOTLAND.

Claim 1.—In a water-tube steam generator, i!'l combination a top a“'.j a
bottem drem, each drum being of semi-cylindrical formation and having
its ends integral with the bedy, the edzes of the body and af the ends
being inturned and of thicker section than the rest of the drum, said
edges forming (he boundaries of an aperture, and & fat tube plate fited
vo =aid inturned elpes and closing said aperture, and water tubes cen-
necting the tube plates of the top and hottom drums.  Twa clamms.

1,119,480, JTAMES BLACK AND JAMES FRAME, OF
GOW, SCOTLAND, LOCOMOTIVE FIREBOX, :
Cla 1,—In a locomotive firehox having two chambers, a frng
.|1.-L.-';.J1:.'~”r and a combustion chamber, a foundation r:m{ for both cham:
bers and which from the level of the bottom of the front wall of the

GLAS.

firing chamber is siepped vertically or swbstantially vertically upward

to the level of the Aoor of the combustion chamber. Seventeen claims,

1,119,652, BENTJAMIN E. . STAFFORD, OF PITTSBURG,
PENNSYLVANIA, ASSIGNOR TO FLANNERY BOLT COMPANY.
OF PITTESBURG, PENNSYLVANIA. FLEXTELE STAY.BOLT.

Claim 1,==In flexible stay bolt construction, the combination of a
sleeve adapted for artachment to a hoiler sheet and having a seat for

the stay bolt head, a cap for closing the outer end of the sleeve, a mem-
her detachably secured to the outer end of the sleeve, and adjustable
means carried by said member and adapted o eneage the cap for held-
ing the latier on its seat. Six claims,

#7353, CHARLES P. YAUCLAIN, OF ROSEXMONT, AND
Y A TRNS, OF PHILADELPHIA, FENNSYLVANIA, AS-
SIGNORS TO THE BALDWIN LOCOMOTIVE WORKS, OF PHILA-
DELFHIA, PENNSYLVANIA, A CORPORATION OF PENNSYL-
VANIA, PROCESS OF HEADING STAYEBOLTS.

Clavm 1.—The process herein described of heading staybolts, said pro-
cosd consisting in first f.r_r-:-ui.nn said stavbolt inte the plate to which it
is to be secured so that its end projects bevond the plate, then indent-

SN
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ing the center of the bolt and simultancously forcing the projecting metal
of the staybolt outward from the central depression without materially
displacing the metal within the cpening of the plate while the periphery
of the bolt is confined, thus making a steam-tight joint between the
holt and the outer edge of the plate, then, a= the displacement of the
metal is continued, turning 1t down onto the cuter surface of the plate
=0 a4 to make a completed circular head having & central depression

and making & steam-tight joint bhetween the outer end of the holt and
the outer portion of the plate,
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Bending Foundation Lugs

A Simple and Inexpensive Method of
Bending Small Pieces of Heavy Plate

BY JAMES FRANCIS

“Here's a sketch of that Chimney Foundation Lug, Mr.
Foreman. Wish you would get out sixteen of them as
soon as you can. Here's the sketch, Fig. 1.”

“Oh, 1 say, Mr. Franeis, the shop isn't very well fitted
to make lugs like those. Hadn't we better send them down
to Smart’s? They have got all kinds of benders and bull-
dozers down there. If we make a form to bend those lugs
over, it will cost more to get ready than the whole bill
would amount to at Smart's."”

Fig. l.—Chimney Foundation Lug

“Zend nothing out, Mr. Foreman. You just hend them
in this shop, and there is no need of spending one cent
for forms, A dollar will pay for all the time used in
rigging up, and vou can bend up these lugs right here on
vour forge floor plate, and all the stuff you need is right
here in the shop!”

“Guess you had better ‘show me’ a hit, Mr. Francis, for
I don’t exactly catch it vet.”

“All right, Mr. Foreman. Just lug in a section of steam
pipe which will fit the curve of the lug—about 3-inch pipe,
I should sav, and block and clamp that pipe upon the floor
plate as shown by Fig. 2. A couple of short blocks will
answer under the high end of the pipe, while the low end
can lay on the plate, rest against a pin, and be held by
a goose-neck clamp as shown. The high end of the pipe
may be held by two goose-neck elamps, placed so the
blocking may bear against them, and also so they act
opposite to each other to keep the pipe from sliding in
either direction. Fig. 2z shows the matter plainly, and
neither pipe nor blocking can ‘fetch away’ when clamped,
as shown by the engraving."”

“But how are we going to heat these sheets? The floor
plate is too far from the large fire—the flanging furnace
—and we can't heat all the lug-plates at one time in the
forge fire”

“Vau don't have to heat all the plate at the same time.
Fig. 3 shows the plate (sketch 1) as laid out and sheared

to size. The dotted lines across either end indicate where
the foot bends are to be made. Just heat one end of each
piece, catch it in the brake-clamp and welt down the foot
flange with a sledge—why, you can do it in less time than
it takes to tell how it is done, Now take a heat in the
middle of each lug-plate and flop it across the pipe on the
Aoor plate, a good hearty throw of the plate across the
pipe will start the bend, but it takes a little care to hit
the pipe with just the right part of the plate, so the bend

Fig. 2—Floor Plate, Rigged for Bending Lugs

will start even and square. Perhaps it may be better to
just lay the hot plate over the pipe and bend it down by
means of a couple of wrench-clamps, as shown at 4, Fig.
4. This 15 a subsequent operation, but the first bend
may be made in much the same manner, except that two
wrench-clamps are used—one at either end of the plate,
instead of a goose-neck clamp, as shown by Fig. 4.

“Sketch 11, Fig. 3, shows the plate with the foot lugs
bent up, ready to be heated in the middle and bent across
the pipe form, and sketch III shows the Iug-plate after the
second bend has been made. And, Foreman, be very sure
that you start this bend fair and square in the middle of
the sheet, with the middie of the bend running in the
right direction. If vou start the bend ever so little on a
different angle, then there will be hig trouble in getting
the bend right, and the feet will stand ‘cock-billed’ on the
plate, striking on the heel of one and the toe of the other.
But start the middle bend exactly square, and there will
be no trouble in getting both feet square upon the floor
plate.”
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“Won't the feet ruffle up and double out of shape when
we pull on them with the wrench-clamps or pound on a
foot with the sledge

“Not so you would netice it, if you put the heat in the
middle of the plate where it is to bend and keep the
Hanges cold. They are bent up out of the way of most
of the heat, and if you do the heating with the toes of
the feet upward, as shown in the sketches, then the heat
can be kept away from the feel and they will stand the
strain of the wrench-clamp and sledge without gFetting
out of shape much. And if they do, a few blows of the
sledge will fatten the feet right out again.”

“How are you going to bend the sides of the lug down
square.  They stand out at a considerable angle in sketch
IMI, Fig. 3, and the lug is a bad thing to hold or to hit in
its form as shown there.”

“Fig. 4 shows how the third bending operation is man-
aged. Just throw the lug over the pipe, bringing one

Benct
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I THE PLATE
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Fig. 3.—5ome Bending Chperations

foot down square upon the foor plate, then slip a goose-
neck clamp upon that foot as shown by Fig. 4, and vou
can bend down the other side with wrench-clamp and
sledge, and do a good job easily and quickly, too.”

“How about keeping the bend in the middle of the lug?
I should think that thiz way of doing it would result in one
leg being bent down longer or shorter than the other leg.”

“That matter is entirely under the eontrol of the smith,
Mr. Foreman. All he needs to do is to watch the work and
see that both legs come down of the same length. When
he sees that one leg of the lug is coming longer than the
other leg, the goose-neck clamp is at once shifted to the
longer leg and placed wvpon the foot thereof; then the
bending is continued in the other or shorter leg, which is
gradually brought down to the same length as the clamped
leg. Sometimes it may be necessary to change the goose-
neck from one side to the other several times, buat if the
smith keeps his eye on the job, only one or two changes
will be necessary, and the lug comes down into shape as
though it were made of paper instead of 17/32-inch steel
plate.”

“But, Mr. Francis, you can’t hend the second leg clear
down with a wrench-clamp at A4, Fig. 4. As soon as the
clamp strikes the foor plate you are done as far as bend-
ing is concerned.”

“Sure! You can't go ahead after vou get to the end
of yvour journey. Just take off the clamps, grasp the lug
with the tongs, hold it up on one foot as shown by Fig.
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5, and your helper can welt down the flaring leg in short
order. Turn the lug upon one foot or the other, as needed,
in order to bring it down with both feet square and both
legs of the same length. A final flatting of the feet, upon
the fAoor plate will finish the job, and the lug will be made
it about the length of time it has taken to tell about it.”

“What is the best way of finishing the round portion of
the lug—that part which shows so nmice and round at A
and B, Fig. 17 If I hammer this part I'm afraid marks
will be left, making the whole thing look like a ragged
forging.”

“There is no need of hammering the lug at 4 and B.
Cm the other hand, the lug should be bent without striking
a single blow of the sledge, save upon the feet, upon the
flats of the feet to square them up, and upon the edges of
the feel when bending the legs down squarely, and of
even length. Even after operations have been finished
upon the pipe, as shown by Fig. 5, if care be taken to heat
the lug evenly when bending it, the round top will form
over very evenly and smoothly, and there will be no need
of placing it back upon the pipe again. If, however, vou
should let the top go bad, and be forced to round the lug
again upon the pipe, then do not hit it with the sledge,
but use the wooden maul to shape the round part with.
Wood will not streteh or draw as a steel hammer will, and
you can hammer a sheet as much as you want to with a
wooden maul without danger of getting a dent or a buckle
imto it!”

“Say, that's some scheme for bending those lugs, Mr.
Francis, and I reckon we can make them up all right
now without building any forms to bend them over!”

“That's the talk, Mr. Foreman. I like to hear that, and
when a man talks in that way [ know he intends to do the
best e can, and to ‘get there' in some way with whatever
the shop affords—and that's a good deal, if only a man
will look at it the right way. You see, Mr. Foreman, that
while a shop would like to be fitted with every fancy jig
and fixture which we see in every other shop, we can't
atford to do so, however much we would like it; but when-
ever it will pay us to put in jigs or Axtures, vou may be
very sure that we are going to do it—right off, quick!”

“But how is it that the other shops have these things,
and we don't?”

“Why, at some time or other the other shops have had
big orders to get out, and were obliged to buy or make
the jigs and tools in order to fill those orders proftably.
And now they have the fixtures on hand, all ready to be
used on other jobs for which the tools and fAxtures are
fitted. It is in this way that other shops have things we
can't afford. And, Mr. Foreman, if you will look around
a hit closely, you will find that the shop which has a fine
set of jigs is awfully short in the way of some equipment
which our shop has—just hecause we have at some time
handled a job which warranted the tools in question. For
instance, there's our hydrostatic press and forms for mak-
ing ‘bumped-up’ heads at a single operation. That outfit
is the envy of every shop within two hundred miles, but
if we never had done that big order for sulphite digester
shells, than we would never have had that press and
forms. To be sure we use them on lots of jobs, but it
wouldn’t have paid us to put them in except for doing
that big digester order, But even now it will not pay us
to put in forms for bending these foundation lugs. To
be sure, we could use the tools for some future operations
of a similar nature, same as we still make use of the di-
gester tools.  But—let us get an order for enough of these
lugs to pay for making a set of press forms, and we will
do so P. I 0, and make the forms to fit right into the
hydrostatic press, too!”
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“Say, Mr. Francis, why do you say ‘hydrostatic’ press?
Lon't they call it the ‘hydraulic’ press?”

“Yes, Mr. Foreman, they call it so, but the name is not
a correct one for the machine. Just take the name to
pieces and see what it means, ‘Hydro' means water—just
plain, everyday water—and ‘static’ means still, at a state
of rest, with things just balancing each other, and that's
iust what happens in the hydrostatic press. A pressure,
say, of 100 pounds per square inch is pumped up by the
little pump piston with only an area of half an inch or so;
therefore, neglecting friction, it will take about 50 pounds
to move the piston, which works up a pressure of 100
pounds per inch in a large cylinder, the piston of which has
an area, say, of 100 square inches.”

“lsn’t there 10,000 pounds pressure on the hig piston and
. omly 50 pounds on the little one? And if that's so, how
do you get a balance hetween the two pistons?”

“That's just what you do get, Mr. Foreman, 50 pounds
an the half-inch area of the pump plunger exactly bal-

Fig. 4—Third Bend

ances 50 pounds on each half-inch area of the big plunger,
and there you have a balance—static pressure, hence the
name—anid the water in the pump is balanced against the
water in the cylinder by a pressure of oo pounds per
square inch at each, hence the name—hydrostatic, or
water-balance, press.”

“Well, what about the ‘hydraulic’ press? Why do they
call it by that name, and what does hydraulic mean "

“Hydro means the same in this word as in the other—
water—and the ‘o' has heen cut off for sake of the man
who had to do the spelling.”

“But where do they get the rest of the word, and what
does it mean, anyway "

“Oh, they get that from the Greek language. In fact,
both parts of the word come from the Greek, ‘hydro'
meaning water and ‘aulos' meaning pipe.  They patched
the two words together and riveted them into the single
word ‘hydraulic,’ which means water in pipes, or water
in motion. [It's just the opposite of hydrostatic, which
means water at rest, or water under pressure.”

“But why can't they call it a ‘hydraulic' press, for the
water flows in the pipe during the pump-stroke?"

“Tp he strictly accurate, Mr. Foreman, you might call
it a ‘hydraulic’ press while the pump is actually in opera-
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tion, but when the pump comes to the end of its stroke
then we have an ‘hydrostatic’ press, and vou can't get
away from the fact. And as it would be rather incon-
venient to change the name of the tool twice during each
amd every stroke of the pump, we had better e accurate
amd speak of the “heast’ as the ‘hydrostatic’ press once
and all the time.”

“All right, Mr. Francis, we'll do it, but I reckon the
press will work just as well by one name as by the other,
eh? But, Mr, Francis, how is it that the pipes which con-
nect the pump and the cylinder are able to stand such a
great pressure as is in the cylinder? That is made of
steel, about 5 inches thick all around, and the pipe seems
just ordinary steam pipe, barely 14 inch thick in its wall,
against £ inches thickness of press cylinder. How does the
pipe stand it?"

“Ch, pshaw, Mr. Foreman! Have vou fallen down on
that simple question? How does the little steam gage

Fig. 5.—Last Bend

pipe stand boiler pressure? The wall of the pipe is barely
3/32 inch thick, yet it withstands the pressure inside a
boiler with a shell g/16 inch thick! Don't you see, Mr.
Foreman, that it is the diameter of the pipe which canses
the necessary variation in shell thickness? The hoiler
and the press cylinder have many times the diameter of
the pipe, hence their walls must be of correspondingly
greater thickness to withstand the pressure—that's all.
Just the old matter of multiplying the gage pressure hy
one-half the shell diameter and dividing by safe working
stress of the metal wall, to determine what pressure the
pipe, boiler or cylinder will safely carry. See?”

“(h, thunder, yes! And I ought to be kicked for ask-
ing such a fool question, but it did look queer at first.
I see it now though—about like the mill-dam gquestion,
isn't it? The dam is under the same pressure whether
the pond above it is 20 feet or 20 miles long! Oh, pshaw!
kick me once, will you?"

A Distincuisnep Rivetine Ganc.—When the keel of
the [J. 5. submarine L-8 was laid at the navy vard, Ports-
mouth, N. H., on February 24, the first rivet was driven
by the following riveting gang: Riveters, Captain Thomas
Snowden, U. 5. N., commandant of the yard, and Nawval
Constructor L. 5. Adams, U. 5. N, industrial manager of
the yard; holder-on, Paymaster Charles Conard, U, S. N,
general storekeeper of the yard; rivet heater, Naval Con-
structor E. C. Hammer, U. 5. N., shop superintendent:
and rivet passer, Surgeon B. L. Wright, U. 5. N., medical
officer of the vard.

Master Bomrer Makers' Convention.—The annual
convention of the Master Boiler Makers' Association far
1915 will he held at the Hotel Sherman, Chicago, 111, May
a5 to 28,



Behavior of Riveted Joints Under Stresses’

Elasticity of the Joints and Factors Affecting Their Actual
Strength-—The Spacing of the Rivets  Repeating Stresses

BY TAMES E. HOWARD

The efficiencies of riveted joints under rupturing ten-
sile stresses constitute the values on which working loads
are commonly based. Alleged factors of safety arc em-
ployed, fortunately not less than five on important work,
One of the reasons why it is fortunate that a large factor
of safety is used in found in the fact that a fairly good
distribution of the loads is not alwavs characteristic of
tiveted construction, Furthermore, the unit values on
which computations of the strength of riveted joints are
based, in some respects, are not fixed values, as they are
generally taken to be.

The most important feature of the case, however, re-
sides in the elastic behavior of the joints, one which
appears to be ignored, in consequence of which lozal
strains are introduced entirely at variance with those
which purport to be present in well-designed engineering
structures.  Nominally, the elastic limit of the material
represents a limit which should be approached with
temerity. As a matter of fact, few, if any, riveted strue-
tures are erected which are free locally from strains
which do not exceed the elastic limit of the material.
The structures are not necessarily endangered by the pres-
ence of such overstrains. It will depend upon the charac-
ter of the work which they have to perform, however,
whether or not ultimate failure will result and the place
of rupture be located by an overstrained zone.

It may be remarked, with assurance, that a limited num-
her of repetitions of stresses, twofold or three fold, the
working loads are adequate to effect rupture, for work-
ing loads which are based upon the usnal so-called factor
of safety of five. The behavior of riveted joints under
stresses leads to this inference. Multiple riveted, double
butt-strap joints may have a degree of rigidity equal to
ar even in excess of the solid plate for comparatively
low tensile or compressive stresses, but loads ranging
from, say, 13,000 to 25,000 pounds per square inch com-
monly show a material divergence in the behavior of a
joint over that of the solid plate.

When frictional resistance contributes toward the
mitial rigidity of the joint, as it commonly does, it is
uncertain whether the favorable showing of the joint in
the lahoratory test is realized and maintamned under ser-
vice conditions, Vibratory effects and changes in tem-
perature seem likely to cause a creeping of the plates
and disturh the initial state of the different ply, when
taken in conjunction with a constant load, or more marked
it may be in the case of alternate stresses. In riveted
joints, as in many other engincering examples, a careful
analysis of the case is not reassuring that permanency
is heing fully provided for. Not that iron and steel are
not enduring, but safety lics in the adoption of what ap-
pears to be low-working unit stresses, in order to avoid
excessive local strains not contemplated in the design of
the structure.

Referring specifically to the strength of those parts on
which reliance is placed in the design of a riveted joint,
hrst comes the tensile strength of the plate, taken as a

*A paper read before the Socicty of Naval Architects and Marine
Engineers, New York, December, 181

whole. Next to this the strength of the steel between
rivet holes, that is, on the net section. On the latter
section the strength per unit of area is not the same with
different pitches. It may be greater or less than that
aceredited to the gross section, per square inch, It is
alzo modified according to whether the holes are drilled
or punched, and may be greater in one case or the other,
according to the pitch of the rivets or, rather, the dis-
tance from rivet holes to rivet holes. It is not likely that
the strength with punched holes will be greater than with
drilled holes in practice, since very close-pitched work
is required to bring about such a result, much eloser than
other considerations in a good joint render permissible.
The reason, however, that a punched plate may display
greater strength than a drilled one is found in the hard-
ening of the steel by the punch and die at the sides of
the holes.

The tensile strength on the net section of the plate 13
usually greater than on a strip of uniform width several
inches in length. The increased area of metal on each
side of the center line passing through the rivet holes
has a reinforcing effect on the net section of the plate.
This gain in strength is a substantial one in single-riveted
work, and in multiple riveting when the same pitch 15
maintained in the different rows.

EEINFORCEMENT 0F NET SECTION oF PLATE

The reinforcement, as natural to suppose, is greater in
close-pitched than in wide-pitched riveting. The rein-
forcement is at the sides of the holes, but if thev are
very far apart there results a loss instead of a gain. The
reinforcement is therefore not a fixed amount, but de-
pends upon the proportions of the joint. It follows that
the strength of a sngle-riveted joint, whether butt or
lap, will not, with changes of pitch, remam proportional
to the ratio of net to gross section of plate.  As the net
section increases relative to the gross section there is
a loss in the reinforcement in strength per inch of arca
on the net section. Instances have been met in which
one of these features practically compensated for the
ather and resulted in furni.*-'hing joints of several pih‘hfs.
each of substantially the same efficiency in terms of the
tensile strength of the solid plate.

When the pitch of the riveting has been considerably
increased, as witnessed in butt joints with double covers,
in which one strap is considerably wider than the other,
joints which fail by the rupture of the plate not infre-
quently show a diminution in strength on the net section,
The plate tears apart at the outside row of rivet holes,
in detail.  The presence of a few rivets, wide spaced, in
the outside row promotes tearing of the plate, the line
of rupture starting at a rivet hole and reaching an ad-
vanced stage before the plate at the middle of the pitch
15 separated.

It will be understood from this that tables of propor-
tions of riveted joints based upon fixed values for the
strength of the net section of plate are not in harmony
with the results of tests on which the preceding remarks
are hased, Furthermore, it scems probable that modifi-
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cations in strength would be peculiar to each grade of
steel, and mild steel plates which display a considerable
portion of their ductility just hefore reaching their tensile
strength would show a difference in behavior over those
of less ultimate ductility or plates of quite different stress-
strain diagrams. The strength of riveted joints hardly
admits of being reached by computation in which only a
balancing of areas is taken into consideration, assuming
fixed values for the component parts,

Other details might be referred to, such as the com-
pression on the bearing surface of the rivets, as modi-
fied by diameter of rivet or change in piteh, also by the
relief afforded the outside row of rivets in multiple rivet-
ing. Still further the relative advantages of chain and
staggered riveting could be taken up, also the guestion
of distance between the different rows of rivets and the
number of rows which are desirable to use.  The thickness
of the cover plates in single and double butt-strap joints
should be considered, and in splice plates whether it is
desirable or not to vary the distances between rows of
rivets. This enumeration of details necessary to consider
in a comprehensive review of the subject might be ex-
tended to very great length.

Tests on staggered riveting have led to the observation
that it frequently happens that the tendency of the plate
to draw down along shearing planes, oblique to the direc-
tion of pull, encounters in its course a rivet in the adja-
cent row. That is, the design of the joint was such that
rivets in adjacent rows occupied eritical positions with
reference to each other, and while the zigzag path from
one tow to the other was longer than from rivet to rivet
af the same row, nevertheless the plate showed a prefer-
ence to fracture along this greater length, and the inter-
position of rivets in the second row in critical places was
a probable source of weakness.

Chain-riveted work creates a favorable impression when
observing and comparing the behavior of different types
of joints under test, The distance between rows in chain
riveting admits of being very much reduced over current
practice without impairing the ultimate strength of the
joint.

Errect oF Hice TEMPERATURES

It will be of interest to refer to the strength of riveted
joints at higher temperatures, Inder exceptional cir-
cumstances the joints of steam boilers might be exposed
to temperatures considerably above that due to the steam
pressure.  Joints have been tested up to a temperature of
oo degrees F. The strength of the joints followed the
law winch governs the strength of plain bars of steel at
different temperatures. There was a drop in strength
at zoo degrees, followed by an increase, which reached
a maximum at about 500 degrees, after which the strength
fell off. Among the several joints tested at soo degrees
the maximum gain over the cold joints was 27.6 percent.
The tensile strength on the net section reached 31,050
pounds per square inch, against a strength of 58000
pounds per square inch, on the cold tensile test strip, an
increase of nearly 40 percent. The shearing strength of
the rivets showed an increase at the higher temperatures
of these tests. Furthermore, it was found that joints
which were overstrained at these higher temperatures,
even bevond the limits of duplicate cold tests, when sub-
sequently tested to destruction at atmospheric tempera-
tures, retained substantially the strength which they had
when hot. There was some loss in the ductility of the
steel, but without approaching a state of brittleness,

So much for the ultimate strength of riveted joints.
Under some circumstances it is probable that the riveted
joints in an engineering structure might for a time resist
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loads approximating those which were required to effect
rupture in the testing machine. More commonly they
probably would not, nor would they be expected to dis-
play the ductility witnessed in the laboratory behavior of
the joints. Stated in other words, structures designed
to have a factor of safety of Ave based on the ultimate
strength of these joints would not, as a matter of fact,
in service possess such a margin in strength and safety.
Attention must be given the behavior of the joints under
stress, and whether the working loads are constant or
variable, direct or reversed stresses; and, in the case of
repeated stresses, how many repetitions there will be and
the maximum stresses invalved,

ExtExsion oF Joixts

The examination of some stress-strain curves prepared
from earlier tests show that the joints in general take
a very wide departure from the curve representing the
solid plate, this being noticeable at 15000 pounds per
square inch, and in some joints as early as 10,000 pounds.
This was true with joints having efficiencies of 70 to &0
percent of the solid plate. Among the joints thus com-
Lm?'-:d were double- and triple-riveted butt joints, and
quintuple joints in which the inner butt strap was wider
than the outer one.

Under 15000 pounds per square inch, the joints, in
general, among the strong ones, displaved an extension
one and one-half times to over twice the extension of the
solid plate. These joints were of the type which are
used in steam-boiler construction. Observations on the
behavior of double-riveted lap joints on some steam hoilers
which had been in service showed greater extension
across the longitudinal seams at the middle of the width
of the sheets than in the vicinity of the girth seams.
Referring in the tests just mentioned to the effect of
hydrostatic pressurcs applied just above the pressures
at which the boilers had been worked.

It is a feature of interest whether riveted seams retain
their primitive state under prolonged service stresses, or
whether they do not slip and eventually display in-reased
extensions under lower loads than suggested by the labo-
ratory tests.

Cover plates and splice plates in bridge work do not
immediately take up the full stresses which are acquired
along the length of the plates after several rows of rivets
have been passed. The loads are progressively taken up
by these splicing members, 3

From the limited number of observations which have
been made it eannot be said that the rigidity of joints on
actual structures is greater than would be expected, judg-
g from the laboratory tests. If there is a difference
they are probably less rigid in actual structures, .

I'J'hn' frictional resistance due to the shrinkage of the
ll‘n'f:"t.‘j 15 apparently a factor m the early behavior of a
jomt. The shrinkage force which is available is, or
should be, represented by the elastic limit of the rivet
metal.  Whether this force drawing the plates together
is acting to its full extent will depend upon the manner
in which the riveting is done. A limited range in tem-
perature in cooling is sufficient to apply a contractile force
equal to the elastic limit of the rivet metal. But since
the hot rivet metal has a very low elastic limit it is neces-
sary to hold the plates together firmly until the rivet has
cooled to nearly its final temperature. This requirement is
an obstacle to rapid driving, as will be readily seen, hut
full efficiency in frictional resistance hetween the plates
requires its observance.

. To attain a high degree of efficiency a state of rigidity
m the joint, comparable to that of the plate is essential.
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If not attained, the distribution of the stresses will not
1_'It as they are expected and computed, The few examples
in which the strains in structures have been measured
{]u. not furnish ground for the helief that very good dis-
tribution is attained in current practice in all classes of
structures. The conditions attending marine work would
seem to make greater demands on the riveting than in
mast engineering structyres,

Finding the Corner Angle in a Hopper
Y C. L. C. MAGEE

To the layerout in the shops and the draftsman in the
office, one of the most difficult problems in tank work is
to determine the corner angle between two converging
sides of a hopper or a tank bottom. The method which
the writer will develop in the following deseription is
one which determines this angle with accuracy not ob-
tainable in average shop practice and which may be used
with safety even in those bottoms made of very heavy
plate, and where watertightness and thorough shop in-
spection are part of the specification.

The basis of the method depends upon but one geo-
metrical axiom, namely, that the intersection line of any
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)

Fig. 1

two planes that are perpendicular to a third plane is per-
pendicular to all lines in the third plane, passing through
its foot. We will accept this as a fact, as the reasoning
for the above statement may be obtained in any text-hook
on plane geometry.

The method of measuring the angle between two inter-
secting plants is to measure the angle between two
lines, each one of the lines laying in one of the planes
and being perpendicular to the intersecting line, and
meeting cach other in a common point in the intersection
line. These lines, in other words, are the intersection
lines in the two converging planes, with a third plane
erected perpendicular to the mtersection line of the two
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converging planes that represent the two sides of the
hopper bottom whose intersection angle we wish to de-
termine. The method, deseribed briefly, is then to develop
the third plane above mentioned to its true dimension in
the horizontal plane, and then hy measuring the two we
have solved our problem.

The writer is illustrating by sketch the method of pro-
cedure as detailed in the following, and the user of this
method will note that it 15 equally accurate for all those

Fig. 2

hoppers whaose vertical sides arc not parallel, as nowhere
in any of the assumptions do we depend upon the pro-
jected angle of the sides on the horizontal plane being a
right angle.

To illustrate this clearly I will detail the method for
a hopper with rectangular sides and give extra graphs of
one with sides not parallel. We will assume a typical
problem such as a hopper rectangular in shape 8 feet by
10 feet, the bottom sides converging to an epening T
foot 6 inches square, the respective axes of the opening

X
L

Fig. 3

corresponding with the axes of the hopper. In this case
all four corner angles are identical and a lavout of one
corner gives us the angle, 4

Aszsume a scale of 33 inch = 1 foot, and lay out the
horizontal projection of the sides and the intersection
line. The depth of the converging bottom we will assume
at 5 feet between working lines, Let 4B be the hori-
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zontal projection of the intersection line. Extending lines
from B and A perpendicular fo the two sides of the hopper
AX and AY, we lay out GH and EF, using the given
depth. GH is the true length of BC and EF is the true
length of BD.  We then lay out from D on BI} extended
the distance EF to a point K. Connect 4 and K, and at
point K erect a line perpendicular to AK, cutting AD
extended at point L. From point C we lay off on BC,
extended its true length GH to point M. Erect a line at
M perpendicular to AM, cutting AC extended at . Con-
nect points L and O and from point L strike a circle of
radius LK. From point O strike a radins OM, cutting the

circle just laid out with radins LK at point P. The
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angle between lines PL and PO} is the angle we are after,
as triangle PLO is the true development of triangle LEO,

This layout is automatically checked by simply extend-
ing AB. If point P lies in AP extended the diagram is
correct. In this problem the angle between the sides of
the hopper 4 and AX is go degrees. This value is not
necessary to the solution, as in sketch No. 2 I show a
layout where this angle is greater than go degrees and
in sketch No. 3 where it is less than go degrees.
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Some Principles of Boiler Design—II
BY GEORGE SHERWOOD HODGINS *

When we come to consider the butt joint in boiler work,
we se¢ at once that the design is what might be called
rational. It allows the boiler plates to remain in a true
circle, whether cold or hot. There is no internal strain
put upon the material by reason of its method of con-
struction, and there is no tendency to cause niinute pieces
of scale and rust to chip off, as is the case with the
objectionable lap joint. This is why the joint appears
to e a rational design—that is, it is agreealle to reason,
as the word rational means.

The lap joint, on the other hand, by the alteration of
its shape when hot and cold, has a tendeney to break off
the thin film of protective scale, and carry with it a slight
portion of the outer surface of the plate. In this way a
clean, new surface is exposed at each alternate cooling
and heating of the sheets, and this new surface is at once
affected by the rust-producing action of the water.

It may at first sight appear strange to speak of the pro-
tective funetion of a film of scale on the interior of a
boiler; but sometimes water has heen used which was so
pure that no scale formed, and the plates rapidly rusted
in consequence. It is the excess of scale that is objec-
tipnable, because, among other things, scale is a wvery
effective heat-resisting material, and if allowed to accu-
mulate in considerable quantity, it prevents a great deal
of heat from reaching the water. Scale is also difficult
to remove when it is present in quantity and gives trouble
to the boiler washer, while it reduces the efficiency of the
boiler. A slight or very thin coating of scale is actually
beneficial by its protective action.

The butt joint, as we have said, is a rational design.
Cme of the most common forms consists in bringing the
sheets together along their edges, and covering the seam
with two plates or welts, over and under the joint. The
top or outer welt 15 usually narrower than the inner and
under welt, so that while plates and both welis take two
rows of rivets, the under welt is made wider, and not only
takes the central two rows, carried by the sheets and top
welt, but in addition takes two outer rows of rivets, which
pass through the sheets and the inner welt. This form
af butt joint, when viewed from above, shows in each
half twao closely spaced rivet rows near the center line
and one row of rivets outside that, with welt hidden be-
low this row, on the inside of the boiler.

In dealing with a specific example, suppose the plate
to be half an inch thick. The spacing