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traken-serew extracior.  Cleveland Twist
| i R e e S T e i i |
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e A e e S e k . Haxy
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torch.  Prest-0-Lite Co. ... oo "183%
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e i B |
hack t'u]u:
Hodgea Boiler Co._....... ..
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Eleetric
§ e R v W

Alanitowae Engi.
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& Mip o e v
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neering: Workis, oo i i i i s Hd
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logomotives. General Electric Co,..... 228

Labor-saving specipltics,  AMacLeod Co,.  *48

Maotor, alternating current,  grinder.
Westinghouse Electric & Mig, Co...... Lk |
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il switch, improved
General Electric Co

industrial  type,

Ferolin. Perolin Railway Service Cq. ..
Fipe. National Tube Co

wark Foundry & Machine Co........,
Plate planer. Covington Machine Co, ..
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B 00 i st i s e
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. Y. S SR, . |
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Bolt Co.....oorirsrceinrcaraanasrsrs

Staybolt iron. HKome Iron Mills, Ine.
Steam turbine and centrifugal boiler feed

pump,  De Laval Steam Turbine Co..
Switch, real “zafety-first,”"  Westing.-
houwse Electric & Mfg, Coo.oovennnn o
Switch, improved industrial type oil
General Electric Co.oooooiiivaiinnes
Tracing board for keeping orderz. Tut
hill Bpring Ciouics o doe i ez foy aaiad
Traveling zhop cranes. Biges-Watterson
s A e P L TS S e R G e
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Eobertsonn Co.u.oareorais ciisiasnnas
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| s I B e gy g e e e =
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Welding fues in back tube sheets. Hodges
Boiler S0 curaseccannrrnrasossarnss
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Lavoast of twisted Y connection.  Jones..

Winety-degree transition piece.  Smith...
A

Fipe connection, irregular, .. c..oooc0eee .
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Strength of Locomotive Boilers

Simple Formulas, Based on Well=Established Rules Generally Ac-
cepted by Engineering Authorities, for Figuring Strength of Boilers

BY WILLIAM

HE subject of "Strength of Locomotive Boilers” is
ane which has received considerahle thought, espe-
cially during the past four years. The matter bas been
discussed by various railroad men and at the last conven-
tion of the Master Mechanics’ Association a committee
reported on the construction and inspection of locomotive
hoilers after going into the various methods emploved
by the leading railroads of the country and their final
report represented the consensus of opinion from the
mechanical experts of the roads investigated, and it would
appear that if their recommendations were followed in
the matter of construction and design good results would
be obtained.

The filing of specification cards required by the Inter-
state Commerce Commission, 25 well as other various
State commissions, has also made it imperative that cer-
tain calenlations appertaining to strength he investigater

N, ALLMAM

which has caused an immense amount of labor in deter-
mining stresses in the varions parts of the boilers.

The writer has had considerable experience in this work
and has prepared a number of simple formulas based on
well established rules which have heen accepted as au-
thorities in the engieering profession.

Boiler specification cards issued by the Interstate Com-
mission and various State commissions call for practically
the same information, and require something more than
merely filling out from existing records concerning appur-
tenances. Careful caleulations must be made to determine
the strength of the shell, stays and braces, and in order to
properly fll out the above-mentioned zpecification cards it
is necessary to determine the stresses to answer the fol-
lowing questions:

Calculated efficiency of longitudinal and circumferential
CEHIEN

TABLE 1—AUTHORITIES ON VALUE OF RIVETS

. . . RELATIVE
R.ts:_ STAKCE TO SHEARING i e
SMGLE SHEAR DoUBLE SHEAR D‘;UE'IB'-E F;’i‘*l'

SmGLE DRIvEN OR
SHEAR E\'![‘I-‘;L
Steel Trar Steel - - TVETS.
T - ' Iron | Steel
| — | e | — 2 — | Driven
R0/ 44000 | TOO0 SR 2 2 )
1000 47000 | BXO00 RLETEL Y] .: _; Drriven
- — 2 R
GONHHD [ 2 2
859 of T.5.| )
of plates, | ¥ 2 _—
AL HHHHE THEIHN SHHHI 195 | EIE."] Firiven
SULHND 2
| 85%cf TS. i
b o plate i
L] L] =
SA00 10
J0H0 Lok é‘n
GE000 Sl ) _
S| A0 : TALH) ALY 1 .55 1 55 Liriven
B A2HND FLLEEY] THINHE 1.54 1 8h Diriven

Rl ] 000 FLLEEY] THIHHE 1.54 1 5 Eirivven

e 4E000 — TR - 1.75 Diriven

Not speci Ged—Rivets [peoportiolned to thickn ess of pla tes.

= mm o RSHY — 1.74
Elin([u?gu'i !'3 - - } |r:-,-,'-ll.
- Tl 1.8 = Ve
:Lﬂﬁ —_ EI{-IH.H.HI 2 I - Liriven
1.75 | 1.95 Tieiven
1.75 | 1.75% Initial

- TEI00 —_ 1.55
4] =

407! L]

- F0000 | ) a )
L] 120000 LLEL THIHHD 1.54 1 =i Lerivien
! [ 175 | 1.7

1 H 1 & 1.75 1.75
1 i i i 1.76 | 1.73 :
F8000 4000 | TEODO,  ss000 | 2 2 Driven

# Where experiments have been made, these strengths may be used,

Anthority

Railway Master Mechanics' Association,

Proposed Government Rules; Adopled June 2, 1911,
W, C. Unwin

Thurston, B. H. Manual of Stearn Boilers.”™

[ Bnis, A, J. “Elementary Principles of Mechanics.”
Wenbach, Julius, “Theoretical Mechanics.”

Cambria Steel Company.

Burcau Veritns (Frencht.

Master Steam Bollermakers Association; 1905
International Correspondence Schools,
Engineering Department, Balto, & Ohio BB
British Lloyds, *

Penooyd Tron Waorks,

MNational Tube Company,

['he Baldwin Locomative Works. Philadelphia, o
Board of Boiler Bules of Massachusetis,
Hartiord Steam Boiler Tnspection & Insurance
Marvland Steel Company. etk
Eoard of Supervising Inspectars, 1T, 5, Statutes.
Eritish Board of Trade.

German Lioyids,

Philadelphiaz Rules .
Al Vauclain, Baldwuin Loco. Wrks,  (In Loco.

American Locomotive Company.

Public Service Commission.  New York.

Shock [Chief Inspector, Naval Academy)

Kennedy, Alex. B, W. {Test made for British Int. of Mechanical Engineers).
Carnegie Steel Company- 2

Boiler Inspection Law, State of Ohio
Briti=h Columbia Fules,

Province of Alberta. (Canada)

Province of Saskatchewan, (Canada)
American Society of 3‘-[“'I1:|:1|!;;_|.l_1-'“;|-|_|:;|:9e_e£-_

Nowr. 15000

o I o e i il AN srial
+ In iron boilers is equal to the tensile strength of the plate, other material 4/, tensile strenzth of plates ol the same materia

§ Tron rivets in iron plates 855 of tensile strength of plate.

-

§ Steel rivets in steel plates 705% of tensile strength of plate.

Iron rivels in stee

| plates 63t of tensile strength of plate.
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FABLE No. 2—SINGLE SHEAR. SHEARING VALUE OF RIVETS.  {Driven Sieeg
Dmrves  Rivir

i | on Uirim ek SHEARING STRENGTH (Lba, per sq, ing)

”L"&m' Emver Howe

Rivet | | |

Area AR ANLHHD 1||Jm 42000 | 43000 | A5 A AT AR000 4JLI'JU ELUL]]

(*L o160 ARG N4 it 1||.n-u-; gm 4.‘.-' LGRS 104 11182 114:41 |1r.?lr 11827 ld[? ] 12424
9/167 | Be~ 0GR 11658 11015 12375 1 2585 1308 L3Hm ) 13806 14113 144200 14727 L50KE Ligh

LN 117167 | ATIZ ) 141060 | 14477 15219 | 15500 L5861 | 16333 16704 IT075 17444 17817 | 15154 SRR
ll.flf:i"l Y | 4418 | 16788 17230 18144 185546 130408 1640 10881 20323 TR 21207 21645 220K

3% 13716Y | 5185 | 19703 | 20221 | 21253 | 21777 My | 23814 3332 23851 24385 | 24888 25406 25085
1316* | BT 413 LD 2351 24053 25255 SRS DEAAT 27055 2700 28261 | 28862 20404 SRS

% | 15/16" NG XL | DR oRF02 | 2RO DORRE | B0ETE 10 31T a2444 | S 43825 34515
15/ 16% 1% L T ) 32002 | SPET BATTE BARAE daddi S6128 36014 STT00 ARG T
1" 1 1,/16" e T T ] AaTT B350 | araar BR12 | B ] ansgy 40754 | 41670 425546 43443 44430
11/16% | 1. " 940 | BTTT2 | BRT A0T54 41745 42742 | 4ETEG 44T A5T24 | 46718 47712 AT 44700
Lhg" 1 3/16% 1. W75 42085 AE1SE 45407 AGGLG 4THE2 AETHEN JEAT SIS G252 531640 S4267 55275
13718 | 14* 1.8372 | 466834 | 47862 G0315 51542 L2770 GEDOT 53224 651 GTHTS SRS [E 5 GLAGY
1y™ 1 3/16%  1.3580 @ 51414 G267 ST SGEEG GRITH G063 GOEES G2z Eael | GG HH20T TS0
1 5/16% | 13" 14840 | G6426 avun GOEEL G2EGH G38AL | GAEAG GEA20 GRS AHTH0 T1L75 T2THH) TS
13" | 1 7716 | 1 6230 | 61674 iy 3 | GELGG GOTED T1412 T35 T405E THEKT TTHM 79527 K115
| .-'lﬁ" 1" 17671 67150 (0T T2451 T4218 THORG TIT62 Ta519 B1387 BE0G BiE21 HAGRS BR155
114% 19175 = T2865 74782 TREIT A0535 H2452 B4370 HE2ET BEROG 00122 M a3n3% HEKTS
19 2.0730 | TER08 BOHE2 5 BT10H BOITE | Da2n2 93325 DEEAD 07473 T | 10621 TS

Maximum stress of staybolts at reduced section,

Maximum stress of stavbolts at root of thread.

Maximum stress of crown bar rivets at root of thread,
or smallest section-top.

Maximum stress in crown stays or crown bar rivets at
root of thread, or smallest section-bottom.

Maximum stress on round or rectangular braces.

Maximum stress on gusset braces,

Shearing stress on rivets.

Tension on net section of plate in longitudinal seam of
lowest efficiency. 1t therefore becomes necessary to caleu-
late the strength of the various seams in order to obtain
their efficiency.

With reference to the subject of efficiency of boiler
joints there are various modes of failures, and in this
article there are seven modes of faillures referred to;
however, it has been found that in well designed seams
that they are generally weaker under the first two named
conditions—that is, tearing of plate along line of rivets
in outer row or shearing of rivets; the other modes of
failures generally give a higher efficiency.

The shearing value of rivets in single and double shear
as specified in the rules and instructions for the inspection
and testing locomotive boilers and their appurtenances as
issued by the Interstate Commerce Commission specifies
a value in double shear to be equal to douhle that of single’
shear, these values heing as follows:

Pounds

Tron rivets in single shear. ... .00 000 38,000

[ron rivets in double shear. .. .. .. ....oo0 .. 76,000

Steel rivets in single shear. ................. 44,000

Steel rivets in double shear. ..o o000 22 000
TABLE No, 3—DOUNLE SHEAR —T0 1§ T1IMES SINGLE SHEAR.

| Dmivew River

Table No. 1 serves to illustrate the value of rivets as
figured on by several large builders of boilers, and also as
given in different anthorities and boiler commissions.

Talble No. 2 represents the value of rivets in single shear
and covers a range in shearing strength from 38,000 to
50,000 pounds, the driven rivet or rivet hole being based
on 1/16 inch larger than the initial size of the rivet,

Table No. 3 covers similar information for rivets in
double shear, the value being 134 times that of single
shear. If it is desired to base the value equal to two (2)
the figures shown in Table 1 can be doubled. While, as
mentioned above, the Interstate Commerce Commission al-
lows a value for rivets in double shear as twice that of
single shear, it 1s the practice with some of the State boiler
commissions to allow a maximum value of 1345, This i
also the practice in some of the hoiler codes recentlv
adopted.

It may be interesting to note the results shown in the
following table, No. 4, which was presented in a report
at the Master Steam Boiler Makers' Convention in 1905
From this table it will be seen that the increase for double
over single shear averages considerably higher in iron
rivets than in steel rivets, also that the increase is greater
for machine-driven rivets than for hand-driven rivets, this
being attributed to the frictional resistance of the plate.
which is not so affected in the hand work.

The following table, No. 5, covers the shearing value
of rivets ranging from 5§ inch diameter up to 174 inches.
This is based on the shearing values of 38.000 and 44,000
pounds, as covered hy the Interstate Commerce Commis-
sion's rules,

SHEARING VALUE OF RIVETS. (DRvEN sS128)

ULTIMATE SHEARING STRENGTH {LBs. PER S50, 14,1

. oR
NF | RmweEr HovLe
RivET 2 —— — i — ——— ——
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g 2 e | et — - o it
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B4 13/16" E. | AR S6,205, 47 2010 1100 anld 40551 41,730 4265145 43554 i) 45300
I/ 1" TR 30 556 42001 43,143 440968] 45248 473611 48405) 40457 S0508 515620 52814
75" 1516 | 45004 483210 49,628 S07H8  BLIMS 54360 53560 MTTV STORE[ S005| G0401
15/ 16" o | 522X 54075  BG3GR 5T.TZT| A9, 61850 63224 6000 GO 6 y
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TAELE MNOQ. 4
- | -
No. of Teat. i Kimd. Shear. Diameter Inches. Area Inches, Ume Rivet Pounds Per 5. In. Pounds. Increase Double Over Single
er Cent
1 ITron Single LE 16 G154 42,824 Hand Diriven
! 2 % 1-'!cll.|'h|l.‘ LE/16 G184 51,481 2 =
4 Single 13/ 16 0.5184 40400 .. Machine Driven
4 V% Dauble L3/ 1 G184 78934 1 A )
i Bl Single 14/ 14 0.5184 2545 £ B A
fi i Drulde L3/ 16 1. 5184 A &l W
T i Single 13/ 16 0, 5184 29,845 i Hand Diriven
5 e Droulsle It16 1. 5184 =4,500 1] o L

TARLE Mo, 53— DATA ON RIVETS

Ivameter of Bivel | Diameter of Driven Rivet Aren of Diriven Bivet or Shearing Valoe at 35000 | Shearing Value at 44,000
| or Rivet Hole. Rivet Hole, Lbs., Per 5q. In. | Lhs,, Per 5n. In.

| (1167 larger than rivet) [Dreiven Size) | (Diriven Sise)
h/aT 11,167 3712 14, 106 | 16,333
11/16% | 304" A1 18,450
34" 14 16" oS5 | 23814
13/16% TRy GLE | 206,457
T 13 g LR A0AETE
15,16 1" | TR 34,6065
1= | 1 1/16% | R ] 35,0010
1 1/16° 1 .1/8* R 43, T
1.1/8* 1 3/16" 11078 Ruh | 45,70
L3 fig" 1~ 1.2272 445, LT
11/8" | 1 5/16° | 1.35032 51414 I 91

Constants Usen 1w tHE Varmwovus FormuLag

A = area of driven rivet or rivet hole,

{ = crushing strength per square inch,

Y = inside diameter of boiler,

d = diameter of rivet holes,

¢ = efficiency of riveted joint,

f = factor of safety,

h = margin (distance between edge of plate and
rivet hole), .

L = length of repeating section in inches,

# = equivalent number of rivets in single shear in
repeating section,

3 = pitch of rivets,

P = boiler pressure (pounds per square inch),

F = shearing strength per square inch of plate,

r = radius of boiler, .

5 = shearing strength per square inch of rivet ma-
terial,

5 = stress in plate per square inch, )

T = tensile strength of plate per square inch,

thickness of plate in inches.

Bursting PrESSURE
The pressure required to rupture a cylindrical boiler is:

T
{1} Longitudinal seam. .. .......... P=——¢
¥
-3
{z) Circumferential seam.......... P=—=¢
v

Note:—It will be noted that a circumferential seam 1s just
twice as strong as a longitudinal seam.

While the above shows the pressure al which the hoiler
would fail, a pressure considerably below this must be
adopted to insure safety. 5o far, it seems to be the object
of the Interstate Commerce Commission o encourage a
factor of safety of four—in fact, this has heen fixed for
all locomotives constructed after January 1, 1912, The
question of boilers constructed hefore this date has now
heen definitely settled, and according to the existing rules
af the Interstate Commerce Commission the factor of
safety of all locomotive boilers which were in service or
under construction prior to January 1, 1912, shall be as
follows:

Effective January I, 1915, the lowest factor of safety
shall be 3. except that upon application this period may
he extended not to exceed one year, if an investigation
shows that conditions warrant it.

Effective January 1, 1916, the lowest factor shall be 3.25.

Effective January 1, 1917, the lowest factor shall be 3.50.

Effective January 1, 1919, the lowest factor shall be 3.75.

Effective Januaryi, 1921, the lowest factor shall be 4.

The safe working pressure is then found by substituting
the required factor of safetv in formulas Nos 1 and 2,
which then hecome as shown in formulas Nos. 3 and 4, as
follows :

Lot
{3} Longitudinal seam........... F= - £
rf
2T
(4} Circumferential seam.......... o= JF-— &
F

The thickness of the plate may then be found from for-
mula No. 5.

(s} =

Pdf

2Te
The stress in the longitudinal and circumferential seams
mav be found in shown in formulas Nos. 6 and 7:

STrESs 1N LONGITUDINAL SEAM

rF
(G} &=
!
Stiess 1y CIRCUMFERENTIAL SEAM
ri*
(7} ]
2

Now referring to the process of establishing the stresses
of the various parts of the boiler, in order to supply the
information called for on the boiler specification cards,
the first step is to ascertain the efficiency of the seams.
The rules adopted by the Railway Master Mechanics’ As-
sociation in 18gs cover five methods of failure for a
riveted joint, the first two mentioned, as stated above,
generally give the weakest condition, and, in fact, if the
seams are properly designed the efficiency will alwavs fall
along the outer row of rivets. There are cases where the
joint may he weaker under either of the other three con-
ditions mentioned, especially in connection with hoilers
built a number of vears ago, when the boiler foreman was
the designer as well as the builder. Now that this work
is generally performed in the drawing and designing room.
standard practices are followed and standard seams are
established. Tt mav be necessary, therefore, in a good
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many instances, to figure all modes of failures in order
to abtain the Jowest efficiency.

In figuring the strength of seams, the driven diameter
of the rivet is generally used, although the writer has
recently come in contact with some information in connec-
tion with one of the boiler commissions who require the
initial size of the rivet to be used, The allowance which
is generally considered is 1/16 inch larger than the initial
size of the rivet, although some practices recently adopted
have reduced this to 1/32 inch increase. It would there-
fore be necessary in calculating the efficiencies to use the
practice in vogue,

In the recent rules on “Design, Construction and Inspec-
tion of Locomotive Boilers” adopted by the Master Me-
chanics’ Association the following rules were incorpor-
ated, and it would therefore be well to follow this practice
in future caleulations for strength of the shell.

LonGiTumiwar BARREL SEaMS AND Parcues

ia) In fguring net section of plate, use the actual diam-
eter of rivet hole.

(b} In fizuring rivet shear, use the actual of the rivet
after driven.

(c) In figuring stress in plate and shear in rivet, in case
the barrel is not cylindrical where it joins the firchox
wrapper sheet, use the maximum diameter, Surfaces sub-
ject to hending action under pressure must he adequately
braced to prevent bending stresses.

() When boiler shells are cut out to apply steam
domes or manholes, the amount of metal in Aange and
liner shall be equal in strength to the metal removed.
When separate flange is used at base of dome, the entire
net area of same shall be assumed as reinforcement.
Where dome sheet is flanged direct to shell of hoilers, a
vertical distance of 2 inches from base of flange shall be
assumed as reinforcement, using net area after rivet hales
are deducted, and using 28,500 pounds tensile strength per

-square inch as the ultimate strength, if dome sheet is
welded vertically,

(¢) Investization of the strength of seams shall he
along the lines of established engineering practices, and
formula for efficiency and strength. and in accordance
with paragraphs (a)} and (hb). Investigation of the
strength of the seams by the usual engineering formula is
a definite and determinable problem and there shall he na
variations introduced in vsvally accepted methods.

Formulas Nos. B to 15, inclusive, cover the various steps
for calculating the stresses as outlined ahbove. After ab-
taining the weakest condition, the efficiency is then found
by dividing this value by the value of the solid plate, the
latter of which is always the larger, and from this it is
evident that the result will he less than ome. A good (e-
signed longitudinal seam should run about 82 to 92 percent
efficiency. The dinmond seam such as used hy the Baldwin
Locomative Works gives a very high efficiency and runs
around g5 to of percent.  The circumferential seams are
considerably lower in efficiency than the longitudinal,
running around 6o to 70 percent.

MeTnon or FarLures 18 Riveren JornTs

1. Shearing of rivets.

2. Tearing of plate along line of rivets,

3. Tearing of plate hetween hale and edge of plate and
shearing of rivel.

4. Crushing of rivet or plate in front of rivet and shear-
ing one rivet.

5. Rivet shearing out plate in front of it and shearing
one rivet.

Nore.—There are a number of combinations which, of
corrse, must he considered, depending on the tvpe of
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seam, which also involves the shell plate and the butt
straps as well.  For example: In a triple-riveted seam the
joint may All by crushing the plate in front of four rivets
i this i3 based on a repeating section) and crushing butt
straps in front of rivet and with a quadruple joint a fur-
ther combination can take place.

Urtivate TENsILE, SHEARING AND CRUSHING VALUE
[BETAV

Ultimate tensile strength of steel plates based on 55,000
pounds per square inch where actual figures are available,
and which of course run in excess of this figure. In most
cases the ultimate tensile strength runs very close to this
figure, and by using 55,000 pounds it facilitates in the cal-
culation and brings all the figures to a commeon standard.
Where actual figures are not available a tensile strength
of 50,000 pounds is used.  ( This is required by the Inter-
state Commerce Commission rules, where actual figures
are unknown. ) Ultimate tensile strength of wrought iron
plates based on 45,000 pounds per square inch:

Shearing stress of steel rivets (single shear), 44,000
pounds per square inch.

Shearing stress of steel rivets (double shear), 88,000
pounds per square inch.

Shearing stress of iron rivets (single shear), 38000
pounds per sguare inch,

Shearing stress of iron rivets (double shear), 76000
pounds per square inch.

Shearing stress of plate considered the same as tensile
strength,

Rivets in double shear are considered to be equal to twao
rivets in single shear. In fguring the strength of riveted
joints a unit length, or what is generally referred to as a
repeating section is used, which is equal to the pitch of
the outer row of rivets. The ultimate crushing value of
steel plates and rivets is based on go,000 pounds per square

inch. TIn some authorities this value is given as 93,000
pounis,
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Cost of Welded Tanks

Comparison of Costs of Welded and Riveted Tanks—
Welding Found Preferable to Riveting in Small Units

BY W. EICHHOF

In the catalogues and bulletins of concerns manufac-
turing electric arc and oxy-acetylene welding appliances
we find tables giving information in regard to cost of
welding. We also find statements which claim that weld-
ing is cheaper than riveting. These statements are broad
and should be accepted with caution.

In the first place, it depends entirely on the equipment of
a shop; next to this comes the skill of the men perform-
ing the operation of riveting and welding, Then, again,
we have to consider the thickness of the plate, the size of
the vessels to be constructed ; in fact, there are many items
to be considered. What might be a cheaper process in
one shop may be a more expensive one in another,

The writer had occasion to build riveted eylindrical
tanks of from twenty thousand gallons capacity to sixty-
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Fig. 1.—215-Gallon Welded Tank

five gallons capacity, and rectangular tanks from ten
thousand gallons to sixty-five gallons capacity, and his per-
sonal experience is that cylindrical tanks up to two thou-
sand gallons, constructed of 3g-inch, 4-inch and 3/16-
inch and less material, are cheaper when welded than
when riveted, with the equipment at hand when tests are
made.

When tanks are constructed above this capacity the
assembling of same is quite a different proposition. In
the larger sizes this assembling plays a role in the cost of
tanks. Welded tanks, to be substantial, have to be fitted
with more accuracy than riveted ones, and it is this point
that makes the cost of welded tanks come higher than
riveted ones in the larger sizes. Then, again, the effects
of the heat, causing expansion and afterwards contraction,
make the welding of large tanks a very tedious job. To
give an example: In a competitive test a six-thousand
gallon cylindrical tank came ahout 15 percent higher when
welded than a riveted one of the same size and material,
but this was the first large tank welded in the shops, At
any rate, when it comes to building small units, welding is
preferable to riveting.

Take the case of plate work, such as pipe or flue work
longer than, say, 8 or 10 feet, and of diameters of 16, 20,
24 and 30 inches, there is not any doubt about such work
being cheaper in labor cost than when riveted. Riveting.
calking and testing are the most expensive operations in

I

riveted work., In well-executed welded work calking is
not necessary and testing only a matter of form.  In most
cases it is not possible to determine the actual cost of
riveted work when we take all items that have to be con-
sidered, such as the quantity and cost of air, fuel, ete,
used. Tt is customary to simply charge these items to
burden. This is not the case with welded work. We can
determine with a certain accuracy how much electrical
energy is expended in arc-welding, or how much oxygen,
acetylene and flling material is used in flame-welded
wark.

Reliable and accurate oxygen gages, watt- and gas
meters and scales give the riecessary information in regard
to the material and electrical energy used in welding a
certain job.
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Fig. 2.—2,000-Gallon Welded Tank

It is entirely wrong to depend on tables given by manu-
facturers of welding apparatus when estimating welded
work, These figures are mostly “laboratory” perform-
ances. 1 have so far failed to see such “dress parade”
figures performed continuously in practical work, even by
representatives of the firms giving these figures in their
catalogues. Only actual tests made during an extended
period give information as to which method is the most
economical to use.

The welding of plate work is slowly but surely paving
its way to replace riveting. Welding can be performed
very cheaply, but we have to consider that there 1s a great
iifference in real good welding and bad welding, or, as [
might call it, “plastering.”

At the present time, a prospective buyer of a welding
outfit 1s more interested in the question, if it is advisable
for him to buy an electric arc welding outft or a gas
welding outfit.

In regard to the cost of welding with both methods:

[ here give a report of a competitive test, The welding
with the electric outfit was done by an expert welder sent
as a demonstrator and instructor with the outfit. The gas
welding was performed by a welder having had about
twelve months' practical experience in welding, after
taking a short instructive course in one of the best-known
concerns manufacturing oxy-acetvlene welding outfits in
the country. He was a boy 2o vears old. The tanks, as
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can he seen,
Ciases,

were of the same size and material in both
The operations of laying out. marking, rolling and
assembling were the same in both cases; in fact, were per-
formed in the whole ot before being welided.  All tanks
welded by the oxy-acetylene method were gasoline-tight
when tested and no rewelding had to be done. In the case
of electric welding, some of the work had to be rewelded
in small spots. The test was made to determine the re-
spective cost of both methods, and can serve as a guile,

All test appliances usel were constructed by first-class
firms,

' Erectric Awvc WeLpinG

Objects welded: Six zi3-gallon tanks, 3/16-inch shell,
3/16-inch heads with one 3- nuh one 2-inch and one 114-
inch standard couplings.

Time of welding: 14 hours, at 20 cents per howr. ..o ..., $.20
Kilowatts consomed: 60 k||1ll'|"|.l[*-'= At 8 eemte PEr, . iia s S T
Filling rod vsed: 27 pounds, at U e ¥ e 1.7

Total cost for six tanks,

Cost of welding one tank. .. ... i e
Analysis—Feet welded: Feet
Long seam, 6 < 69 imches is coual to., e o R ]
Circular seam, 12 » 7 feet 10 inches 1s e |1n| bl s Bl
Couphings, 6 = 2 g equal to_ ... il oiiii i i iaiain. 120
Total ... 140.5
Feet welded per hour: 140.5 divided by 24000 .o o oo 10 feet
Kilowatts per hour: 60 divided by ..o oo oo 4.256
Kilowatts per foot: 60 divided by 140, ... 01,4286
Filling rod per foot: 27 divided by 140, ..., [T R

Oxv-Acerviese WeLning

Objects welded: Six 213-gallon tanks, 3/16-inch shell,
3/16-inch heads with one 3-inch, one 2-inch and one 1%4-
inch standard couplings,

Time of welding: 194 hours, at 30 cents per hour. ... ... .. £5.78
ODxygen consumed: 371 cubic feet, ab 0183, ., .o nioa o GMMAS
.'|.|.'¢-_13,-'I¢_-:m: consumel: 225 cubic fa,ct, gt 008, ... gl e R ]
Filling material: 15% pounds, at 12 cents per p-:-nnd R 1.5%

= Total cost for sixz-tanks. ... occoivaaiaaiaaaas
Cost of welding one tank
Analvsis—TFeet welded: |5 =it
LOTIE Seam, o= 6% 15 equal to, i araar ey 345
Circular seam, 12 ¥ 7 feet 10 inches...ovo0oinn0, e b s LR
Eomplimge s L D e oty L2
T ot s o e L G i R e S

Feet welded per hour, 1405 divided by 19,25
Oxygen per hour, 871 divided by 19,256
Acetylene per howr, 525 divided by 1925, ..., . 00 eians
Oxygen per foot, 371 divided by 400 .0......

Acetylene per foof, #25 divided by 140 e fi-
Filling material per foot, 15.75 divided by o0 o0 0000 125

From these tests we sce that electric arc welding is
cheaper than flame welding as far as labor and material is
concerned. It has to be taken into consideration that this
was a competitive test, but in most cases where after-
wards comparisons between the two systems were made
the result was apparently in favor of electric welding as
far as cost of manufacture was concerned.  But there are
other matters to be considered.  The writer has made de-
structive tests on tanks to determine the reliability and
strength of clectrically and gas-welded tanks, aml in-
tends to write something about this in a future article.
Let only this much be said, that we discarded electric
welding for the present,

Raveren Tawks

Now, to compare riveted work with welded work, 1
sive the following reports. The tanks were of the same
capacity, hut the construetion was different in the welded
than in the riveted tank. In the weliled tank, the man-
hole was riveted on the shell the same as in the riveted
one, but the flanges were replaced by pipe couplings
welded on.  In the welded tank some material is saved hy
using circles instead of Aangel heads,

One zo0o-gallon, 66-inch diameter by 11 feet 4 inches
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lang, 3/t0-inch shell, Y4-inch heads, 34-inch rivets, as per
sketch.

Lahor reduced to one man. Handling of plates and
tank included in labor,
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Fig. 3.—Riveted Tank. Tatal of 624 34-Inch Rivets Driven Cold

WeLneEn Tawk

One zoo0-gallon, 66-inch diameter by 11 feet 4 inches
Labor reduced rto
included in

long, 3 16-1ch shell, Y4-ineh heads.

7
one man. Handling of material and tank

labar.
Hours
Laving il 3.75
umcheng
Shearing
Holling o
“ssemnbling L.
Iiveling
Flame cutting . ... ... ...
Flame welding
Ualking manhle
Te=ting
Paint
Inapecting

5554 1454
The z.o000-gallon tanks went through the shop in the
usual way. No effort was made to make a competitive

test. In the case of the welded tank a competent welder
laid the work out, and, as can be seen, no flanged heads
were used, but circles instead. The welded tank was the
first ome built of that capacity, amd was a new proposition
at the time of construction. As T said before, all condi-
tioms should be considered, but it is my conviction that
small welded tanlks can he built cheaper anvwhere than
riveted ones,

It would be interesting to hear from nther sources
experiences in the shops,

the

Larcest P'LaTte Minn 1w e Worto—The Lukens Tron
& Steel Company, Coatesville, Pa, a pioneer in bhuilding
large plate mills, is to install what is said to be the largest
plate mill in the world, making it possible to roll plates
190 inches wide, The two working rolls of the mill are to
e 204 inches long by 34 inches diameter. On acconnt of
their length it was deemed necessary to use supporting
rolls 50 inches in diameter to prevent undue springing of
the rolls,  In addition to the sixteen open hearth furnaces
now in operation, this company is now installing six new
furnaces of 100 tons capacity each, with prospects for
two maore, for which space is already arranged.
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Problems in Locomotive Boiler Design’

Increased Weights in Railroad Equipment Necessitate More Economical
Production of Increased Power Per Unit—Possibilities in Design of Boiler

BY GEORGE M. BASFORD}

When this club began (1gor) the biggest locomotive
in the world was, I believe, a Consolidation running here
in Pittsburg, For a long time after that locomotives ran
to size and weight, 1t was easy to make them bigger anid
heavier. But a far greater and more difficult, as well as
more important, problem faces us to-day, 1t is the prob-
lem of forcing every pound of weight to justify itself in
terms of power o serve mankind, YWho has a bigger,
nobler opportunity and duty than this?

When our club bewan, officials wouldn't listen, as they
do now, to consideration of improved efficiency. Super-
heaters, brick arches, combustion chambers and feed water
heaters are old. Their real application to our great prob-
lem came but six vears ago, and they are only now be-
ginning to be really used in this problem.  To-day officials
are reaching out for new things and old things in new
application. They eagerly seck capacity-increasing fac-
tors. Why? Because they are facing the question of in-
creased weights in equipment and in operation. They
need more power per unit to do the world's business and
do it economically,

Therefore, voung men never had the opportunity or the
duty that they have facing them to-day. Do they realize
it? To try to make some of them see it is the object of
these paragraphs.

Let us make a little list of big possibilities in locomo-
tive development to show what lies before young railroad
men right now. The items are mentioned at random, not
in order of importance,

Boier Desiow as a WHOLE

Size is only one part of this problem, instead of being
the chief feature as it has been considered in the past. It
is now a question of balancing all factors to make and to
ahsorb the maximum amount of heat per unit of weight.
The day of ratios between grate area, heating surface and
cylinder volumes has given place to a day of providing
steam to produce definite amounts of eylinder horsepower
within defined limits of weight. This is revolutionary and
the corralling of many a fractious heat unit must he made
possible.  This is your main line of activity in Lailers,

301LER CIRCULATION
Many ‘a bright mind is engaged in improving the move-
ment of the water in the boiler with the promise for the
future. Very little positive information is available now
upon this subject. Who will put us straight on the matter
of hoiler circulation?

TauprovED GRATES

Grate design is now being studied as it never has heen
before. Experimental developments in grates as to air
openings and grate construction promise valuable im-
provements n the near future. Conditions  requiring
maximum power lead to the conclusion that air apenings
through the grates should be as large as the character of
the coal used will permit. Thirty percent is aimed at

* From a paper on Railway Cluhs and Young Men, presented at a
meeting of the Railway Clhub of FPittsburg, September 2. :
 President, Locomotive Feed Water Heater Company, Kew York,

Recognition is waiting for a thoroughbred grate expert.
The largest Pacific type passenger locomotive has 47,300
pounds tractive effort and the same grate area that was
used in the same service six years ago when the tractive
effort was but 32900 pounds. This problem is a worthy
cne for that expert.  What is he going to do about it?

Asn Pax Desiow

This is a vital factor in the production of heat. To
provide air sufficient for intense combustion is the object
of experiments now being conducted which promise a
simple solution of this problem. To provide air enough
for a big firehox and put the air where it is wanted is no
child’s play. The speed of gases at a certain point in a
big firchox, working hard, is 2o0 miles per hour. Who 1s
the expert who will point the way to the ash pan design
to supply air enough and how will he provide air openings
in the ash pan sufficient to maintain atmospheric pressure
in the ash pan at maximum rate of power development?

ComeusTioN ENGINEERING APFLIED To Firesox Desicw

The purpose is to attain, with all fuels, the highest de-
vree of heat intensity per unit of firebox volume, Here
is where the energy is developed. This is the heat fac-
tory. It is worthy of a lifetime study. Important de-
velopments are nearly ready to be announced.  Your field
15 nearly o000 fireboxes.

To hurn the gases completely before they reach the
Aues and to accomplish this in the big firebox is another
hig problem. This mvolves grates, arches, air admission
below and directly into the fire and mixing of the burning

rases by division into small streams. It also involves the

shape and size of the firebox and combustion chamber. All
this is now being worked out on paper and in practice.
Recent studies in Arebox design recognizing the great im-
portance of heat radiation and the relatively small
importance of transfer of heat by convection have re-
vealed the firebox problem in a new light. This will re-
sult in larger firehoxes, larger grates, larger combustion
chambers and in new developments in the mixing of the
burning gases by improvements in brick arches. Improve-
ments already tried experimentally promise remarkable
results,  With all this to do, the field for combustion ex-
perts is very far from being overcrowded. Before long
100,000 Arehoxes will be in service to keep this country
eoing. A little improvement applied to each of these will
save a mountain of money,

Tt is known that a certain sacrifice of tube heating sur-
face for the henefit of increased firchox volume in the
form of a combustion chamhber is justified, but how far
should this be carried? This should he investigated. Then
there is the question of tube length.

Froxt ExD DrAFT APPLIANCES
Here is another feld of promise.  To produce the pump
action necessary for draft with minimum back pressure
load on the cylinders will bring great credit to the one
who is successful in working it out. Why should front
enid construction that itself consumes 33 percent of the
draft produced he perpetuated?
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SUPERIIEATING

This improvement is by no means finished. Those who
are living with this problem are in position to lead still
further their influence on cylinder performance and in
the effective use of the heat from the firebox. Superheat-
g engineers are ready to give higher superheat when
railroads are prepared to use it by improvements in operi-
tion and maintenance. Great economies are available in
higher superheat through increase in volume of the steam.
These engineers are also ready to put to good use any
increase of firebox temperature the combustion engineets
can give them. Superheating, the greatest improvement
the locomotive has ever seen, is not finished. It offers
still greater possibilities when you are ready for them,

FEED WaTER HEATING

This is now a factor in locomotive engineering and
operation. It promises to take a place next to superheat-
ing in improving economy and increasing capacity with
the incidental advantage of prolonging boiler and firebox
life and reducing cost of boiler maintenance. Sucecessful
feed water heating means increased boiler power. It will
permit of modernizing existing boilers of outclassed loco-
motives to render them available again in many cases for
service which has outgrown them. Feed water heaters
may be applied to existing locomotives under a charge to
capital account and for a number of years will defer
charges to operating account for replacing those loco-
motives by new ones. TFeed water heaters will increase
evaporation per pound of coal and provide economy not
available in any other way because the improvement is
made from otherwize wasted heat. Locomaotive boilers
should be relieved of the duty of heating water. [t should
come to them hot, leaving only the evaporation to be
effected in the boiler. Feed water heating is not new, but
successful lozomotive feed water heating in this country
has but just now been accomplished. A little later there
will he more to be said on this subject. This development
has been waiting for the successful heater,

WATER FURIFICATION

This hecomes more important every day. Before long,
people whose lives have been made miserable by water
unfit to use in boilers of any kind will wonder why thes
ever used it in the most rigorous boiler service in the
world. They will wonder why they ever paid the boiler
repair bills of the past when the remedy is so easy and the
returns so great. Let some of the young men tackle the
problem of improving means and methods of water purifi-
cation.

Powperen FueL

Herein lies a possibility of the use of heretofore im-
]‘]ﬂ.‘isimt fuels with a $250,000,000 anmual steam locomotive
fuel hill to work on, also the possibility of increased steam
making capacity and perfection of firehox operation that
until recently were not hoped for.  Tnereased hauling ca
pacity and continuity of locomotive operation and elimi-
nating of ash pit delay offer great promise for the future,
Increased boiler capacity is a question of producing maxi-
mum calorific intensity per eubic foot of firebox volume,
This is the raw material for the heating surface amd
superheater to wark with. Speaking in general terms,
pulverized fuel will transform an o percent boiler into a
100 percent boiler. Consider what this would mean to.
say, 30,000 locomotives in this country that are deficient in
hoiler capacity. Here again a capital charge will put
from five to ten years of new life coupled with increased
capacity into a lot of old power. It will put many an
autelassed locomotive back on the main line, The chief
reason for buying new locomntives is to get hoilers that
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arc big enough to hanl maximum tonnage over ruling
grades, Inecreased boiler capacity resulting from fuel effi-
ciency is the question answered by pulverized fuel. It has
already shown a boiler efficiency o1 77 percent with pul-
verized Fentucky unwashed screenings, as compared with
61.1 percent with lump coal from the same mine hand
fired in the same locomotive.

Do you want more things to do? Then get into loco-
motive operation. Work out plans for keeping expensive
locomotives in service a larger portion of the day. An
average figure representing present practice is 4 hours
1 minutes' actual service out of a 24-hour day. Get into
questions of orgamization, selecting, tramning and promo-
tion of men, Who will wake up the railroads to the
sticidal policy of neglect of the selection of recruits and
of training these recruits in all departments? Take up
the question of railroading as a business with real co-
operation of all departments. Stwdy suitability of loco-
maotives to their working conditions. Who will show rail-
road managers how much money may be made in suitable
roundhouses and in shops and shop equipment for main-
taining big engines? No specific mention of the details
of the car problems can be made on this occasion, but
the car offers opportunities that are little less important
than those of the locomaotive.

Best locomotive records, reflecting up-to-date develop-
ments show a water rate of 146 pounds per indicated
horsepower-hour.  What may be termed unimproved lo-
comotives produce this unit on about 24 to 30 pounds.
Between these figures lie great possibilities. Between
them lies your opportunity, The majority of locomotives
are in or near the z4-pound class.

High-Pressure Tanks for Western Union
Building, New York City

The illustration shows a few of the many high pressure
tanks recently built by the Downington Iron Works,
Downington, Pa., for the new Western Union Building in
New York city. On account of the pressure carried, these

High-Pressure Tanks Buwilt by the Downinglown lron Works
for the MNew Western Union Building in New York City

tanks represent the highest class of work in laying out,
fitting, riveting and calking. These tanks give some iden
of the wide variety of boiler and sheet metal work turned
out by thiz enterprising firm, of which Mr. Charles B.
Fairweather is president and general manager.



John Tangles Up in Squares and Triangles

Problem of Shearing Out Largest Squares from Miscellaneous
Triangular Plates—Graphic Method and Application of Geometry

BY TAMES F. HOBART

“Confound the whole blamed business! I wish the man
who invented boiler making had been imprisoned for life
and then hanged to &

“Here! Here! John! What's this all about? War in
Mexico, or has your girl given yvou the mitten?"”

“Why, it's a job of shearing plates. Some guy has
brought a lot ot triangular plates to the shop and wants
the biggest square sheared out of each one that can be
gotten out. They are all sizes, too, hardly two of them
the same size, and I believe it is one whale of a job !

“Perhaps not, John. Such things are often hike singed
cat—look a good deal worse than they really are—some-
times. Let's see what you have got to do.”

“Well, here's one of the plates. Fig 1 shows it It's
a little triangle, and they want me to lay out and shear the
square 4. It must he exactly square, too. They won't
stand for it to be a bit rectangular, like B or O, Tt must

be right on the square as shown at 4. Now, there are
about 220 of the plates and almost as many shapes and
sizes. Confound the job, T don’t see anything to stand on
while I do the work!"”

“Try a bit of your geometry on it, John, You have
found that geometry will do lots of things, perhaps it will
help here.”

“Oh, say! Mr. Hobart, geometry will help here just
about as much as ‘watchful waiting” will. What's the use?
Neither gets anvthing done that I can see.”

“Perhaps you don't see quite right, John. Let's look at
the matter again. Just slide one of the triangular plates
upon a sheet of boiler plate so we can have room for a
bit of a layout. Fig 2 shows how to place the triangle
D E F. Then find the middle of the bottom side I F and
draw the wvertical line £ & put the straight edge along
this edge and draw a line out past /. Then draw another
line from E to H parallel

with line & F . Next make

EHand & I equal to £ &
and draw the line H I. You
now have a square, each
side of which is equal to
the height of the triangle
: or equal to E G.”

! “All right, I've got it

| “Good; now draw the
! diagonal H D and the point
I where this diagonal cuts the
line £ F will be a cor-
ner of the sguare bit of

[ P

plate which wyou are to

shear out of D E F.™
“What's that? Well, I

declare! It's so, isn't it?

There is the large square,
) G E H I, and the small one,
oy J KL M And they are

: both on the same diagonal
B Say, that thing looks all
# right, but how does it do
it?”

Fig. 3 Fits any Triangle Fig. 4

H

Q. m M & X -

Flg. o Fimling Equivalent of apny Xumber ¢l Souare

Eaguivalent Sqnare

o “Take too long to tell
abhout it here, John; youm
can look it up in vour
geometry and study it there
as fully as vou choose. You
will find it somewhere in
Plane Geometry, about the
third book probably, and
perhaps in the 'Problems
of Construction.” There's a
whole lot of stuff there,
John, which will help the
boiler maker.”

“Yes, but there are so
manyv things to learn, keeps
me up in the air all the
time. Say, when will a fel-

Fimding 2ide of

Squares and Triangles

low get =0 much of it in his
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head that he will not have to be learning something riew
all the time?"”

“Well, John, not in this world, and if you are at all
progressive, I make a shrewd estimate that you will do
maore learning i the next world than you do here !”

“Say: that looks pretty big, too——. Well, I'll get lost
in a minute i that direction. Guess ['d better wait until
I get there! But, say: These three-cornered sheets are
not of the same size, and there are lots of them which don't
have sides [7 E and E ' of the same length, What's to be
done then

"Do just the same, John,  That matter takes care of
itseli, It matters nothing whether the triangles are of the
same angularity on each side of line & £ or not,”

"How does that work oue ?”

“Fig. 3 shows it. Iere is a shape where the vertical
line Q 15 not in the middle of bage @ . But, no matier,
go right ahead and lay out the square same as before, and
draw the diagonal @ K and the point & will be a corner of
the square, same as before.  Now to show how this thing
works, jJust shorten up the base line from O to |7, thus
making it alike on both sides of center line @, Then the
square which you can cut out changes from £ & to T L.
You see, John, that the movement of the diagonal from
i to 17 brings the top side of the square down just enough
to make it At the narrower and shorter section of plate,
It's a mighty preity illustration of what geometry can do
for the boiler maker if the boiler maker will only give
geometry a chance.”

“Well, it can have all the chance at me that it wants to,
only sometimes o fellow gets off the track a bit; there's so
much to look after and learn.”

“Wever mimd, John, 1t don't do you a bit of harm to
jump the track once i awhiie: only get back again be-
fore you stray far from the trail. You see, it's just this
way: A fellow who jumps the trail oceasionally is never
very apt to 'cet into a rut,” not over his head at least, and
when he comes back to the trail after one of his side trips
he is mighty apt to have a few new ideas which he didn't
find in the old trail. So go ahead, and if vou find you
are out of bounds no harm will he done if you grab all the
new ideas vou see and hustle hack again”

“T'l do that, all right, just the best 1T can, PBut, Mr,
Haobart, one of the boys is worrying himself over a mighty
peculiar job which they gave to him vesterday, A cus-
tomer came along who had a lot of shallow evaporating
pans which must total a certain area. He wanted to make
new pans, larger, to take the place of the smaller ones,
and keep the aggregate area the same. They gave the joh
to Bob and he is figuring on it now.  They only marked
the sizes of the pans on a stick and gave no other figures
whatever. Bolb is measuring them all up and then calen-
lating the areas and sides of the larger pans which displace
the smaller ones.  Can he do the work any easier way "

“Well, I rather think he coulil. Let's see some of the
work. Oh! He must make a new pan with area equal to
the aggregate area of pans whose sides are shown in the
small squares in Fig. 47 And Bob iz scaling these lines,
then is calculating the respective arcas, adding them amil
extracting the square rool to give the length of side re-
quired for the new pan?”

“Nes, that is just what Bob 1s worryving himself aboot,
Can you tell him a quicker way "

“Yes, | can, but the way he is now working is n pretiy
acenrate method and it does oot tale much tone, either,
He can take the squares from the tables in his “Rent,” then
he can add them, find that number and talke its rool right
from the same tables,  That will not take long,™

“1 didn't know but he might do it by some graphic
method where no hguring would Te required.”
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“Well, he can. Dut graphic methods are not always
accurate except to a unit or a fraction of a unit, but where
great accuracy is not required, graphic methods may often
be used to advantage, In this case all that Bob needs do
is to draw the sides .4 and B as the legs of a right angle
triangle, taking care that the angle is exactly go degrees.
Then he may measure the hypotenuse and it will be the
side of a square which is equal in area to both smaller
squares .4 and B, In Fig. 4 the dotted square C shows
the square which equals the aggregate arca of smaller
squares A and B.7

“Wonder what proposition in geometry that stunt be-
longs to?”

“Why, John, don't you recognize that? The old, fa-
miliar one that the ‘sum of the squares of the legs of a
right angle triangle equals the square of the hypotenuse 27

“Oh, thunder! Yes, I remember it now, It skipped me
for a minute,”

“Look out, John, Keep your thinker in working order
all the time. When you are playing a hot game of base-
ball I dan’t see you forgetting many of the tricks of inside
ball, so why can’t you remember as quickly when about
your work *”

“T don’t know, lut somehow I can't seem to think as
quickly in the shop as [ can in a ball game.”

“Well, John, that's just becanse vou haven't got your
mind as closely upon vour shop work as you have upon
a ball game when you are in it Isn't that the reason?
You never think of anything else when vou are playing
ball, but I'll wager that in the shop vou are thinking of
ball games and almost evervthing else except what 1s in
the shop.  lsn't it so, John?"

“I'm afraid vou are about four-thirds right, Ar. Hobart.
Somehow everything seems to come to a fellow when he is
working hard and iz a hit tired on a hot, long day.”

“Then, John, it 15 up to you to shut out the things which
bother you. When on the ball feld vou shut out every-
thing except inside baseball, That’s what makes vou such
a cracker-jack ball player. Now, if vou want to get to
the top and Le ‘the Old Man' some Jday in some shop, pos-
sillly your own, then vou must practice shutting out every-
thing hesides shop things while you are in the shop. You
can do it. The more vou do in that line, the more vou
can do, and the easier you can accomplish it.  Yon can do
the trick to perfection when there arve three men on bases
and only one man out. and I am sure you can do the same
concentration act as regards shop work if vou will only
siy vou will do it and set out to accomplish that work.”

“1 wish I could do that I don't like to find myself
thinking of a ball game with all my work ‘hanging in the
air’ now and then.”

“lust stop doing it, John, and soon vou won't do it or
even think of such things during shop hours. 11 vou will
waork for it, you can get vourself so interested in shap
wark that vou won't know when the whistle blows, and
that's some interested, vou will believe.  But, John, about
that lot of evaporating pans which Bob has to get out?
il vou say that he had to make some larger ones which
tonk the place of two or three smaller pans 2

“Yes, that's right. Here is one caze. Tig. 5 shows a
lot of lines, I, K I°, ¢, H. I, where ane pan 15 to be made
to take he place of six smaller ones. Bob said he was go-
ing to save that one to Agure on Sonday when he had
plenty of time.”

Tt will not n-quin- much time to solve that ]Tlrﬂlll[‘“'l.
Tohne  Just take Trom the tables the squares of those six
numbers, adid the squares, fnd the sum in the tables and
take out its square root, and there vou are. But if Hob
wants to do it by the graphic method, let him go ahead
with the first two pans, I? and E, same as in Fig. 4. Then,
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instead of sketching a square upon the hypotenuse in
dotted lines as in Fig. 4, proceed instead as in Fig. 5, to
erect side F, from E, at right angles to hypotenuse E T
Then proceed as before and erect sides G, H and [ in turn,
always erecting each new side from the last hypotenuse
drawn from J. The last hypotenuse obtained, [ J, will he
the length of side required by a pan, which will have an
area equal to all the size whose sides are represented
by lines D, E, F, G, H and I.”

“Well, I snum! That is some scheme. Fig, 5 looks like
a picture of a snail shell, but that don't matter if it only
brings results.”

“It can't help bring results, John, if vou only lay off the
angles and lines accuratelv. That is all that is required
to make line 7 J check up very closely with its calculated
length.”

“Well, geometry iz sure some stunt, all right, and the
more I dig into it the more there is to it.”

“That's so with almost everything, John, hoth good and
bad. Now, there is a bit more to that matter, as shown by
Fig. 5, than appears at first sight. I saw a man not long
ago trying to cut a brace to reach across diagonal corners
of a rectangular tank, inside. He had the three dimen-
sions of the tank, its length, breadth and height, and was
trying seven ways from Sunday to find the angular dis-
tance from the lower south right hand corner to the upper
left hand north corner. He tried many wavs, but if he had
only taken the three dimensions as he took distances [,
E, and I, Fig. 5, and laid them off upon the hypotenuse of
the preceding quantities, then the distance F J, Fig. &,
would be the diagonal distance required. Or, he could
add the squares of the three dimensions, extract the square
root of the sum, and the result would be the diagonal dis-
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tance required.

“Oh, Mr. Hobart! Will that stunt work with other
shapes beside squares? Can it be used with circles#"

“To be sure, John. It will work with any shape of
figure, circles, triangles, rectangles, ellipses or about any
shape you can think of”

“How is it worked with circles ?”

“In exactly the same manner, John, Just take the two
diameters for the legs of a right angle triangle and meas-
ure the length of hypotenuse for the diameter of the large
circle required. You can caleulate the size of smokestacks,
breechings, uptakes, etc., in thiz manner, and where there
are only two dimensions given, a very good way is to take
each length upon an ordinary steel square, mark on
tongue and blade the lengths with a bit of sharpened soap-
stone. Then with the two-foot rule measure from one
mark to the other and the result will be the side of square
or diameter of citcle to aggregate those of the two similar
dimensions which were given.”

“Say, vou can't take very big numbers on the square, the
figures only run up to 24 on the blade and to 16 on the
tongue.”

“Look out, John—a little ‘Inside Boiler Making' right
now ! What's to prevent calling each quarter inch or each
eighth or sixteenth, an inch on the square? Then you can
take almost any diameter on it which you choose.”

“0 pshaw ! Wonder if 1 ever will remember that there
are brains in my head?”

“Tell yvou how I usually work that stunt, John, I take
one dimension on the blade of the square, the other on the
tongue ; place hoth fair with the edge of a straight sheet of
steel, mark thereon, then scale between the marks, and
there vou are.”

The Awakening of Jimmie and Bob

Two Apprentices .:*Lttempt to Design a Boiler—Rules and
Formulas and How They Are Used in Figuring Horsepower

BY W. D. FORBES

§

USH work requiring overtime and some outside re-
pair jobs kept the two young boiler makers very
busy for the next ten days after they were seized with the
idea of designing a boiler, so beyond talking over the mat-
ter a little between themselves and the draftsman nothing
much had been accomplished. On Saturday the boiler
works shut down at 12 o'clock, and after getting their pay
the young men always came home to dinner and in sum-
mer time usually took in a ball game in the afternoon and
in the winter the movies, but this Saturday there was a
hard snow storm, so the boys made up their minds to do
some boiler designing. .
“Vau remember,” said Bob, “we were talking about
night school and we agreed that we should have kept on at
it. Now, I've been thinking that over, and I want to
know why we didn’t keep on? I have come to the con-
clusion——"

Here Jimmie broke in and said, “That's dead easy. We
quit for the same reason that lots of other fellers quit, be-
cause the instructors were handing us out dope which
may have been good enough and all right, but they didn’t
show us how it was going to bhe of any use to us.

“Just take for one thing that three-point racket in get-
ting the diameter of a boiler. T don’t believe three out of
the class remember it or could see how it would be of any

use. If the instructor had only shown us the way the
draftsman used it, we would have all caught on, and that's
the trouble with the night school. T think that they start
at the wrong end. They ought to show us something like
that boiler measure first and then show us how to do it
Then we would have both ends of the stick, Isn't that
so

Bob agreed.

“Now,” ]limmy contived, “I got talking with the drafts-
man about formulas; those things with the letters, square
roat signs and brackets. 1 didn't get onto it at all, but the
draftsman showed me what they were, this way:

“T asked him about the horsepower of an engine and
how they figured it out. ‘Here," he said, ‘that’s dead easy.
First you've got to start with your steam pressure. That
does the pushing; that is, it pushes the piston in the cylin-
der, so the first thing you have got to know is how much
push the steam gives.’

Wow, we'll say it's 100 pounds, and when vou say 100
pounds it means that the steam is pressing on every square
inch of the piston with a pressure of 100 pounds. Put
you must remember that they discovered that steam has a
peculiar property of expanding. That means that if yon
have a cylinder which is long enough to give the travel
of 5 feet to the piston, and if vou let steam into it, behind
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the piston at one end, until the piston has traveled, say, one
quarter, and then you cut the steam off, as they say, the
expansion of the steam pushes the piston the other three-
guarters of the distance,

"Now, of course when you cut the steam off the expan-
sion won't continue to give 100 pounds pressure on the
three-quarter travel of the piston, but will be getting
weaker as the piston travels, and what does that mean?
It means that you have got to take the average pressure
which the steam in entering and cxpanding puts on the
piston.

“You see it is just the same as a spring. When it is
compressed up it gives 100 pounds pressure on the piston,
and when the piston begins to slide forward the spring
keeps on pressing, but the pressure decreases as the spring
lengthens out. Therefore, the steam pressure in the cylin-
der has an average from 100 pounds to start with, down
to, say, 10 pounds, when the piston is at the front end of
the cylinder.

“For simple caleulation we will assume that this
average pressure 1s 30 pounds, and we call this average
pressure the mean effective pressure, and mnstead of
writing it all out we represent it by the three capital let-
ters M. E. F.

“The next thing you've got to consider is how many
square inches the steam is going to press against, We'll
say that the cylinder is 36 inches in diameter. We just
take a table of areas and run our finger down to 36, and
we find the area is 1,017.88 square inches. If we have no
table handy to get the area of the piston, we will square the
radius, or half the diameter, which in this case would be
18 ¢ 18 = 324, and this we would multiply by 3.1416, or
what they call pi, which is represented by a Greek letter
looking like this .

“Wow, you've got vour average pressure and the area
of the piston on which it pushes, but you have got to have
the number of feet that the piston travels in a minute. In
this case, with a 5-foot travel of the piston, which is half-
stroke, one full revolution of the engine would be twice
this. We would have a 1o0-foot travel of piston, or a
10-foot stroke. Supposing the engine turned 6o times a
minute, we would then have Goo feet piston speed per
minute. Then, multiplying all these together you would
have go 3 1017 X Goo,

“Mow we know that a horsepower is 33.000 pounds
lifted 1 foot in a minute, so we would write it

50 3 1017 > Goo
— = horsepower.
33,000

{We'll just leave off the decimal on the area.) Now, of
course we can cross off some of the zeros above and below
the line. We cross off the zero in 50 and the two zeros in
the 600, That makes three zeros above the line; so we can
cross off the zeros in 33.000, below the line. Then you
would have

52 1017 K 6

33

We take it this way, 5 > 6 = 30, and multiplying 1,017
by 30 we get 30,510, Dividing this 33 we get 924 and a
little more,

“So the horsepower of the engine will be 924 and a
little hit over, disregarding friction.  Anything hard about
that, Bob?"”

“Nothng at all,” was the answer. “But where do the
letters come in? These are all figures.”

“Oh,”" answered Jimmie, “that’s just what I am going to
show you. What I have explained is for one size of en-
gine. Now, you want a formula that will give you the
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horsepower of any size engine, and the draftsman puts it
down this way:
MEP xAXS

= horsepower.
3,000
Bob shook his head. “You can't get anything by multi-
plying 5 by 4."
“No," answered [immie, “of course you can't, but you
put it down this way:

M. E. P. = mean effective pressure,
A = area of piston in square inches,
5 = speed of piston in fect.

“So, then, for a general formula that will do for any
engine you write

M.EP.XAXS
- — horsepower,

33,000

“Now, all you've got to do is just as | have said. 1f you
have another size engine with a different boiler pressure,
what vou have to do is to put down the average pressure
over the M. . P, put the area of the piston over 4 and
the speed of the piston in feet aver the 5. (Of course,
when you get used to it you won't have to put down the
letters at all.}) Thus:

25  314.16 fioo
MEPXAXS
- e = horsepower.
33,000
Cross off any ciphers you can, multiply all the fgures
above the line together and divide the result by the figure
below the line and you get your horsepower every time.

“So you see in all these formulas you must know what
the letters represent and then get the values of each in
actual figures, just as I have shown you, and you can figure
out anvthing that comes along.”

Bob thought a little, then said: “Well, did he say any-
thing about figuring out a boiler

“No,” said Jimmie, “I didn't have time to ask him.”

“T did,” retorted Bob,” and he said we were right in
starting on the coal consumption per square foot of grate.
Then we would have to Agure out how much power we are
going to get from that much coal burned on each square
foat of grate, and divide the number of horsepower that
we wanted to get in the boiler by this, and that would
oive us the number of square feet we should have in the
grate,

“Wext we would have to design the boiler so that the
heating surface would be large enough to properly absorb
the heat; then we would have to decide on how high a
pressure we would have to have the steam, and we would
have all the points we would need to get the horsepower.
That would be on that side of it.

“On the other side we would have to start in and figure
out what thickness of plate for the style of boiler we would
have to have to stand the pressure and then ficure on
whether the seams should be single, double or triple riv-
eted to hold up under the pressure. Then we would have
to allow for what he calls a factor of safety. e said that
meant that we must make the plates thick enough and the
riveting strong enough not only to just hold the pressure
before it let go, but a pood deal more,

“Mext he told me that in almost every State in the
Union they had laws about boiler building, and lots of
them differed from each other, so that a boiler that would
pass inspection in one State might not pass in another,
making a big mix-up, but lately the American Society of
Mechanical Engineers had got up rules for boiler making
which would be adopted Ly all the States sooner or later,
and many have already done so. This will simplify mat-
ters a whole lot.”
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After a little reflection Bob seemed to think that with
the books they had and what they could borrow they
would be able to get started. “But,” he said, “The very
first thing we have got to do is to decide what style of
boiler we are going to design and the size. I asked old
man MeCracken how his boss used to design boilers, and
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he laughed and answered, his boss stole them from other
people’s catalogues. [ have noticed that the draftsman
had a big stack of boiler makers’ catalogues in the drafting
room, and I guess there is a good deal of copying going on,
anyway!"

{To ke Continucd)

Building Tube-Welding Fires

Preparation of Forge for Tube-Welding Fire—Build=
ing Up the Fire Pot—Shearing Corners from Plates

BY JAMES FRANCIS

“Henry, Oh, Henry!
tube-welding forge vet?"

“"No, Mr. Francis, I'm just getting about that job now.
YWou said you would show me how to build a fire which
would run for two or three hours without getting out of
shape—and I was born and raised in Pike County, Mis-
souri, you know.”

“All right, Henury, we'll build that fire.
the forge, way down to bed-rock.

Have you built the fire on the

First, clean out
Don’t leave anything

loose on the forge. Get a couple of barrows and a No. 3
riddle. As you clean out the old fire, pass cach shovelful
over the riddle and let the fine stuff, the coal and ashes,
fall into one barrel, while the coarser portions, those
which won't pass through the riddle, are thrown into the
other barrow.”
“Say! You don't want all the dirt and ashes from the
old fire, do you ™
“Yes, Henry, let it all go into the barrow of fines
There will not be too much

Fig. 1 Forge
Cleaned Ot

Fig. 2 Dipe
Core in Place

Flg + Cutting Down

Flg. & Five Pot Ready
for the Coke

Fig. 7 Sightlng a Cot

Fig. 3 Wet Coal Fire
ot Bolle Up

of the stuff, if you carefully
clean out the coke and
the ashes therefrom bhefore
you sift out the rest of the
stuff on the forge. It is only
the banks of the old fire pot
and their dirt and ashes
which you are to save.
Scrape out the picces of
large coke and throw them
into the barrow for large
pieces, then you can throw
the coke ashes from the fire
into the ash-barrow.”

“What ash-barrow? We

don’t have any ash-barrow in
our shop.”

“Nou don't? Well, I would
have one were [ responsihble
for matters there. A large
wheel-barrow with high sides

i5 a mighty good investment
Fig. 6 Marking and in any boiler  shop  and
Ssmcing Mlonors should be located in some
convenient place and alwayvs
kept there while not in actual
use. Then whenever there
is a fire to be cleaned out,
throw the ashes and dirt into
the ash-barrow, which, when
full, may be wheeled out and
dumped by a laborer, who is
given particular charge of
that ‘Irish buggy.' Then no
ashes will be thrown on the
shop floor and no time will
e lost by one man and an-
other having to carry out a
few ashes. When there is
but a shovelful of ash, see

Building a Fire in Tube-Welding Forge

that it is carried to the bar-
row, but when a large forge
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is to be cleaned out, make the men push the barrow
up to that forge—and push it back to its place again after
the ashes are placed in the barrow.”

“Here, Mr. Franeis, is the forge all cleaned out. Just
look at Fig. 1 and see if that is the way it should be
cleaned.”

“That's good, Henry. When you clean out the tube
forge, do a good job of it. Sweep the inside of the forge
clean with a broom or a brush, for it is necessary that the
fire pot which we will build up shall stick fast to the forge.
There's nothing else to hold the fire-pot in place, but if the
forge be well cleaned out and then wetted, the new fAre-
pot material will stick fast enough to stay in place during
the tube welding,

“Look well to the air pipe opening o and see that it is
clear and free from bits of coal or cinder. Turn on the
blast by all means after you clean out a forge, and then, if
needed, clean out the air-pipe, too!

“See that the forge 15 in good shape before you begin to
build up a fire-pot. If the forge consists of a steel shell
with brick lining, see that the bricks are all solid and in
place. It only takes a very few minutes to mix up a little
dab of Portland cement and with it plaster Armly any
loose bit of brick in the forge. Sometimes a heavy blow
from some piece of metal which is being handled around
the shop will cause the forge bricks to become loosened,
and this condition often causes the fire-pot to crumble and
to burn out quickly. Touch up the forge with cement as
it needs it and thus keep it in good condition always.”

“Well, here 1s all the fine stuff from the old fire-pot, and
I have put all the large bits, which would not pass through
the No. 3 riddle, into the barrow with the picces of coke
which I picked out before I took away the old fire-pot.”

“All right, Henry. Now push the barrow to the soft
coal bin and get the No. 4 riddle and sift out enough of
the fine bituminous coal to make up the quantity of ma-
terial necessary for building the new fire-pot.”

“Say, how much stuff do you want, anyway?”

“Why, Henryv: vou should know by this time just the
amount of material which will be required to build the
tube-welding fire-pot. If vou have never noticed, take
care this time to see how much the material makes when
in the barrow ; then on all other occasions you will be able
to mix up just the right quantity. You have mixed the
new, fine soft coal with the fine material from the old fire-
pot? Good! Now wet the stuff in the barrow, Turn it
with a shovel until it is all evenly moistened and until it
is just wet enough to ball well when worked by the hands,
same as if you were making a snowball.  The ashes and
old fine material make the new coal stick together well;
therefore do not be afraid of getting too much ash in the
firehox material.”

“T think this will be about right.

and is pretty tenacious.”
“Good ! Wheel the barrow close to the forge. Place a
piece of 7-inch pipe—=&-inch for large tubes—over the air-
pipe opening, as shown by Fig. 2; then begin to pack the
wetted coal around the pipe. It is better to put the coal in
place by handfuls, patting each handful snugly into place
and making it firm and solid.  There is nothing as good as
the hand for this purpose.”

“Shall T build the coal clear up to the top of the pipe ?”

“Na, Probably the pipe is 22 or 24 inches long. The
forge casing is probably 6 to 8 inches deep, and you want
to build the fire-pot about that distance above the edge of
the forge. Therefore there will be about 16 inches of fire-
pot and the rest of the pipe length will project above it
and it will be handy to lay hold of when you are pulling
out the pieces of pipe.

“Cine more thing, Henry.

It cakes down well,

Den’t build up the pot at
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first to its full height as shown by Fig. 3. If you do this,
vou will have to leave off the material which you cut out
of the fire-pot, as shown by Figs. 4 and 5. After you have
built up the fire-pot onece or twice, you will know how
much to allow for the material removed from the chan-
nels on either side; then vou can stop the pot off at this
level, as at €, Fig. 3, when building up the rounded mass
of wet coal.”

“What's the next thing, Mr. Francis? [ have got the
coal all patted firmly into place and am ready for the next
mave.”

“(Get a piece of thin sheet iron or steel, Henry. Per-
haps a foot or 18 inches square, and use it as shown at [,
Fig. 4, for cutting down through the coal on either side of
pipe 8. Make the cut wide enough to receive the tube
which is to he welded. The channel need not be cut as
wide for a 2-inch tuhe as for a 4-inch one; therefore,
if you intend to weld several sizes of tubes with this fire,
then make the cut for the smallest size tubes and weld
that size first. The channel will gradually widen under
the action of the fire and will become large enough to re-
ceive the larger sizes of tubes by the time the smaller ones
have been welded. To be sure, if a set of I-inch tubes
are to be welded and immediately after some 6-inch tubes
must be handled, it is not expected that the green coal fire
pat will have burned out sufficiently to receive the larger
tubes. In cases like this a bit of judgment must be used
and the channel made wide enough to take the large tubes
and let the small ones be heated in the channel too large
for them.”

“Well, what hurt is it, anyway, if the channel is too
large for the tubes? They can be heated all right, can't
they ™

“Sure, Henry, they can be heated all right, but we don’t
want to run a 7-inch fire for heating 2-inch tubes. It is for
this purpose that the wet coal fire pot is built up—to con-
fine the colke closely against the tubes, thus saving fuel and
causing less discomfort to the workmen. When vou heat
small tubes in a big fire it requires just as much fuel and
air to heat the small tubes as it would to heat as large
tiubes as could be placed in the channels.”

“Oh, T see! You want to keep the channels E and F,
Fig. 5, just as narrow as possible and let the tubes pass
into them

“That's the idea, Henry., The heating is all done in the
cavity formed by withdrawing the pipe £ and the side
channels are merely to let the tube get to the fire; there-
fore, make those channels as narrow as vou can.”

*You said not to build the cone too high, as shown in
Fig. 3. What did you mean hy that?”

“T meant to keep the height of the cone down sufficiently
so that when the material removed from the opposite
channels £ and F has been placed on top of the material
already placed, the cone will then be of the required
height, And, Ienry, when vou build on this material,
which you will remove by cutting down with the sheet
irom, as shown at 175 when vou place this material on top
of the cone, be sure to pat it down well and to round all
the corners and edges. Don't leave any sharp corners, for
they will crumble or burn off very quickly.”

“Oh! You want me to round off all the edges and cor-
ners when I build on the material from the channels E
and F? I see. That is easy. T can put the material into
place and leave the edges well rounded so they will not
burn off.”

“That's the idea, Henry, and you must always take care
to cut the hack channel so the end rest 7 will project down
into that channel. The stand J, Fig. 1, may or may not
be fastened to the back of the forge. If it is, then so
much the better, but however this stand may be located,
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Are Fire Box Sheets

Welded With The Oxwelding Process

Efficient?

Answer:

The tensile strength of a single lap riveted seam is
approximately 52% to 60% of the strength of the
metal itself.

By tests, it has been proven that the tensile
strength of a seam welded by the Oxwelding
Process is from 80% to 85% of the metal itself.

Why not submit your boiler repair problems to
our staff of experts, who are constantly in touch
with the application of the Oxwelding Process to
the special needs of the steam railroad field?

OXWELD RAILROAD SERVICE COMPANY

Railway Exchange 30 Church Street
CHICAGO NEW YORK

When writing to advertisers, please refer to Tue Boriex Maxes,
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take great care to cut the channels so the stop L may
enter and slide freely therein, for we don’t want to cut
away the walls of a fire pot in order to adjust the stop
against which the end of the tube bears during the heating
process.”

“ls the pot all right as shown by Fig. 5, Mr. Franeis?"

“Yes, Henry, that will do first rate.  And now you can
build the fire. Get a bit of greasy waste or a dirty wipe
rag from the can in which such things are kept. Always
see that all greasy fabric, even in a boiler shop, is kept in
a tightly eclosed metal can, where it, if ignited, cannot set
fire to the building or its contents.

“If you have no greasy rag or waste, squirt a little
black oil on a piecce of paper which has been crumpled up
between the hands. Place the oily paper or fabric in the
hole H, ignite it over air-hole A4 and turn on the faintest
possible blast—just enough to keep the grease rag hurn-
ing. Then carefully pile small pieces of coke upon the
burning grease rag. Inecrease the blast slightly and when
the coke ignites put on more hlast and continue piling on
coke and increasing the blast until a full fire has heen
secured, which should not require more than four or hve
minutes from the time the grease rag was ignited.”

“Say, will such a fire pot last two or three hours? |
don't see why it should. The coal must burn out event-
wally !

“Henry, a fire pot built up thus from fine wet coal and
ashes will burn out, to be sure, but it burns very slowly
mdeed.  If 1t still burns out too fast, then add maore ashes
to the fine coal next one vou make, and you will soon find
a mixture which will hold its shape well and resist the
action of fire for a considerable time.”

“Might mix a little ceiment with the cozl, or a bit of
calcined plaster. That would stand fire guite awhile”

“Yes, but that would mean a lot of work when cleaning
out the old fire pot before starting a new one. The mix-
ture of coal and ashes will do all that is needed if you once
get the “knack” of putting up the fire pot properly.” |

“Much obliged, Mr. Francis, for the Are pot. Wish |
could get away with my next job as easily! I have got
Boo plates, about 24 inches by 30 inches, to be marked anil
have all four corners sheared off. And, [ tell yvou, it is
some job to mark 2400 corners and then shear to the
marks. It would be better il they put the small shear
where a man could see something without holding an elec-
tric lamp to the job all the time !

“How's that, Henrv? 2400 corners to mark and shear
to a line? Say, can’t you make that job a bit easier some-
how "

“Well, I don't see any easier way than to mark and shear
the corners aff.’

“Let’'s see. Fig, 6 shows the waork, does it? Have to
mark the corners as at ¢ and £, then shear them off as
[ and &

“That's the staff exactly: and 1t's a whole lot of mn
notonous work, too”

“¥ou can do that work in an easier manner, [Tenry, |
have seen similar work done in a manner similar to that
shown by Fig. 7. In this picture the plate to he sheared
is shown, all marked, at & and under the cutter of the
small shear, shown at L. The manner employed in this
method is to push the plate squarely against the shear
until the point where the cut was to begin comes against
the cutters, as shown at K. Bt the plate may be pushed
in square, not at an angle, as shown for Fig. 7. This is
done  after the Dlade L has been hrought accurately
against the beginning of mark K"

“Then, what's the use of marking the plates clear
across the corner which is to he cut off ? Why nat just
make a straight mark where the cut is to he started, a
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mark square with the edge of the plate #"

“This could be done, Henry, only it is more work to
mark the plates thus than it is to mark them to a templet
with the corners cut off, as was done to the plate shown by
Fig. 6. Therefore, we will mark them as shown by Fig.
i and shear according to Fig. 7.

“What do they do in this picture?
line

“That's just what, Henry. A plate is brought into posi-
tion in the shear, all alined up ready to be cut, and is
blocked there. Then the angle M is placed on the floor as
shown, and sighted into alinement with the edge of the
plate.  The angle is so adjusted that the vertical side
points exactly to the edge of the plate to be sheared, then
the angle is fastened to the floor by the pins shown”

“Well, how do they work it after that?”

“Why, just sight each sheet into line with angle M, the
eve being kept vertical with the vertical edge of the angle
as shown at N. You can shear the plates mighty fast if
vou rig up like that.”

Sight the cut into

Care of Marine Boilers

Boilers are the most expensive and perishable parts of
the machinery of a steamship, often requiring to he re-
placed twice, and sometimes three times, during the life of
a vessel. Deterioration and decay begin as soon as the
boilers are put in use, and are only partially prevented by
care on the part of designers and engineers. At the pres-
ent time the demand for large and fast steamships neces-
sitates the use of boilers of great size and cost. The
attention of builders and owners is therefore directed to
keeping this portion of the machinery up to the highest
point of utility for the longest period at the least expense.

Twenty years ago eight years’ work was considered a
good average for a marine boiler, but the period of use-
fulness has been increased about 100 percent in recent
vears. This gain is due in a measure to the improved de-
sign and construction; but more probably to the maore in-
telligent care bestowed upon them by modern engineers.

The first and simplest thing to guard against is external
corrosion. This arises from various causes, drips from
leaky decks, leaky screw staybolts, leaky handhole plates,
joints, stuffing boxes, etc, and from a cause so apparent
that it would not be noted if it did not occur so often,
namely, the neglect to waterproof portions of the boilers
directly under hatch openings.

There is no good reason for the existence of any of
these causes of corrosion, vet they do exist and create a
constant demand for the “soft patch.” The most serious
point of external corrosion is the front of the ash pit and
the adjacent portion of the boiler head,

It may be counteracted in part by the persistent use on
the ash pit fronts of the waste oil and grease from the
engine room. A better method of protecting this part of
the boiler, though seldom applied, is to fit soft patches .or
wearing plates of 3/16-inch iron over the seams con-
necting the furnace to front head. and extending over
the lower part of the front head to take in the front seam
of the shell.  This should be done when the hoiler is new,
and, although these wearing plates will last only a few
vears in active service, their renewal is simple and inex-
pensive; therefore, to be strongly recommended. Four
j.'er'trs' wear in hard service has been obtained from the
wearing patches by keeping them smeared with the waste
oils from the engine room. .

With ordinary intelligence bestowed upon the care of
marine boilers, there is no reason why their period of
usefulness should be shortened by external decav. Inter-
nal decay is a much more serious matter.
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The annual convention of the American Boiler Manu-
facturers’ Association will be held on June 23 and 26,
1917, at the William Penn Hatel, Pittsburg, Pa.

The annual convention of the Master Boiler Makers'
Association will be held on May 22 to 25, 1917, at the
Jefferson Hotel, Richmond, Va.

Readers of Tue Borier Mager will be gratified to learn
that the Dhio Board of Boiler Rules, at a special meeting
held on December =21, 1916, unanimously adopted the
American Society of Mechanical Engineers’ boiler code
in so far as the same relates to the construction and in-
stallation of new boilers. These rules will take effect on
July 1, 1917.

This action by the Ohio Board of Boiler Rules is in ac-
cordance with the resclutions adopted by the American
Uniform Boiler Code Congress, held at Washington,
D. ., on December 4 to 6, and which read as follows:

“Whereas, It is the belief of this Congress that all
States will in the near future adept rules regulating the
construction of steam boilers, and

“I§ hereas, A number of States and cities now have rules
that differ slightly from one another, so that interchange-
ability is impossible, and

“IWheveas, The American Society of Mechanical Engi-
neers, after many years’ experience of careful study and
consultation with the best authorities, has compiled a
code governing the construction of boilers and has made
provision for a conference to be composed of members
from States that adopt this code, thus providing for its
uniform administration, and
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"I hereas, This code has been adopted by several States
while any other code now in existence is applicable only
to its own State or Territory, and

“Whereas, Slight differences in construction militate
against the economy and efficiency of the manufacturers,
as well as being detrimental to users, therefore be it

“fesolped, That it is the sense of this Congress that
this Congress recommend that all States adopt as their
standard the American Society of Mechanical Enginecrs’
boiler code, thus bringing standardization, free inter-
changeability of boilers and efficiency together, to the
end that the manufacturers, users and inspectors may
profit by the advantages of uniformity.”

In the interests of uniformity and standardization, the
State of Massachusetts has decided to accept the Ameri-
This
step was announced at the Uniform Boiler Code Congress
in Washington last month by Mr, George A. Luck, deputy

can Society of Mechanical Engineers’ hoiler code.

chief of the Boiler Inspection Department of Massachu-
settz. It will be remembered that Massachusetts was the
first State to establish a boiler code and to put into effect
The fact that
the leading exponent of this movement should be willing
to compromise its requirements in conformity with those
which are heing widely established through the country
wives a decided impetus to the successful progress of this
important movement.

an adequate system of boiler inspection.

A tax on intelligence and education was proposed in
Congress on December g in the form of a rider to the
post-office appropriation bill, proposing to apply the zone
aystem as applied to parcel post to all second class mail
matter.

If this bill iz enacted, the result will be that instead of
the present flat rate of one cent per pound for postage

for the delivery of Tue Borier Maker to its readers in
any part of the United States, the postal rate will be based
on the distance of transportation of the magazine. In
other words, those living remote from publication centers
will he taxed as high as six cents per pound postage on
all of their magazines, periodicals and newspapers, where-
as those living within a joo-mile limit of the publication
centers will still have the henefit of present second-class
rates.

The proposed act permits free delivery in the county for
weekly newspapers in spite of the fact that a large part
of the circulation of the county weekly is by rural free
delivery, which is the most expensive part of the postal
service, and, therefore, robs the amendment of any claim
to proportion the postage rate in accordance with the cost
of deliverv. Moreover, it can easily be demonstrated that
the cost of delivervy depends upon the number of hand-
lings rather upon the distance of transportation.

We cannot helieve that any of our readers will willingly
submit to such an unfair and unjust method of taxation.
To prevent this, write or telegraph immediately to vour
comgressman expressing vour disapproval of this measure,
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Federal Locomotive Boiler Inspection

The fifth annual report of Mr. Frank McManamy, chief
inspector of locomotive boilers, of the Interstate Com-
merce Commission, for the fiscal year ended June 3o,
1916, just published, gives a detailed statement of all
accidents resulting from failure of locomative boilers and
their appurtenances which occurred during the year, and
of all accidents resulting from failure of any part of
locomotives or tenders which occurred since the law be-
came effective. A summary of the tabulated data shows
that during the year 52,650 locomotives were inspected,
47 percent of which were found defective. One thousand
nine hundred and forty-three were ordered out of ser-
vice for repairs.

During the year there were 337 accidents resulting in
the death of 38 persons and injury to 590 others. Driefly
summarizing the accidents and casualties caused by failure
of locomotive boilers and their appurtenances only, there
were 352 such accidents with 2g killed and 407 injured
thereby. This i5 a decrease over the preceding vear in
the number of accidents and in the numher of casualties,
but an increase in the number of killed. This increase in
the number of fatalities is due almost entirely to one single
class of accidents, namely: crown sheet failures, due to
low water where contributory causes or defects were
found, and forcibly emphasizes the importance of properly
maintaining water gages and boiler feeding appurtenances.
Accidents classed as boiler explosions and causing deaths
and injuries numbered 41, with 2o killed and 64 injured.

BOILER EXPLOSIONS

Accidents Killed Imjured

Crown sheet; low water; no contributory

camses Found.. .o vsvmnveissgeisnear bt ] b as
Crown sheet; low water; contributory

causes or defects found............ 16 13 21
Firebox; defective stavbolts; crown stays

TR 1 17— L D s e e e e M w8 PO = 3
Firehox; water foaming...... I e 1 . 2

The total number of defects found in various parts of

the boiler and its appurtenances were as follows: Arch
tubes, 201; ash pans or mechanisms, 38; blow-off cocks,
1,005 ; hoiler checks, 1,087 ; boiler shell, 2,031 ; crown bolts,
686 : domes or dome caps, 444 ; firebhox sheets, zo2z2; flues,
=08 ; steam gages or gage fittings, 1,700; gage cocks, 3.244;
handholes, 2z97; mud rings, 1,419; plugs or studs, q12;
safety walves, 223; stavbolts, 1,133; staybolts, broken,
0,925 ; telltale holes, go6; washout plugs, 1.999; water bar
or combustion flues, 105; water glass fittings or shield,
2,342.
" The order of the Commission of June g, 1914, fixing
the minimum factor of safety for old locomotive hoilers
requires all such hoilers to be brought up to the estah-
lished standard within certain definite periods, those with
the lowest factors being taken care of first. With few
exceptions satisfactory progress is being made by the
carriers in complying with the requirements and the in-
dications are that all boilers will be brought up to the
established standard within the limits set. The reports
also disclose instances where improper repairs are made
before failure occurs, and have brought about practically
standard methods of repairing defects which affect the
factor of safetv of the boiler.

Boiler Explosion at Jackson, Tenn.
{ Communicated )

Referring to the account of the boiler explosion at the
plant of the Harlan-Morris Manufacturing Company,
Jackson, Tenn., as given by James T. Phillips on page
357 of the December issue of Tne Boier Maker, we
wish, in justice to the magazine as well as to the Hart-
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ford Steam Boiler Insurance Company and to our firm,
to correct some of the statements made therein.

It is stated that “most practical men believe the cause
of the explosion to have been low water.” Out of twenty-
seven experts, all came to the conclusion that absolutely
no sign of low water was in evidence. As far as the tubes
Leing corroded and wasted away is concerned, all the
tuhes and boiler parts are intact at our plant now, as all
rubbish was stored away and every boiler tube is almost
perfect. There was not a sign of corrosion on any of
the tubes or boilers.

It is also stated by Mr Phillips in his article that the
night watchman stated that the gage showed 110 pounds
pressure at 6,30 o'clock that morning. As a matter of
fact only go pounds of steam was carried, and the gage
when tested after the explosion showed that it popped at
go pounds,  Therefore, it would have been an impossi-
bility for the boilers to carry 110 pounds pressure.

Concerning Mr. Phillips® statement regarding the em-
ployvment by this firm of cheap labor, we wish to say that
we employ the best labor obtainable. All employees are
old and reliable men, some having been with us twenty
VEArs,

Thus far no expert has been able to say positively what
caused this explosion, but it certainly was not low water
or corrosion of the boilers or tubes,

Jackson, Tenn. M. Morris,

Secretary and Treasurer Harlan-Morris Manufacturing

Company,

A Correction

In Table 3, printed on page 321 of our November, 1916,
issue, as part of the article on “Welded Joints in Tank
Construction,” by William Eichhoff, M. E., several errors
appear in the second column under the heading “Condition
of Coupon.” In the sixth line of the table giving data for
coupon No. 6-A, the condition of coupon should read
“welded, annealed, hammered.” In the eighth line, giving
data for coupon No. 8-A, the condition of coupon should
read “double lap weld,” and in the twelfth line, giving
data for coupon MNo. 12, the condition of coupon should
read “riveted S¢-inch rivet.” The letters “E" and “A"
used in designating these coupons refer respectively to
“electric arc welded” and “oxy-acetylene welded” coupons,

PERSONAL
Charles B, Rearick, formerly sales manager of the Cov-
ington Machine Company, 14 Wall street, New York, has
heen elected vice-president and manager of the company,
with headquarters in Covington, Va,

Charles H. Bird, connected with the Pangborn Corpora-
tion, Hagerstown, Md,, some yvears ago as sales manager,
for the past vear with the Mott Sand-Blast Company, re-
signed on January 1 to hecome associated again with the
Panghorn Corporation as vice-president and works man-
ager in charge of engineering and production,

Factor oF SAFETY vor STATIONARY BOILERS AND AIR
Reservorrs—The factor of safety for all new stationary
boilers and air reservoirs that may be purchased or built
by the Santa Fe Railway Company must be not less than 5
and all repairs made on the same must be equal to a
factor of safety of 5. No stationary boiler or air reser-
voir is allowed in service with a factor of safety less than
3 nor is any stationary boiler or air reservoir allowed to
be turned out of a shop after being repaired the factor
of safetv of which is less than 314,



Questions and Answers for Boiler Makers

Information for Those Who Design, Construct, Erect, In-
spect and Repair Boilers—Practical Boiler Shop Problems

This department is open to subscribers of THE Boiter
MAKER for the purpose of helping those who desire assisi-
ance on practical boiler shop problems. All questions
should be definitely stated and clearly written in ink, or
typewritten, on one side of the paper, and sketches fur-
nished if necessary.

Address your communication to the Editor of the QOues-
tion and Answer Department of Tne BoiLer Maker, 461
Eighth avenue, New York city,

Size of Disks for Circular Flue Sheets

0.—T1 am an apperentice, working at present on the laying-out hench.

Seme of the work we are now deing consists in laying out the disks for
circular flanged heads. T am anxious to know how to make the proper
size of a disk for a nead 85 inches cutside diameter, having a 414-inch
flange turned to a #-inch radius at the inside of the head, plate thick-
ness equals 12 inch, and the heads are to be formed on a ||!1,'-d1'&u:|ic
Prss., M. E, M.

A —The drawing Fig. 1 illustrates a section as taken
through the center of such a head. In this problem,
where plate thickness enters into the work of forming,
certain allowances must be considered. In turning a
flange for circular heads of heavy plate there is a ten-
dency, when the clearance between the internal and ex-
ternal dies is slight, for the depth of flange to increase in
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Fig. 1

length. With a slight clearance there is not room for the
plate to gather and become thicker at the root or curva-
ture of the head; therefore the metal flows, so to speak,
into the depth of the flange and makes it longer than
necessary. When the clearance 1s quite large between the
dies there is a tendency of the plate to gather at the root
of the flange while being formed. For heads formed in
dies with a small clearance between them, subtract one-
half the plate thickness from the calculated radius. For
heads formed in dies with considerable clearance the best
plan to pursue is to flange one head to the ‘calculated di-
mensions and then note the depth of flange and make such
allowance as necessary to take care of the gather. The
following is given for the example in question:

It is advisable to make the calculations from the neutral
layer of the plate, for at that section the plate _nmther
gains nor shortens in length when being formed. _F irst find

. the length of distance a shown on the sketch, which equals
4% — (44 12) =34 inches. The length of the arc b-¢
equals

LT4I60 5 1
8 = 5854 inch,

4
Length of distance c-d equals
65 —2 X (341 12)

2
Then the neutral radius of blank equals 34 + 7834 +
3134 = 35.2854 inches. From 35.2854 suhtraf_;t one-half of
the plate thickness (which equz_ﬂs 14 Imch}. Then
352854 — 1 = 35 1/16 inches, radius of disk.

= 31 inches,

Factor of Safety

AL—Will you kindly let me know the simplest way to figure the |'Ju-'1l-'-lr
u!l_:s;:[eu' for Incomouves and watertube boilers; also for return tubular
boilers bult hefore 1911 and afrer 19117 A, B,

A, —The ratio of the stress which will rupture a boiler
to the stress allowed on a boiler under working conditions
is the factor of safety. For example, the bursting stress
on a given boiler was found to be 730 pounds per square
inch. It was allowed a working stress of 150 pounds per
square inch; what factor of safety was employed in de-
termining the safe working pressure ?

750 == 150 — 5, factor of safety.

The practice in many places is to use a factor of safety
ranging anywhere between 4 and 6, while in some locali-
ties it 15 ixed by law to be a certain factor for all parts of
the boiler. The A. 5. M. E. code rules prescribe for all
new construction a factor of safety of 5. For boilers in
service one year after their rules become effective shall be
operated with a factor of safety of at least 4. Five years
after their rules become effective the factor of safety shall
be a least 4.5. Furthermore, the code prescribes the fol-
lowing on existing installations: In no case shall the
maximum allowable working pressure on old boilers be
increased unless they are being operated at a lesser pres-
sure than would be allowable for new boilers, in which case
the changed pressure shall not exceed that allowable for
new boilers of the same construction,

Layout of Irregular Pipe Connection

. —Will you kindly show how to develop the patterns of a cone and
pipe, the pipe being round at the top and oblong where it miters on the
come. The center line of the pipe is at an angle of 60 degrees with the
side of the cone, as shown in the sketch. BoiLer Swuor,

A —The dimensions of the object are given in Fig 1,
and it will be seen that in order to lay off the miter be-
tween the two connecting pieces several steps in the con-
struction are necessary; therefore, to bring out the dif-
ferent features, 1 have indicated each step separately.

The first is shown in Fig. 2. In this case we will
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consider the oblung section to be straight pipe of that
shape and to be passed directly through the cone at the
angle shown, In passing this abject through in this man-
ner imagine the oblong pipe to be divided into sections as
a-a, b-b, c-c, ete. These sections, we will say, are flat strips
or planes. By passing these through the cone it is clear
that they will cut the surface of the cone and produce sec-
tions of it which are irregular in form.  These sections are
shown fore-shortened in the plan. To secure their shape
and position in the plan, first divide the cirele, plan view,
into a number of equal divisions, as shown at w-v-w and
a. Connect these points with the center A4°.  Locate their
position on the base of the cone in the elevation at o', o/,
etc. Connect them with center A, thus locating elements
of the cone.  Now find the intersections between these ele-
ments and the planes a-a, b-b, c-c, etc., as shown at 1, 2,
3. 4, 5. 6, 7, etc. Parallel with the axis 4-4" draw verti-
cals from these points to intersect at 1, 2°, 3/, &', 57, &/, 7",
ete,, on the corresponding elements in the plan view. Draw
in the curved sections.

The second step is shown in Fig. 3, which is a reproduc-
tion of Fig. 2, but in this case the object is to show the
method of laying off the miter, which is as follows: First
draw the profile on line A8 of the small end of the inter-
secting pipe. Arrange the points a-b, c-d, etc., to cor-
respond with those of the end view in the elevation.
Parallel with 4°F* draw horizontal lines from a, b, ¢, etc,,

Fig. 3

of the profile to intersect the irregular curves ata’, b, o', d°,
ete, Draw in the irregular curve as shown. Through the
points o', ¥, ¢, @', ete, draw the radial lines A'-r, A'-s,
A=ty A-n, ete, From points r, 5, £, #, v and w erect per-
pendiculars to the horizontal line 4°B° to intersect the
base of the cone in the elevation at +, &, ' «', ete. Con-
nect these points with radial lines to the apex 4. Then
erect vertical lines from points o', . &', d', ¢, f £ to in-
tersect the corresponding elements in the elevation, thus
fixing the points a”, b, ¢", 4%, ¢”, f” and g”. completing
sufficient data for drawing in the miter,

Depelofpment of Fatterns, The third and final step in
the layout is the construction of the true lengths of lines
for finding the shape of the patterns for the irregular
connecting piece and the opening in the pattern of the cone
to receive it, as shown in Fig. 4. First divide the circle
end view into the same number of parts as in the oblong
profile, as at 1, 2, 3, 4, ¢tc. Connect these points with
those on the oblong profile as shown. Locate their posi-
tion in the side elevation of the object. At right angles
to its axis, side view, develop the triangles, the basis of
which are taken from the end view and their correspond-
ing heights from the side view, as illustrated. Before lay-
ing off the pattern, however, first develop .the irregular
hole in the pattern of the cone as follows: With the out-
side element of the cone as a radius describe an are,
making it equal in length to the circumference of its base
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plus allowances for lap. Draw in a radial line as A-7 and
from it lay off the arc distance between the points c-1v,
v, v-u, u-t, etc., of the plan. Then draw the radial lines
from these points in the pattern connecting with center A.
Horizontal lines parallel with the base of the cone are then
drawn to intersect the outer element as represented. With
A4 as a center draw arcs from these points on the outer
element to intersect the radial lines in the pattern as at
a, b, c, d, ete. Use the arc lengths between these points
in developing the pattern for the irregular connection.
With the true lengths of the lines in the triangles the pat-
terns can now be developed. As the lines are all num-
bered, no dificulty should be found in arranging them in
their proper places. Add sufficient material for the flange
connection where the object joins the cone, also for the

side lap.

Layout of Elbow Section

0, —Will you please show a method of constructing the miter and
patterns for the elbow connection shown in the accompanying sketch?

Drawing referred to is Fig, 5 j

A.—This problem can be laid off conveniently by the
projection method, as shawn in Fig. 6. The first step is
to lay off the axes r-r, 5-5 and -t in their proper positions.

About them construct the sections A, B, C and D of the
elbow and the intersecting pipe E to the given dimenzions
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in Fig. 5. DBefore the elbow sections can be assembled to
give the proper degree of curvature, first draw an arc at
the center of the elbow from points © to M. Divide this
arc into one less than the number of sections required,
which in this example is 3, as shown from h to K, K to L
and L to M. Bisect the arc LM at 0. From O step off
with the compasses the distances O to p and p to I
Through points 4" p and ¢ draw radial lines connecting
with x. The miter lines are a part of the radial lines
drawn through &°p and O. Set off from h the distance
h-d and Rl equal to one-half the diameter of the elbow.
From d parallel with the line ii-I" draw d-d". On the oppo-
site side draw the line - parallel with h-h.  Perpendicu-
lar to the radial line +-k draw lines from points )" and
I to intersect the radial line #-p, Continue in this way
until the outline of the elbow is found. Upon the axis »-r
draw the profile of pipe E. Diivide it into equal parts as
from 1 to 5, etc. Parallel with r-r and from points 1, 2, 3,
ete,, of the profile draw the lines shown. Locate in the
plan the line d-f-I. With s as a center describe an arc
equal to the diameter of the elbow. Draw a one-half pro-
file of the section E to locate points 1, 2, 3, 4, 5. etc,, its
center being located on the horizontal line d-I.  The ellipse
shows the shape of the end of pipe E in looking directly
down upon the pipe. It is not necessary in developing the
problem to show this view. Parallel to line d-I draw
horizontal lines from the points 1, 2, 3, 4 and 5 to inter-
sect the large circle in the plan view. FErect perpendicu-
lars from these points on the circle to intersect the cor-
responding construction lines of pipe E, thus establishing
the points for drawing in the miter, as illustrated.

The pattern for E is shown fully developed and the ar-
rangement of the lines clearly indicate the method to pur-
ste in its construction, Make the stretchout line - equal
to the result obtained by multiplying the neutral diameter
of the pipe times 3.1416; this insures a correct length for
the flat plate, so that when the plate is rolled the cylinder
will be of the proper diameter,

The pattern for A is a one-half section, the other half
being the same; its shape will be understood from the
drawing. Lay off the stretchout equal to the product ob-
tained by multiplying the neutral diameter of the circle

plan view times 3.1416. The distances between points d-e,
¢-f and f-g are equal to the arc distances between the cor-
responding points in the plan. The position of the lines
and the projectors drawn at right angles to the axis h-It"
show how the miter line should be laid off. The patterns
for B, C and I are to be laid off in a similar way. The
scam lines for the sections can be placed at the discretion
of the laverout, but they should be so arranged as to break;
that is, 50 as not to have a continuous seam running along

the length of the elbow. Make the necessary allowances
for laps to the developed patterns.

Fig. o

Firesox INsprecTioN —Any inspector examining a fire-
box for defects, other than broken or defective stavbalts,
should look carefully for bulges, corrugations and deposits
of clinker or honeycomb in any part of the firebox, crown
sheet, arch tubes or other parts, as these are fairly sure
indications of scale forming on the water side. Leaky
staybolts, crown bolts, scams, flues or cracks developing in
the sheets around the stavbolts are almost certain evi-
dences of mud or scale accumulating and should receive
prompt attention and the cause of the defects removed.
Special attention should be given to those parts of the fire-
hox where it is obvious that the interior of the boiler
cannot be readily reached by the washout nozzle, and anv
indication of overheating should at once be investigated.
Leaks are suggestive of overheating from some caunse:
cither of dirt accumulating or improper drafting, and
every effort must he made to ascertain the cause and to
apply the proper remedy before serious defects develop.—
From Rules of the A. T. & 5. F. Railway System.



Letters from Practical Boiler Makers

This Depﬁrtment is Open to All Readers of the Magazine
—All Letters Published are Paid for at Regular Rates

Boiler Compounds

I have read with interest the communication on page
367 of your issue for December, 1916, on the subject of
boiler compounds, contributed by Mr. A. L. Haas,

My first inclination after reading this expression of
opinion was to allow it to pass as one scarcely worthy of
comment, but after further thought it occurred to me that
since the contributor in question is partially correct, the
wrong statements should be pointed out. This is because [
feel that there is nothing so dangerous in technical litera-
ture as the positive and partially correct statements of a
writer. The article, which is all wrong in its statements
and conclusions, will do no serious harm, because the
teader who has the slightest knowledge of the subject will
discover the fallacies and will not be misled.

Mr, Haas speaks deprecatingly of the “magic of the so-
lutions, various proofs of which are offered as examples,
certified copies of analyses (not of contents) showing that
the material is not injurious to boiler plate * * * etc.

What in the world does Mr. Haas mean by differen-
tiating between “analyses” and “contents’ ?

My experience is that the chemical manufacturer who is
willing to present a certified copy of analysis is not claim-
ing any “magic,” but is making a bid for business on a
square and honest basis. Too frequently, on the contrary,
the manufacturer refuses to furnish an analysis, claiming
secrecy.

The above is not important in this discussion, except to
show the warped view of your contributor, but Mr. Haas
goes further in his remarkable contribution, He positively
defines the boiler as “a vessel used to raise steam, and not
a place to carry out chemical changes,” and later on he
speaks of it as “not a combination of a chemical factory
and a steam raiser.”

If Mr. Haas can design or operate a steam boiler which
does not depend upon chemical reaction from the wvery
lighting of the fire to the issuance of the last steam from
the header, he is certainly a remarkable man. It should
not be necessary to point out to your readers that, on the
contrary, the raizsing of steam in steam boilers is absolutely
founded and based on chemical reactions.

Mr. Haas recommends the chemical treatment of “had”
feed waters hefore they enter the hoilers, through the use
of chemical reagents with “reaction tanks, settling tanks,
precipitation and filtration,” and makes no exceptions, and
further states, or at least implies, that all “bad” feed
waters involve for their treatment the expense of treating
plants, in which the results can be successfully guaran-
teed. He goes further and applies the above to the opera-
tion of locomotive boilers.

It was just such positive and ill-considered advice which
catsed the railroads, a number of years ago, to install
hundreds of thousands of dollars’ worth of treating plants
to avoid the use of compounds in boilers, only to find that
frequently the necessity for the compounds in the hoilers
was more marked than ever, after the water had been
treated, and only to find further that numbers of these
costly treating plants could not be operated at all without
practically suspending locomotive boiler operation where
their water product was used,

The dangerous feature of such advice as above stated is
in its partial correctness. There are many treating plants

ont the railroads of this country which are performing the
duties expected of them, and from which the benefits de-
rived are being enjoyed, but when, on the strength of the
performance of these treating plants, it was assumed that
all “bad” water could be treated thereby, a very serious
mistake was made, and a costly mistake it was.

Mr. Haas seems to believe, or at least the reader is led
to assume from Mr. Haas' article, that these “bad” feed
waters, after being run through a treating plant have all
their “hadness" taken out of them, and that boiler troubles
accumulating from “bad” feed water will have disappeared.
Certainly he must know that the chemical reagents used in
the stationary treatment are not all settled out of the water
before it goes into the boilers, and that upon going into the
boilers they do not leave with the steam, but remain in
the water to gradually concentrate as more water is intro-
duced. If he had a “chemical factory”™ before, he cer-
tainly has one of double capacity now.

He speaks of corrosion and appears to assume that all
corrosion is due to something in the water which can be
taken out, 1 cannot help but wonder how he explains very
serious corrosion which is so frequently found in locomo-
tive hoilers using waters so chemically pure that the most
wild-eyed treatment plant fanatics could not recommend
outside treatment.

The facts of the matter are that most corrosion which
takes place in the hoilers is due solely to certain conditions
therein; and since these conditions are apparent in the
boilers and not outside, it is foolish to go anywhere except
to the base of the trouble, which is in the boilers them-
selves, to correct it.

I wonld not be at issue with Mr. Haas if he had made a
conservative argument for treating plants, where expe-
rience and study show the conditions to be such that
treating plants could take care of them, and there are such
conditions undeniably.

I must differ with him in his blanket statements, and will
most be pleased, indeed, to point out to Mr. Haas many
treating plants which were put in on just such advice as
that which Mr. Haas so graciously extends and which
stand as idle monuments to the fallacies thereof,

To the man who says the steam boiler should not be
expected to perform the duties of water treatment, T say
that the boiler is, in one sense of the word, primarily a
treatment plant, and that it will always retreat water
which has been treated, and that it is so frequently so as to
be almost universally true that it is far better to carefully
direct the boiler which is wrongly performing these duties
to perform them thereafter correctly, and that it is the
part of wisdom to correct the boiler in the error of its
ways rather than to attempt to take from the boiler the
functions which are its own,

I would leave myself open to the same criticism as that
directed at Mr. Haas were I to omit emphasizing, however,
that there are many waters which can be improved as feed
waters for hoilers by submitting them to a reasonable
process of preparation, as, for instance, the filtering or set-
tling of the suspended mud, the skimming of organic
matter and the neutralizing of acids, but when one at-
tempts to go further than this one is apt to find himself
entering the deep waters of varied troubles.

Chicago, TIL L. F. Wirsox
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How to Straighten the Crown Sheet
of a Crown Bar Supported Dinky

Locomotive

Straightening the erown sheet of a dinky locomative is
more difficult than at first appears to the ordinary boiler
maker on account of the small firebox of such an engine,

Engines that run on the extremely narrow gage tracks
have fireboxes =0 small that a good sized man can scarcely
turn around in the firebox. Narrow gage engines used by
contractors on railway and other construction work are
the ones generally troubled with burnt crown sheets. The
firebox of such an engine is about 35 inches long hy
about 30 inches wide at the crown sheet and about 22
inches wide at the mud ring. In such a small space it is
quite impossible to use a maul or sledge effectively, espe-
clally when the crown sheet 1s hot, which it must be to get
it back to its proper place. Therefore, we must find some
other way of getting around the difficulty—the way the
writer has overcome it in numerous cases of this kind
and in places far removed from the shop and in places
where it was impossible to get anvthing to work with only
the tools and material carried along from the shop. In
going awayv on a repair job of this kind yvou are told the
nature of the work to he done.  If yvou are from the works
where the locomotive was built, then you are furnished
with the proper material for the repairs, and vou select
vour own kit of tools; then, being properly provided with
tools and material, you proceed as follows:

Remove the engine cab off the frame, This is usually
held in place by four bolts, and can be got out of the way
quickly. Next remove dome casing and all steam fittings
from outside of dome. Remove dome cap, throttle cover,
angle lever and throttle valve, stand and dry pipe. Now
cut rivets out of the dome braces, back pins out of bottom
of braces and crown bars.

All braces and bars should be carefully marked so that
they go back in their proper place. If the crown bolts
are the ones with nuts on top of crown bars, burst or un-
screw all nuts of erown bars, taking care of the diamond
washers, as the bolts drop through the bar, Also take
care of the ferrules that are between the bar and crown
sheet.

Should the crown bolts be of the kind that are serewed
into the crown sheet with heads on top of erown bars you
must carefully center ecach bolt on firebox side and drill
through bolt and sheet with a 15/16-inch drill. If some
of the bolts have been drawn through the sheet when it
came down, then drill or ream such holes to 15/16 inch,

Having loosened all bars, remove them out of boiler,
examine carefully to see if they have been damaged in any
way. If they have been straightened any, have the proper
amount of crowning put back in them. TFour bars is the
usual number found on this kind of firebox. 1f the back
pair of wheels are under the firebox, have them removed
and hlock up the engine under the hack bumper beam.

Now get more blocking and place it under firebox be-
tween the track. Crib it so that the top piece is length-
ways with the firebox and just below the level of the mud
ring.

Now get two screw jacks and a piece of hard wood 2
inches thick and the width of the base of the screw jack.
Turn one jack upside down with head resting on the
cribbed blocking and close to the flue sheet. Now place
the z-inch piece of hard wood on top of the base of the
jack and on top of the wood place the other jack right
side up (that is, the jacks are base to base, with the 2-inch
piece in between).

The top jack must be unscrewed until the head is up
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against the crown sheet on the corrugation formed be-
tween the two middle bars. Screw up tight enough to
hold in position, 3

Through one of the holes in the head of the top jack
place a bar of iron long enough to reach through the fire-
door. This bar is to prevent the top jack from turning when
the bottom one is being tightened up. Then get a bar of
round iron 1% or 2 inches by about 6 feet or long enough
to be about 2 feet above the top of dome when the other
end is on the crown sheet. Lay this one side until ready to
L5,

If there is natural gas or producer gas near, pipe it close
to the engine, Connect a length of hose and to the other
end a piece of Y4-inch pipe about 6 feet long with some
small holes punched or drilled in it to form a burner. If
there is no gas of any kind to be had, get a couple of gaso-
lene torches, which you are always sure of finding in any
construction job. Remove the ordinary burner and re-
place by one long enough to reach the flue sheet when the
tank is fastened on the foot plate,

All being ready, light up and get the sheet good and hot.
Eemove burner and, placing the long bar of 1l4-inch or
z-inch down the dome on to the crown sheet, strike the
sheet on the crown bolt holes while an assistant is below
attending to the jacks, which must be screwed up tight.

As the sheet is being knocked down along the holes, the
jacks must be moved along the corrugation between the
bolt holes. The jar of the blow on top with the pressure
on the jacks underneath will remove all the lumps from
the sheet, but will leave it a little below the old level,
which is exactly what we want, for it must be remembered
that when replacing the crown bars all the work must be
done through the dome and all the room you can get will
be none too much,

When cool enough to work, take one of the outside bars,
drop it on to the crown sheet and carefully place in posi-
tion with a ferrule under both ends, and ‘put in from the
firehox side one of the new bolts, Put on diamond wash-
ers and nuts. Now slip under the bar two more ferrules
over the next two holes. When they are in position and
the holes fair, screw up on the end bolts while your assist-
ant is below with a flogging hammer drawing the bolt up.

When the two end bolts are up all they will go, do the
same with the next bolts, alwavs being careful to have
the ferrules in position under the bar, before drawing and
screwing the bolts home. When the first outside bar iz on
and finished repeat the same order with the other outside
bar. Then take either of the two middle bars and proceed
the same as before until the whole set of bars are on.

Next replace vour braces. Roll a few rows of flues
that may have got a little warm, and vou are ready for
putting back the dry pipe, throttle valve, etc.:

The object of having the crown sheet a little below the
former level of the sheet is that it enables the man doing
the work to place the ferrules between the hars and crown
sheet one at a time and at the same time he is enabled to
make his crown bar fast and hold it rigidly in its proper
position while each bolt is being worked up, which would
be quite impossible if the sheet was left in any other way.
By working the bars from the ends towards the center
the sheet is gradually drawn up to conform to the erown-
ing in the bar, and if properly done it will be almost im-
possible for anyone to tell that the crown sheet has been
burnt, for there are no hammer marks to show, the uni-
form heating of the sheet has annealed it all over and the
screwing up of the crown bolts so gradual that there has
been no excessive strain on the sheet during the whole
process,

Sometimes it will be found that natural gas nor gaso-
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lene torches can be procured; then there must be a fire
built below the sheet. This can easily be done by placing
two track bars (crowbars) in the flues and placing across
them fish plates or any old iron, such as old broken grate
bars, and on this a fire of pine chips saturated with coal
0il can be started and fed and a good heat obtained. The
only objection to this is that the jacks must be placed in
position after the fire is removed,

In replacing crown holts it is good practice to wrap
around each bolt before it 1s drawn close up to the sheet
a little lamp wick or asbestos packing. This will help ma-
terially in making a tight job.

Fittsburg, Pa. Frex IsLE.

Watertube vs. Scotch Boilers for
Battleships

I note that Tue Boirer Maxer contains much informa-
tion for railroad men; also concerning electric and gas
welding and burning machines, and how to expand tubes
or flues, as the railroad men call them., We used to put
flues in the old marine leg boilers, and they ran from six
to eighteen inches in diameter and, of course, were riveted.
Some of the original locomotives were made with two or
more flues, instead of tubes, but they were riveted at both
ends.

Now, gentlemen, please remember that flues are riveted
to the boiler, and tubes are expanded by either rolling or by
a Prosser expander, or both. Candidly, I am much more
interested in marine than locomotive work, for years back
I did a great deal of it in my young days.

With all Europe at war or preparing for war, our own
government is building everything in the line of a war-
ship from a submarine to a 40,000-ton dreadnought.
It strikes me that it behooves the boiler maker's war-
horses to inguire into how new boilers are taking the place
of the old ones, barring the Russo-Jap war. This war in
Europe is the first real war test of the watertube boiler of
any type. The Russian fleet that went out to fight the
Japs had many watertube hoilers, but they were at sea
for over three months before they met their “Waterloo.”

I note in reading Admiral Beatty’s report of the first
North Sea battle, in which the Blucher was sunk, he says
a shot went through the deck of the Lion and landed in
the port engine room, striking the feed tank and putting
it out of commission, which he says caused priming, and
priming put the engine out. Within thirty minutes aiter,
the same thing (priming) put the starboard engine out;
then he had to take the Indomitable out of the fight to take
the Lion in tow, and the Germans got away.

As Admiral Beatty does not say what caused the prim-
ing, will some of THE BorLer Maxer's writers kindly give
us some information on the subject? My opinion is that
when the men in the firerooms found they could not feed
from the feed line they helped themselves to the sea
water so as to save their boilers from burning, and, as the
Lion had watertube boilers, they started to prime as soon
as the salt water entered them. A Scotch boiler could
steam for weeks on salt water.

Now let me ask those gentlemen, who claim to have Ad-
miral Melville's ideal boiler, if they are aware of the fact
that he insisted that his ideal boiler would have to be able
to stand some salt water, and also that it would have to be
able to steam for twenty ot thirty minutes with the pump
broken down?

I have read many statements of men boosting their
watertube boilers as coming up to Admiral Melville's
ideal boiler, but they never mention that he insisted that
his ideal boiler must be able to stand some salt, and also to
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run twenty to thirty minutes with the pump broken down.
The best watertube hoiler made will not run more than
five minutes—with safety—without the pump on.

Let us imagine a ship (in action}, holding her position
in a battle line, keeping a certain distance behind her
leader and the same distance ahead of the ship directly
behind her, and something goes wrong with the feed line.
If only a lump of waste is sucked into the strainer of the
feed tank it will choke the feed line sufficiently to cause
trouble in the firerooms, especially so if there are several
boilers in battery depending on said feed line. If she has
watertube boilers she must drown her fires to save her
boilers. If she has Scotch boilers she can take salt water
and hold her position in the line.

In the wear 1892 the British Admiralty decided to test
the watertube boiler and the Scotch boiler in a run from
Portsmouth or Hull to Gibraltar and return—a run of
2000 miles. Two sister ships were selected—the Minerva
with Scotch hoilers, and the Hwyacinth with watertube
boilers. The instructions to each ship were to keep to-
gether, maintain an eighteen knot speed, clean your boilers
the best you ean while under way, and also at Gibraltar,
but you must keep steam on your boilers from the time you
leave here until you return. Take the same grade and
quantity of coal.

The real facts of this trial, as reported by the officers
in charge, were that when the Hyacinth, with watertube
boilers, reached Gibraltar her coal was practically ex-
hausted, while the Minerra, with Scotch boilers, had suffi-
cient coal left to steam for ten hours longer. The time
allowed at Gibraltar was limited to taking on coal and pro-
visions for the return trip.

On the return trip, in the Bay of Bizcay, the Hyacinth's
watertube hoilers began to foam and leak so much that
the Minerva had to give a tow line and haul her into port.
Mention this trial to a man boosting a watertube boiler,
and out comes his paper and pencil, giving you facts and
figures, treating you to a dose of horsepower mixed with
heating surface and hot gases. He must have the tubes
to show his heating surface, vet vou know that hundreds
of his tubes are heating surface only on paper.

The writer has a watertube hoiler of his own design—a
double-ender—which he thinks is superior to those at
present in use—but heaven forbid that he would say it was
the safest boiler for a battleship or large cruizer that
might have to stop at sea for months at a stretch.

What show would a watertube boiler have with Japan-
ese coal? Why did the PBritish fleet fail to catch the
Germans at Jutland?  All accounts state that they got
fairly between the Germans and Heligoland. Is it pos-
sible that the British fleet contained too many haphazard
boilers? If so, we cannot find it out too soon,

Watertube boilers are all right for launches and torpedo
boats—time will prove that they will not stand war condi-
tions in battleships. I. 5. GrawT.

Vallejo, Cal.

Ferruling Tube Ends

Recently, while making some repairs to a plant equipped
with B. & W. watertube boilers, some retubing was found
necessary in the lower row of 4-inch tubes. After cutting
out the old tubes the holes in the headers were examined
and found to be extra large in diameter from frequent re-
rolling of leaky tubes. It was decided to make ferrules to
fit the outside of the tubes and of just sufficient thickness to
take up the amount the holes were enlarged. Not having
any steel tubing the correct size to make these ferrules of,
I took one of the new tubes, and, heating it carefully and
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evenly all around at one end for about 6 inches to a red
heat, I upset this end by dropping the B-foot tube squarely
a few times on a flat plate. After cooling, 1 cut off this
upset portion and turned out the ferrules in the lathe.

These ferrules that are used to fll the enlarged holes pre-
vented stretching the tubes too much. Tubes that have
to be expanded excessively become hardened, and if ex-
amined by a strong magnifving glass will show infinite
stress cracks. They become sort of crystallized, and if
vou have ever cut out a tube that has been excessively
rolled you have noted how a piece will iy out of the end
when cutting it out, or that it will crack for 3 or 4 inches.

There is some doubt as to which is the best method to
use when the tube holes are enlarged and new tubes are to
be installed, to use ferrules or to procure longer tubes than
required by the boiler, and upset the ends; then turn to
correct outside diameter. I am in favor of the upset tube
ends, for I feel that they are the safest,

I have cut out tubes that were ferruled and found a
coat of rust between the tube and ferrule and between the
ferrule and seat in the tube sheet or header. I fully he-
lieve that the holding power of a tube 15 reduced when
ferruled. Even though a tube may be beaded over after
ferruling, if the expansion and contraction of the tube
loosens the ferrnle there is a chance of them pulling out
from a sudden strain such as might be caused from cold
feed when forcing the boiler. Safety first, at any rate,
ought to be the main point, and if you use ferrules, bead
the ends over as much as possible, C. H. W.

Twist Drills

The twist drill is in almost universal application, having
superseded virtually all other types.

It would, however, be a mistake to assume that it is
the best form of drill for every purpose: in this as in
most other matters common sense must dictate procedure,
For instance, it is not the best countersink for plates nor
is it the most effective type in a ratchet brace. The flat
type of drill has much to recommend it, and special grind-
ing of the twist drill edge to approximate to that of a
flat drill has found able and weighty advocates,

For ratchet brace werk a flat drill having lipped edges
gives the best results on mild steel plate. Shipyard prac-
tice on piecework, where the mechanic is free to choose
his own tools, results in the use of a flat drill.  As his
muscle furnishes the motive power and his reward is
dependent upon his own exertions plus the efficiency of
his tools, the solution is worth study. His ratchet brace
is in absolutely first-class shape, well oiled and free work-
ing, and is usually his own property. He pays for this
more than douhle the cost of the cheapest obtainable
variety. In fact, this discrimination, which is evident
everywhere a man finds his own tools, has kept in force
the supply of a type of hrace which on account of cost
might have otherwise become extinet. This has the screw
completely hidden with a guide to the nut the full depth
of thread. The screw, in fact, is integral with the box,
while the business end of the ratchet carries the internal
thread. The ratchet, by means of full guidance of the
sleeve, remains in use a straight line under end pressure,
‘even with a badly worn screw.

Using a flat tvpe drill with cutting edges lipped to pro-
duce a cutting forward rake. A mere touch on the box
of ratchet produces feed; the drill is, in fact, almost self-
feeding. If a twist drill were only 5 percent more ef-
ficient, its cost would not stand in the licht of its appli-
cation and use.  Actoally the driller can with less effort
drill 25 percent more holes with the tool of his choice.
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The chief question other than material and correct tem-
per which has exercised twist drill makers, is in the pro-
duction of a drill of uniform strength. It is obvious
that if the grooves in the drill are exactly the same from
point to shank the drill is weaker at the shank end. Ii
the groove is diminished toward the shank in depth, the
grooves are less in area as the drill becomes shorter, tend-
ing to choke in use due to insufficient chip clearance, This
either in the case of a worn drill or drilling deep holes.
There is also greater feed pressure required with a short-
ened drill, due to the increased area of the dead point.

Two methods of manufacture are employed to obviate
the tendency to choke, The first of these is known as the
increase twist. In this form the traverse of the cutters
in making is increased while the rotation of the drill is
kept constant. The relation of the cutters to the groove
is thereby altered, the groove being wider towards the
shank.

The second type of drill is known as the constant angle,
In making this the angle of the cutters, while milling the
groove, is altered with relation to the axis of the drill,
the drill being rotated at uniform speed while the traverse
of the cutters gives uniform pitch.  This method of mak-
ing also widens the groove towards the shank, giving
freer chip clearance to a short drill.

It must be borne in mind that the grooves in the in-
crease twist drill increase in pitch (considered as a screw
thread) from point to shank; also that the grooves are
less in depth, gradually diminishing in the same direction.
In this type of drill the cutting angle varies and gets less
efficient as the drill wears down by repeated grinding.

The constant angle drill varies the depth of groove in
the same manner and direction as the increase twist. The
width of groove increases in the same direction. The cut-
ting angle presented to the work remains constant what-
ever the length of the drill.

Both types are superior to the uniform diminished
groove drill with regard to chip clearance. The constant
angle drill is superior to the others, and is the best com-
promise of torsional strength and chip clearance, together
with a uniform cutting lip. It is obvious that both the in-
crease twist and constant angle drills cost more to produce,

All twist drills without exception present a larger dead
point and require a greater feed pressure as they become
shortened, Tt is, therefore, permissible and desirable to
thin the drill point carefully when shortened by use. Care
is necessary, and a thin emery wheel of correct shape
should be used and an equal amount removed both sides
of the center rib.

Although for rivet holes the precaution is not necessary,
holes over a certain size require a pilot hole, This need
not be greater than the area of dead point of drill; too
large a pilot hole leads to trouble. The question of cor-
rect feeds and speeds solves itself. Tf the drill corners
fail, the speed iz excessive. If the point fails the feed is
too great.

The only test, and one worth considerable emphasis, is
that a drill should make a hole of its own size. When
the first hole is drilled after grinding the dreill it should
refuse to fall through by its own weight. It may seem
stupid to mention this, but there is abounding evidence
on every hand that this is worth mentioning.

The fact of a twist drill being a high-grade production,
accurate to I/To000 inch in its own diameter, is not a
guarantee that the work turned out will be dead to size.
Careful grinding is essential.

The point of a twist drill is a geometrical peculiarity ; it
is a right cone with variations. It would be worth much
in any shop to set out and make up a twist drill point of,
say, 30 inches diameter in sheet metal, paint it a brilliant
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color, and the silent and mute evidence of that point
would possibly lead to hetter practice.

When perfectly ground the point should have lips of
equal length, the clearance should be enough but not ex-
cessive; that way lics many visits to resharpen. The angle
of the cutting lips with the axis of the drill is preferably
50 degrees, or 118 to 120 degrees included angle, A few
degrees either way results in trouble either with the hole
made or the drill itself.

The line across dead point of drill should lead either
cutting edge by 135 degrees in the one direction or 45 de-
grees in the other, The backing off from the edge should
lie between 1o and 15 degrees. Most drills are broken by
excessive feed, due to improper clearance in grinding.
There is no necessity to insist that both lips must be of
equal length; that fact is obvious, The proof 15 in the
production of an equal chip. The drill making a hole of
exact size will be found to effect this division of labor
most efficiently. It is clear that greater feed can safely
he given where hoth edges do their share-of the work. It
halves the chip thickness per revolution and consequently
doubles the lip of the drill edge before grinding.

A twist drill when examined shows a distinet protrud-
ing line of some appreciable width along the leading edge
of either groove. This portion of the drill body is that
of size of drill, the remainder is cut away slightly to give
clearance on the periphery of drill.

The preservation of this edge must be carefully
watched, especially when drilling through hardened bush-
ings. A drill with a worn leading edge will not cul
freely and 15 a frequent cause of breakage.

There 15 a certain ironv of fate in that the drill stand-
ing up longest to its work should be the most likely suf-
ferer from this defect owing to wear. It is the penalty
imposed upon it for good service and durability. There
is only one remedy when this line is found worn, that is
amputation; shorten the drill by breakage or grinding to
restore the full section of leading edge.

Since the production of holes and their subsequent fill-
ing is the principal process of hoiler making, while a
drill is at once the most simple and maost complex of toold,
it is worth the while of any hoiler shop to give adequate
attention to the subject.

From an economic standpoint the cost per pound of
metal removed, all things considered, is probably least
for the drill press of any machine tool wnder efficient con-
ditions ; it seems worth while maintaining this reputation.
Under inefficient conditions, and these resting upon ap-
parent trifles, the cost may run up in an alarming manner.

It should he remembered that drilling is classified as
semi-skilled work onlv. Many emplovers are of the opin-
ion that any type of casual labor can drill with little or no
tuition, but they also fail to remember that the lower the
rate of pay the higher the cost of supervision.

The following experience of the writer on this very
question may have interest. He was supplied with un-
skilled labor for twelve drilling machires. In the work
in question were five holes to be subzequently filled hy
cold riveting, A trial trip resulted in 1mrfn_3ct 1L|r0{111-cr.
The next problem was the solution of the difficulties pro-
duced by labor of an inferior type having no experience
of drilling, whatever they claimed on engagement. )

The question of cold riveting makes the production of
exact size holes imperative. After a troublesome period,
during which some quantities proved wasters, the entire
job hoiled down to the single issue of drilling.

The solution was that a mechanic was placed in custody
of the operation. His duties were simply to care for the
drills and the machines. He ground every drill himself
and drilled a trial hole with each drill. satisfving him-
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He saw that maxi-
mum rates of speed and feed were kept up, and where
necessary instructed the drillers. The drills were for the
most part ground on wet sandstone and not on a regular
twist drill grinder. The product was tested by ringing.
The difference in sound was andible instantly, and if de-
fective, went back for investigation, this independently of
the mechanie.  Every case of bad ringing was found due
to large holes, This led to the emplovment of the me-
chanic an this work. The riveters liked to drop in the
rivets and lacked the sense to see that such a method
cansed the trouble,  The holes under the new method
were of such size that a rivet by grinding needed two or
three good blows to force home. The condition of the
rivet under this treatment was a shedding of skin, The
driving home brightened the hody of rivet.  When beaded
the job was solid bevond question,

The question of relative cost has interest.  Under the
new method of supervision, production rose, the job was of
excellent gualityv, and when all costs were taken into ac-
count the resultant saving amounted to $1oo per week.

The guestion of good drilling would receive more at-
tention in the average boiler shop if cold riveting were
the rule. The results of the above experience seem to
indicate that good and reliable pressure tight work can
he done with cold riveting, TUsing hot rivets tends to
produce a low standard of drilling ; variations in the size
of holez prodoced is thought to be compensated for in the
closing of the rivet, Such 15 at least the general opinion,
In cold riveting it is imperative that the rivet tail abso-
lutely fills the haole: it must be an actual driving ft.

Closing  rivets hot with imperfect and variable size
holes produces unequal heads with the same size rivet
[t accounts for scant, exact and full heads in a single
seam, from the same hag of rivets, under the same con-
ditions. The occaszional rivet with the ugly base scurf
found round the head, is where the hole actually has been
to size, the scant heads where it has been drilled hig, i
the question of drilling received adequate attention, it
might by utilizing the experience above related produce
tight seams without such heavy calking. With rivets of
the usual pitches the hmmense contraction exerted n
cooling might be utilized, not to compensate for irregu-
larity and inherent defects, but in actually bringing the
plates into such contact that calking would be more dis-
counted.

Croodd  drilling might also lead to an increase in the
maximum allowable pitch with a given size rivet, to the
advantage of the percentage strength of the seam. Pres-
ent practice is largelvy hased upon the former practice of
punched holes and inferior work, The present pitches
were fixed by the former necessity for heavy calking and
the resistance of a plate of given thickness to the calking
tool. Calking is a poor substitute for good work and
heavy calking is prima facie evidence of poor workman-
ship,

In the question of good drilling lies much toward the
ralsing of the level of workmanship in the boiler shop,
It may be considered a minor matter, but it is just these
trifles which make reputations. A ieserved reputation
for good work has a tangible commercial value in the
market. Boiler making is rapidly rising into line with
the allied trades in the matter of accuracy and workman-
ship. The ancient sneer is undeserved to-day that it is
a trade combining brote strength with low intelligence.
It is, however, those firms who are willing to make the
needed effort after good product: who give the engineer
the article he requires in the way of steam raising plant
a thoroughly well made and satisfactory steam generator,
iving little or no subsequent trouhle. AT H

self that exact size was maintained,
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Arc Welding and Boiler Work

BY 0. A. KENYON *

Electrie are welding has established an important place
for itself in boiler repair work, In coming to the position
it,occupies at present it has met with a great deal of oppo-
sition ; and it may be said that the only reason that it has
been adopted seems to be that it has opened up a new
field of boiler repairs that were formerly impossible or at
least unsatisfactory,

At present electric arc welding is hampered very much
in its application by the botler code, which linmits it to such
an extent that it cannot be used in many places where it
would be pre-eminently satisfactory.

The reason boiler codes are so drastic in their treatment
of electric arc welding is that arc welding has been very
uncertain in quality as far as results were concerned. The
work turned out has been practically entirely dependent
upon the operator; and many times with the best opera-
tors very unfavorable results have been obtained, while
at other times unusually good results have been obtained.
The whole thing boils down to the fact that ignorance of
the science of ate welding is to blame for the prejudices
that exist against it

There are many people who have had experience with
arc welding who actually believe that the electrical end of
the process is of no particular importance and that any
electrical circuit which is capable of furnishing sufficient
power can be used for arc welding with just as good re-
sults as with the most highly developed system on the
market. In fact, such an expression of opinion was re-
cently voiced by a committee appointed to investigate and
report on arc welding,

1i we look at arc welding as a metal-melting proposi-
tion, regarding the arc as a miniature electric furnace, we
can readily understand that with a given quality of metal
the results obtained depend entirely upon the amount of
heat that is put into the metal and the rate at which it is
put in and taken away.

This heat input and characteristic is dependent entirely
upon the electrical system. However, a skilled operator
can manipulate his arc so as to get very gowd resilts
from any electrical system, and this has been the cause of
much misleading information. Just hecause certain
operators are able to hold an arc that has the right volt-
age and carries correct current 1s no reason for helieving
that the electrical svstem is of no importance. First of
all, who is to guarantee that a man will do as well as he
is able all the time, to say nothing of the man who can’t do
it at all, except by accident?

The purpose of this article is to show the effect of the
various factors upon heat production in the metal and to
demonstrate that proper electrical contrel is a long step
toward standard results. Once we have a standard of
welding that is well up to what is obtainable, boiler codes
will be revised in such a way that rivet welds and calking
cidges can be employed throughout and a tighter and
stronger boiler huilt by welding than any now built with
rivets,

To begin with, contrary to the idea of many people.
there is no direct relation between the total amount of
heat released in the arc and the temperature of the metal
deposited in the weld, and the reason for this is hest
unierstood by analvzing what goes on within the are.

Inn hoiler work we limit ourselves to the use of a metal
pencil; soft steel, with a relatively high percentage of
manganese, being the preferred metal

* Electrical Engineer, Arc Welding Machine Company, Inc. New
Work.
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The current through the are produces heat at three
points:

1. On the end of the pencil.

2. In the arc itself.

7. On the suriace of the metal at the other end of the
are,

The square of current times the resistance at the end of
the pencil determines the melting of the metal; that is,
letermines the Alow of metal into the weld. The amount
of heat put into that metal after it is melted depends upon
the length of arc through which it must travel, and this
length depends upon the voltage across the are.  The tem-
perature in the weld itseli depends upon the current
through the are and also upon the amount and tempera-
ture of the metal that is deposited. Therefore, it is not
simply the product of current and voltage that determines
the temperature of the metal in the weld—it depends upon
hoth current and voltage, and in order to control this
temperature each of these factors must he independently
variable.

In a properly controlled arc the current is chosen with
reference to the diameter of pencil employed, and also
with reference to the rate at which it is desired to deposit
metal. Other things heing equal, it is desirable to use as
short an arc as possible from the standpoint of making
good metal. On the other hand, it is harder to hold a
short arc than a long one; therefore, if the arc is made
too short the effect 15 to slow up the work on account of
the difficulty of holding the arc.

With these points in mind the writer has devised a sys-
tem of contral which permits the adjustment of the cur-
rent to correspond to the size of pencil and character of
the wark, and then automatically maintains it at a constant
value. The wvoltage across the arc is adjusted inde-
pendently of the generator, and may be so adjusted as to
accommodate itself to the welder, as well as to the work.
Furthermare, the voltage is automatically regulated at
the arc in such a way as to give the welder a time element
voltage limit; that is, allow him to draw instantaneously
a longer arc than the controller will permit him to hold
for any appreciable length of time. In this way the evil
effects of a long arc are avoided, and yet slight inequali-
ties of the melting of the pencil will not cause the oper-
ator to lose his arc,

The practical result of this form of control is to elimi-
nate burning of the metal, and thus to reduce the skill re-
quired in welding. Incidentally it reduces the pin-holes

usually present in electric arc welding: and where it is

specially desired pin-holes can be absolutely eliminated,
so that a weld will be steam tight without peaning.

The system of control devised by the writer has been
applied to a svstem which he has denoted as the constant-
current, closed-circuit system.  In this system the gen-
crator produces an automatically regulated current which
is passed in series through the operator’s arcs, In this
way the distribution system is reduced to a single wire run
fraom the generator to the nearest arc station, from there
ta the next, and so on back to the generator, exactly in the
same way as the old series arc lighting systems were con-
necterd.  The main current is adjusted to a value equal to
the maximum requited by any one operator: then if any
one of the operators requires less current than the maxi-
mum he can shunt around his arc by means of a suitable
rheostat whatever portion of current he does not want.

The only limit to the number of arcs that can he
operated in series is the voltage of the machine, and up to
the present time 12 ares have been chosen as the maximum,

When this system of heat control is applied to one-arc
units a different electrical machine is used. However, the
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results as far as welding is concerned are the same. In
both systems the arc is never broken, so that craters and
burnt metal and pin-holes that oceur in craters are claimed
to be eliminated. With a system of this kind it is pos-
gible for the man in charge of responsible work to adjust
the factors that determine the quality of the weld, and
then an ordinary laborer can carry out his instructions;
and, what is best of all, it can be absolutely depended upon
that the metal will get no more heat than the controller
is set for,

Strength of Locomotive Boilers
(Continwed from page 4.)

STRESS IN STaAYS

When figuring the area of the unsupported portion of
the back head and front tube sheet to obtain the stress in
the stays supporting the same, some authorities allow more
to be supported by the flange of the sheet than others.
An allowance of three inches appears to be the most com-
mon method used, although it has been assumed by some
to be as high as six inches. Theoretically the area to he
supported would begin at the tangent point where the
radius makes into the straight. This is a subject which
has received considerable thought and criticism, and the
fact that so many differences of opinion exist makes it
difficult to decide on what would be considered a logical
hasis to adopt. However, this matter appears to be getting
into some final shape. The writer shows some of the
rules now in existence in order to bring out what a great
difference can be obtained in the stress in braces support-
ing these surfaces.

BriTisy Corvmiela RuULES

When the head is flanged and riveted to the shell, a
portion of it becomes stiff enough to carry the boiler
pressure without depending upon the braces. The dis-
tance that this becomes self-supporting may be determined
by the following formula:

125 X (1 +1)°
(e e
The allowance for tubes as stay to head to equal:

ﬂW‘T‘W
\ B '

Where T' = thickness in sixteenths of an inch,
B = working pressure.

14

+ radius of curvature of head Aange.

14 From center of tubes,

ProviNCE 0F ALBERTA RULES

Flat heads other than dome heads should be stayed pref-
erably by longitudinal stays having substantial upset ends
and fitted with nuts and washers, the area to he stayed
heing determined as follows:

When the head is flanged and riveted to the shell a
portion of it becomes stiff enough to carry the hoiler pres-
sure without depending upon the braces. The distance
that thus becomes self-supporting may be determined by
the following formula. The allowance in inches for shell
as stay to head:

112 3 ¢ . ) g
14 | ——— or radius of curvature of head flange, which-
B ever 15 rreatest.

Where t = thickness of head in sixteenths of an inch,
B = waorking pressure.
PROVINCE 0F SASKATCHEWAN AND Ontarlo RULES

The same rules exist in these provinees as in the Prov-
ince of Alherta, as shown above.

THE BOILER MAKER 20

AMERICAN SoclETy oF MEcHawICaL ENGINEERS

The rules .of this societv, which is one of the latest
boiler codes which has been adopted, allow 3 inches to be
supported by Aange of head.

INTERSTATE COMMERCE CoMMIS510%

The following represents a ruling given to one of the
large railroads on this subject of bracing of front tube
sheets wnil back boiler heads of locomative hoilers:

Back Head to be Braced—The total net area to he
hraced is the area enclosed by a line drawn two inches
ahove the center of the top row of staybolts and a line
drawn at a distance from the outside of sheet equal to
the radius of the flange.

Front Tube Sheet to be Braced.—The total net area to
he braced is the area enclosed by a line drawn three inches
ahove the center of the top row of flues and a line drawn
with a radius three inches less than the radivs of the
sheet; minus the area of the dry pipe hole.

With reference to the stress in the braces supporting
the front tube sheet and the back head, it will be noted
that the greater the angle of the stays or braces the
greater will be the stress,

For convenience of calculations, the value of

=)

in formula No. 16 is given for stays ranging from 1
inch to 154 inches, as shown in table No. 6.

In figuring the area of the front tube sheet to be sup-
ported, the writer has found a great diversity of opinion
on this point, particularly as regards the hole in the tube
sheet through which the dry pipe passes. The height of 2
inches above tubes scems to be generally used for the
lower line of the segment to be supported, and 3 inches in
from the flange has also been considered good practice,
although authorities differ on this, as will be noted from
the above.

Some authorities make an allowance for the reinforcing
ring arcund the dry pipe hole in the front tube sheet—
that is, the area of a circle equivalent to the outside diam-
eter of the reinforcing ring, while others allow only for
the hole or half the hole, or an arbitrary percentage of
same. The various locomotive builders differ on this
question and therefore a different value is used. The
writer knows of a case where it was argued that no allow-
ance should be made, the claim being that the hole was
unbalanced, due to the fact that the steam pipe was un-
halanced and open to the atmosphere. To offset this it
would appear from the fact that the steam pipe is securely
anchored in the dome and the heavy reinforcing ring
around the hole in the tube sheet, which also comes up
close to the flange, the resistance offered by the steam
pipes in the smoke box, ete., would about equalize this con-
dition, and it is the belief that after summing up the dif-
ferent conditions, that if the hole in the sheet is disre-
garded, or, in other words, figure the area of the segment.
minus the area of the hole that it would produce results,
which would be practically realized. In actual practice
there seems to be very little trouble experienced with the
failure of the diagonal braces on front tube sheets. and
after all this is not the most important part of the design.
as the Aat sheets themselves offer some support as well
as the T-shaped and angle-irons, which is not taken into
account in any of the caleulations.

The Master Mechanic Rules recently adopted provide
for rules concerning the bracing of flat surfaces which
will be given in the next issue,

( To be continned.)



Selected Boiler Patents
Compiled by
DELBERT H. DECKER, E5Q., Patent Attorney,
Millerton, N. Y.

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

!,199.1@]. FLUE-TURE SUPERHEATER. GARRETT E. MIL-
LER, OF WEST NYACK, N. Y. ASSIGNOR TO LOCOMODTIVE
SUPERHEATER COMPANY, OF NEwW YUI{I{_.‘ N_Y,, A CORPORA.
TION OF DELAWARE.

Claim,—In a fue tube boiler provided with a swperheater header
having pairs of superheated and saturated header branches, one in frant
of and spaced from the other, between alternate wvertical rows of flue
tubes, sanl branches having lateral openings, superhester clements in

%'
L_—_I

some of the H"F tubes, heads on the ends of cach clement each head
aving a spherical shaped side and an opening therethrough and an
aepposite side having a spherical tipped boss, the “openings nfﬁ a pair of
ends being i regiitry with openings in a pair ||{ header bBranches, a
clamp bar having end recesses o receive the spherical tipped bosses, and
a bolt passing between the branches and through the center of the clamgs
bar for holding the element ends fast.

1,199,095, ROLLER FLUE EXPANDER. GRAVES R, MAUFIN,
91— MOBERLY, MO, ASSIGNOR TO |, FAESSLER, MANUFAC-
FCURING COMPANY, OF MOBERLY, MO, A CORPORATION OF
MISSOURI, ;

Claim 1. —A roller Aue exlp:mdl:r comprising in combination a fulinlar
cage baving longitudinally disposed slots, a rvoller in each slot, a tubular

roller retainer insertible lengthwise within the cage and having spaced
arms for engagement with the rollers, and means within said cage at
each end thereof for aolding said roller retainer against axial movements
relative to the cage, vne of which means being removable from the cage.
Two claims,

1,192,038 STEAM BOILER, CHARLES D, MOSHER, OF NEW
YORK, N, Y., ASSIGNOR, BY MESNE ASSIGNMENTS, Txr THE
BABCOCK & WILCOX COMPANY, OF BAYONNE, M. J., A COR.
FORATION OF NEW JERSEY.

laim.—In a watertube botler of the inclined bank l]ype, a eombustion
chamber having refractory side walls and provided with a perforated re-

feactory screen arranged below amd at an angle 1o the hank of twbes and
through which the gases rise before reaching the tubes, zaul sereen
forming a secondary combustion chamber of peoeral triangular form
between st and the bank of tubes, and water tubes sopporting said re-
fractory =creen and connected at their ends to upper and lower wates
spaces of the spaces of the buoiler, the refractory side walls of the setting
having air inlet openings in proxioaty o the refractory screen te aid
the secomdary combustion

1,199,133, * BRICK FOR LOCOMOTIVE ARCLHES,
B. WALSH, OF 5T. L.OULS, M)

Clerme 1.—M brick furmace areh haviog itz lower side edges formed
for engagement with the arch tobes, and projeciiens cxtending over the

ROBERT A
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entire surface of said lower side Eu:lgles forming intercommunicating pas-
sages araund the arch tubes. Two claims,

182,820, FURNACE., WILLIAM McCLAVE, OF SCRANTOX,
PA., ASSIGNOR TO McCLAVE.BEROOKS COMPANY, OF SCRAN-
TON, PA, A CORPORATION OF PENNSYLVANIA.

Claim 1.=—=In a furnsce, the combination of a hopper, an inclined grate,
i dead-plate lying in a substantially coincident plane, an upper dead-
plate provided with fuel openings therethrough Jocated in the path of the

fuel supply, a pusher between said dead-plates, means for reciprocating
said pusher, a fuel chute between the hopper and uwpper dead-plate, a
=winging door hinged to =zaid hopper forming ane wall of the chute and a
furnace door forming the ofker wall of said chute, the furpnace door
directing the flow of fuel to the openings in the upper dead-plate. Ten

claims,
1,107 806, FOUNDATION RING FOR STEAM BOILERS.
DUNLOP, OF SPRINGFIELD, MQ., AND

PATRICK TRESTLN I
HENRY W, JACOLS, OF TOPERA, KAN.

Cleim 1=—A foundation ring for steam botlers, composed of solid
transverse sections of cast metal and hollow longitudinal sections of sheet
metal of greater density and comparative lightness, the respective sec-
tions being welded together and the transverse sections provided with

angularly disposed ends having upwardly and laterally disposed ports
adapted to commumicate with the chambers of the longitudinal zections
and with the water legs of the firchox, while the longmudinal sections
have their top, side and bottom walls rigidly secured towether with the
top and bottom walls provided with alined openmings. Three claims.
1,193,172, ROILER, EDWARD C. MEIER, OF PIHENINVILLE,
I'A,
Clagm 1, —The combination with a boiler having water legs, and a
=cries of staytubes i the water legs of a heater comprising a series of

X = l]

o
—  _ _ __———————]
e |
i ]

Boxes located outside of the water leg, said hoxes having holes in their
inmer walls and being open at their outer ends, detachable plates secured
to said boxes and covenng the open end hereof, said plates having holes
thercin, tubes secured within the holes of said imner walls and projecting
thraugh the staytubes in the water legs, tubes smaller than the first-
mentioned tubes located nside of the first-mentioned tubes and secured
within the holes of said plates, end plates each having a passage com-
municating with the ends of said small tubes, pipes conmecting said
passages of certain of said boxes, and other pipes communicating with
the imterinr of rcertain of the hoxes,



THE BOILER MAKER

FEBRUARY, 1917

Marine Boiler Design

Two Furnace, Return Tubular, Water-
Leg Type Boiler of 300 Horsepower

BY STEFHEN C, CAFIERD

‘To design a two furnace, return tubular marine hoiler
of the water-leg type seems at first sight a very simple
affair; but if all the particular duties and requirements of
an efficient boiler be carefully considered, it will be seen
that there are numerous difficulties and necessities involved
that must be carefully studied. Until recently this type of
marine boiler was built for low pressure only, the maxi-
mum not exceeding 80 pounds gage. However, there
never were any restrictions to higher pressure, providing
the design and the construction is in accordance to the
supervisor—requirements for the desired working pressure.

Among the data taken into account are the following:

First—Efficient evaporative qualities and fuel economy.

Second—Proper heating surfaces and grate area.

Third—Uniform circulation of the water in the boiler.

Fourth—Strength to resist pressure and comply with
requirements.

Fifth—Accessibility in nearly all parts for the purposes
of construction examinations and cleaning.

Sixth—Space occupied, weight and cost for a given
horsepower.

The first three items are the most essential features in
the production of power economically, while the last three
items are those pertaining to rupture, endurance and cost,
Suppose we have a compound engine of 600 indicated
horsepower to be supplied with steam at a working pres-
sure of 130 pounds per square inch, and using about 17
pounds per indicated horsepower, also that the space in
a boat will accommodate a boiler shell not over 10 feet
diameter and 12 feet long, By experience it is seen that
two furnaces, each 4 feet 4 inches wide, with a water
space, or leg, of 5 inches on each side and 5 inches in the
center between the two furnaces can be fitted in this size
boiler, giving two prates 4 feet 4 inches by 5 feet & inches
long, giving a grate area of 47.3 square feet. Now with
good coal having a calorific value of 13,500 British thermal
units per pound, 25 pounds can be burned on every square
foot of grate area, and with properly distributed and suffi-
cient heating surfaces this boiler should absorh about
=8 percent of the heat generated by this fuel, then
47.3 X 25 X 13,500 X 0.78 = 12,451,725 heat units. The
heat above the temperature of feed water at 60 degrees I
in a pound of saturated steam, at a temperature of 353
degrees F., which corresponds to 130 pounds pressure, is
355 — 60 = 205 heat units and the latent heat of evapora-
tion is %62* units, therefore the total heat in a pound of

steam is 295 + 862 = 1157 units. Dividing this heat into
the heat ahsorbed by the boiler we have '

12,451,725

II57

= 10,702

pounds of water evaporated into steam per hour.
The weight of water evaporated per hour, divided by
the weight of coal burned per hour, equals

10,702

= Q.2

1182
pounds of water per pound of coal, or, dividing the weight
of the water by 34.5, the standard constant for the evap-
orative horsepower, we have

10,762

= 3lo
345

hoiler horsepower.  This will furnish enough steam for a
compound condensing engine of about 600 indicated horse-
power, using 17 pounds of steam per indicated horsepower
per hour for the engine and its auxiliaries collectively.

In this type of boiler a large furnace wvolume can be
obtained, due to the square firebox, and as “soft coals”
need so much flame room, which requires a high furnace
crown, so that volatile parts of the hot coals will not con-
dense as soot in the boiler tubes, without burning, but dis-
tillate with the vapors given off the green coals hefore
complete combustion takes place. The products of com-
hustion will leave the boiler tubes at a temperature of
about 330 degrees F. and their weight will be about 13.5
pounds per pound of coal burned; the specific heat of
this is 0.24. At this rate they carry off 13.5 > 0.24 > 550
= 1,780 British thermal units, or about 12 percent of the
heat in the coal fired, and allowing 1o percent for radiation
losses, leaving 78 percent efficiency of boiler. The ratio
of heating surface to grate surfaces in marine boilers is
between 30 and 4o, usually about 34 times greater than the
grate surface; therefore the heating surface of thiz boiler
should be 47.3 X 34 = 1608 square feet,

It now remains to distribute properly this heating sur-
face in the boiler, which includes the furnaces, flues, tubes
and combustion chamber.  As this boiler 1s to be not over
1o feet diameter and 12 feet long over stay nuts on heads,

* See Steam Tables,
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then we will make it 11 feet 6 inches inside of heads, It
is also important to have as large a reservoir of steam as
possible above the level of the water in the boiler; this
is to prevent Huctuations of pressure. Then allowing =2
square feet of water surface per square foot of grate sur-
face will give us 94.6, and this divided by the length of
the boiler, 11.5 feet, will give

4.0
= 8.2

I11.5

feet as chord of water level.

This determines the height to which the boiler tubes can
be taken, and should not be less than 6 inches helow the
water level to top of tubes, and making the furnace volume
above the grates about 4 cubic feet per square foot of
grate area, as this will be enough to completely distillate
all the gases given off from the fuel specified, and also
have sufficient space in the furnace back to insert two
16-inch diameter and two 1o-inch diameter flues, having
a total sectional area of 7.05 square feet, or about one-
sixth the grate surface.

Now lay out accurately on a scale drawing of the boiler
in cross-section showing the arrangement of the furnaces,
flues, tubes and combustion chamber (as per plan). Three-
inch tubes are used, as they are considered best size, and
are spaced horizontally so that they are separated by 1°:
inches between them, also to clear the vertical braces that
come down to the top of the furnaces. These wide spaces
allow for a more rapid circulagtion of the water in the
boiler, the bubbles will rise vertically, while the colder
water, or feed, comes down along sides of the boiler shell.
The tubes are spaced with 1 inch between vertically.
Three standard manholes are provided in the front head
over the furnaces and one hand-hole in each water leg.
Also one manhole on the top of the shell to allow an or-
dinary man to get into the boiler above the tubes, for
construction or cleaning purposes. Allowing 2z feet 312
inches for the depth of the combustion chamber and 632
inches water space to back head, then the length of the
tubes will be 8 feet 8 inches, and it is seen that we can
space a total of 133 tubes 3 inches diameter. The furnaces
being 5 feet 6 inches long inside leaves 2 feet 6 inches
for the length of all the flues, hence we can figure all the
heating surfaces and see how they check with our assumed
calculations, and then it only remains to calculate and
design the hoiler for strength of the different parts and
to comply with the supervisor's requirements.

For this boiler we have the following data:

Type—Leg firebox return tubular marine boiler.

Dimensions—Shell 10 feet diameter, 11 feet 714 inches
long.

Waorking Pressure—130 pounds per square inch, gage.

Grates—Two, each 4 feet 4 inches by 5 feet 6 inches,
equals 47.3 square feet.

Tubes—183, each 3-inch diameter, 8 feet 8 inches long.

Flues—Eight, four 16-inch diameter and four 1o-inch

diameter.
Sqguare Feet

Heating surfaces of tubes. ... .....o000 1,145
Heating surfaces of furnaces............. 100
Heating surfaces of fues.. 72,5
Heating surface of cumlmﬁt:ml chamber. . 1083
Heating surfaces total. .............. 1,606
Cross area of tubes for draft......... e #0
Cross area of flues for draft,............ 7.0
Area of water surface.........oo0oiiaas i_,'.\,_[,h
Steam roofl. . v.ure e iee (cubic feet)  T43.

To determine the thickness of the boiler shell, when
marine boiler steel of fo.000 tensile strength i3 used, a
factor of safety 4.5 is none too low, and assuming an effi-
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ciency of 84 percent for the langitudinal joints, as the
first shell wrapper sheet, though fastened at the bottom
leg. with a double-riveted lap it is well braced with stav
holts to furnaces, and cross braces to opposite side of

shell. Then the formula for thickness is
[0 Tl 130 % 00 % 4.3

— — = —— — 0.000 inch,
Tex E 00,000 >+ 0.8

say, 11,/16 inch, and check this by the following:
United States Rule:

) Ts 10,000 = 11
W.P.=1/6 —— 4 20% = + 20% = 137 lbs.
Had. 650 0 10

Lioyd Rule:

Cx(t—2) =B 21.55 (11 —2) 8o.735

[ = - — 130.5 lbs.
I 120
W a 50 004
where B = . W8y = ——————— W H3; = 8or3
P 775 X 6873

least efficiency factor,

constant, 21.55 when longitudinal seams are
l!tter] with double-butt straps of unequal

. width,

thickness of plate in sixteenths of an inch,

tensile strength in pounds per square inch,

diameter of shell in inches,

radius of shell in inches,

factor of safety, 4.5,

efficiency of longitudinal joints,

number of rivets per pitch i longitudinal
joints,

a area of ril.r,t. 111 square inches,

P pitch of rivets ininches, d = diameter of rivets.

For the diameter of rivets we will use “Unwin's" formula:

o
I

=mmmtt,
Wi

d =1 3 Vi=13V 053?: = 11/10 inches diameter, make

holes 134 inches.
In the double-riveted glrth and head seams the shearing

strength of the rivets is all that need be considered. This
is found by taking the strength of one rivet and multiply-
ing by the total number of rivets in the girth, and this
should exceed the pressure on the total area of the heads.
Therefore the area of one rivet equals 0.994 multiplied,
and there are 220 rivets in each girth seam; then allowing
a shearing strength of 44,000 pounds per square inch and
dividing by a factor of 5 we have
0621920
220 0004 W 44,000 = ————

3
The area of the head is (120}* > 07854 = 11,310 square
inches and has a working pressure of 130 pounds per square
inch, which makes a total load of 11,310 130 = 1 470,170
pounds. Then it is seen that the rivets are the strongest
and safe.

The longitudinal seam of the rear course is a triple-riv-
eted double-butt strapped joint, and we have chosen an effi-
ciency of 84 percent when fAguring the thickness of the
boiler shell.  For this plate thickness and diameter of
rivets used we will assume a very practical tvpe of rivet
spacing, in the joint, and figure on the efficiency by con-
sidering the different methods of failures.

In this joint there are three rows of rivets on each side
of the butt, or plate edges. There are five rivets in each
pitch; four of them are in the inner rows and are in double
shear, and one is in the outer row and is in single shear;
so that if this joint were to fail by the rivets shearing,
nine sections of rivets in each pitch would have to be
sheared. However, there are five ways in which this joint
may fail. Using the following dimensions and calculating
the resistance of each part separately the joint may fail:
First, at the outer row of rivetrs, the resistance is (734 —
153) % 1116 % 6Bo.oo0 = 273.281 pounds.  Second, by

= 1,024,384 pounds,
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tearing apart at the middle row of rivets and shearing one
river in the outer row this resistance is (734 — 2 > 134)
SO0 3 boooo. 4+ ogog X 44,000 = 270,611 pounds.
Third, by shearing four rivets in double shear and one
rivet in single shear, allowing S8z000 pounds for double
shear; the resistance is 4 % o004 > 82000 - 0004 >
44,000 = 360,768 pounds.  Fourth, by crushing in front of
four rivets and shearing one rivet the resistance is 4 % 114
211710 % 93,000 4+ 0004 % 44000 = 328 736 pounds.
Fifth, by crushing five rivets, four through hoth straps
and one through one strap, the resistance is 4 % 194
IT/16 > 93,000 + 13 % 9/16h = 93,000 = 345,116 pounds,

The resistance of a piece of plate equal to the width of
the pitch at the outer row equals 734 > 1116 % 60,000 =

310682, The least resistances found above, divided by
this plate resistance, determine the efficiency ; that is,
270,011 .
———— = .B47 percent.
319,682
when pitch at outer row = 734 inches; pitch at inner rows
= 3% inches: diameter of rivets = 1 1/16 inches; diam-
eter of rivet holes, 1'4 inches: area of rivets = 0.094;

shearing strength, 44,000 for single shear and Sz000
pounds for double shear; erushing strength, 95,000 pounds.

The fat heads in the steam space, when properly stayed
by through bolts having inside and outside nuts, can be
made about nine-tenths of the thickness of shell plates,
then 06875 % 0.9 = o0.61875. say 54 inch, and the through
stays are 2% -inch diameter, spaced 12 > 15, or 180 square
inches to support with a pressure of 130 pounds per square
inch equals 23,400 pounds, The area of these stavs at hot-
tom of threads is 3.06 square inches, and, allowing 7,500
pounds safe stress, each bolt-will carry 3.06 > 7,500 =
20,700 pounds.

The fire surfaces of the boiler have a thickness of 14
inch and all flat plates must he supported by screw stay-
bolts, which may be considered by the following formula,
allowing a safe working load of 8,000 pounds per square
inch of section, for good steel stays. The diameter of these
staybolts may be found, if we choose a pitch, say 6 inches
each wayv, then
ds = 00127 > pitch V pressure — o.wizr % 6 V 110 = 0863
inch diameter at bottom of threads. Then take the nearest
standard-size bolt, or 1 1/16-inch diameter staybolt and
check this by the Llowd’s rules. The area of 0.868 diameter
is 0.6178, then
0T 7R 0 B0

kid

and for the larger-size hbolts used in the combustion
chamhber

W, F. = = 137 pounds,

00120 ¢ Boon
He == _——

= 132 pounds
(7.5)*
where 7. P, = safe working pressure of hoiler.

The pressure allowable on the area supported by each
crown bholt in the combustion chamber top is found as
follows:

135 % (9)*
—  — 180 pounds:
(7is)?
in which 1335 is constant used when there are nuts on the
fire side. The girders on the top of the combustion cham-
ber will safely carry

825 % (650 % o7s
—_— 2 = 130 pounds,
(275 —75) X752z

where 823 is a constant, for two or three supporting bolts ;
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i3 is the depth of girders; 7.5 is the pitch of the bolts;
.75 is the thickness of each girder bar; 275 is the length
of girder, or width of chamber. The welded cylindrical
flues are all subject to a collapsing pressure, and we shall
need a large factor of safety, say two times the boiler
factor of safety, or g, to compensate for welds. Then by
“Hutton's formula,”
ci G602 168

Cal. press. = — — ————— — 1280, and

dv L 16 Y 30 0
pownds 117, P,
In which © = constant &6o,

1280

—= 142

V. P. = safe working pressure,
d = diameter in mches,
t = thickness in 32d of an inch,
I = length of Aues in inches.

Thus it will e seen that the 1o-inch diameter flues can be
made of 3§ steel and safely carry

660 144 )

_— 1700,
10V 30

and divide this by a factor of safety,

1700

= 193 pounds,
0
which is well within the safe limits, and these could be
made 5,16 inch thick if desired.
The compressive stress on the tube plate of the combus-
tion chamber must he within the limits, as 13,500 pounds is
the greatest allowable strain. Then

130 X 4.5 X 27

= II,200,
2 (43—2.75) X 0502
which 15 safe,

The sling stays, or braces, that support the crown of the
furnaces are attached to forged steel “crow-feet” ends,
with 11a-inch diameter steel pins. The crow-feet have a
sectional area 2.6 square inches, and allowing 6,000 pounds
for welds they will safely carry 15,600 pounds. And each
of the crow-feet is riveted to furnace top with two 1-inch
diameter rivers and allowing 8,000 pounds per square inch
for tension, two rivets will safely carry 1.57 » 8000 =
12,560 pounds. The 12-inch diameter pins are in double
shear and need not be considered, as thev are sufficiently
large.

The section of the sling stays or braces 1s made rectan-
gular for the purpose of passing between the tubes. They
are miade of soft steel, upset on both ends and drilled for
11z-inch diameter pins, which also pass through the crow-
feet. The area of these braces is 3 square inches, with
a safe stress of 43500 pounds. They will safely hold a
load of 13.500 pounds. The area to be supported by each
of these braces, it will be seen by referring to plan, is
# > 12 inches, or g6 square inches, with a pressure of 130
pounds per square inch equals 96 < 130 = 12,480 pounds,
which is under the results obtained for anv part of the
hiraces.

Personar—H. D Savage, vice-president of the Amer-
ican Arch Company, New York, in addition to his present
duties, has been appointed manager of sales of the indus-
trial department of the Locomotive Pulverized Fuel Com-
pany, with offices at 3o Church street, New York City.
Mr. savage was formerly connected with the Ashland Fire
Brick Company. and in 1904 was appointed their manager
of sales. In 1914 he was elected vice-president of the
American Arch Company, which position he will still hald
in addition to his new appointment,



Safety First in Boiler Construction

Assembling the Parts, Riveting, Calking and Testing—
Precautions and Methods to Insure 5afe Construction

BY H. W.

EING convinced that drawings have been approved by

competent designers and engineers, as regards
capacity, efficiency and strength; that all material has been
tested according to the best, modern approved rules for
chemical analyses and physical strength, and has passed
these requirements, and also has been inspected for sur-
sace defects and dimensions; that this material bears the
manuiacturer’'s name, heat number and tensile strength in-
delibly stamped on it; that all parts have been accurately
laid out, machined. bent to radius, and Hanging done, all
in accordance with the approved drawings for steam boil-
ers, brings us to

ASSEMBLING

Drum heads and all boiler mountings that are under
pressure when riveted onto the boiler shell should be m_aclf:
of wrought steel. They should be fitted either by heating,
chipping and filing or machining to a lnﬂtal‘tU'lT!I&tB.h cotl-
tact, rather than by springing them and the boiler shell
together with the aid of bolts, sledge hammer, ram ot
hydraulic pressure, because forcing heads and sections F'f
the shell into place, springing members together and drift-
ing of rivet holes causes unequal strain on rivets, mount-
ings and plates.

River Hores

The use of punched holes should be entirely eliminated
in boiler construction. Either drilled or punched and
reamed holes should be used, because puniching holes in-
variably causes minute cracks to appear in the distorted
structure of metal immediately surrounding the hole,
which magnify during the use of the boiler, either from
the chemical action of the water used for generating
steam, or from boiler compounds used for inside cleaning,
or from both. This will not only shorten the life of the
boiler, but is always a source of danger while in use.

The size of rivet holes should be just large enough to
admit the heated rivet, because if they are one-si xteentlh
of an inch or more larger, not only does it waste the solid
plate area between them, but it causes the use of longer
rivets to fill them.

After drilling or reaming all rivet holes, the straps,
plates, heads and mountings should be separated, cleaned,
holes burred and then re-assembled for riveting with
parallel turned bolts, fitting the rivet holes and spaced
about twelve inches apart (or where the best result can be
attained) for holding members in position while riveting
is being done.

RiveTING

To heat and drive rivets tight in steam boilers is quite
simple if the firoper tools and methods are used. Hean:ag
sivets is not a boy's job, and, although common practice
in boiler shops, the use of inexperienced heaters finally
reflects on the manufacturer, unless a competent amd re-
liable boiler maker is driving the rivets and oversees the
heating, as to the proper temperature or color, but more
especially to see that rivets are not overheated or burned
before driving. The proper temperature does not depend
he method used in driving, but rather that tempera-

upon t =8 h / T
h leaves the best qualities of steel in the finished

ture whic
rivet.

HOOVER

At the same time this heat should be sutficient so that
when the maximum pressure is applied it will not only All
all crevices ot unevenness in the rivet holes, but will also
cause the distorted structure of steel in rivet shank and
new head to adhere as they are pushed together,

Hydraulic or any other riveting machines that exert
their force by pressure and not by striking innumerable
blows drives the most satisfactory rivets. Rivet steel
toughens by applving pressure, and becomes brittle when
hammered,

The only way to drive heated rivets tight in holes
through cold plates %% inch or more in thickness is to have
sufficient force exerted for a length of time necessary on
the end of each river, swelling the shank to All the hole in
plates as it expands from the heat of rivet, and so that the
elasticity in the heated plates surrounding the rivets will
follow up by shrinking the shrinkage of the rivets as they
cool. For example, we have experimented and found that
maximum temperature of heat in plates five-eighths of an
inch in thickness derived from heated 7§-inch rivets is
attained from five to cight minutes after rivet is inserted
into rivet hole. Consequently either of the following two
methods must be used to insure that rivets All rivet holes
and will not require calking:

First—FPressure of sufficient intensity (about o000
pounds per square inch of rivet section) must be main-
tained on each rivet as driven for from five to eight
minutes of time, or

Second—A number of rivets can be driven (with Go,000
pounds pressure per square inch of rivet section) for from
five to eight minutes of time, after which a final squeeze
of two or three seconds’ duration is applied to each driven
rivet, beginning with the first one of the lot. The latter
method is more practical, as it 15 a time-saver.

Cuestions have been asked whether the new rivet head
should be formed on the inside or outside of hoilers; by
forming the new head of rivets on the outside requires an
extra man inside the boiler to insert the rivet in hole, and
then to guide it into the die in stake. But the machine
operator knows by a glance after it is driven whether to
0. K. it or not. The boiler shell and rivet are stationary,
being held against the die in stake, while the plunger of
the riveting machine moves forward, forming the new
head. Also rivets as made . by manufacturers have all
rivet heads concentric with the shank, consequently this
means that if these rivets are inserted into holes from the
inside of boilers the flange of rivet heads covers a uniform
area all around, and from the edge of rivet holes on the
inside of boiler. We cannot say as much for the head
as formed by hoiler manufacturers, Forming the new
head on the inside of boilers. the machine operator can-
not see it as driven; the rivet head is held in the die in
plunger, while it moves forward, pushing rivet and boiler
shell toward the die in stake to form the new head on
rivet, the head thus formed being not alwayz concentric
with rivet shank, and, consequently, the flange of rivet
head on the inside of boilers does not always cover a
uniform area all around, and from the edge of rivet hole.
This method requires one less man on the job, We much
prefer the boiler with new rivet head en the outside.
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Heated rivets driven into holes in cold plates by pnen-
matic hammers do not fill the holes, and consequently the
rivet is tight only between the flanges of the two heads,
and caused by shrinkage of the rivet lengthwise,

We will assume the plates, straps and mountings have
all been cleaned, burred, assembled (without the boiler
heads) and bolted up. Riveting should start any place
along longitudinal seams (no matter if it be one or more
courses in length) by driving one rivet each side of a bolt,
then directly acroszs, and on the other side of joint, this
should be continued alternately first on one side, then on
the other, until there is a rivet driven on each of every
bolt in that seam or joint, then all vacant holes to be
filled by driving one rivet first on one side of seam, then
on the other, until all vacant holes are filled, after which
the holes are filled as each bolt 13 removed, first on one
gside, then on the other. The reason for the above is that
buttstraps increase in length and width from the heat of
rivets and also from the pressure of riveting machines.
By distributing this heat and pressure over the total length
and width of the buttstraps, as rivets are driven, is much
more satisfactory than starting at one end of jomnt, driving
every rivet in succession until the other end is reached.
Boiler heads to be chipped to fit over scarfing on inner
buttstraps, assembled and bolted into place, with turned
bolts fitting the rivet holes. Rivets should be driven one
on each side of a bolt, then half way round the circum-
ference of boiler on each side of another bolt, then quarter
way arcund and directly opposite, after which fill every
other hole all the way round; then every vacant hole, and
finally each hole as bolt is removed.

CALKING

Calking must be resorted to, to make hoilers perfectly
tight, unless welding is preferable, In case calking is
used it should be allowed only on the inside of hoilers
until they are perfectly tight on the hydrostatic test, after
which they may be lightly calked on the outside along
buttstraps, around heads and mountings, to give it a work-
manlike finish. The reason for this is: where outside
calking is used water is always present, while the boiler is
in use, between plates, straps and mountings and some-
times around the rivets to their outside heads, which not
only causes deterioration, but also allows deposits of min-
eral substance to collect, which 15 not only imjurious to the
life and efficiency of the boiler, but is dangerous as well,

Tue Hyprostatic TEST

There is no logical, practical reason for the customary
cold hydrostatic test of one and one-half times the work-
ing pressure being used on the manufacturer's test, as re-
gards the safety of boilers under steam. )

Cold water contracts all parts of the boiler while the
hydrosttic pressure is trying to expand them; thus one is
trying to counteract the effects of the other, which causes
unusual and unnatural strains on these parts entirely
foreign to the boiler while steaming. Rivets are subjected
to shearing strains, which are not again produced ulnder
normal working conditions during the life of bolers.
Testing water should be heated to about 200 degrees F.,
and then pressure to be applied 25 percent in excess ol the
working pressure. Boilers thus tested would be much
more satisfactory under working conditions, and perhaps
would decrease the percentage of accidents and explosions,

SAFETY YVALVES

All hoilers should have not less than two safety valves
per hoiler, each one of sufficient area so that at all times it
is capable of releasing any and all internal pressure in
excess af the working pressure. They should bhe secured
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to pads or nozzles having openings whose area is sufficient
for the purpose intended, and these openings on the in-
zside should be unobstructed by dry pipe or other internal
fittings.

Steam boilers should not be allowed on the market
unless they have heen inspected by competent, conscien-
tious, experienced boiler inspectors, and then only where
the proper tools and best practical methods have been
utilized in their construction,

All of the above data is essentially neccssary to guar-
antee safety first in steam boiler construction, especially
during this age of high pressure, and in view of the fact
that we never fully realize the enormous energy contained
in bolers carrying from two to three hundred pounds of
steam, gage pressure, unless we see one suddenly leave its
toundation on a sight-seeing trip, either through the wall
or roof of the boiler house or through the side or deck of
a vessel at sea, causing death and destruction.

The “whys" of go percent of loiler explosions are not
positively stated simply because they are not positively
known,

Intelligent Care of Boilers

The modern tendency of steam engineering is to employ
increasing pressure on hoilers, for the purpose of obtain-
ing the greatest possible amount of useful work in return
for every pound of fuel consumed. In all lines of steam
engineering, progress appears to be in the direction of
higher pressures, hut locomotives still maintain the lead.
There are few new locomotives now coming out that
carry boiler pressure of less than 200 pounds to the square
inch, and still higher pressures are not uncommon. As
the most economical steam engine, all other things being
equal, is that which takes steam into the cvlinders at the
highest possible temperature and lets it escape at the
lowest, making the greatest difference in the temperature
by converting the heat into work, there is a decided ad-
vantage in emploving steam of high tension; but the prac-
tice is not without its drawbacks., With the defective ex-
pansion gear used on the best of locomaotives, the margin
of saving between an engine carrying very high and one
carrying moderate pressure 1s verv limited.

Although the locomotive boiler is higher pressed than
any other form of boiler in general use, and, although the
type is more numerous in America than any other form,
it has an enviable reputation for causing few violent acci-
dents. This is particularly remarkable considering the
admitted fact that the locomotive boiler is subjected to
harder usage from sudden changes of temperature, from
bad feed water, from exposure and shocks of service than
any other botler in use,

The immunity of locomotive boilers from violent ex-
plosions reflects the highest credit on the mechanical de-
partments of our railroads, for it is due to the enlightened
care in design and construction, and to unceasing
vigilance in maintenance, handling and management. The
greater the margin of safety with which a beiler is con-
structed, the easier will it be maintained in safe working
nrder. The tendency of intense pressure, now become the
rule, is to reduce the factor of safety, which has never
heen high. Tf this tendency results in increasing violent
explosions of boilers the saving resulting from high steam
pressure will prove a costly way of making money.

The Railway Master Mechanics’ Association has di-
rected persistent and intelligent attention to everything
relating to the proper design and maintenance of locomo-
tive boilers. Committees have made emphatic reports
recommending systematic perindical inspection of boilers,
s that anv dangerous weakness may he discovered in
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time to apply the proper remedies, They recommend a
hot hydraulic test to be made on boilers every six months
after they are more than two years old, and careful in-
spection during the test to detect any change of form that
may indicate any weakness. They also recommend weelkly
inspection with the hammer test for hroken stayholts. The
adage of one man being able to take a horse to the water
when ten cannot make him drink applies directly to the
way many committee reports are treated. A committee
can mmake the very wisest recommendations; but all the
petsuasion in the world will not make some superin-
tendents of motive power and master mechanics act on
them. We know of no committee’s recommendations
more important to the safe operating of railroads than
those referring to the inspection of locomotive boilers, vet
there are no reports more Hagrantly neglected. The most
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serious menace to the saiety of a locomotive boiler is
broken staybolts, and vet it is a common thing when an
engine goes into a shop for general repairs to find from
ten to twenty broken staybolts on one sheet, and that on
roads where regular inspection of staybolts is reported to
be carried out. A mere hammer test is a very uncertain
way of detecting a broken staybolt; but if it is supple-
mented by a carefully conducted hydraulic test, any se-
tious defect will nearly always be identified. Some master
mechanics object to hydraulic tests and say they are use-
less and dangerous. \When this is true it is not the blame
of the method, but of the men applving it. Unless tests of
any kind are properly conducted they had better he
omitted, for a perfunctory test that is a mere form tends
to give danger the appearance of safety—FRailway and
Locomaotive Engineering,

John Buys a

Steel Square

Proving a Steel Square — Kinks to
Which a Steel Square Can Be Applied

BY JAMES F, HOBART, M. E,

“What have you there, John? “What are you trying to
do with that rusty old steel square

“Why, I bought this last night over to Uncle Soloman’s
and I'm tryving to rub off enough rust with this emery
cloth so that I can find the figures on the square.”

“NWever mind the emery cloth, John; just lay the square
flat on the floor or on a bit of boiler plate. Then step right
on the square and dance a little jig, which will clean the
rust off the square quicker and better than any emery cloth
you may choose to use. There is always a lot of grit n
the bottom of your shoe soles, and if you place the square
on a flat surface, hold it there with one foot and polish
the tool with the other foot, you will quickly clean off
the rust and dirt, leaving the tongue and blade of the
square bright and clean and showing off the graduations in
good shape, as they are not touched by the cleaning and
remain filled with dirt and rust, and consequently darker
than the metal of which the square is composed.”

“Say, that does it, all right. Why, I can clean a dirty
square in two minutes in that way and I had been jockey-
ing the emery cloth for half an hour and had hardly got
the job started.”

“Yes, John, that's the way to clean up a square or a
steel straight-edge, or any other tool which can be placed
flat upon the floor or other flat surface. PBut, John, now
that you have got the square and cleaned it up, how do
vou know that it is good for anything "

“Good for anything? Why shouldn’t it be good? The
corners aren't worn, the blade and the tongue seem to
be straight and with no kinks in either of them. Why
shouldn’t the square be good for something 2"

“T' tell vou, John, and then you can test out the square
and see if it is worth what you paid for it. To begin with,
that tool is what is known as a ‘carpenter’s steel square.
It has a blade 24 inches long and 2 inches wide, a tongue
16 inches long and 1%z inches wide graduated on hoth
edges of both blade and tongue. This tool differs from the
bridge square, which has a blade 3 inches wide with a
mortise 1 inch wide in the middle thereof. The machin-
ist's square is a small affair, with a blade 12 inches or
less in length, The carpenter’s square, John, is the one
which vou should purchase for use in the boiler shop and

that 15 the kind which you have. Now, as to the value of
the square; that depends almost entirely upon one thing,
viz.,, whether of not the angle of blade and tongue is ex-
actly 9o uegrees or not.”

“Of course it is 9o degrees.
if it were not!”

“That's just the question, John, Whether it is “square’
or not is the problem to be solved hefore you dare use the
square upon any piece of work.”

“Well, but why shouldn't it be ‘square,’ and what could
have made it otherwise "

"The steel square, John, is a somewhat delicate tool and
it must be handled and used with some care. A fall for
evenn a short distance, should the square strike solidly at
an angle of tongue and blade upon any hard surface,
might cause the tool to be ‘sprung’ so that the angle was
no longer go degrees, And once a square has got “sprung’
it is of very little use, for it is almost impossible to restore
it to its previous accuracy.”

“I should think that the square could be straightened.
A little careful peening ought to bring the tongue and
blade back to go degrees again”

“That is so, John, but even after that has been done
carefully and accurately, the square has not been re-
stored, because the springing and the peening have surely
stretched the length of either blade or tongue; therefore,
while the tool may be accurately go degrees, the gradua-
tion 1= probably ‘off,’ conzequently, once you have ‘sprung’
a steel square the best thing to do with it is to trade it to
Uncle Soloman for something else which you can use,
And perhaps, John, this square which vou have just ob-
tained may be one which somebody has unloaded for the
reasons described above.”

“Thunder! then the square may not be good for any-
thing. How am I going to test it

“That's easily done, John. Just hunt up a planed sheet,
the edge of which proves to be straight and smooth, with
no burr left upon it. Such a planed plate is shown by
Fig. 1. Measure back from edge about 2334 inches and
make a very light mark with a fine, sharp center punch as
shown at 4. Now, place a sharp pointed scrateh in this
mark, slide the tongue of the square along the edge of

It wouldn't be a ‘square’
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the plate until the blade comes against the seratch, then
mark a fine line along the edge of the blade while in that
position as shown at B.”

“How would a sharp piece of soap stone do, instead of
the scratch®”

“It's no good, John. .Use a scratch, or the sharp leg of
the dividers. A fine, true line is what vou must have for
this work. Next, reverse the square as shown by dotted
lines at C. and in that position slide it again up to the
scratch in hole 4, and then make another fine scratch
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Fig. 1.—Testing John's Square

mark along the edge of the blade. Now, remove the
square and inspect the two lines. If they are fully
parallel, same as shown at [ and E, then the square is
all right and your Uncle Soloman didn’t put one over on
vou.”

“What if there isn't but one line, just a single line at
D or E™™

“That’s all right, too, John, and your square will he
0. K. But if you find two diverging lines, as shown at
F and G, Fig. 1, then your square has been ‘sprung’ and
isn't worth a ‘hurrah in Hades' and you had better take
it right back to “Uncle” and swap it for what you can
get, for your square is worthless, To be sure, you may
be able to peen it so it will reverse all right and be of
service as a square, but the graduations will be ‘out,” and
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Fig. 2.—Locating a Center

sometime will lead you into error. I your square won't
‘reverse,’ get rid of it at once, although you can make
approximate corrections by draw-filing the tongue.”

“It tested out all right, Mr. Hobart. See the marks?
You can't see but what they are perfectly parallel.”

“Good encugh, John. Now, what are you trying to do
with that bit of boiler plate? It is a circle, isn't it? Cut
out on a circular shear? What are vou measuring across
it for?”

“Why, I have got to locate the center to drill and rein-
force there for a 3-inch steam pipe; therefore, I have got
to locate the center of the circle pretty accurately.”

“Say, John, there’s an easier way than that, and you
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needn't do a bit of measuring, either. Do it all with the
square and not make a single figure.”

*Show me, will you?"

“Sure! Look at Fig. 2. There's your circular sheet at
H. Lay the square down, no matter where, save that the
corner must come fair with the circumference, as at {.
Then seratch a line along the blade of the square, crossing
the circumference at K. The tongue of the square don’t
reach to the circumference, so just place a straight edge
fair with the tongue and draw another line from 7 to J,
The points J and K will be the ends of a diameter of the
circle H.”

“"Hully Gee! All T have to do now is to measure that
dotted line, and find the middle of if, and that will be the
center of the sheet!”

“No you don't, John, I teld you there would be no
measuring to do.  Just slide the square part way around,
a quarter of the circle, more or less, and repeat operations,
Macing the corner of the square at L, and drawing lines
to M and N along tongue and blade to the circumiference
of the circle same as before, and s

"Oh! I see it now! I draw another dotted line M N
and where this line crosses line / & will be the center O F

T
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Fig. 3.—Laying Out a Breeching

Say, that 15 some problem—mighty handy one sometimes,
1 bet?”

“Yes, John, it is a handy little stunt.  And can vou tell
me what proposition in geometry it 15 based on ™

“Something about right angles in semi-circles, sn't it ¥

“Yes, John, you got it nearly right. It depends upon
the proposition that ‘an angle in a semi-circle is always
a right angle”

“And, say, it doesn't make any difference, does it, where
point [ and L are laid down 7'

“No, not a bit, only the closer the square the lines
£ K and M N pass each other, the more accurate will be
the work.”

“That's a pretty good stunt,
be done with the square 27

“It would require a pretty large book, John, to tell all
the things you can do with a steel square, but T will try
and find room here for two or three more. When vou are
building, or designing, smoke up-takes or boiler breech-
ings, the square is handy for determining the size of con-
duit required after each boiler has been connected thereto.
For instance, if each botler requires a smoke area of 22
inches square, how large must be the breeching between
the second and third boilers and between the third boiler
and the stack ™

“Well, you can figure that easily enough, can't you?"

“Yes, if you care to bother with figures, but vou can also

What other things can
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solve the problem with the steel square. Here are the
three openings, in Fig. 3, P, P and P, each 22 inches
square. To find the side of a square R 5, which shall be

equal in area to two of the P squares, simply take 22 on

both blade and tongue of the square, from (). Then draw
the diagonal R 5, and it will be the side of the square
breeching required between the second and third hoilers.
Place a rule from R to &, and it measures 31.11 inches"”

“And what do you do next? How is the next size of
breeching found with the square

“In just the same manner, John. Take 22, the size of
the other P square, on the tongue of the square, as before
{or on the blade, it makes no difference which), say from
() to T. Then, on the other side of the square, take the
dimension 31.11 already found at K §. Lay this off from
Q to U, draw the diagonal T U/, which will be found to
be the length of the side of a square having an area equal
to three squares P, P and P. The length of side T U,
if accurately measured, will be found to be about 38.1
inches. Therefore, a breeching 38.1 inches square will
handle the gases from three hoilers, each requiring an
opening 22 inches square for smoke passage to the chim-
ney or stack.”

“Well, that surely works out fine. But the steel square
is not large enough to handle so large sizes. Guess I'
have to make up a wooden square of large size?”

“MNo need of that, John. Just work on a smaller scale.
Call each quarter-inch an inch, then you can make the
same allowance when measuring from K to 5 and from
Tto U.”

“Say, that's so. I never thought of that! I can call
eighths or sixteenths equal to inches, if T need to do so, and
work pretty large sizes on the little old steel square, eh?
But, wait a minute! If I want to work backwards and
divide up a big area among several smaller ones, what
do I do?

“Just work backwards, John. Take the distance T U
and place it across any angle at which it brings the points
T or U7 to one or more sizes of opening or area required.
Then work back from the distance found to correspond
with ( 7, and take this distance to be R §, placing one
end of it to any chosen distance, say R or S, and thus
determine the size of the remaining branches which
equals the distance from  to R or to 5. And, John, you
may, in like manner, divide either or both these quantities
into still smaller areas, should conditions require it."”

“Well, that's some stunt, for sure. DPut how can I
work circles, triangles or rectangles 27

“Work them in exactly the same manner, John. Use
like dimensions of side in each case. Then, if yvou use
circle diameters, you will obtain results in terms of circle
diameters, If you use triangles or rectangles, using like
sides of said figures, then you will obtain results which are
like sides of the same shaped figures.”

“Oh, I see! Just stick to the same relative shape of
figure all the way through, eh

“That is the way, John, then you will come through all
right. But there is a neat little way of halving an area
which will be useful many times in the boiler shop. Say
you have a square sheet, 7 Z, and you wish to cut another
square having exactly one-half the area of I” I¥". To do
this, lay the square along the diagonal I7 I, determine its
center ¥, then place the heel of the square at that point
and draw the square 7 V" Z, shown by the dotted lines in
Fig. 4 This smaller square will have one-half the area
of the larger square.”

“Phew! That's getting things down fine.
have to study that a bit to see how and why.”

“Tust another geometry proposition, John. This time it

Guess T'll
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Fig. 4—A Square of One-Half Area

is that old one that the “sum of the squares of the base
and perpendicular of a right angle triangle is equal to the
square of the hypotheneuse, See?”

“Thunder! So 'tis!"

“There are a couple more ‘square kinks,' John, which I
will show you to-day. They relate to laying out cones
or gusset sheets. Suppose, for instance, you wanted to
lay out a stack roof cone, something as shown by Fig. 3,
in which A represents the plan and 8 the elevation of the
roof-cone. To find the layout of this cone, draw the line
C D, Fig, 6, place the steel square at C, fair with line
C D, and lay off half the diameter of the large end of the
cone at E, marking along the square for the line O E,

“Then lay off the height of the cone C F, and move the
square down to F, keeping the tongue fair with line C D,
With the heel of the square at F, lay off the lesser diam-
eter of the cone from F to . Then, through points E
to &, draw a line E G, cutting line C D at H.”

“Say, isn't line E H the true diameter of the cone
development "

“You are right, John. E H is the diameter, or, rather,
the radius of the cone development, and we will proceed
to draw a portion of a circle with this radius, as shown
by Fig. 7, where H (7 is the radius in question, Next
draw another portion of a circle with H & as radius and
the portion between E and 7 is the development of the
roof cone

“But, sav! How do you find the length of sheet [ J K

“There are several ways, John, You can make the
radius of circle 4, Fig. 5, the numerator and radius H E,

Fig. 5.—5tack Roof
Cone

Fig. 6.—Laying Cut

a Cone
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Fig. 6, the denominator of a fraction.  Multiply this frac-
tion by 360 and it will give the number of degrees in
circle-section [ J K, Fig. ». But we will do it quicker
than that. Just space half way around circle 4. Fig. 5,
with the dividers. Say it is 19 steps. Then, just start at
vertical line J, Fig. 7. and space off 19 steps, which brings

Fig. 7.—Cone Developed

us to L. Do the same on the other side of the line, and
locate {, to which must be added the lap allowance 3"

“Tf T draw the two radial lines to center H, I have got
the whole layout for a one-piece cone, haven't 12

“Yes, John, and if vou make it in three pieces, as shown
by the plan, vou have only to space off one-third the
circumference from L, and vou have it. There are 19
steps each way. 38 in all, and one-third of 38 equals 12 2/3.
Therefore, step off 12 2/3 spaces from L and vou locate

- Why, it's uncanny!

Fig. 8.—To Find the Circumference

I G, to which you add the lap allowance N, aml there
vou are.  And, John, one way to find the citcumference
of cone A, Fig. 5, is to place the square on the center, as
shown by Fig. 8. Use a straight edge or two for extend-
ing the lines A to @ and to P, then draw the line O F,
find its middle, and measure the length of the line O R,
i this length to three times the diameter of the cong,
and the sum is its circumference.”

“Well, by the big crane! Of all the juggling geometry
1 ever heard of that trick surely takes the cake! Say,
some dayv vou will only have to push an electric button
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marked “Geometry” and out will come any question that
might be asked, all answered and explained! Say, I am
going back to the shop. That's too rich for my blood.
; But I'm going to hold en to it, all
the same !™

Boiler Inspection, as Viewed by Hon.
T. J. Duffy of the Industrial Com=

mission of Ohio*

The ohject of this convention is to bring about the
alloption of a uniform boiler code to be observed and
enforced in the various States. [t may not be presump-
tuays on my part to say that perhaps the hest way to
accomplish this object would be to follow the lead of the
American Society of Mechanical Engineers,

This society is best able to lead the way in such a mat-
ter, not only because of the high technical and mechan-
ical skill within its membership, but because it would be
hetter able to overcome that State pride which might
cause some of the States to hesitate about adopting a
code that happened to he the product of any one par-
ticular State,

The Industrial Conmmission of Ohio, through its boiler
rules, has expressed its willingness to adopt the code of
the American Society of Aechanical Engineers, and [
might say that Ohio has for some time heen inspecting
hoilers constructed according to the provisions of the
code of this society. T know it will not be giving offense
to any of yvou if [ sav that the American Uniform Boiler
Law Society is entitled to special mention on this occasion,
because of the splendid and effective work it has done
tor bring about the adoption of a uniform boiler code. Per-
haps each and every delegate here has been enlightened
and encouraged by the splendid reports made hy its chair-
man, Mr. Durban.

Those who are interested in this hoiler question are
aiming 1o make the construction of boilers more reliable,
the inspection mere perfect, and the hazards less in num-
ber and in frequency,  The purpose of all this is to pro-
tect human life and valuable property against the dangers
of hoiler explosions,

In the State of Ohio during the past vear there have
heen three deaths resulting from explosions in that class
of baoilers that are subject to inspection under the law.
Daring the same time fifteen deaths have resulted from
explosions of hoilers or other steam power vessels that
are not subject to inspection.  The contrast is the more
striking when we hear i mind that this class of hoilers
has been exempted because they were thought to have
been non-hazardous.  This should demonstrate to us most
foreibly the importance of the safety movement of which
boiler inspection is o part. We want to show the hoiler
operators and the hoiler owners that hoiler inspection
means not only the protection of life and limb, but the
protection of valnable property, and is therefore economy
in the end. We want to show the employer that money
he spends to equip his factory with safety appliances. and
to make hiz factory a safe place of emplovment, is not
only spent in a humanitarian purpose, but that it means
economy to him, for the saving of human life and limhb
means that less money will have to be paid out as com-
pensation to the victims of industrial aceidents.

Likewise. we want to impress upon the workingman
himself the vital importance of takine no unnecessary
chances. Men become so familiar with the hazards of
the factory that they are unconscious of the dangers that

* From opening address delivered at meetine of the American TTniform
oler Coule Congress, Washington, T O, December 4 1916,
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surround them. They will operate an unguarded machine
or perform a dangerous operation 9,099 times and escape
injury, but they forget that it takes only ocne accident to
put out an eye, amputate a human limb, or crush out a
human life; and the object of all safety measures is to
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protect the worker in that one time when fatigue, indii-
ference or carelessness will cause him to make a move
that might be followed hy serions or perhaps fatal con-
sequences.  And so we can see the importance of this
safety movement and its relation to the hoiler question.

The Awakening of Jimmie and Bob

In Working Out the Design of a Boiler Jimmie
and Bob First Calculate the General Proportions

Y W. D. FORBES

“Jinumie, these texthooks get me wuzzy., [ don't seem
to know encugh to find out what we want in the index,
and I get thumhing over the pages and then perhaps [
stumble on just what I was looking for—that is, T think
I have, but it’s awful work to dope it out even then.

“Most everything we are looking for is right in these
textbooks. The trick seems to be to fnd it and then to
understand it. Take this matter of how much coal 1o
burn—you get a table of all kinds of coal which, when
burned, seem to give different amounts of heat for each
powil of coal, so of course we will have to strike some
kind of an average.”

Jimmy  agreed with all this most emphatically and
added : “Of course, most of the trouble lies in not knowing
enough, or perhaps we haven't got hold of the right hook,
but it seems to me there is a whole lot of trouble that is
due to the way the books are indexed. But let's stop
kicking and get down to brass tacks. Howland, the drafts-
man, told me to get a couple of blank books like these and
keep all our notes about this boiler work in them. Then
we can refer to them without trouble, and when we've
learned a thing from one of the textbooks we can put

down the page and hook's name so we can look up the

subject any time.

TextrRooxs Prove BarrLiNG

“We've agreed to build a vertical tyvpe hotler of 30
horsepower. Now we start this way, ‘Notes and calcula-
tions on a vertical type 3o horsepower boiler; then we put
down the date. T can't find anvthing in these texthooks
vet ‘that tells me just how much air is required to burn
one pound of coal, vet it must be in the book somewhere.
Have you doped out anything #”

Bob admitted that he had met the same trouble exactly
and asked: “Why the deuce don't they put it down in the
index like this, ‘Air required for burning one pound of
coal’? Then a fellow could do something, But [ have founed
this, and we can start that way, anvhow, that it takes more
heating surface than grate surface in a hoiler and the
heating surface must be effective (as the high brows call
it). That means that the heating surface must be so
placed that the heat will reach it. Now, with a vertical
hoiler the tubes go straight up from the firebox and the
heat goes directly through them, so all the surface |
thought ought to he effective.

Timmie here broke in. saying: “Yes, but the tubes over
the middle of the fire where it 15 hottest will have more
effective surfaces than the tubes around the edge of the
fire, that's sure. Now T should think that a boiler with
straight vertical tubes would not be economical, as the heat
would go scooting through them before it would do much
vood in boiling the water. What do you think "

Bob pondered a little before he answered: “Yep, but vou

can put those retarders in the tubes and they must do a
lot of good.™

Jimmie did not know what a retarder was, so Bob ex-
plained. “Thev take a strip of sheet metal about one-
sixteenth inch thick, or perhaps a little more, and with a
machine twist it up like an auger. They are about as long
as the tube, but not quite, and these spirals are pushed
down into the tubes so when the heat comes up it has to
follow the spirals, so more heat is absorbed by the water.”

RETARDERS

“H'm,” said Jimmie, “Howland told me that if a tube
didn't have water around it, it would hurn out pretty
quick, and I should think this twisted up sheet metal would
not last any time. How about that?”

“Well,” said Bob, “vou see they will burn out after
a while, but there is no pressure on them, so there is no
danger, but T should think they would stop the draft a
whaole lot. We'll have to ask about that or read up on it,
There's another thing 1 have been thinking of, the upper
enids of the tubes can’t have water around them, 'cause
vou must have some steam space. [ wonder how it is they
don't burn out. [ guess they do, but when vou come to
think of it they are a good way from the fire, so they
won't hurn out very quick.”

“Here,” said Jimmie. “is another thing we have got to
look after. How far must we have the fire from the lower
end of the tubes? [ should think the nearer the fire
was to the tubes the hetter aff they would be.”

“No," answered Boh, “there is something about that
here somewheres. You have got to have a certain height
of firehox, as it is called, to get good results, so that
mote air can get to the ‘products of combustion” {(how's
that for high brow talk?) and it will be more perfect,
Now, I've put down about the size of boiler and style,
The next thing is, the boiler pressure we are going to
have. Let's call it 100 pounds, as that is dead easv to
figure with. Next, we are going to use anthracite: that's
hard coal, vou know: those things are all fixed and we
know what they are.  Then we want to put down the
things we want to find out, as follows:

Data REQUIRED

“Square feet of grate surface, square feet of heating
surface, diameter of tubes, length of tubes, number of
tubes, gage of tubes, diameters of tube sheets, thickness
af tube sheets, diameter of shell, thickness of shell, length
of shell, diameter of smokestack, size of safety valve

“Those are a whole lot of things we've got to find oul.
The first we want to know is what they call the horze-
power of a boiler. Here is one fellow and he savs, ‘Tn
actual practice the result of a great many tests has shown
that an evaporation of 30 pounds of water per hour from
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a feed water temperature of 100 degrees F. into steam at
70 pounds gage pressure iz the equivalent of one horse-
power,’ and here we get it again for heating surface. It
seems to come down to having some say 1o square feet,
but we'll call it 12 square feet, of heating surface for each
horsepower, so if we are going to have a 3o horsepower
boiler we must multiply 12 % 30 = 360 square feet of
heating surface. Next this same book says that ‘one-third
of a square foot of grate surface is needed for each horse-
30
power, so we must have 30 > 1/3 = —, or 10 square feet
3
of grate”

"I was in the drafting room the other day,” said Bob,
“when they were figuring something like that, and when
they got it figured out the old man said, ‘Let’s see what
Hinck's & Co.'s catalogue savs about size of hoiler'; so I
guess they don't always trust their own figures, anyhow.”

Jimmie then struck in: “Now we've got to find out about
the size of the tubes. We have to figure, T suppose, the
insitdle of the tube as heating surface, and over here in
this book it savs that one-sixteenth inch of a deposit of
soot on a tube has the effect of retarding the transmission
of heat equal to a thickness of 4 inches of metal. Gee!
if T was payving for the coal in a boiler. 1'd make them
keep it clean. But what size of tube will we have? Of
course we can take anyvthing vou like

Size oF Tuees

“No.” answered Bob, “vou can't get them too small or
they will choke up, and if we get them too big, they will
not be economical and it will make the boiler too big, any-
how. Suppose we call it 2l-inch diameter and see how
that figures out,”

"Well,” said Jimmie, “how thick are we going to make
them? According to that soot proposition the thinner
they are the hetter they will make steam, but vou must
not et them too thin or they will bust up. But we can
leave that for a moment and see ahout the heating sur-
face. Now, none of the books tells us whether to figure
out the outside of the tube or the inside for heating sur-
face. Of course the outside of the tube would be the
heating surface for the water, but the inside would be the
heating surface of the heat. I'd like to lamhast some of
these fellows who write these handbooks. T don’t believe
that any of them ever drove or calked a seam. Take
the table of circumferences, Jimmie, and tell me what the
circumference of 2ti-inch diameter is.”

Timmie looked it up and said, “It's 785 inches.”

“Now,” went on Bob, “we will have to multiply this by
(2 inches to get the surface on each foot. That comes
to how much?

Timmie fgured it, saying in a minute or two, “That
makes 04.2, call it 4.

“Na, vou don't,” said Bob. "“You put down the decimal.
Tt's all rizht to skip a decimal if von have only one unit,
but they count up when vou have a Iot. Now remember
that 94.2 is square inches, not inches. Every foot of our
2T4-inch tube has an area of g4.2 square inches. Now
vou see we've got to have 360 square feet of heating sur-
face, and of course to zet the number of square inches
we've oot to multiply it Ty the inches in a square foot,
which is, of course, 12 > 12, or 144. 360 multiplied by
144, Jim, is what we want. A draftsman would take
and do that on a slide rule in about half a minote, hoe we
will both figure it out and see where we land. 31,840 is
what [ make it.”

“The same,” said Bob, “Now we divide this v 4.2
That means that we put a decimal first to the right and
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add a zero; thus 51,8400 = 94.2 = 550.3. Now we can
drop the decimal and call it 550 square feet of heating
surface, which we will have to have in the tubes.”

“Hold on,” cried Jimmie, “don’t they count the lower
tube sheet heating surface? 1 should think it would be
the best of the lot.”

The woung men searched the handbooks for several
minutes, then gave it up, as neither could find whether
or not the tube sheet counted as effective heating sur-
face. It would, of course, be such, they saw clearly,
Finally Baob exclaimed, “Here's something I've just come
across. | just happened to pick it out: 'Boiler tubes are
measured on their outside diameter. Standard pipe is
measured on the inside diameter.' "

Jimmie, looking up from his book, replied: “Here we
have it all right. This man says, ‘The area of all sur-
faces exposed to the fire and hot gases, which en their
sides come in contact with the water in the boiler, should
be taken into account.” So the lower tube sheet does
count, but the upper sheet won't count, nor will the sur-
face of the tubes which pass through the steam space
count as heating surface. But let’s take a pipe and talk
it over."”

(To be continned.)

James Watt —“‘Boiler Maker”(?)

In the December issue in the course of an article by
M. G. MNear there is the statement that James Watt was
a hoiler maker. This hald utterance is liable to mislead,
unless qualified. To claim James Watt as a skilled me-
chanic is, however, justified up to the hilt.

The fact is that Watt was first a scientific instrument
maker, second a mechanical engineer, third a philosophie,
inventive thinker—all the time a genius of an order only
too rare, and the simple label of boiler maker is a perver-
sion of fact.

Like N. G. Near, I bow the knee 10 Watt, as I do to
Leonardo da Vinci—or, for that matter, to Shakespeare
and other super-men. Da Vinci, for example, was an
engineer of great attainment as well as a painter of mas-
terpieces, a combination so astounding that it is almost
impossible to reconcile the two activities, Now the point
is that to claim Da Vinei as an oil and color merchant
because he painted is to belittle the man. Da Vinei ex-
perimented in color, as in all else that he touched. To
claim James Watt as a boiler maker is in exactly the same
manner a perversion of fact. Shakespeare was an actor,
but who to-day consciously realizes him in this senge?

James Watt needed boilers to make steam under pres-
sure; as a consequence he designed and had boilers made,
I take it that a boiler maker is a man interested in hoilers
for a living, not as a means to an end. The end sought
by Watt was the generation of power for which he re-
quired hoilers to generate steam as one link in the process,
He was the first man to attempt to obtain a rational vessel
to hold pressure and exchange the heat of fuel into poten-
tial energy. In this sense Watt was the patron saint of
boiler makers, since he it was who first instituted the
trade, but to describe him as a boiler maker is contrary
to tact.

Watt set out to pump water, to do this he needed steam,
to obtain steam he required a boiler; hence the necessity
which leads to invention founded ‘an important trade.

Upon the roll of illustrious mechanics the name of Watt
assuredly tops the list; his research, patient endeavor and
inventive genius are settled beyond dispute. Like all great
men he was humble minded. In essentials the work of
Watt has had a greater direct result than that of anv
single individual since the beginning of things. He can
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Are Fire Box Sheets
Welded With The Oxwelding Process
Efficient?

Answer:

The tensile strength of a single lap riveted seam is
approximately 52% to 60% of the strength of the
metal itself.

By tests, it has been proven that the tensile
strength of a seam welded by the Oxwelding
Process is from 80% to 85% of the metal itself.

Why not submit your boiler repair problems to
our staff of experts, who are constantly in touch
with the application of the Oxwelding Process to
the special needs of the steam railroad field?

OXWELD RAILROAD SERVICE COMPANY

Railway Exchange 30 Church Street
CHICAGO NEW YORK

HWhen writing fo advertizers, please refer to Tuz Boinex Maxzs
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rightly be said to have started the industrial revolution,
He overcame the jmtial difficnlties, he dizscoversd the
starting point of a new era, whose close is not yet in sight.
Like the small opening in a dyke the Hood has come pour-
ing in—thousands upon thousands have taken out patents,
made improvements, secured fortunes by reason of the
initial and pioneer work of James Watt. All modern in-
dustry, wealth, transport, refrigeration, all the multitudin-
ous conveniences of civilization, date back to Watt.  As
a pioneer he discovered the greatest contentment, enlarged
the posshilities of mankind, as no other individual has
ever done. -

It is in all respects fortunate that Watt, like Faraday
had a mechanical bent; they were both pioneers whose
discoveries have worked miracles, We are all heavily in
debt to the men who started the beginning, whose bent
by accident was mechanical.

There 15 one reflection worth making about the discov-
eries of new eras; it is that the discovery was waiting
to be made, and providentially at the moment came along
the precise individual who could puzzle out the key to
the mystery, This does not lessen; it enhances achieve-
ment, it takes genius to the first step; the sequence of
events then lies to more ordinary people.

The most extraordinary part of epoch-making discov-
eries is that they are so obvious looking backward, No
doubt we are puzzled as to how certain things of which
we have no experience are produced: when opportunity is
afforded the means are simple anid effective and it loaks
as though anyone would naturally “do it that way.” De-
neath the seeming simplicity there lies vears of experi-
ment and a chain of experience decades old, each Fenera-
tion heing heavily in the debt of that preceding,  Any-
how, the starting point was the real trouble, not the sub-
sequent improvement. It looks to some as though if the
discovery were still 1o be made anyone could make it, but
without training ( non-existent) and standard of compari-
son (totally absent) the seemingly obvious would then
baffle uniderstanding.

This 1s why in any assessment of men the pioneer dis-
coverer receives the credit.

To-day every hoiler maker of any intelligence is proh-
ably a hetter practical maker of boilers than Watt, for
the modern exponent is the custodian of a century of
practice since Watt's day,

The description of Watt as a boiler maker is like term-
ing Kelvin a plumber hecause the latter invented a faucet
{and a very good article it is, too), or claiming Faraday
as a shift engineer or electrician. To localize genius hy
claiming men of the calibre indicated as practioners of
any single sectional trade is to belittle achievement.

James Watt was a skilled mechanic, for he wrought
with his hands as an instrument maker, and witheut o
shadow of doubt considered the title an honorable dis-
tinction. What the world owes to the skilled mechanic
it is impossible to assess or realize. lt is perfectly troe
to say that the two most vital matters of discovery (as-
sessed hy results) ever made were inaugurated by simple
mechanics, and in neither case was there any pretension
to academic honors.

This was the industrial resolution started by James
Watt and aviation solved by the Wright brothers. In
hoth cases it was mechanical practical training, fostered
and developed by scientific spirit animated by an acute
intelligence commonly termed genius.

To term James Watt a hoiler maker because he de-
signed hoilers is untenable. There are thousands of
mechanical engineers who design, supervise and are re-
sponsible for inspection, selection, installation and opera-
tion of boilers. Like an architect who cannot be rightfully
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termed a builder, they are not boiler makers; it is doubtful
if they conld even, if given every facility, make a boiler.
In any event their respect for the practical boiler maker
15 considerahle and his trade skill is given due eredit.  The
writer personally knows one successful engineer running
his own business who was apprenticed as a boiler maker,
He could justly so describe himself.

However, to enter into a controversy as to the merits
of or make comparisons hetween trade and trade is invidi-
ous and not the purpose of this article.  Exactly what is
the purpose is less the defense of James Watt from an hon-
nrable aspersion as that Mr. Near's statement is inaccu-
rate in fact, although correct enough in intention. First
rate trade skill in any business is an acquisition of which
any man may be proud; he 15 a member of a goodly com-
pany among whose number many illustrious names have
ocearred, It is to be feared that mechanical men neglect
the liography of their greatest men. To read “Smiles’
Lives of the Engineers” is to be amazed at the difficulties
overcome hy a single individual, All mechanizal eraft has
Leen founded upon the work of men mostly in humble
circumstances who had grit, determination, vision, and
who by reason of the fact they could do things made for
themselves an imperishable name,

No romance ever penned is as wvitally interesting to
those in the business of metalworking as the plain, un-
varnished record of fact in the lives of Watt, Nasmyth
and others. Doubtless there are discoveries yet to come.
other helds to conguer, fresh applications to he made.
There 1s literally m deed and fact no other business so
vital to the community as that of metal working; prac-
tically all else depends upon it.  Failure, anvhow, often
involves catastrophe, and for this reason alone its im-
portance cannot be too emphasized. [t is, moreaver, cer-
tain that here and there throughout the world are indi-
viduals patiently dizentangling process method, inventing,
ariginating, a proportion of whom will serve mankind in
an essential way.

No engineer can he considered competent until he has
one or more patents, successful or not, among his papers,
The scientific spirit should animate us in our daily work;
few trades make more demands upon conscientious
scruples than boiler making, few cause so much disaster
through failure.

James Watt was associated with the trade, since he was
the first individual who tackled some of its problems; but
he was not a boiler maker in any understood sense, and
to claim him as such is to understate the glory of his
achievement and helittle his great name,

There really should be some special title to distinguish
such men,  The appellation engineer 1s too universal, that
of hoiler maker or machinist too particular, scientist
covers nearly everything in heaven or earth.

London, England. A, L Haas.

Rare o WeLpine.—Welding is usually accomplished
maore quickly by the electric arc than by any other process.
as shown by the following figures from the Railway Me-
chanical Eugincer:

A full set of locomotive flues, 36 superheater and 256
21g-inch Aues have been welded in 12 hours and 30 minutes
by one operator. The 36 superheater flues were completed
in three hours, or at the rate of 12 an hour, The 256 hoiler
fliues were welded in g hours and & minutes, or at the rate
of 27 per hour, Twelve leaks developed and required zo
minutes to reweld. On the superheater flues 175 amperes
were nsed with 2o velts at the are, using 5/32-inch elec-
trodes, On the smaller flues a 8-inch electrode and 123
amperes were used with 2o volts at the are,
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How serious to the public in general the question of ade-
quate inspection of steam boilers really is can be realized
from the losses due to boiler accidents enumerated by
Dr. F. E. Hutton, M, E., Emeritus Professor Columbia
University, New York, and vice-president of the Museum
of Safety, in his recent address at the American Uniform
Boiler Code Congress in Washington, As summed up
by Dr. Hutton, a boiler accident entails a loss in at least
five directions, namely :

First, the property loss in making repairs otherwise
UNnecessary.

Second, the cost of compensation properly payable di-
rectly to the persons injured, or spent in insurance pre-
miums.

Third, the loss of wages, borne both by the vietims and
by dependents upon them, and appearing as lost oppor-
tunities for schooling and in lowered standards of living,

Fourth, and most consequential of all, the loss in ar-
rested production. Every tool and every employee should
be making product every working hour, to pay the costs
This earning should
be as nearly as possible a continuous process; the cost

of interest and overhead expense.

accounts are such. So that, to arrest the earning of either
tool or man is to increase the high cost of living.

Fifth, the costs borne indirectly but none the less really
by the community in the operation of hospitals for the
injured, dispensaries, ambulances, and premature pensions.

These are all ponderable and capable of being expressed
in dollars. Then there is a sixth loss in the pain and sor-
row which must be borne, in the hereavement of fatalities,
and in the suffering, which are inseparable from the mate-
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Ly

rial aspects of the disaster. These are losses and costs
which no Christian emplover or legislator can view un-

moved, or without stirrings of soul and spirit.

At the last annual meeting of the apprentice instructors
of the Santa Fe Railroad many useful directions were
given as to the best methods of teaching the subject of
laying out. Some of these are given helow

In teaching laying out the first steps should be taken
in the school room, where drawings of the objects are
made to scale, developed, cut out, and assembled.  The
first laying out jobs in the shap should be closely super-
vised by the instructor. The apprentice should follow
the laying out job to completion.
carefully studied and thoroughly understood before he-

Blue prints should he

ginning the work upon the table,

The importance of properly squaring up a sheet was
brought out. Apprentices should have experience on all
of the laying out johs done in the boiler shop. The ap-
prentice should start with the light sheet metal work and
later work on the heavier grades,

After the boy shows his ability he should be left to
his own resources, but the work checked by the instructor
and any errors pointed out and corrected. Work of this
nature should be given to third and fourth year boys onlv.

Whenever possible apprentices should fit up the work
they lay out. [If this latter direction is followed out, much
Not
only will they more readily appreciate the whys and
wherefores of the work which they have done but they
will learn to be more careful and avoid needless mistakes
and, what is of equal importance, they will gain confidence
in their ability to carry out the work on their own respon-
sihility from start to finish,

better progress will be made by the apprentices,

The present age of high steam pressures in power plant
design serves to keep the boiler maker alert for new de-
velopments in boiler materials and fHttings and for im-
proved tools and methods for safe boiler construction,
Boiler pressures of five and six hundred pounds per square
inch are now being talked of and, coupled with a super-
heat of one hundred or more degrees Fahrenheit, give
Pressures
of from two hundred to three hundred pounds per square
inch, which now prevail to a large extent in new con-
struction in the marine, railway and stationary fields, call

promise of limited adoption in the near future.

for the best that can be produced in materials and shop
practice in order to guarantee safety in boiler construc-

tion. It should be remembered, also, that the general
trend towards higher pressures and larger units calls
for better workmanship and  hetter trained hoiler
makers to do the work., Good boiler makers, thor-

oughly trained and fully capable of meeting the exacting
requirements of modern safe boiler construction, are none
too plentiful and young men should he encouraged to take
up this trade as a profession.



Engineering Specialties for Boiler Making

New Tools, Machinery, Appliances and Supplies for
the Boiler Shop and Improved Fittings for Boilers

Ryerson Boiler Tube Reclaiming Machines

Reclaiming old boiler tubes has in the past heen given
very little consideration, due in general to the fact that the
reclamation of old materials has only been taken up
seriously by the railroad companies within the last few
vears. During that period little was done toward reclaim-
ing tubes, owing to the fact that no satisfactory machine
had been devised or offered for welding lengths greater

“the welding dies, the welding machine being in direct line

with the furnace opening. A stop or guide is arranged on
the mandrel and this acts as a gage to locate the welding
point under the dies as well as an automatic starting de-
vice for the welding machine. When the farther end of
the tube strikes this stop or guide it operates a lever which
in turn operates the air valve of the welding machine.
This permits the entrance of air into the cylinder of the

Ryerson Tube Reclaiming Machine

than those ordinarily used in the common safe ending
process.

The safe ending process has, furthermore, been carried
on to such an extent that not infrequently five or =ix, or
even more pieces, are welded on to the tubes used in high
pressure locomotive boilers. Where safe ending is car-
ried on to such an extent the balance of the tube is, as a
rule, not worth reclaiming after the last removal from the
botler. The more stringent regulations of the Interstate
Commerce Commission, coupled with the generally
adopted safety first movement, have done much to better
the class of tube welding done, and the number of safe
ends that are pieced on to the tubes is generally less
than was the rule some few years ago; the result being
that the railroad companies have great numbers of short
tubes which are in good condition and can be used, pro-
vided they can be welded together to make up the proper
lengths required with not more than one or two welds

The equipment described herein has heen developed for
the reclamation or welding together of these short tubes;
the object in this development being not only to provide
a satisfactory flue reclaiming unit, but also to offer stand-
ard machines which may be utilized for the regular safe
ending operations,

The equipment consists of a special pneumatic Aue weld-
ing machine of the hammer type, an oil heating furnace,
proper racks and the special mandrel on which the tube
is placed. In operating, the tube is heated and belled out
in the usual way and the safe end or shorter tube in-
serted, The tube with the safe end inserted is then passed
through the furnace and over the mandrel until the point
of weld is in the proper place for heating in the furnace,
When the proper temperature is reached the tube is shoved
forward through the furnace to the proper point under

welder and thus automatically begins the welding opera-
tion. As soon as the pressure of the tube is taken off the
gage stop, the air supply is cut off and the welder comes
to a standstill.  The tube is then pulled back through the
furnace and the operation is completed.

By the installation of this tube reclaiming equipment a
great number of tubes that are at the present time
scrapped may be reclaimed, and a correspondingly large
saving accomplished, The equipment is designed for rail-
road shops particularly and permits the utilization of short
boiler tubes which would otherwise be scrapped, the oper-
ation being merely that of welding the shorter tubes to-
gether into pieces of proper length for locomotive service,
The outfit is so arranged that practically any length of
safe end can be handled. The machine is manufactured by
Jos, T. Ryerson & Son, Chicago, 111,

Labor Saving Specialties for the Boiler Shop, Manu=
factured by the MacLeod Company

In theze columns our readers have undoubtedly learned
a great deal of the art of autogenous welding and cutting,
but it is a well-known fact that this method of welding
and cutting of metals is not as yet fully developed, and a
large number of manufacturers have not as yet realized
the great saving one of these outfits will prove to them,
probably due to the fact that a complete investigation of
the merits as applied to their particular requirements have
not been made.

Fig. 1 shows a portable Buckeye oxy-acetylene welding
and cutting apparatus manufactured by the MacLead
Company, of Cincinnati, Ohio. This outfit has proven
its value particularly in the railway repair shops in the
hoiler department, though its uses in other departments
are almost innumerable. For the repair of flue sheets,
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cracked and broken crown sheets, water legs, arches, ete.,
it has proved eminently useful, resulting in economy of
both time and money.

A short time ago one of the largest roads in the East
had a cracked crown sheet repaired as a test, and the
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In this connection we also call attention to the Buckeye
heater, as shown in Fig. 2, also manufactured by the Mae-
Leod Company. This machine has heen found one of
the handiest labor savers that could be installed for boiler
repairs, amd alsa for new wark in |a_1,'1'ng Up Corners,

Fig. 1.—Portable Buckeye Oxy-Acetylene
Cutting Apparatus

Welding and

locomotive on which the work was done has been in con-
stant use sinee the day the repair was made until the
present time without the slightest sign of deterioration
showing in the weld. Since the first repair was made by
this process a numhber of other boilers have been re-
paired for the same road, in the same manner, and with
complete success,

Fig. 2.—Buckeye Heater

Fig. 3.—Rivet Forge

joints, also for Hanging. With the addition of reducing
valves this outfit will give a softer heat at a low pressure,
but in a large number of boiler shops this outfit i1s being
operated at pressures ranging as high as 100 pounds.
This type of oil burner will stay ignited without the help
of the front nozzle casing on the burner, which proves
that it has perfect atomization.

Fig. 3 shows a type of rivet forge manufactured by the
MacLeod Company that has practically been adopted as
the standard by most of the United States navy vards.
These forges are built in a number of different designs,
some with three or four openings for different sizes of
rivets, and can be supplied for the use of either oil or
ras fuel, as the customer desires,

Perolin—A Boiler Metal Treatment

Perolin, a boiler metal treatment recently introduced
into the railway field by the Perolin Railway Service Com-
pany, St. Louis, Mo., is not a “boiler compound” or a
“chemical water treatment.” Tt is a metal treatment and
consists of a viscous, non-volatile, mineral liquid which,
when injected into the hoiler through a short pipe or
siphon attached to the suction of the injector, diffuses
through the water, and is immediately attracted to the
hot boiler metal, and as a result of this attraction or af-
finity, is drawn through the pores, cracks and crevices that
exist in the scale, into direct contact with the metal, where
it works its way along the steel, breaking the hond of
adhesion hetween the scale and the metal. Perolin has a
high coefficient of expansion; starting at 180 degrees F,
it reaches a maximum expansion at 500 degrees. This
expansive force, exerted between the secale and the metal,



removes the existing scale echanically, and, it 15 claimed,
will break loose from the metal the densest and most
tenacious scale.  During and after the removal of scale
from the hoiler metal, a thin coating of Peralin establishes
itself on all the water-covered surface. This skin, or film,
15 a better conductor of heat than water, and prevents any
sediment from baking on to the metal i the form of
scale, and at the same time thoroughly protects the metal
against pitting and corrosion.  Instead of permitting the
imcrusting salts to precipitate on to the boiler metal and
bake on in the form of scale, Perolin caunses the solids
to remain in suspension in the water, precipitated in their
natural state—that is, without the addition of chemicals
This so-called “colloidal action”™ eliminates surface ten
sion atul stops boiler foaming.

Perolin, is fed at the roundhouse by the hostler when
preparing the engine for service, and requires only a few
seconds’ time o feed the small dose required for the entire
trip of engine or the day’s work of the switch engines,
None is required to be fed by engineer or fireman while
on the run. Where this treatment has heen nsed in loco-
motive service, it has been found that engine failures due
to poor water have been reduced, that the mileage between
hotler washings has been increased three to four tumes,
that less tube and tube sheet work are required, with a
consequent saving in firebox repairs, and that the life of
the tuhes and tube sheets and stavbolts has heen increased
b its use.  With cleaner boilers the fuel consumption will
be decreased, and this 15 one of the results that has been
realized hy its use. Where Perolin has been used it has
been found unnecessary to erect and operate water-treat-
ing plants which require attention with every change in
the analysis of the water throughout the year. The com-
pany provides special representatives for the service of
the railroads using Peralin to see that it 15 being properly
applied to the locomotives and that the roads are obrain-
ing the fullest possible benefit from its vse,

The Quickwork Company Incorporated
to Take Over and Operate the Ma-
chinery Business of H. Collier
Smith of Detroit

Announcement is made of the incorporation of the
Duickwork Company of Ohio, organized for the purpose
of taking over and operating the machinery husiness of
H. Collier Smith, of Detroit.  Mr. Smith retains the con-
trolling interest and will have active charge of the oper-
ations of the company.

The company is capitalized at $400,000, there being no
bonded or mortgage indebtedness.  The personnel of the
management of the business will remain unchanged, H,
Callier Smith being president and general manager: H. E.
Groves, vice-president; A. F. Smith, secretary and treas-
urer; K. J. O'Leary, production manager; R, H. Sims,
sales manager, and Harry G, Smith, head of the engineer-
ing department,

Ouickwaork machines  will be manufactured at St
Mary's, Ohio, where the company has purchased a modern,
well-equipped plant, occupying 21 acres within the city
limits. The general offices, sales rooms and show rooms
will be in Detroit as heretofore.

Mr. Smith began manufacturing Ouickwork machines
in 1911, They were revolutionary in character and em-
hodied new principles for working plate and sheet metal,
Automobile manufacturers eagerly grasped the opportun-
ity to install machines which would permit them to meet
the demand for abnormal production on economical lines,
and within two years Quickwork machines were making
go percent of the automabile fenders in this country,
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Engineers aml production managers in  other and
heavier classes of work were close behind the motor car
manufacturers in recognizing the economic value of these
machines. Heavier machines were made and sold to ship-
vards, boiler shops, bridge builders, car shops, steel mills,
navy yvards and various concerns handling plate or sheet

Dretroit Office and Salesroom and St Mary's Plant of Quick-
waork Company

metal. The largest and heaviest machine i= 3 rotary shear
weighing 1714 tons for cutting 34-inch steel plate,

The rapidly developing business all over the
States, and the fact that orders have heen received and
shipments made to practically all forcign countries, indi-
cates the immense market for Quickwork machines. Very
largely increased facilities for manufacture and expansion
have hecome necessary, therefare the incorporation of the
husiness,

The story of the career of H. Caollier Smith, the origi-
nator of the business and the hewl o1 the new company,

Uniterd

H. Collier Smith

i= extremely interesting.  DBeginning hiz life work asz =
plate and sheet metal worker in hi= father's shop when
hut ten vears of age, he spent forty vears in the business as
helper, warkman, foreman, superintendent and manager.

Mr. Smith is an internationally recognized authority in
plate and sheet metal work and enjovs & wide acquaint-
ance among consulting engineers, production managers,
workmen and metal men in all parts of the countrv, whao
will congratulate him on his success in the past and wish
him well for the future,



Questions and Answers for Boiler Makers

Information for Those Who Design, Construct, Erect, In=
spect and Repair Boilers—Practical Boiler Shop Problems

This department is open to subscribers of 1HE Borier
MaxEer for the purpose of helping those who desire assist-
ance on practical boiler shop problems. All gquestions
should be definitcly stated and clearly written i ink, or
typewwritten, on onc side of the paper, and sketches frr-
nished if necessary.

Address your communication to the Editor of the Chres-
tion and Answer Department of Tur BoiLer Maxer, 401
Eighth avenue, New York aity.

Examination Questions

,—(1) Why are the tubes in a watertube hoiler set at an angle or in-
clination ?

(2) Which parts of a horizental tubular boiler are first endangered
by low water?

{3} What is a combustion chamber in a boiler?

{41 In what boiler plants are more than one feed appliance required?

(51 Give formula for determining the maximum approved pressure on
heads. The following is a formula pleasc work out, The thickness re-
quired is an unstayed dished head with pressure on the concave side
when it is a segment of a sphere shall be caleulated by the following

formula:
55 ® P X L
T=—%+ 1
R T e

where

T = thickness of plate, inches.

F = maximum allnwable working pressure, ]pr.-u.u-is per square nch.
T 5 = tensile strength, pounds per sguare mch,

I, — radins to which the head is dished, inches. Where the radius is

less than 50 percent of the diameter of the shell or drum to which the
Lead is attached the thickness shall be at least that found by the formula
t?- making L equal to 80 %crrmr. of the diameter of the shell or drum,

rample——Assuming that this is B0 inches diameter and 85 pounds wor k-

ing pressure, find the thickness of plate re uired,
16) The diameter of the drum is 42 inches; the depth of the bumped
head i 5626 inches, what is the radius to which the head 15 humped?
(71 What is meanl by back pitch of rivets?
{8) What defects accur most frequently on horizontal tubular boilers?
{0} Deseribe how vou would make a shop imapection and test of a new
bniler. D: H.

A—(1) To induce a rapid and uniform circulation of
steam and water it is necessary in watertube hoilers to
have the tubes inclined at as great an angle as possible
with the horizontal. The nearer the tubes are to a vertical
position, the easier the flow. and the liability of solid mat-
ter collecting on the walls of the tubes is lessener.

{2) The upper row of tubes.

(3) A combusition chamber is that part of a beiler in
which the gases from the fire are mixed with air and
burned. Some types of boilers have their combustion
chamber back of the bridge wall, while others have none
‘but the firebox or furnace, as for example the locomotive
and vertical types of hoilers, Combustion chambers set
back of the bridge wall are found in boiler settings for
externally fired cylindrical boilers. In marine hoilers the
combustion chamber is a boxlike connection placed be-
tween the flues and tubes at the back for a single-ended
hoiler and at the middle for a double-ended connection.

{4) Two independent means of feeding water to boilers
should be installed. Many stationary boilers have but one
feed-water supply. All marine boilers subject to inspec-
tion are required by law to have two feed supplies,

(5) Substituting the values given in the example in the
formula, proceed as follows:

8o percent of Go inches equals 60 > Bo =
radius head is dished to.

5.5 % Bg 3 48
2 % 55,000
By transposing the values to find the given working
pressure in the example we have .320 — 14 = .204.
2 3 55,000 204

5.5 48

48 inches

4 4 = .320, say 35 inch.

— &z pounds per square inch.

The allowable pressure on unstayed convex heads when
single or double riveted to shell according to the rules pre-
scribed by the U, S. Board of Supervising Inspectors of
Steam Vessels is found as follows  for single riveted
humped heads when the pressure is on the concave side.

thickness of head in inches = 1/0tensile

stremgth of plate

Allowable pressure —

racins to which head is dished
For heads that are double riveted to shell,

1.2 % thickness of head in inches = 1/6
tensile strength of plate
Allowable pressure = —— - —
radius to which head is dished

(6) The radius that a head is bumped to may be de-
termined by the following rule:

(Rule} Multiply the square of one-half the diameter
and divide by the depth of dish; to the quotient add the
depth of dish and dFvide the smn by 2 Substituting the
values in the example, we nave

[ Lo -Z__[_'-‘I‘.'.

bz

o

623 :
= = 420125 inches, radins,
3

{71 The term “back pitch” evidently means the pitch
in the back row of rivets.

{8} The defects arising in horizontal tubular boilers
under operation vary under different conditions of care
and management.

The deterioration may be due to the chemical action of
water, which corrodes or eats away the plate. Corrosion
attacks hoth the inner and outer suriaces of the plate.
Grooving in the lap seams due to the action of the water
and pressure often occurs.  The bending action in lap joint
hoilers is liable to cause small eracks in the seam, which
allow the metal to be easily attacked by the corroding
elements in the water, Careless workmen may, in calking
seams, produce cracks or distort the metal: in which con-
dition it is affected by grooving. The bottom of the shell
averheats when there is low water or heavy scale: in
such a condition the shape of the hottom may become
distorted or fire cracks, burned rivet heads, plate, ete., may
result. Braces in such boilers are liable to break and flues
leak, ete.

() In making a shop inspection of a new hoiler under
construction, first determine that the material is in ac-
cordance with specifications; second, that the construction
operations of forming the plate, as punching, rolling,
flanging, etc.. are properly done; third, that the boiler
parts are propetly assembled and that the riveted joints,
hracing, etc., meet with the requirements.

The test of a new hoiler is made so as to locate defects,
if any, in the eomstruction or material. It is done by
hydraulic pressure (that is. water pressure ).

The usual method in making the test is to apply the
pressure gradually until it s 135 times the allowable work-
ing pressure the boiler is to carry. This test will show
leaky rivets or joints, which should he marked and after-
wards calked: flues that are not tight will also show leaks.
After the pressure is released and the boiler emptied, note
the condition of the stavs and look for cracks or broken
stays.
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Stack Problem

(. —I would like a simple method of laying oul a smokestack from the
stock plate up. The stock plate has round ends and struigthsidﬁx.

A.—The general shape of the breeching contiecting the
stack to the stock plate is shown in Fig. 7. It tapers from
a round section where it joins the stack to a wash-boiler
section at the stock plate connection. In Fig, 8 the re-
quired views for developing its pattern are given. Lay
off a plan and elevation to the required dimensions. Their
complete views are shown, but only a quarter outline of
the plan view is sufficient. Divide the profiles represent-

e

[T T

=it B

Fig. 7.—General Shape of Breeching

ing the bases of the object into a number of triangles. This
is done by first spacing off the quarter circles into the same
number of equal parts; then draw in the solid lines as
from 1 to1,2to 2 3to 3, etc. Then the dotted lines from
Ito2 2to3 3to4and 4 to 5. All of these lines are
shown fore-shortened in both views, hence their true
lengths must be found; this is done by constructing right-
angled triangles, as shown to the right of the elevation.
Lay off a base line ab in this diagram and draw a perpen-
dicular c-d to it from any convenient point. Transfer the
solid lines, 1-1, 2-2, 3-3, etc., from the plan and locate
them on the base line g-b, as shown. In the same manner
transier the dotted lines. As the upper and lower bases
of the abject are parallel, the height for all the triangles
will be the same and equal to the distance X. The hy-
pothenuses of the triangles as 1 to I, 2 to 2, etc, are re-
quired lengths of lines to be used in developing the pattern,

Layout of Pattern. The development may he started
from any desired point. In case the object is large it is
advisable to make it of at least two pieces, bringing the
seam lines through lines 5-5. Consider that this is re-
quired in this example; then, to bring the seam lines as
stated, lay off a vertical line equal to 1-a of the triangles.
From point a in this pattern draw the line 1-1” at right
angles to the vertical line a-1, The length of line 1-1 at the
base of the pattern equals the width of the base of the
straight triangular side. The arc lengths at the top of the
pattern are equal to those on the circle, plan view, and
thase for the bottom of the pattern are transferred from
the profile of the wash-boiler shaped section. Assemble
the true lengths of the diagram of triangles in their proper
position, as illustrated in the pattern. As they are all

FERRUARY, IOLY

:

Profile

Elevation

Flan

231"
One Half- Pattern

i Fig. 8.—Development of Pattern

numbered to correspond in the different views, no trouble
should be had in laying off the pattern.

Stack Construction. There are two ways of building
the sections of the stack. One method is shown in Fig.
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9, in which large and small sections are riveted together.
In Fig. 10 the sections are made tapering from a large
diameter to a smaller diameter, This arrangement per-
mits of a more even flow of gases through the pipe, since
there are no lap projectors, as in Fig. 9, to retard the flow.
The sections Fig. 10 are frustums of a cone. The dimen-
sions of the end diameters, being indicated, show that the
difference between them is only two times the plate thick-
ness,

The pattern for one of the tapering sections may be laid
off as shown by the construction in Fig. 11.  Transfer the
frustum of the cone abed, Fig. g, to the position shown in
Fig. to. With the compasses set to a-b describe arcs from
points @ and b, With c-d as a radius deseribe arcs from
points ¢ and d. Then with the compasses set to the diag-
onal distance a-c or b-d describe arcs from points a, b, ¢
and d, intersecting the arcs previously drawn in points o,
b, ¢ and d". Bend a thin piece of bar iron or strip of
wood to.form curves passing through points &', a, b, a” and
d, ¢, d, ¢/, as shown at the top and bottom of the pattern.
Extend these curves beyond the lines b'c and o/'d”. With
a circular measuring wheel lay off the stretchouts on the
curved or camber lines of the pattern. The spacing of
rivet holes may then be done by first laving off line &a’
and above ¢'d’ the curved lines a-y and w-, upon which
may be laid off the rivet centers.

The patterns for the smaller and larger rings, Fig. g, are
simply rectangular sheets having a width equal to the
height @ of the sections, and a length equal to the product
of the nentral diameters times 3.1416.

Neutral diameter of small section equals 201 — 14 =
2014 inches; 204 % 31416 = 6314 inches, required
stretchout, '

Neutral diameter of large section equals 2014 — 1§ =
2034 inches; zodg > 3.1416 = 64 inches, required stretch-
out.

Note—In caleulating lengths of stretchouts for heavy
plate work always employ the diameters taken to the
neutral layer of the plate as shown for Fig. 11,

Calculations for Working Pressure of Experimental
Boiler

0, —Enclosed is sketch of boiler bult for a motor car (experimental
urposes} 24 x 20 inches; the head and shell, and also flue gheet are
%mch boiler steel; the rest of the box is 8/16 steel, We built this
oiler with 3j-inch plugs, a tight fit and riveted plugs on both sides,
The drop flues are for quick heat, What [ want to know is this: How
do you determine the working pressure |.'|y hydrostatic test, by calcula-
tion, the bursting pressure and safe working pressure? Somel hing else
I :xpencm:cd I can’t acount for. Three washout plugs were put in and
tightened good with a wrench. After the hydrostatic test | could turn
the plugs out with iy fingers. What size engine would this boiler be
caun.gh of feeding to? SANFORD JOHNSON.

A—In basing the working pressure allowable on a
boiler, the thickness of plate, diameter of hoiler, factor of
safety, strength of riveted joints, etc, must be considered.
The allowable pressure is not found by hydrostatic test
(test by water pressure), as such a test is made for lo-
cating defects in  beiler material and construction.
Autharities differ as to the extent of the hydraulic pres-
sure best suitable for such test; usually 172 times the
allowable workiny pressure is sufficient.

The bursting pressure per square inch tending to burst
a seamless cylindrical vessel apart on a plane taken
through the diameter of the vessel may be found accord-
ing to the following formula:

Tt
FP=—
o
in which F = hurst[ng pressure in pounds per square inch of
section,

= two thicknesses of boiler plate in inches,

= tensile strength of plate in pounds per square
inch,

[ = diameter of boiler.

-
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Using the values given in the example to find the burst-
ing pressure that will break the large cylinder when T =
55,000 pounds per square inch we find that

55000 X 2 3 14

= 1,375 pounds per square inch.
20
The strength of the riveted joint in this example as

compared with the solid plate commonly called efficiency

[ 1% mrcr 1 ol o o
| 5

24

A i s

[hagram of Experimental Boiler

of joint equals, for example, 6o percent. Hence the boiler
shell is weakened by the seam and upon the weakest part
of the boiler is based the allowable or safe working pres-
sure,

Then 1,375 X .60 = 825 pounds per square inch

To insure safety in the operation of a boiler i1t should
not be worked to the bursting pressure. The margin of
safetv, known as the factor of safety, 15 the ratio between
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the calculated bursting pressure and the safe warking
pressure.  Some authorities use 5, others 6, as factors of
safety, while other designers base the factor upon the
nature of the hoiler material, design and workmanship.
¢+ Using a factor of safety of 6 to find the allowable safe
pressure on the shell 4 we find that 823 — 6 = 13714
pounds per square inch. A further examination must he
made into the action of the pressure within this tvpe of
boiler.  The pressure tending to burst the outer cylin-
drical shell A also exerts an equal pressure upon the fire-
box or furnace.  The action of the pressure tends to cal-
lapse the furnace,

The strength of stayed cylindrical furnaces may be de-
termined by the rule applied to stayed flat surfaces. The
A5 M. E code gives the following

The maximum allowable working pressures for various
thicknesses of braced and staved flat plates with braces
or staybolts of uniform diameter symmetrically spaced
shall be caleulated by the formula;

o
P=(C x —

in which P = maximmum allowable pressure,
O = constant, varving for different kinds of stays
and their attachment,
thickness of plate in sixteenths of an inch,
f = maximum pitch between centers of stavs.

For the values of C refer to the A. S, M. E. code.

The furnace in this example is made of 3/16-inch plate:
its height measures appraximately o inches from center
of rivets at the ogee base to the rivet centers at the flue
sheet connection. The maximum pitch between stays
equalzs, for example, 3 inches.  equals 112 for stavs
screwed into plates not over 7/16 inch thick with ends
riveted over. Substituting the values in the formula we

fnd that

==

P=:112

= 112 pounds per square inch,

o
which 15 the maximum pressure allowed on the boiler,
providing the stays are of the proper diameter. The size
and pitch of stays for any given pressure are based on the
rules given in the design of boiler details,

We cannot understand why the washout plugs became
lnose in the boiler unless you subjected it to too great a
hyvdrostatic pressure, which stretched the plate and loos-
ened the plugs.

The size of engine the boiler will supply depends upon
the quantity of steam required per engine horsepower per
hour, and upon the valve gear with which the engine is
ecjuipped, ’

To ascertain approximately the horsepower of the
hoiler first determine the heating surface and divide the
product by 10, The assumed horsepower of the engine
may then be found by multiplving the horsepower of the
boiler by 3414 and divide the product by 2o for a Corliss
tvpe of engine or by g0 for a slide valve engine.

The rating of a boiler is variable, depending on the
evaporation of water. To rate all boilers approximately,
the relationship of heating surface of each type per horse-
power is becoming general practice. The factor 10 is
oiven for the vertical tvpe of boiler and 15 for tubular
boilers. These tactors are the ratio of the square feet of
heating surface of the hailer to the rated horsepower. The
unit horsepower developed by a boiler is taken at 3404
units of evaporation per hour; that 1s, 34% pounds of
water evaporated into steam per hour at and from 212 de-
grees I

The tuhe and plate surface in contact with the water
and transmitting heat to it is the heating surface, The
heating surfaces of this boiler are the shell of the frebox,
the flue sheet and tubes,
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Consider the height of the furnace above the grates at
g inches. Then the heating surface of the shell B equals
3.1416 % g X 18 = 509 square inches. Heating surface of
the tubes equals 3.1416 > 1% X 14 X 55 = 3,025 square
inches. The heating surface of the drop tubes equals
31410 X 14 ¥ 634 > 96 = 509 square inches. The av-
erage length of the tubes was found as follows:
544 - Bl
————— = 634 inches,
Heating surface of tube sheet equals 7834 < 18° — the
area taken up by the opening of 55 — 1%4-inch tubes, and
the openings of g6 — 4-inch tubes,
FBoy o 1¥ — (1147 W 7834 0 530 — (147 3 .7Hsq W ob) =
25447 — O7.406 — 75.30% = 111,58 square inches.
Total heating surface in square feet
500 4 3023 + 500 4- 112
= - = =) square feet.
144
144 equals numhber of square inches in I square foot.
The horsepower of the hoiler equals 20/10 = 2.0,
The boiler will supply a shide valve engine having horse-
power equal to

2.04 % 34.5 ) ) _
— = z5 horsepower, or a Corliss engine having a
40
2.0 4.5
horsepower equal to ——— — 5 horsepower.
20
The values zo and 40 are assumed and mayv be taken as

averages,

A first class multiple condensing engine may use only 10
pounds per horsepower per hour, whereas an old slide
valve engine may be in such a condition that it will use z0
pounds of steam per hour,

Cracks in Flange of Flue Sheets

(h—We are having trouble with the knuckle of flue sheets, cracking
all the wav across the sheet at the top. Al Aues are welded in by elec-
teicity in our boilers, but before they were welded we did not have this
trouble. T have my idea about the matter, but would like to hear what
others think about it LocoMoTIvVE.

A —By welding the flues in, a rigid flue sheet is pro-
duced, devoid of all flexibility at the flue ends. This rigid
condition of the flues does not allow the metal between
them {commonly called bridges) to expand and contract
as freely as when the flues are expanded and headed in
position. [t is a known fact that firebox flue sheets grow
in length, so to speak, from the action of the intense heat,
When flues are rolled and beaded it is difficult to keep
them tight owing to the slight elongation in the Aue holes
due to the expansion of the sheet in the direction of its
length. Tt is, therefore, evident that when a rigid con-
nection is made between the flue sheet and the flues by
welding, some trouble is likely to be had with the metal
hetween the flue holes. Small cracks may appear at first,
gradually increasing in size until the metal breaks. This
may be remedied temporarily by welding up the cracks
when they first appear.  This rigid construction also
affects other parts of the flue sheet, especially in the
curvature at the Hange of the head. The insida-wrapl_mer
sheet in expanding and contracting also places additional
bending stresses on the flange.  The continual action of
the hending forces on the knuckle of the flange are liable
to break it, especially when a rigid head is formed, as
mentioned, without having any degree of flexibility.

The Wangler Boiler and Sheet Iron Works, Litchfeld,
1., has purchased property on which it will erect a new
factory.

The Camien Boiler Works, Camden, N. J., has been in-
corporated, with a capital of $10,000, to operate a local
plant, by J. E. Boyle, W. Dusine and H. Ladage.
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Experience

Ome of the pecoliar beauties of any mechanical eraft is
the demand it makes upon the intelligence and foresight
of its humblest member. From top to hottom all carry
responsibility. Conscience is reputed to make cowards of
us all; the mechanic without a conscience is a traitor to
his craft and, worse. may be a public danger.

There is no single member of the staff of any firm
equipped at all points and knowing everything. We are
mutually dependent one upon another, our work properly
done equally meritarious.

The cultivation of reasonable humility is a necessity
forced home at times upon the most independent and
least teachable, :

It cannot he ton strongly insisted upon that while
opinions may differ as to the best method of doing any
job, two men mav operate differently and may by differing
means achieve the same result. There is rarely only the
choice of right and wrong, my way heing certainly right
and your method 1= certainly wrong, vet in how many in-
stances will one man admit the possibility of any alterna-
tive means. FEven the fact that a method is hoary with
tradition is not prima facie evidence it is wrong; it de-
pends upon the precize conditions, Failure to consider
the whole of the phases of any job may lead to incorrect
reference and even a positively wrong result.

The endeavar to look at all things from a eritical view-
point 15 a habit of mind to be fostered, Reservation of
judgment for confirmation is worth while if time permits.
[t is by the exercize of such habits that experience is
built; in the same manner that muscles are strengthened,
the mental facultics may be increased, )

Experience is valueless unless its lessons are duly
digested; unless thought is induced by an oceourrence,
and reflection opens up application of the matter, the ex-
perience is vain,

Never let a difficulty go by unless its solution is under-
stood and analyzed. Every debatable point is worth
elucidation and reference to whatever hooks and memor-
anda are available. The habit of resting unsatished until
the point at issue is made daylight clear is worth cultiva-
tion. We are all apt to rest satisfied if we muddle through
somehow.

Scientific research is simply commonsense applied in
sequence.  Repeated failure is certain, success problemat-
ical, but all the ground up to a point is defnite and can
be proved. Borrowing other men’s previous experience is
one way to view tutition. It is little use to fail in just
those things other men have failed in where the lessons
are available,

There 15 no roval road to success. Hard work invaolves
fatigue, and true success is to be found in a widened men-
tal horizon and the upbuilding of character, rather than
in any form of cash consideration. We have each a lim-
ited field, but within its range our kingdom should he
supreme. The narrower and more restricted, the more
specialized, our vocation, the greater, in one sense, the op-
portunity open.

Nothing ever seen, heard or felt is ever out of con-
scipusness; it 15 merely overlaid or inaccesible until a

chain of fresh happenings calls up the forgotten experi-
ence. “That reminds me” is the commonest of remarks.
From such accumulations, skill and mechanical aptitude
are formed.  In usual work it is not the startling and
vivid occurrence which is always the most valuable, expe-
rience is gained from the most commonplace work—it is
the viewpoint that matters, not simply the actual job,

It iz by no means necessary to become a bird of passage,
working short intervals in a multitude of shops, to be-
come experienced. In actual fact men of this type are
usually reminiscent. There will never be a shop to work
in like the last shop and the present job is always in-
ferior, in their estimation. Sticking to the old stand
may have drawbacks, but it is proof of character and
confidence likely to tide one over a slack spell.

London, England. A; L. Haas.

Renewing a Crossbox
A navy boiler maker's manner of installing a new ¢ross-
box in an okl watertube B, & W., 27-header type boiler
might be of interest to some of the readers. The old box
had to be removed on account of a defective weld that had
opened up for several inches.
There are twelve g-inch nipples connecting the headers

-and two g-inch nipples connecting the uprights or legs,

The usual blocking was placed under the lower row of
g-inch tubes, care being taken to see that each element was
supported, using wedges as needed for this purpose,

The packing between the headers for about hali the dis-
tance up was driven out, this to permit springing the
headers.

Getting in the furnace and removing the fireclay from
the outside of the nipples, T drive a diamond point chisel
through each nipple ; using this hole as a starting place for
the corner of my ripper, I cut each one in half and then
remove the box. Cutting the nipples in half does not take
much longer than the methad of cutting down through the
inside with a diamond point, and there is absolutely no
chance of injuring the seat if the nipples are cut in half
from the outside.

After removing the box, the halves of the nipples re-
maining in the headers are easily knocked out and the
holes are then examined for defects.  The new box being
cleaned and nipple-holes examined, it is placed m position
on blocks and o few nipples dropped into the holes that
are found to line up, T flare or bell one end of all nipples
hefore putting them in place. This flare end of the nipple
is the end that is expanded mn the box, To get them in
place after Haring, slip them in the handhole and hish them
along; then hook them up into place.

Expand the end nipples that lead to the uprights; ex-
pand only the part in the box and let the part in the up-
right go until half the header nipples are rolled in place.
Next expand all nipples that come fair: let the headers that
are out of line come last.

Some headers have to he drawn forward or back or
sprung to the right or left in order to get the hole in the
header to line with the hole in the box.  An easy way to
draw them in either direction is to use long tods with
plenty of thread on each end of about 174 inch diameter.
These rods pass through the 2-inch tubes of the next head-
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ers to the one that is required to be moyed, and with straps
suitably drilled and blocks placed under the strap on the
header to be moved, the springing comes easy. Use steel
wedges for moving them sideways. It is not always pos-
sible to correctly line up the holes, and the nipple might
have to be forced in and rolled in an offset position; I have
had to do this several times and as much as % inch. These
nipples have, in my experience, given satisfactory results
and last nearly as long as a perfect set nipple.
After expanding of the nipplestis completed, wash off
all the oil left from the rolls with a strong caustic soda.
Navy,

Boiler Inspection

It is not a real pleasant hit_nf worl, and perhaps all
boilers do not get a real good inspection on that account,
In many instances the only examination that some ships’
boilers receive is that given them by the U. 5, Steamhoat
Inspection Service, or mayhap the insurance company.
While this inspection may be sufficient to satisfy the own-
ers as to the safe condition of the boilers, it does not tell
the engineer that they arc in the proper shape for efficient
steaming. This condition interests only the owners and
operators of the boilers, and not the regular in-\.])l_LTl_'ll‘s

Therefore, to obtain a proper inspection giving you true
knowledge of conditions, some one competent in the
knowledge of boilers and connected with the engineer de-
partment of the ship should be detailed to accompany the
regular inspector in the work of examination. To aid in
accuracy in making reports of the inspection, printed or
typed forms should he used, The usual note book is nice
to have along, but a definite report is best made out at the
time of the inspection, The external parts should be {abu-
lated in the manner that they are inspected, giving a line
under each subject to comment on; the same for the in-
ternal parts. When the part inspected is found to be in
good condition it is simply marked O, K. on the report to
show that it has been inspected.

Making tue InsPECTION

When the time for inspection is decided on, have the
boilers thoroughly cleaned on the fire and water sides. No
inspection can be efficient where dirt bothers your
progress. Make sure that all cocks and valves leading to
the boiler are shut tight and wired; do not trust a tag on
the wheel.

A one-piece suit of overalls, a pair of eve goggles, a
scraper, a cross peen hammer, an electric flash light, or
long extension cord portable, and someone to take vour
notes; then you are ready. The proper place to start is in-
side the boiler. Doing this first enables you to have the
boiler closed and filled with water while you are making
the external inspection, at the finish of which the boiler
will be ready, or nearly so, for the pressure test,

Grooving, pitting and corrosion, in general, are im-
portant features of the inetrnal inspection.  Rivet heads,
tube ends, braces, stays, baffles, dry pipe, internal feed,
scum pipe, water column, try cocks and steam gage
openings must all be given careful attention. The writer
haz frequently found internal feed pipes badly plugged
with sediment. Along the water level at tube ends in mud
legs or near blow-offs is the place that most pitking is
apt to be found. Any place that sediment is apt to collect
needs careful watching.  All such places should be care-
fully noted externally for signs of hlisters and bagging,
if they are exposed to the fire. The location of any severe
or deep pitting of the inside of steam drum should be made
on a sketch on the back of the printed form; its depth
measured and recorded in order that at the next inspec-
tinn comparisons can he made.

" pairs
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Perhaps the most disagreeable part of the work is the
examination of the fireside, vet for economy it is the most
important. It includes grates; they must be properly
spaced and suitable to the fuel used, and all the best at the
back, where they will last the longest; older ones at the
front where they can be easily renewed. The front ends
of the back grates should be lower than the back ends of
the front ones. This saves many from being broken by
the slice bar.

Exterior of tubes must he examined for blisters, lamina-
tion bulges, distortion or deflection. Any tubes found
deflected from their natural plane 34 inch or more onght
to be renewed; the same applies to badly blistered or
bulged tubes. The cause of these defects should be in-
vestigated to prevent future repetitions.

If a watertube boiler, and baffle bricks rest on the tubes,
raise a few and examine the tube for deterioration and
heavy scale. These bricks absorb moisture when the
boiler lies idle and cause the rusting of the tubes. The
side tubes, where near the casing, are one ‘side cov-
ered with the casing fire tiles, Often these tubes are
found to be wasted away very thin, due to the moisture
collected in the fire tile and asbestos packing of the
casing.

BarrLes awp Frasme Prares oF Warterture BoILERS

These are of vital importance in regard to the boiler
efficiency. The alinement and tightness of them should be
carefully noted. Broken or leaky gas or fame baffles
allow the heat of the fuel to pass to the stack without do-
ing any work in the combustion chamber. No amount of
turbining and cleaning of tubes will be of much use if
vou have leaky baffles or flame sheets,

Exterior SHELL anp Rivers

That part of the shell, rivet heads, seams and joints
which are accessible should be examined for scale and de-
fects. Once each year a portion of the shell casing and
lagging should be removed to ascertain its condition. The
writer had the experience of finding a drum shell very
severely deteriorated and rivet heads wasted away. It
was caused by the pad of the hoiler stop valve leaking:
the condition found was dangerous. In many cases there
are drippings from safeties or other valves running down
under the casing lagging,

loiLer Casing axp Brick Work

These are carefully noted for air leaks into the com-
bustion chamber and for heat insulation. Test for leaks
by opening damper and going over the exterior with a
candle or a pine stick dipped in aleohol and lighted ; the
Rame will be drawn inward. Mark all such spots for re-
s with ashestos and fire clay.  Inspect the operation of
the damper, making sure it opens full and closes tight.

This about completes the boiler, but a thorough inspec-
tion would include a knowledge of the condition of the
hailer fttings, the safeties, steam stop valves, hlow-off,
feed checks and stops, try cocks, water column and steam
gage. The steam gage and safeties are to he tested and
regulated after such an inspection as outlined, and a com-
plete record of it made, and you are armed with a com-
plete knowledge of conditions,

Your repair notes are easily taken from the report, and
as they are accomplished, suitable entry is made in the
report.  All reports, when made up in smooth form, can
be done in duplicate, one copy for the chief's file and the
nther for the ship's report to the owners. Many more
points are thus brought out in an inspcu_tion of this sort,
ac-:umphshr:d by one of the ship's engineers, than will be
found in a report of a safety inspector,

Concord, N, H, C". H. W.
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The _Safest Boiler for a Warship

I note that Mr. N, Roberts has answered my article, of
the March Boiver Maxer, dealing with “The Safest Boiler
for a Warship.” I agree with Mr, Roberts in all the state-
ments he makes, which conform o Admiral Melville's ideal
boiler, and admire the gentlemanly manner in which he
handles the subject from beginning to end. T will answer
him in like manner, barring that circumstances force me
to correct the mistakes that cither he or the printer made
in the statement.

On the first page (333) he says, “Various tvpes of
watertube boilers have been used successfully: namely,
the Belville, the Babeock & Wilcox and the Niclausse

" Can we call them a success after all the men they have

scalded to death during the short time they have been in
our Navy? Is Mr. Roberts aware of the fact that they
have killed and maimed more men in their brief history
than the Auld Scot did in sixty years?

Next, on page 354, he says that the steam drum should
be placed at the front of the boiler and not less than 34
inches in diameter, no tube to be less than 34 inches in
diameter.,” Assuming this drum on top of twenty-seven
headers, and being half full of water, where is vour light-
weight boiler ?

Near the bottom of page 354 Mr, Roberts says, “For
Naval service the boiler must stand forcing and severe
abuse.” I have yet to see the first one of them that was
forced or abused without letting you know of it.

On the same page, column 2, top paragraph, he says,
“Sufficient water should be carried so that the boiler can
steam thirty minutes before the water leaves the top
drum.” Why, Mr. Roberts, that 15 one of the provisos that
Admiral Melville insisted on for his ideal boiler, but, great
Scott! what would happen to the tubes of a watertube
boiler while the water was lowering from the middle to the
bottom of the steam drum ? I dare say that was a misprint,

On the same page and column, second paragraph from

"bottom, he savs, “High pressure produced from a little

deck space, with as little weight as possible, is what we
want to-day.” This is another mistake, as the boilers are
not placed on the deck of a ship; they are put down as low
as possible; in fact, fastened to the bottom frames of the
ship, and a Scotch boiler does not have to be 16 feet in
diameter; you can place six furnaces in a double-end
Scotch boiler, 14 feet in diameter.

Un page 353, column 1, he savs, “There is also less dan-
ger of accident to a watertube boiler or injury to em-
ployees in case of explosion to either boiler or steam
lines.” That statement puts a bad taste in my mouth and,
therefore, I cannot roast it as brown as it deserves; so |
will put the blame on the printer once more, as any fool
boiler maker knows that when a steam line explodes it
means “Good-bye, John," for every man in that compart-
ment.

On the same page, column 2, paragraph 4, where it
says, “There is one advantage the firetube has over the
watertube boiler for marine purposes; that is, a tube can-
not be cut out or plugged without cutting out the hoiler,”
That statement is also a nustake, as the tube of a Scotch
boiler can be plugged with steam on the boiler, but a
watertube boiler cannot be plugged until the hoiler is
cooled and opened, “Sandy, yve maunt take anither fether
tae yer bonnet.”

In the next paragraph is said, “Experience with Scotch
and watertube boilers at sea undoubtedly indicates that the
watertube hoiler is not as economical as the best type of
Scatch boiler™; four lines below it savs, “Actual test
shows that the water tube is a more efficient and econom-
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ical boiler than the Scotch.” Look that statement over.
He says the Scotch is undoubtedly the best, and the water-
tube is actually the best. This logic reminds me of a cor-
respondence school book I read some time ago which said,
i building a hoiler always have two furnaces instead of
one, so that when gives out you can run the other one,

On page 336, column 1, it says, “It is claimed by some
engineers that the life of a hoiler lies in the life of the
tubes.” Mr. Roberts says that is not so, as any hoiler can
be retubed.  Sure, but what the engineers mean is that
if the tubes give out the boiler is dead for the time. [mag-
ine, Mr. Roherts, that you were chased by a ship that was
more than a match to fight and your tubes gave out;
waould your boiler not he dead for a time ? .

At the last paragraph it says, “A watertube boiler steam-
ing with salt water would require more attention than a
Scotch boiler.” Does that imply that he could use salt
water in a pipe boiler? 1 can assure him that one feed of
salt water will knock out the best watertube hoiler made,
while you can steam a Scoteh boiler for months on it, if
you have to. “Ye can ha a finnan haddie the noo, Sandy.”

“Say what you will, and think what you may,
The watertube hoiler is here to stay.”

This may be all true, but I will have to wait until this
cruel war is over and poor old John Bull tells us how the
haphazards served him out in the North Sea, We know
what they did to the Russians,

My whole aim arid object in this controversy is to guard
against placing unreliable boilers in our high sea fighting
ships.

Vallejo, Cal. [. 5. GRANT.

Is the Tidy Man Best?

In the November, 1916, issue of Tue Bomer MAKER
N. G. Near draws attention to four different types of
botler makers :

First—The man who jumps right into a joh, using no
particular method, but still doing a quick job.

Second—the man who starts out on a job and after a
while discovers that he has made a mistake and must start
all over again.

Third—The man who looks his job over hefore start-
ing, seeing, if possible, the best way to accomplish the job,
and then carrying it through in good time,

Fourth—The man who starts thinking and never gets
anywhere.

It so happens that the writer has met the four types
mentioned and, like N. G, Near, finds that either type
may handle a certain job correctly; taken off that job
thev are helpless and, like a fish out of water, soon die.
To illustrate the point, two men are given a certain job
which ealls for the patching of a locomotive firebox, The
engine was located at a coal mine, the man in charge of
the job was of the first type, but never followed any par-
ticular method but one of his own, which the writer will
show was no method at all, but very bad practice. This
particular man was one of the hot-air kind, always blow-
ing ahotit what they used to do in certain shops, and what
they have not done was not worth doing.  But to come
back to the patches. They were put on and looked a very
creditable job, but the engine was in service but a short
time before trouble developed and the same men were
sent to artend to it. Some little calking and a few patch
bolts were put in and the job called O, K. Within another
week there was more trouble with the patches, and com-
plaints of loss of time at the mines, so the firm sent
another man (one of the third type) to investigate and
find out the cause of all the trouble: and what do vou
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suppose he discovered? Nothing more nor less than the
patches had been applied without first removing the de-
fective sheet, Yet this man would argue that he had seen
it done on many ceccasions and no trouble resulted.  Evi-
dently this man was out of place when working on a
locomaotive boiler, but put him on a stack or a pipe line
and he would be in his element. To rectify this mistake
the tidy man was very much in evidence,

Again, Jack Me—— was sent to do a little job on a
threshing machine boiler, He found that he was to put a
patch on the smoke-box. Having taken the measure oi
the patch required, Jack returned to the shop, got out the
patch and tools ready for making an early start next
morning, when Jack and his helper set out to finish up
in good time. But when the patch was put in place it was
found to be too short. Tao return to the shop and get out
another one was out of the question, and to tell the farmer
that a mistake had been made would never do; so,
making some excuse that he wanted a piece of flat iron,
Me was given the piece of iron used by the farmer’s
wife to close up the mouth of her brick bake-oven.

Here again was a case of thoughtless plunging. Had
this man used some svstem or method of setting about his
work it would be impossible to have made such a blunder
on such a small job; vet it is a fact that Jack was paid
five cents per hour more than the maximum rate of the
shop. Had one of the tidy sort of men been sent on the
job he could have made a note of what was wanted for
the job, and when he would be ready to apply his patch
everything would be in its place.

Another case: Extensive alterations were being made
at a blast furnace, when the dinky engine hauling material
got her crown sheet slightly scorched, which put her out
of service and tied up some of the improvements, Ulose
at hand was a gang of men erecting a hot-blast stove.
The foreman of this gang was consulted about making
repairs on the engine. He said that a new crown :-I'I.t'::}t..
coming well down to top row of staybelts, must be put n;
but the furnace superintendent could not see it that way,
so another boiler shop was called up, and they sent their
man out to look the job over.

This man said a new firebox must be put in, Now, the
cost of such repairs and the delay it would cause were out
of the question, so another shop was called up and re-
quested to send a good, reliable man over to make an
examination of the firehox and to see what would be
needed to make the boiler safe.

This man, one of the tidy type, made a very careful
examination and found that the crown sheet was still good,
and that by removing about twelve crown bolts the boiler
could be made safe again, and such was the report made
to his manager.

The writer was present when the furnace superintend-
ent was called up and told the result of the examination.
Almost the first question he asked was as to the judgment
of the man making the examination, and when assured
that his word was always taken in cases of this kind, they
were told to go ahead with the job, which was done ac-
cording to the report made.

Now, had the advice of the first man been taken and
the crown sheet eut off just about the top row of staybolts
it would be almost impossible to have made a job of it,
ior the engine was of about 36-inch gage and very narrow
at the mud ring and very wide at crown sheet. Now, the
crown sheet was supported with radial stays, the dome
being well ahead of the firehox, so that in removing or
replacing a crown sheet of this kind the man undertaking
it would he up against a very difficult piece of work, and
it shows poor judgment, and less method, on the part of
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the man suggesting such repairs. The man that wanted
a new firehox was one of the puttering, thinking kind,
and he was looking for some casy way out of a had situa-
tion. The third man, by his good judgment, saved the
furnace company a lot of unnecessary expense, for, as
the superintendent explained, the engine would be of no
further use to them when the alterations were completed.
Some months later the writer saw this engine in the
service of a contractor, doing good work.

Still another case was that of men sent to do repairs on
a steam-shovel boiler. The firebox was badly cracked
around the furnace door and required patching; so the
defective plate was removed and the sheet prepared for
the patch, the measurement of which was taken, and the
men wenl away to get it out, Returning with the patch,
thev found that they were wrong, that a blunder had been
made, and, like N, G. Near's second tyvpe, must make a
fresh start. Almost any man is liable to make a mistake,
and praft by it; but, very strange to say, the second patch
was a misfit also, Eventually a patch was got on and
the job fAnished: but whether it was done by the same
men or not the writer has his doubts and 15 rather inclined
to believe that another and hetter man, one of the tidy
type, was called in to complete the job.  Bur the evidence
of the blunders was left on the dump, where the writer was
shown them by the contractor some time afterwards,
Here again a lack of knowledge of the trade or method
was shown, and the job undertaken was awayv out of
their reach, which makes the writer think that thev had
missed their vocation,

The above are a few of many such cases that have
come to the notice of the writer in which men have been
put to work on jobs they knew verv little about, but hav-
ing a superabundance of hot air managed to pass muster
by the skin of their teeth. A little hot air is good some-
times, espezially when backed Ly a good knowledge of the
trade, for the good man blows his own horn sometimes
or gets badly left. If the shop foremen, master mechanies
or others directly in charge of boiler makers would look
around their shops, compare the work done by the differ-
ent types of men, [ am sure they would find that the tidy
man, going about his work in a regular, methodical way,
delivers the goods; not once in a while, but nine times
out of ten, My experience with the first tvpe is that he,
on any job, scores more misses than hits; that hoth the
first and second types should be given johs helping the
third type until they learn a little more method and how
a good man sets about his work.

The ideal boiler maker can be found in almost any shop in
the country, be it railway, marine, contract or small coun-
try shop, and mighty good men; many of them are capable
of Alling any position in the shop, from laver out down,
aml carry a job through to a finish with credit to them-
selves and satisfaction to their emplovers, while others
are unable to lay out, but can fill all other positions, but
transplant them and give them work that they have never
seen done and for a time they would find it strange, but
would in a short time be quite at home. The man who
has once learned method can grasp a situation almost at
a glance and make every move and every blow count and
go far toward the completed joh.

The tidy man has his chosen profession at heart, and,
at the same time, his finger ends. Like N. G. Near, I like
the tidy man, and think that if there were more of his
kind in our shops the trade would be lifted to a higher
plane than the one it npw occupies.

Many firms getting work done make the task of the repair
man (tidy manj a difficult one by harassing him with a lot
of fool questions as to how long he will be on the job, that
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they stand in need of their engine or boiler, that they
are paying high-priced men, irom the time they leave
home until they return, etc., are not at all choice in their
language or the wayv they express themselves, forgetting
that the work is being done under vastly different condi-
tions to those found in the modern hoiler shop; that such
waork is done under the old Armstrong system, and that
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such jobs, to be done right, take as much time to-day as thes

ever dirl: that the hoiler maker is human, with feelings

sensitive alike to pain or pleasure; that a pleasant word

helps the work along, a harsh one retards it, and when

given the ghost of a show will deliver the goods in jig

time, Frex IpLE.
Fittsburg, Fa.

Strength of LLocomotive Boilers-II

Simple Formulas, Based on Well-Established Rules Generally Ac-
cepted by Engineering Authorities, for Figuring Strength of Boilers

BY WILLTAM N, ALLAAN

The Master AMechanic Rules recently adopted provide
for the following rules concerning the bracing of flat sur-
faces:

LowcITuniNaL GUsseT Braces axp FrLar SURFACES

(a) Inm figuring stress in diagonal braces, allowance
for the angularity of the brace shall he made.

(b) The sectional area of the brace and the strength of
the attachment of the brace to the shell hoth to he investi-
gated and the lowest net strength to be used.

(e} In determining the strength of the gusset braces for
supporting the back head and tube sheets, use 100 percent
of rivet bearing area, S0 percent of the rivet shear and
go percent of the gusset plate area measured at right an-
gies to the longest edge of the gusset sheet, and of the
three, select the minimum value.

{d) The calenlation of stress in gusset hraces shall
cover hoth the sectiom of the plate and strength of fas-
teners, and the lowest net strength shall be used.

{e) In figuring flat staved surfaces, such as hack heads,
the boundarv of the unsupported surface shall be located
at a distance equal to the outside radivs of Hange meas-
ured from inside of shell.

{f) No supporting value shall be assigned to the stiff-
ness of flat plates on flat surfaces, as it is too small to he
of material value.

(g) Reinforcing plates, such as back head liners, shall
not be figured as having any staying or supporting value,
but shall be merely considered as mechanical reinforece-
ments for various attachments, such as longitudinal stays,
staybolts, etc.

{h) The distance hevond the outer row of flues on tube
sheets, assumed to be self-supporting, shall be 2 inches.

{i)} In calculating the area to be staved on front tube
sheets, the area of the dry pipe hole shall be deducted.

(k) Tee irons or other members, when used subject to
hending, shall be calculated without addition for strength
of plate, and the stress in such heam and its abutments
must not exceed 12,500 pounds per square inch. The
spacing of the rivets over the supported surface shall be
in conformity with that specified for stavbolts. No allow-
ance for value of such beams shall be made in calculating
the total area of longitudinal braces that may be attached
thereto.

(1) Where there are a number of diagonal stays sup-
porting a flat surface, such as back-head and front tube
sheet, the proportion of the allotted area to each brace
shall he as follows:

Divide the entire net area of the hraces, If it is felt
that any individual brace is so segregated as to receive
more than its fair proportion of the load, it shall be inves-
tigated separately as to the area it supports.

STRE=S Ix DMacowal Stavys

T = stress m LAy,

A = area, supported by stay,

F = boiler pressure, pounds per square inch,
I = diameter of stay in inches.

[ calculating the stress of the stays supporting the
segment on hack-head and front tube sheet, in the follow-
g analysis it 15 considered that each stay supports an
equal area.  When the arca of the segment is determined

Fig. 1

by a planimeter, taken from a drawing known to be ac-
curate and to scale of the drawing, viz:

Scale of drawing equals 35 inch to 1 foot or one-six-
teenth size.

Planimeter reading equals 3.2.

Actual area of segment would then be equal to 3.2 mul-
tiplied by sixteen squared, or 3.2 < 236, which equals 81g.z
square nches,

A

1 ﬁ} =
Cos, O

Cosine = ——

(17)

n
Constants for value of (

TABLE XNo.6

1 ineh DHameter SEay .- ..o ociii s s b
1ly inch by b e D s R ) -]
134 inch o A L L o v e o ot S B1T
g T R R R R e D R A7t
1 imch ... T Ny " Via
194 inch T iy A A b h82

Area to be braced in front tube sheet is equal to the area of the sepment minue
diameter of hole A" for the steam pipe, as shown in Fizg. 2. : =
Three inches & allowed a= the distance in from inside of shell for the portion sup-

ported by the Hange.

Two inches is allowed as the distance above the top
row of tubes for the area supported by same.

The same condition exists on the back-head when fig-
uring the area of the segments: that is, the lower line of
the segment is taken as 2 inches above the top row ot
firebox stays.

NoTe.—It will be noted that there is a difference as
regards the area to be supported, when figured on some
of the rules that are in effect, but in the opinion of the
writer, if the above is generally followed it will give re-
sults that would be acceptable under all conditions.

(To be continned.)
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Selected Boiler Patents
Compiled by
DELBERT H, DECKER, ES()., Patent Attorney,
; Millerton, N. Y.
Readers wishing copies of patent papers, or any further information
vegarding any patent described, ghould corvespond with We, Decker.
CLEANER.

1,205,250, LUFKIX,

OF REVERE, MASS, : : :
Claim,~—In a hoiler-tnhe cleaner, the combination with a body having
separated flanges connected by webs, of pins sustained by anid Aanges,

BROILER-TURE GEORGE A,

frames situated hetween the flanges and Fi.\.'nl:l“_v mounted on =aid
ping, and entting  disks sustained by the Prames, each frame having
projections at 115 front and resr ends to engage the web and limit its
swinging movement,

1,205,891, PLUG FOK BOILER TUBES. PERCY HARRISON,
QF BALTIMORE, MD. ASSIGNOR TO HARRISON SPECIALTA
COMPANY, A CORPORATION OF MARYLAND,

Claim 4.—A plug for boiler tubes comprising a plurality of tapered
sections, a tapered cove fitted within said sections, a rod extending

through said core and having an eye on one e and a collar addjacent
sand &ve, a washer maunted on ~_-'..;|i||_1'|u| amid MpInEgulg aGEaanst one ened
of saud core, a spring between said washer and said collar, and a
washer at the opposite end of said plug.  Four claims,
186,102, STEAM SUFPERHEATER. EIMYARD
GHEGAN, OF XEW YOREK, N, Y.

Claim 1.—In a steam supecheating apparatus, a steam hoiler, a fire
wall, a rear wall, side walls, tube headers located in inclined positions in
it =iile -.l..:|I|s. with the ends thereot adjacent to sad Are.wall berng

ARTHUR GEOD-

E]

lower than the ends adjacent to said rear wall, and steam conveying
tubes _Fara]h:! with said freowall and connected with said mclined head.
ers, wo claims,

1,204,651, FEEDING AND BURNING FINE FUEL, WALTER D
WwWOoon, OF NE YORK, N, Y., ASSIGNOR TO FUEL SAVING
COMPAXY, OF ALLENTOWN, PA, A CORPORATION OF PENN-
SYLVAXNIA, ) _ ) i

Claim 1.—In an apparatus for feeding and burning powdered fuel, the
combination with a nring chamber, of a nozzle device for antrodocing

R T e Lo

fuel and air into the furnace, said nozzle delivering fuel-carrying air
and alzo combustion wr, and consisting cesentially of a pipe having a
flaring mouth, together witn another pipe surrounding said fAaring mouth

FEprUARY, 1917

and of greater diameter and into which the faring mouth discharges,
said second pipe communicating with the furnace, means for creating
and supplyving the duestladen current to said nozzle, a.m_i E.l.ll:':-'lmﬂ"!ﬁ”!l'
controlled valve means for separately supplying combustion air thereto
and controlling the amount of said combustion air.  Twenty-four claims.

1,101,201, STEAM BOILER FIREROX. DAVID M. LIGHT AND
WILLIAM H. ¥V, ROSING, OF SPRINGFIELD, MQ, .

Claim 1.—The combination, in a steam hoiler firehox, of Eldt‘_ waler
walls; a plurality of ehannel section crown sheet members extending be-
tween and connected to the side water walls; and a plurality of support-

g beam members, of arched form, interposed between and connected
to the crown sheet members, said supporting beam members ttrmmnlm%
at the tops of the side water walls, and being unconnected to the roo
sheet of the firebox., Three claima,

1,167,454, FLEXIBLE STAYBOLT. CHARLES F. BEARICKS, OF
YOARUM, TEXAS,

Cliaam,—In a Hexible staylolt, the combination of spaced inner and suter
sheets provided with threaded openings, the threaded opening in the cuter
sheet bBeing of greater diameter than the threaded opening in the inner
sheet, a bolt section having a threaded portion engaging the threaded
opening in the imner sheet and riveted, said bolt section lﬁ:-l.-l:mg provided
with a .-'\.I|r||1‘|'|ra.'l head, a thimble engaging the opening in the outer sheet,
a secomd bolt section having a stem provided with an outer threaded end

dispozed within the thimble, and formed at its inner end with a socket
open &t its outer end and pivotally receiving said spherical head and
presenting an abutment shoulder at the juncture of it inner end with
said stem, a nut engaging the threaded end of the second-named bolt sec-
tion amd having pivotal connection with the thimble, and a closure for
the outer end of the thimble.

1,186,360, UNDERFEED STOKER. WILLIAM J. KENNEY, OF
WILMETTE, 1LL.,, ASSIGNOR TO UNDERFEED STOKER COM-
PANY OF AMERICA, OF CHICAGO, ILL., A CORPORATION OF
NEW JERSEY.

Clagoe 1.—In combination, a furnace, a retort in the furnace, dead
dates at the sides of the retort for receiving clinkers and ashes there.
I'rum. satd dead plates being provided with openings therethrough, dogs
mounted in =aid openings 20 as to be movable from a position of rest up-
wardly and rearwardly to hreak up the clinkers and ashes and CACTY

them toward the rear, operating mechamsm for saud dogs, means for
adpusting siid mechanism 1o adjust the position of rest of =aid dogs, the
dogs and the openings in which they Elg' heing so constructed and ar-
ranged as o0 vary the clearance between the dogs awd the edges of the
apenings upon a variation in the position of rest of the dogs, and means
for intreducing air under pressure beneath the dead plates,  Five ¢laims.

1,201,012, COMBINED FEED-WATER HEATER AND WATER.
COOLEDR SPARK ARRESTER FOR LOCOMOTIVES AND THE
LIKE, ANDERS ANDERBERG, OF MALMO, SWEDEN

Clieane 1,—In combination, a boiler having a smokebox at one end, a
smokestack in the smakebox, a water-heating chamber having a central
opening, said opening vegistering with the smokestack, the lower end of
the smokestack being attached fo the water-heating chamber and snugly
fitting arcund the opening therein to cansze all the escaping products of
comnbustion te pass throngh the opeming to said stack, a second water-
heating chamber spaced from and in alinement with the first-mentioned
chamber, a plurality of spaced pipes connecting 1he two chambers, inlet
anid outlet feed-water mMpes commumicating with the twa chambers, and
an exhaunst nozzle in the smokebox and extending through the second-
mentioned chamber and terminating termediate the twa tﬁjLIHhETS_ Twa
clatms,
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Fig. |.—Top View of Boiler, Showing Steam Chambers Forming Top of Firebox

T'he McClellon Type of Locomotive Firebox®

Boilers Built by American

BY W.

AVING the opportunity within the past year of
working on the design of a locomotive boiler with
a peculiar type of firebox, known as the McClellon water-
tube fArebox, the writer is presenting helow a few photo-
graphs and information regarding the same:
Commencing from the bottom of the firebox, the mud
or firebox ring iz 10774 inches by 7114 inches inside, and is
made of 1%-inch steel plate Aanged into a trough or
channel shape 6 inches by 7114 inches inside, and bent to
a 23g-inch radius at the back end corners, thus forming
two sides and the back of the ring. The inside is planed
to 114 inch thick. The front end of the ring is made of
solid steel casting about the same design and size as the
regular type of firebox ring, with lugs for bolting the
expansion sheets. This front end ring is studded to the
plate ring with four 1l}4-inch studs at each end; and
riveted over after applied. The outside of the rings is
covered with a 134-inch plate, screw riveted on the edges
and ends and 1-inch hollow stavbolts through the center.
The inside edges of these cover plates are slightly beveled

* From Leco,

Locomotive Company for New
Haven Freight Locomotives Fitted With Watertube Fireboxes

E.

JOYNES

off and electric welded to insure a steam-tight joint. It
may be said here, and vou will note further along, that
welding plays one of the prinecipal parts, or rather, makes
the construction of this firebox possible. The outside
back corners are reduced in thickness to 3% inch on
count of the large radius.

An angle iron is riveted to the under side of the back
end for securing the expansion plate.

The sides of the firebox are formed by a
0. D, tubes by 14 inch thick, spaced vertically 6 115
The one-ffteenth of an inch 15 to allow
for expansion of the tubes. The backhead is also made
of tubes sloped to a taper of 1 inch in 4 inches, The
sloping of the backhead made the back corners somewhat
of a different problem to deal with and was accomplished
by the welding of two sloping tubes to the back side tube
[he backhead tubes are 534 inches and 3 inches in diam-
eter, hut could be of the same diameter as the side tubes if
the width of the backhead was such that they counld h
The frchole opening was made by

dac=

series of G-inch
inch

center to center,

properly worked in.
Hattening four sides of two large tubes, and also a third

tube was flattened as a Oller to bring the hole in the right
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location. There are four pipe thimbles, for circulation,
between the lottom horizontal and the filler, and also the
same number between the hller and the firebox ring.
These square chambers are welded to the vertical tubes
and, of course, with lioles in the tubes at the connection
for circulation. The ends of the filler piece were covered
with a ]'!|:ll'f.‘. ilk't't:ln"!L']IL’ welded mm, and then welded in solid
to the surrounding tubes and ring. The tubes were flat-
tened on a hollow cast iron mandrel, The mandrel was
tallowed and graphited for easy removal. The side and
backhead tubes are swaged to 4 inches diameter, top and
bottom, for entering the firebox ring at the bottom anid
the drums at the top, after which they are rolled and
belled into same. Hand holes with taper screw plugs in
the bottom of the ring under each tube permicted the use
of the roller and belling tools. Placed an top of ‘he side
and backhead tube: are three drums, or steam chambers,
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together with two rows, one top and one bottom, in the
flat space, by 1%%-inch boiler threaded rivets, The seams
for riveting the drums together, after rolling into shape,
are placed on the top center line of all three drums, They
are single riveted, butt jointed with the welt strips inside
and outside, extending to where the drums commence to
shape into the ring course, as explained below. From
this point to the end the drums are welded., The front
ends of the drums are open, and shaped down on the top
to enter the third ring course of the boiler and on the
bottom to rest on the flue sheet. This makes the ends of
an odd, irregular shape, and the shaping was done with a
specially devised collapsible die.

[t seems to be the proper place here to say to those who
are not familiar with the design of a locomotive, that the
front end of the boiler, or all of that patt in front of the
firehox, is the same design as the regular type of locomo-
tive boiler. This will be clear to those fa-
miliar with the locomotive boiler by a glance
at either the top or bottom views shown in
the accompanying photographs.

The two castings seen on the middle drums
are to receive the safetv wvalves and the
whistle,

In the beginning of this article, the firebox
was referred to as the McClellon watertube
firebox. This is perfectly true regarding that
end of the boiler, but should not be miscon-
strued and referred to as a watertube boiler.
Having alreadvy mentioned that the front
part of the boiler iz of the regular locomotive
tyvpe, it is not believed the title will be mis-
used. Following this explanation, T wish to
add that these boilers are equipped with the
regular firetubes and a superheater. In fact,
the two baoilers equipped with these fireboxes
were the last two boilers in an order of
twentv-five  Mikado locomotives for the
New York, New Haven & Hartford Railroad
Uompany freight service built by the Ameri-
can Locomotive Company.

Fig. 2.—General View of Firebox

which have just been mentioned above, forming the top
of the fircbox. The middle drum is 32 inches outside
diameter by 14834 inches long, made of Yi-inch firebox
steel plate with 3g-inch pressed steel end in back, shaped
as shown in photograph, The head 15 also reinforced with
vi-inch liner to replace the metal removed for the twao
large holes which receive the cab turret and injector
check.

The side drums
plate, planed to

were made of 13-inch frchox steel

inch thickness, except in way of side

tubes, where a boss was formed the fnll thickuess of the

plate, to receive the tubes.

It is the writer’s understanding that Mr. MceClellon, the
inventor of the firebox, has since improved upon the
method of securing the tubes to the side drums; i e, not
making it necessary to use the heavy plate to form the
The new method will not be explained here, as the
information

hoss.

writer does not possess full regarding  the
SAIME

The middle drum is Aattened on either sile, and the side
inner side

This will be

drums on the for placing and fastening the
drums together

by referring to the perspective back end view in the

maore clearly understood

picture.
After the drums were set in position they were riveted

It is also interesting to note that these
boilers have a combustion chamber. The
chamber is made by extending the third

ring course 45 inches bevond the bhack tube sheet at
the bottom and sides, and placing a very simple design
of a circulation chamber made of 34-inch thick flanged
plate along the hottom center. The hack end of this cham-
ber is cloged up by welding in a plate of the same thick
ness. The front end if left open to feed the tubes running
out of the same. The tubes are hent to the shell of the
holler and enter the side drums. These tubes are 215
inches, 4 inches and 5 inches diameter, respectivelv. The
comstruction of the combustion chamber will |11-'n:|:1||]1;_
also, he better understood by referring to the interior view
shown by the photograph. The hottom end of the two
back combustion chamber tubes is welded into place.
This was made necessary on account of the throat. Thes
were not accessible for rolling into place. The remaining
tubes are made accessible for rolling and helling by the
means of a flanged plate on the outside of the shell, the
same 10 design as the inside chamber., Both ends have
a plate end welded in and taper plug hioles opposite each
tube for using the roller and bell tools. There will also
be noticed in the bottom view picture a large tube and
elbow connecting the bottom of the boiler with the throat.
This tube is to feed the throat and firehox, rising from the
ring through the tubes to the drums, .

There is still another circulation tube of 3 inches extra
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f"i.g. 3.—Bnllum View of Boler

heavy pipe and cast steel elbows connecting the top oi
the throat to the boiler shell. The connection to both the
throat and shell is of the ball-joint design. The front
end of the firebox, commonly known as the throat, and
already referred to as such, is composed of an inside and
outside throat sheet. Both sheets are 14 inch thick with
a G-inch water space between them. These sheets are
flanged and riveted to the boiler shell at the top and riv-
eted to the cast steel front end ring at the bottom. The
inside sheet is screw riveted to the inside of the side ring
and welded at the top of the same. The sides of the
throat sheets are made by flanging the sheets to form the
sides and a lap seam single riveting them together above
the firebox ring and to the cover plate of the ring.

The throat sheets are, of course, staybolted together,
this being the regular method of firebox construction. It
should be noted here that the staybolts in the throat are
the only ones required in the construction of this firebox.
The omission of the major part of staybolts is one of the
principal advantages of this boiler over the regular type.

The sloping construction of the top of the throat sheets
as seen in the photograph is a good example of the
strength and advantage of welding. The cover plate clos-
ing this slope is 6 inches by 734 inches, and is set flush
with the throat sheets and held in position entirely by
acetylene welding.

The firebox has firebrick supported on four 3-inch tubes
in the usual way. The back end of the tubes are turned
up and supported by beading over in the bottom of the
drums. The small holes in the drums, backhead tubes and
the outside of the firebox ring as seen in the picture are
for washing out purposes.

With the exception of making a few remarks about the
covering or lagging for this unusual design of firebox, it
is felt that the design of the same has been fully covered.

Tt might occur to some of the critics of this firebox that
the vibration of the engine when running, or an ordinary

shock, would easily start a leak with the tubes; on the
contrary, this has not been found so, and it is the opinion
of the writer that very little trouble will be experienced
in this respect.

It will not be surprising if some one is wondering how
this strange looking firebox is to be made fire-tight, as it
can be imagined that there are large open spaces where
the tubes are swaged, and, in fact, all over the whole fire-
box, as the tubes are not set close together,

Taking a section through the side and backhead tubes:
first will be found a layer of hot blast or a high tempera-
ture cement. This fills in around each tube almost to
the center and 14 inch outside of the same. The cement is
also reinforced with Y2-inch mesh No. 18 B. W. G, steel
crete expanded metal.  Outside of this comes 1l3-inch
thermofelt lagging, and then the jacket. On the top of the
drums there 13 a 174 inch thick laver of sectional mag-
nesia and the jacket. The valley formed on top by the
placing together of the large and small drums is flled in
with a g-inch diameter wrought iron pipe set in asbestos
cement,

After the firebox is lagged and jacketed, it is periectly
tight and locks similar in appearance to the ordinar:
locomaotive boiler. The 12-inch feed pipe under the hoiler
is lagged with asbestos cement and jacketed, where it was
found necessary, small lugs were welded on to the tubes
to fasten the supports for holding the lagging in place

A comparison of the heating surface of this boiler with
one of the same size, of the ordinary type, is as follows:

Orpixary BoILER MeCrerroy BoILEr

Square I Square Feet
Fire tubes.......... 1,778 81
Superheater flues.. . 703 03
Firebox ........... 229 308
Arch tubes. .., ; 23 24
Total ........... 2827 2,93
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Total weight of the New Haven Mikado engine with or-
dinary loiler is 252000 pounds, and the total weight of
engine with McClellon hoiler 15 238,000 pounds.

The former 15 a 92 percent hoiler, and the McClellon is
103 percent hoiler,

These hoilers are now in service amd are proving them-
selves good steamers and are giving very satisfactory re-
sults, and the writer’'s wish is that thev will continue to
prove efficient, as well as something new in hoiler design,
and not a “pipe dream” or a “nightmare,” as they have

MArRCH, 101;

First. The heating surface is increased by plates being
made flexible, which means less coal burned.

Second. The firebox made flexible by flanging is over
fioo percent stronger than the flat plate.

Third. On account of the strength given to a firehox
flanged and made flexible in the firebox there will will he
from 350 to 7oo less stays required in each firebox, ac-
cording to the size.

Fourth. The expansion and contraction of the firehox
is divided equally hetween each staybolt.

Fifth. The flanging of firehoxes can be so
arranged as to suit the space in the leg of
the hoiler, which will undoubtedly increase,
which has heen proved, the circulation
around the firehox,

Sixth. Corrugated surface giving flexi-
hility to the firebox sheets break up a body
of water and increase the rapidity of the
currents, consequently the amount of de-
posit on such surfaces is very much less
than on flat surfaces.

[ think that vour readers will he inter-
ested in this diagnosis made by me and, as
previously stated, T have found out by the
information, as to the working of locomo-
tive boilers, practically, that it would be
contrary to the elements of common sense
to expect anything otherwise to relieve the
troubles in locomotive firehoxes and tube
plates, or afford relief only thar which can
be had hy fexibility in the plates them-
selves,

In conclusion, it would be well to note the
ingenuity displayed by some railway officials
to try and invent a locomative firebox to
do what [ have set forth in my diagnosis,
which will be verihed by looking over the
recent lists of United States patents. and
it would appear somewhat strange. espe-
cially when there are locomotives at work

Fig. 4—View of Combustion Chamber

been frequently referred to during their design and con-
struction at Schenectady.

Locomotive Firebox and Tube Plate
Troubles

In looking verv carefully over vour February issue I
read, on page 32, questions in regard to cracks in fange
of flue sheets. which the writer alleges they are having
trouble with, by the Aue sheets cracking all the way across
the sheet at the top.

He states “Mues are welded in by electricity, and before
they were weliled in they did not have this trouble”  He
also states “he has an idea ‘about the matter, and wounld
like to hear what others think about 1.7 I notice there is
an answer to the question, with which T agiee, but [ wish
to state, from a constructing engineer and hoiler maker’s
experience, that the trouble he speaks of will never he
cradicated until Aexihility is given to the fArebox and

tube plates themselves.

[ possibly have spent more good hard cash than amy
ather constructor in the United States to hnd out s to
the verification of my statements in regard to the trouble
im locomotive hoilers during the past eight vears, only
to verify my diagnoesis in 1908, which is as follows;

accomplishing all the claims set forth in my

diagnosis, Wrirntax H, Woon..
Mechanical and Constructing Engineer.
Media, Pa.

What Additional School Work is Needed
for Boiler Maker Apprentices
BY G. T. PETERSON

The school work should harmonize with the shop waorl
Special problems pertaining to boiler work are now
[n drawing, the bov should complete the
regular lessons for all trades through the geometrical

hemng prepared.

construction problems, then the school room wark should
he designed to apply maore directly to hoiler work,

Make all of the regular laving out drawings and extra
The
I.ni_'l-_'; FRIAL work done in I|1l;' u'h-m] room =hould \_'|:'|'.r-||1'||1
to the work the hoy is on in the shop. In
parts are laid out to scale, cut out, and pasted together.

drawings from blue prints such as used in the shaop.
:-C|1l:'|-:|| []'ll_"

an opportunity of seeing for the
work when raolled

This zives each Doy
first how the
assembled,

SRIITS will appear anil

While on general boiler work the bov shoulid svstem-
atically study the locomoative folio, ]L-;Ln;in;‘- what it con-
tains pertaining to hoilers and subjects closelv related to
hoiler work., In general his work in school should con-
form to what he is doing in the shop and in addition he
should he reguired to study the folio, boiler rules, learn

to calculate strength of joints, seams, patches, etc,



Among Indiana Boiler Shops-I

Building of Rivet Fires—Good and Bad Rivet-
ing—Annealing of a Batch of Boiler Tubes

BY JAMES FRANCIS

“Henry, it's o good staying home all the time, Let's
take a day off and visit a few shops besides our own. We
may pick up some points well worth the time spent!”

“That suits me from base plate to top of the smoke
stack! Where'll we go? Ower to that brand new shop
or down Blank street to some of the old shops where
the sun never shines?"”

“We'll go to both places, Henry. In the old shops we
will find some mighty interesting kinks and dodges. We
will see how they do many kinds of work with very few
tools and we shall find some things which we can use to
advantage, I saw, let’s go to the old shops first, then to the
new one, where we will see everything up-to-fate, with
machines and tools for everything. Why, they say that
all the foreman has to do in that shop is to press a lot
of push-buttons and the machines just do the work them-
selves without waiting for men to operate the various
tools and appliances. Tim Strong told me about it!

“There, Henry, let down the dolly-bar. That rivet is
home and don’t need any more driving. They have got
things pretty well svstematized nowadays, but | haven't
seen any Dboiler shops yet which were quite automatic.
They still have to swing a sledge once in a while, and if
Tim Strong is as good a boiler maker as he is a “kidder,”
then the new shop surely has one good man, anyvway.”

“Say, Mr, Francis, here's Blank's little shop. Let's oo
in there, I heard they had just taken some mighty big
contracts for tanks., And, say, 1sn't it a shame how the
boiler makers are cutting each other’s throats in the tank
business?  Why, if somebody wants bids on a little heat-
ing tank, most of the shops seem to fall all over them-
selves trying to get in the lowest bid so as to get that
little tank order. Some of them even figure down so the
work must be actually done at a loss. I don't believe
that business, do you? Some shop owners say they will
take work below cost sométimes just to keep the shop
running so the men can have work, Do you believe n
that, Mr, Francis? It don't look good to me.”

“No, Henry, I don't believe in that sort of thing at
all, 1 helieve that if a shop cannot keep at work and make
a fair profit, it is time that they either reorganize or go
out of business. Ewven in dull times, some shops run all
the time and make money, All shops should do the same,
were it not for two things.”

“What are those things, Mr. Francis

“I'll tell vou, Henry. Either the shop is not properly
organized and cannot do work at a reasonable cost figure
or it is not properly managed, and does not get the right
kind of contracts or at the right figures.”

“Say, isn't that putting it on pretty steep?
any shop he anvthing else than what it is? How can it
ido work cheaper than it can "

“That's nat the way to put the matter, Henry. If the
shop he properly organized, it can do work at bottom
figures and still pay their workmen good wages and
discount their hills payable. In other words, a live man
has set the shop things running properly so there is a
minimum of waste, either of time, material or energy.
See? And furthermore, the same good management en-
ables the shop to get work at fair prices and it never has

How can

to take work at a loss in order to “keep the shop running,”
See that, too?”

“Yes, I see that, or hear you say it; but there are some
shaps 1 know of which could never meet requirements in
either directions. What, then, will those shops do?"

“That's just the point I wish to make, Henry. Boiler
shops which cannot meet the requirements of the two
points in question have no business to be in existence, It
is a case of the ‘survival of the fittest,’ in boiler shops as
in everything else on this earth, and why should a wealk,
half efficient boiler shop be permitted to do a half-way
business? Such a shop only makes it harder for all the
ather shops. Such a shop tends to lower the prices of
work and to lower the standard of hoiler making for the

Fig. |.—Buwlding a Rive:-Forge Fire

town or city in which the weak shop is located. There-
fore, why shouldn’t such weak shops be put out of busi-
ness ‘for the good of the order’? Rub out a poor hoiler
shop and give itz owner a chance to become a good con-
crete sidewalk contractor, duck worker or chicken farmer.
The fact that there is a weak boiler shop is good proot
that somebady has thrust a ‘round peg into a square hole,”
The poor or weak boiler shop i= only a superfluous branch
of the tree. It is either growing out of place or has
passed its prime and begun to decay. In either case, apply
the pruning knife and cut off the weak brancn. or the
weak boiler shop, and thereby raise the tone of the whaole
and give the healthy ones a better show.”

“Well, sy, that's pretty hard on the weak shop, but it
seems the truth, all right, and if it could be done, how it
would knock the bottom out of prize-cutting and taking
work for nothing, wouldn't it? But here we are at
Blank’s—and just look at that, will vou? See that helper
with the top of a rvivet heater piled up on a butter firkin.
There, right in Fig. 1. What's he doing, anyway 7"

“Watch him a bhit, Henry, Don't vou see that he is
building a base for a rivet-forge fire? The flare 4 has
just been lifted from the frame which carries it. That
forge uses compressed air, so all there is to it is the fare
A, a tuvere iron and a frame to hold the fare in place.
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Pretty simple they are, too, those little rivet forges, and
they do the business, too.  The shop has one of the mod-
ern oil furnaces with o muffle to heat the rivets in, but
vou see it standing there all covered with dust, while this
little coal -vaster is in constant use. What's the reason
for that? Well, that's one of the things you will have
to find a reason for when vou reorganize the shop io
prevent price cutting! There’s a reason for it, Henry,
and it 15 vet to be shown that the reason is a good one.
Still it may be that they use the oil rivet heater on large
johs and the little coal heater on small work.”

“But what's the man trying to do with that forge flare?
Seems as though the man thought he was working in a
foundry. See! He is setting a gate print—there at C.
What is it all about? And just look at the butter tub, B!

“Hold en a bit, Henty, That chap knows what he is
about. The tub, B, is a mighty handy thing to have
around a boiler shop, and four or five of them would be

iz ':Ir:

Fig. 2.—Good Work with Air-Gun and Deolly Stra

a paying investment, even for a small shop like this. Why,
that butter tub is the handiest thing ever. When a man
is driving rivets with an ‘air gun’ on a shell which is lying
on friction wheels upon the shop floor, then a tub like &
is just the thing to place the air gun upon while remoy-
ing a bolt or working the drift pin. There is a certain
height from the floor where the gunman can best work
while sitting down, and the tub is just the thing for that.
Don't laugh at the butter tub in the boiler shop, Henry.
Put in more of them, but cut a small hole in the top, so
you can get the fingers in. Then you can pick up the tub
with one hand, where it takes two hands to move it now.
And if the wooden tubs go to pieces too quickly, just make
up a few sheet iron ones. They pay well in the shop.”

“But what is that man doing all that foundry work for 2

“Why, he is making up a bed for a rivet fire. That
plug, C, fits into the air pipe of the forge. The man has
sifted out a lot of fine coal through a Noo 3 or No. 4
riddle. He has wet the coal with water and is now tanp-
ing the mixture at [}, around plug C, which he will pull
out after the flare has been flled almost full.  Just notiee
that he does not let the coal come even with the top of
the flare, but keeps it about an inch lower around the
edge, as shown at E. The coal surface is a little higher
arounid plug €, and the space around the edge at E is
left so a row of rivets may be laid around the edge of the
forge, where they cannot roll off and from whence they
may be readily and quickly picked up and thrust into the
fire when needed.”

“What's the good of all that trouble? Why not just fill
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the flare with coal, then build a fire on top of it? Wouldn't
that heat the rivets just as well?”

“Yes, Henry, it would heat the rivets, but the way this
fire is built gives about four or five inches of solid coal
helow the level where the rivets are placed. The finely
packed coal burns away very slowly and enables the
heater man to keep the fire in good shape far longer than
is possible with a flare full of coal loosely thrown in.

“Watch the man, Henry. See! He has got tco much
water in the coal and the mixture is rather slushy and
does not compact under the rammer nearly as well as if
he had used a bit less water. And there's another thing
he might have done, Henry. Had he pulverized a little
fire clay and sifted it through a No. 8 riddle and mixed
the clay with the fine coal he would have secured a foun-
dation for his fize which would have lasted all day and
possibly part of the second day. The fire clay would
harden under influence of the fire and would bind together
the particles of coal in a manner which would hold them
fast until they had been entirely burned away. But it
will not do to get too much fire clay mto the mixture, or
there will he a fine, porous bit of brick left in the fire after
the coal has burned away. Just fire clay enough to hold
the coal in place until it iz burned, also to make the coal
lurn slower—that is what the portion of fire clay does.

“And now, Henry, just watch that man start the fire.
He surely knows his business. There he goes to a flange
forge fire and brings back some burning coals on a shovel.
These are dumped into the hole where © was pulled out,
just a little blast turned on and a few pieces of nut coal
thrown in on top of the live coals. As the green coal
ignites, more coal is placed on top, but the pile is no
greater in diameter than the hole C. The hlast 1s
strengthened, and a pile of coal 3 or 4 inches high
is built up and ignited, then the pile is spread out a little,
mote green coal is added and more blast is put on.  In
five minutes he has a fine fire 8 inches in diameter, 2 or 3
inches above the level of the coal at I7. Then some rivets
are placed point down in the top of the fire, the blast is
cut down to give a ‘soaking flame.” and in three minutes
more the rivet heater is throwing rivets 2o feet as fast
as four ‘gunmen’ can drive them home.”

“He surely does work that mighty well, 3r, Franeis.
and his fire seems to hold its size pretty well—only about
8 or g inches in diameter, and seems to stayv that way.
Well, there 15 one good ‘kink” for me to-day !

“Look at that dolly-bar, Henry., How do vou like that?
There it is, in Fig. 2. The bar, F, goes right across the
inside of the shell, is cupped upon the rivet at &, and all
the hold-on man has to do is to remove the bar after the
oun, H, has driven the rivet home,”

“Some stunt that, Mr. Francis.
holder-on, isn't it 2

“Seems so, Henry; but let's watch the work a while.
Seems to ‘me there will be trouble bve and bye. TJust
wiatch a bie” ’ ,

“What is the matter, Mr. Francis? 1 don't see anv-
thing wrong with that arrangement, What is it .

“lust keep watching that work, Henrv, You will see it
prety soon,  There! Now you can see something to keep
away from. Fig. 3 shows it. The gunman is now driving
a girth seam and is working on a rivet pretty well down
toward the ground.  The line of the rivet should be on
line P, but a drift has been used—all specifications to the
contrary notwithstanding—and the rivet now points along
line O instead of along line P. The dolly-strut has evi-
idently found an oval place in the shell, and slips down
until it lies on line Q. instead of being diametrical on line
P, or with the rivet on line . To make had matters

Pretty soft for the



MarcH, 1017

worse, the rivet is being well driven toward the ground,
therefore the gunman unconsciously holds the far end of
the gun too high, so it lies on line S, which is a long ways
from the rivet line, 0. The dolly-strut is off about as
much in the other direction, therefore the action of the
gun and of the dolly is to drive the heads of the rivet in
opposite directions instead of axially toward each other.
Although the angles shown in Fig. 3 are exaggerated to
show the matter more plainly, it goes without saying that

Fig. 3.—S3ome Things 1o Aveid

driving rivets in that manner can never give good results
You must watch these things, Henry, whenever you have
a similar bit of work to do.”

“Yes, Mr. Francis, I see how 1t must work when the
rivet, the dolly and the air gun do not point along the
same axial line, and the result will be a rivet which can
never be as strong as one driven with both gun and dolly
in the exact line of the rivet.”

“Say, Henry, here's another thing to look after. Watch
that big fellew at the far end of the shell. He is driving
a rivet pretty high up from the ground and, quite natur-
ally, he holds the outhoard end of the ‘gun’ somewhat
too low. Fig. 4 shows just what he is doing. The gun,
L, is held upon line, M, while the rivet lies in line I, and
the head being driven will naturally be offset, but in a
direction opposite to the business shown by Fig. 3. There
is another matter shown also by Fig. 4. The dolly-strut,
J, instead of being placed in line with the rivet, /, and
falling to a working position at [, is found to be a bit too
short, possibly on account of the shell being a trifle oval,
and the dolly-strut fails to come to a bearing until it

Fig. 4—Bad Work
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reaches position K, thus making far too much angle be-
tween lines M and K, of gun and of dolly respectively.
This is the same trouble as was shown by Fig, 3, but in
a reverse order, hoth heads being pushed to one side, in-
stead of in opposite directions, as in Fig. 3.”

“I don’t see how it can be helped, Mr. Francis. The
dolly-strut must be short enough so that it can be put in
position over the hot rivet head, and as the rivet is driven
the dolly will take up a bit, therefore it must sink down a
hit as it slides over the shell opposite to the rivet being
driven. What can be done about it?"

“It can easily be entirely prevented, Henrv. Instead of
having the holder-on a plain dolly-strut, same as shown at
I, Fig. 4, have one made with a small air cylinder at the
end which rests against the shell. This evlinder may he
plain, and made to slip on over the end of any length of
bar. Tt need have no valve at all, save a plain stop valve
tor admitting or shutting off air. With the dolly-strut in
place, axially with the rivet, air pressure iz admitted to
the little evlinder and its piston is forced against the
hoiler shell, holding the dolly exactly in place, even as
the inside head takes up under the stress of driving the
outer end of the rivet. Then, when air is cut off from the

Fig. 5.—Annealing Both Ends of Sevenly 4-lnch Tubes

little cylinder, the bar will come away easily and will not
have to be driven out with a hammer.”

“Say, that would be great, wouldnt it? And it would
save a lot of time, too, besides keeping the bar at all times
in line with the rivet. That's good—but, Mr. Francis,
what is going on out in the shop yard? See that big bon-
fire! Let's see what they are doing.”

“Just annealing a batch of boiler tubes, Henry. These
tubes were cut off by a revolving wheel business pretty
much like an ordinary pipe cuotter, with the result that
each and every tube end thus cut has been hardened some-
what during the cutting operation. Annealing makes the
tubes roll up much better and prevents trouble from
cracked tube ends, hence the annealing, which is just heat-
ing them redhot and then allowing them to cool slowly—
the slower the better.”

“Why don't they have a furnace to heat them in; then
they could control the heat as they pleased?”

“A tube-annealing furnace is a very fine thing to have,
Henry. We will probably find one when we get to the
up-ta-date shop, but this little shop hasn't any, and they
do a mighty handy annealing job right under foot in the
vard, There's a neat it of work, Henry. See how they
piled the tuhes? Count 'em—ves, there’s just 7o—they
are all placed on two old tubes, [7 U, then 17 tubes are
laid down close together, side by side, as shown by Fig, 5.
The outer tubes are chocked upon bearers, {7 U7, in order
that the upper courses may not canse the lower course to
spread out and roll away, 16 tubes in the second course,
then 15 in the next, then 14, and the balance of the 7o
piled above the four full courses. Some dry wood was
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procured from a nearby furniture manufactory.  NMuch
of the wood was 3 inches and 3%% inches wide, and of
all lengths, from 3 inches to 8 inches. Another lot of the
wooil was strips evidently jointed from the edges of stuff
about 30 inches long. A lot of the very short stuff was
shoveled against, under and upon the pile of tubes, as
shown at 17, 117, I, Then the longer pieces, say 6 inches
to 8 inches, were placed inside of each tube, as shown at
Z. The long strips were set on end, as shown at ¥, V', ¥,
and more of the short pieces were shoveled in wherever
there was a chance,”

“That sure is a very neat job, isn't it, Mr, Franeis?”

“Yes, Henry, it is a good bit of work, Now watch the
neat way in which they set all that wood on fire at the
same time.  There! See that? You must have noticed

THE BOILER MAKER
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a man who has been starting a fire on the flange forge and
who chased the rivet hoy when he took some lighted coals
to start his fire with?"

“Yes, I saw that. What about it?"

“Well, haven't vou noticed that man has been piling up
and igniting a big pile of coal—at least a bushel of it—on
the flange forge? And now, there goes that same man
with a shovelful of that ignited coal. See him spread it
along the pile of wond?  Four or five shovelfuls of hot
coals and the woad is all on fire. What's that? “When
will the tubes be ready? Well, they will just leave them
there over night and ship 'em away first thing in the
morning.  What!  Whistle hlowing six o'clock already?
Well, we will have to let that new shop wait for our visit
until we get another day off, ‘S0 long,” Henry”

Layout of Threeway Connection

Two Approved Methods of Laying Out
Complicated Connection with Three Outlets

BY R. T.

bl

It is customary in laying out a piece of this kind to
make the area of the top one-third the area of the bottom.

First MeTion

This is the most common and practical method of lay-
ing out a piece of this kind, but it is not the most accurate.
Scribe the center A-B and at right angles to this the cen-
ter line C-I), and at the point of intersection of the two
center lines scribe the large base circle. Measure out the
offset required and seribe the center line C-C, and from
the point of intersection scribe the small circle. Space
off the small circle into an equal number of points. Now

2
QUARTER 1 ATy o H

HETTENBAUGH

scribe the two lines 1-0 each o degrees from the center
line A4-B. Lav out the quarter plan of arch as shown
and space off into the same number of points as was used
in one-quarter of the small circle. Project these points
at right angles to the line 1-6. Space off one-half of the
portion of the base cirele used in this plece into the same
number of points as was used in the quarter plan of arch.
Connect the points in the top with those in the arch with
dotted and full lines as shown.

Seribe the base line 6-11 and the top line 12-22 parallel
with each other, making them the desired height, and
project the center line O-C to cross the top line 12-22, and

HALE FATTERN

A7 A

First Method of Laying Cut Threeway Conneclion



Marcn, 1o17

THE BOILER MAKER 67

Second Method of Laying Oul Threeway Connection

irom the point of intersection scribe the half circle. Space
this off equally into the same number of points as was
used in one-half the small circle in plan and project all
points at right angles to the line t2-22. Next lay out the
guarter elevation of arch, as shown, and project all points
to the side ¢levation. Project points 1 to 6 from the plan
to the side elevation to cross the lines taken from the
quarter elevation of arch. The points of intersection will
form the side elevation of arch.

The construction triangles must now he formed. Lay
out the horizontal lines 4-C-B and the perpendicular lines
C-D as in Figs, 1 and 2. Take the length of line 12-1 in
the plan and place it on the base line of Fig. 1. Next take
the length of the line 12-1 from the side elevation and
place it on the perpendicular line of Fig. 1. Seribe a line
across these two points, which will give the true length of
line 12-1 and the first construction triangle. In like man-
nner take the length of the line 1-13 from the plan and
side elevation and place them on the opposite side of the
perpendicular line in Fig. 1. Continue in this manner
until all the construction triangles in Figs. 1 and 2 are

- found.

The next step will be to piece the construction triangles
together and form the half pattern. Scribe a line on the
sheet and on this line lay off the true length of the line
12-1 in Fig. 1, and with point 12 as a center scribe an arc
equal to the distance between one of the spaces in the
small circle. With point 1 as a center scribe an arc equal
to the length of line 1-13 in Fig. 1. The point of intersec-
tion with the arc taken from point 12 will form point 13.
With point 13 as a center scribe an arc equal to the length
of line 13-2 in Fig. 1. With point 1 as a center scribe an

arc equal to one of the spaces in the quarter plan of arch,
The point of intersection of the two ares forms point z.
Continue in this manner until point 6 is reached, and from
here on the arcs must be taken from the spaces in the
base circle,

Double the pattern on the line 22-11 and cut out the full
pattern for one section of the threeway. Use this piece
as a pattern for the other two sections.

sEconn MeToon

This is not the shortest method of laying out a three-
way, but it is the most accurate and invelves a nice prob-
lem in projection work, which requires careful work.

Seribe the center line A-8 and 45 degrees from this
line scribe the top and base lines 22-12 and 11-6, projecting
the line 11-6 to the center X, With point X as a center
scribe the large circle, which is subdivided into the quar-
ter elevation, quarter plan and half plan of base and arch.
From point X scribe the line X-1" and go degrees from
this line X-6'. Divide this portion of the circle into six
equal points and project points to the line X-6" parallel
to the line X-1. Project the line 11-X to point 6 and
g0 degrees from this line seribe the line X-1. Divide this
portion of the circle into six points as before and project
these points to the true side elevation parallel to the line
11-X-6. Project all points from the quarter plan of arch
to the side elevation parallel to the line X-1 so that they
cross the points taken from the quarter elevation, The
points of intersection will form the side elevation of arch.
Divide the half plan of base into six equal points and
project to the line 11-X,

With point ¥ as a center scribe the cirele representing
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half plan of top. Space this circle in eleven equal points
and project them at right angles to the line 2z-12. This
completes the side elevation.

Seribe the line C-IF at right angles to the line 4-8 and
on this line seribe the two large circles. With point § as
a center scribe two lines to points 6, 6 sixty degrees from
the line C-1), and on these lines erect the quarter plans of
the two arches, as shown. Space these off into six equal
parts and projeet the points at right angles to the lines
Q, 6,6, and thence to the end view parallel to the line
C-1r. Project all points from the side elevation of arch to
the plan so that they cross the points just taken from the
quarter plans of arch. The points of intersection will
form the plan of the two arches.

Eepeat the same thing on the other side, scribing the
two lines 6o degrees from the line -1, and space the
portion of the circle between these two lines into eleven
equal parts and project all points parallel to the line C-D
to the plan. Project the corresponding points from the
side elevation to plan parallel to the line -5, The points
of intersection will form the base.

Next seribe the small half circle from point Z and space
this inta eleven equal parts and project all points parallel
to the line C-* to the end view, project corresponding
points from the side elevation to cross these, the points of
intersection forming the end view of top.

Project all points from the arch, base and top in the
side elevation to the center line A-B. From these points
the heights of the construction triangles are to be found.
Secribe the horizontal and perpendicular lines in Fig, 1.
With a pair of dividers take the distance hetween points
1-12 in the end view and place this on the hase line of
Fig. 1. Next take the distance between points 1-12 on
the center line of the side elevation and place this on the
perpendicular line of Fig 1. The distance across these
two points will give the true length of line 1-12 and
forms the first construction triangle. In like manner take
the length of line 12-2 and place it on the base line of
Fig. 2. Take the height of line 12-2 from the center line
of the side elevation and place it on the perpendiclar line
of Fig. 2. Scribe a line across the two points forming
the zecond construction triangle. Continue in like manner
with lines 2-13, 13-3, 3-14, 14-4, etc., until all the construe-

tion triangles in the half pattern are found.

Thae PATTERN

The next step will be to piece the triangles together and
form the half pattern. Lay out the true length of line
1-12 on the sheet, and with point 1 as a center scribe an
arc equal to one of the spaces in quarter plan of arch,
with point 12 as a center scribe an arc equal to the true
length of line 12-2, in Fig. 2, to cross the arc taken from
point 1, the intersection will form point 2. Now with
point 12 as a center scribe an arc equal to one of the
spaces in quarter plan of arch. With point 2 as a center
scribe an arc equal to the length of line 2-13, in Fig. 1, to
cross the arc taken from point 12, the point of intersec-
tion forms point 13. Continue in this manner until the
half pattern is formed.

Double the pattern on the line 11-22 and cut out full
pattern for one section of the threewav. If this work is
done accurately vou will find that it is the most accurate
method of laying out this pattern.

Boiter  SHor Damacep By Fize—The O'Leary
Brothers Boiler Works, South Pearl Street, Green Bay,
Wis., was damaged $5.000 by fire Feh, 1. Tt has been
decided to build a modern boiler and structural shop as
soon as possible.  Existing orders will he completed in
the undamaged part of the plant.
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Recommended Standards for Dampers,
Breeching and Stacks for High
Pressure Steam Power Plant

BY 0. MONNETT

Lraarrers

Huorizontal Retwrn Tubulay Bailers—Dampers shall oc-
cupy the full width of available opening and have a free
area 235 percent in excess of the combined area of tubes.
No type of damper plate that restricts the opening to be
used.

Watertube Boilers—A free opening of one-quarter the
grate surface shall be provided, and dampers shall hang
in such a manner as not to obstruct the movement of
gases when wide opern. [t is recommended that no damper
he placed in the main breeching.

BrEECHINGS

Breechings shall be as short and direct as possible,
preferably having a direct run without turns into the
stack. No right angle turns to be used. If necessary to
install a breeching with turns the latter shall be in long
sweep bends with a radius on center of turn of not less
than the diameter or width of brecching,

Ereeching shall not dip below the horizontal, but prefer-
ably should have an easy slope upward to the stack.

Connection from breeching to stack to be at an angle
of 45 degrees.

MATERIALS

Breechings should not be constructed of brick or other
porous material subject to leakage, Breechings made of
steel plate should have angle irons on outside and have
no projections on inside to make resistance for gases.

Lagging should be on the outside, where its condition
can be readily inspected and where repairs can be made
without interrupting the operation of the plant and where
loose pieces will not obstruct the flow of gases.

Clean-out doors to be provided at convenient points for
removal of accumulation of soot.

ArEa

Watertube Beilers—Area of breeching shall not be
less than 22 percent of total area of grate surface served,
or a ratio of breeching area to grace surface of 1: 474,

Horizontal Retwrn Tubwular Boilers—Area of breech-
ing shall be 25 percent in excess of total area of tubes.

SecTION
Breechings shall preferably have a round or square sec-

tion. In case of rectangular shape one side shall not be
maore than one-third greater than the ather,

STACKS
Location.—Stacks to be located to zet the most favor-

able run of breeching possible.  Steel stacks to be lined
for a height equal to ten times their diameter.

AREA

IWatertuhe Boilers —The free area of the stack -at the
smallest point to be not less than one-fifth the area of
the total connected grate surface where the stack is less
than 150 feet high. Where the stack is over 1:0 feet high,
the area shall be not less than one-sixth the grate surface.

Horizontal Return Tubular Boilers —Stacks shall have
an area in free opening at smallest point 25 percent in
excess of combined area of tubes served.

Heaur
The formula for calculating necessary height of stacks
shall he:
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D=o052HPF

1 1
T J':H)

draft in inches of water,

height of stack above grate in feet,

atmospheric pressure in pounds per square
inch,

atmospheric temperature absolute,

absolute temperature of stack gases,

In which
i)
i
s

i
T,

For convenience the values of the product

I 1
o5z P (——--—) =K
T T:

have been calculated for a number of different flue gas
temperatures at sea level and 6o degrees F. atmospheric
temperature and the formula becomes [ = K H, the val-
ues of K being as follows:

NN

Il

Temp. Stack Gas K
R i i o o e o084
1 5] e i e o e el
B e e e e e b o pepmnns .oays
e e e B N 1 0 ¢
ABD s S RN 0B
T Q05
T FUGENE e e 0033

To provide for frictional resistance .001 to he subtracted

from constant K
- K — o001 = [,
giving the ultimate constant [V,

Therefore, to find the available draft in a stack of
given height, multiply height of stack by constant corre-
sponding flue gas temperature :

=11

To find height of stack above grate necessary to make
available a given draft at a given flue temperature, divide
draft required by constant corresponding to temperature:

o
H=—
)

Strength of Locomotive Boilers—III
BY WILLTAM N, ALLMAN

ForamuLa ror FIGURING AREA OF SEGMENT

A = area of segment,
H = height of segment,
R = radius of segment,
4H (2R
(18) A= —
3 H
Table No. 11 gives net area of various segments and

covers a various range of heights and diameters, and is
convenient for determining the area of segments.

Note—Any definite ruling on the part of the Interstate
Commerce Commission or other State Boiler Commissions
which may be more rigid than the above, such rulings
would necessarily have to be used and adhered to in order
to bring the stress within the required limits,

DATA ON CROWN BAR BOLT:

Diam. af balt THam. at oot of thread Area at root of Thread
ag G20 %U‘Q‘H&'! In.
}iu T 4187

3 e By _GA0a" 5
114" REET G840

(Bolts based on U, 5, Standard Thread)

STAYEOLTS
The next subject to take into consideration is the stresg
on the stavbolts.
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DanEren Tureans Anes |
I¥ INCHES | o ——
Mo, per inch | [¥iam al | Reot | 4000 4500
Frac. Dec. | 75, Sharp | Diepth at | Body | of Ihs. h.
v Foat Thread
" 13 Lo | OO0 | 4001 00196 (0,126 604 | BOT
M7 050 ia 10 G| a6 00196 (0,054 236 75
F 12 AF21T| 3557 (0196 |0.000 00 445
T 1 i 0G0 | _50GE |0 B0T (0,202 B8 ey
MT0625 | .. 11} i (4518|0307 |0, 160 40 TH)
S 12 AT 4807 (0BT (0181 724 H14
NPT (5 T 069 | G200 (D442 |0.302 | 1208 | 1359
K075 5 10 A | 76T |u.44~.= 01,2151 M4 | 1174
o 12 AT27 G0GT (0442 |0, 288 1152 1206
. 9| . oz | 0,601 10,420 | 1680 1590
15" 0.875 i 10 A6 | T0ns (0.G0L (0,387 1545 1741
.. 12 AF2T T30T 0.GOL 0,418 1HTH 1855
i 5 0812 | BETH |0.785 |0.550 | o 2475
100 w 1 BGG | R26N 0786 (0537 | 214K 2416
; 12 7217|8557 [0.785 |0.575 SR 2575
) T | 2R gt (0,094 (0 694 2376 a1z
1} 1.125 10 ISG6G 518 0.994 (0,711 24 3199
12 OT217) 0807 |0.094 10,755 A0 a7
7 i 0028 | 1.0644 [1.227 |0.803 as72 4018
¥"1.25 v 10 856 | 10768 |1.227 (0911 A 40K
i 12 AOTAT| 11,1057 |1.227 |0 06 A4 4320
[ 1082 | 1,1585 [1.485 |1.057 a22g 4756
By "1.375 10 a6 [ 1208 (1485 1,134 ARG 5103
12 OT2T[ 1.2307 |1.485 1.180 | 4736 5350
6 082 | o1.2835 1.767 |1.295 S1H0 G827
X" 1.50 10 =60 [ 13268 1.767 |1.383 HR32 G223
4 12 O7217( 1.3557 1.767 |1.443 5772 6493
O IS0 [ 13888 2094 |1.515 [T H&817
B 1.625 un (1] G | 1.4518 (2.074 (1655 | G620 TH4T
it 12 | 07217| 1.4807 12004 |1.7X2 | GEES TiH9
& 3 | T | 14002 (2406 (1746 | G054 TRET
137 1.75 5 10 AE66 | 15768 |2.4056 |1.a53 7812 H7R8
= 12 [ A7217) 16067 (2405 (2025 | 8100 a112
s 5 [ .1299 | 1.6152 |2.761 (2.061 | 8204 ;
126" 1.875 Fos 10 | L0866 | 17018 (2,761 (2.275 Q100 10237
: 12 | .D7217| 1.7307 (2,761 |2.352 | 0408 | 105S4
| 4% | 44 | 1.7113 [3.142 iE.:]JJtZ 9208 10660
2 200 . mn JiEan |1 B3GR 3,142 12,6821 Tiks4 11754
12 07217) 1 8657 I‘!.]u 2,704 10816 12168

]

Fig. 2

Fig. 3 represents the actual conditions that exist in the
firebox : that 1s, the actual area supported by one stay

TABLE No. 10

THE BOILER MAKER

DATA ON BOILER STAYS—12 THREEADS PER INCH
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TABLE No. 9=SAFE LOADS ON STAYBOLTS

Sare Loap AT STRESS oF

SO0HY SN G HE00 T T00 A0 HH)

Ibs dbs Ihs. 1. bs. | ks | Ibs. Ibs. Ibs
a0 | 605 746 g10 | B2 | 045 | 1008 1071 1134
430 | 462 Gk b .1 HE0 i 714 756
a0 | B4 504 B3 | 603 | 742 ™2 41 01
110 1111 1212 1313 | 1414 15156 1616 1717 1818
=K HEl Gl 1O 1120 1200 | 1250 1360 14400
w5 005 1086 1176 1267 1357 1445 | laEs 1620
1510 1hfi1 1812 1063 | 2114 2365 | M6 2T 2718
13805 145 1566 | 160G 1827 1057 | 2088 2218 2349
1440 1584 1726 | 1872 H1G 2160 | 2304 2444 2502
2100 T 2520 730 20400 | 3150 3360 BETO ATH0
19515 2R ax03 | 2515 2700 | S006 EERD R
2005 2304 514 | 2723 2033 3142 3352 3561 arTl
2750 $025 £:500 | 3475 A8l 4125 44000 4675 4850

2686 | 2053 S222 | 3400 Avat 4027 4206 4554 4833
2ETS a6z 3450 anET A2 4312 | 4600 4557 5175
3470 | 3817 4184 4a11 AHER 5X05 | 5852 ] R246

3655 | 3010 4308 | 4621 | 4997 4z 5688 G043 GE0Y
arrs 4152 4550 | 4807 GUHE S GO 417 G705

4445 4011 G358 | G804 H251 657 7144 TE0 8037

AA55 SO0 566 | GRZl HATT 6R32 | T2AER T3 B100

4800 | 5280 G760 | R240 BT T2H} TS0 5180 5620
G285 5813 a2 HETI 7404 727 | 8456 SEY G513
SET0 GRET 504 7471 THi3E H505 0072 G839 | 10306
G045 A Tl 7725 323 =417 912 lols | 1070l
[ 7122 7770 ST Ui 9712 | 10360 11007 | 11855
A015 FHOH H20K Hiast uesl | 10872 11064 11755 | L3447
7215 TG BHSE uzTe 10101 10822 | 11544 | 12265 | 1T
7575 B332 ) GR47 | 10605 0 11362 | 12120 12877 | 13435
2275 102 un3) | 10757 | 11585 0 12412 | 13240 14067 | 14505
10 o471 10332 | 10193 | 12054 | 12015 | 13706 14637 | 15408
AT OR0E  LMTE | 11349 12222 13095 | 13065 14841 | 15714
0765 10741 11718 | 12604 13671 14647 | 15624 16600 | 17577

125 11187 1250 13162 0 14175 0 15187 | 16200 17212 | 18225

10255 11280 12306 13331 14257 | 15382 | 16408 17433 | 18450

11375 | 12512 13650 | 14787 @ 15025 | 17062 | 1R2OD 19437 | 20475

11760 | 12036 14112 15288 16464 | 17640 | 18806 10992 | 2116s

11510 | 12661 13812 14963 | 16114 | 17265 | 18416 19587 | 20718

13106 | 14415 15726 | 17036 | 18347 | 19657 20088 22078 | 23580

12600 | 14572 16224 | 17576 | 18008 | D202RO 0 21637 20064 | 24338

is (a)® minus the area of stav. The general method is,
however, to consider the area as represented by Fig. 4,
or equivalent to ()7, disregarding the area of the stay.
Table No. 8 covers the area of surfaces supported by
stavholts for a range of pitches from 314 inches by 334

i ¥
el ——n —

b -

Fig. 3

Fig. 4

inches to 5 inches by 6 inches, and is a convenient table
for caleulating the stress in staybolts. The telltale hole
in the outer end of the staybole, while actually decreasing
the net sectional area of the stay, has been generally dis-
regarded ; however, it will be noted from the following
that the rules recently adopted by the Master Mechanics

Liasi. AT Boor ArRgs v S0 IN, aT Root LErTH OF TAREAD Ares REDUCED Area at
oF THEEAD 1IN [NCHES of THREAD In IncHEs BECTION IN 84q. [N, Body of
Drinmeter = R T " T2 | Whiteorh | 1f AErCAn
ver | APREAR .5 Whitwarth | . 5. Whitworth o Vv | .5, Whitworth | '¢" Less | 3/16" Less Stavholt
Thread Threwd Thread | Threwd Thread. Thread | Thread | Thread Threwd Thread in Diam. in Dnam.
T | L Ta06 _THs TERE | L4lnd 4GS L4437 iy | sz IR " Lane
15/16 7932 RI03 o ML 0L 2L T2LT AHA1E | 05336 418 4418
i" SR5T T (RO ST50 24 B B 05412 O05EEG | 5185 5185
11,16 O1R2 b 1N A2 .T152 R i T 1 ARELE 0 0AREG (GOE G013
145" T 1.0165% IR ES 708 5120 Bl 2T G412 (5EEG GO LGE03
135/16" | 10432 | 1 07o3 (RIEH ST FRES .73 oF2T ! AEdnz AREEG T8 LT85
| ] |
[Mameter at Koot of Thread Depth of Thread
LA TLE — i_’ — (P ot 1.732 ) =P T4 iiv:! — P X BG60
U. 5. =D — (P x12g0) =D — 1082 . s, = P X .6405
Whitworth = IF — (" % 1.2¥07) = [0 — ob7 Whitworth = P x 6403
I = outside diameter,
. I
F = pitch = —--——

N, threads per inch
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Are Fire Box Sheets
Welded With The Oxwelding Process
Efficient?

Answer:

The tensile strength of a single lap riveted seam is I
approximately 52% to 60% of the strength of the
metal itself.

By tests, it has been proven that the tensile I
strength of a seam welded by the Oxwelding
Process is from 80% to 85% of the metal itself. J

Why not submit your boiler repair problems to
our staff of experts, who are constantly in touch
with the application of the Oxwelding Process to
the special needs of the steam railroad field?

OXWELD RAILROAD SERVICE COMPANY

Railway Exchange 30 Church Street
CHICAGO NEW YORK

W hen writing to sdvertueers, please refer to TEe Bojres Mazzas,
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Asspciation provide for the area of the telltale hole and
the area of one staybolt in four is considered, This will,
of course, affect the stress in the staybalts and will give
a slight increase in the stress.

ia) In figuring the net area of staybolts to obtain the
stress, the area of the telltale hole shall be deducted.

(b) When figuring area at root of thread, the area
must depend upon the type of thread vsed ; namely, United
States, “V" or Whitworth threads, as the case may be.

(¢} In determining the area for figuring stress on stay-
bolts, the area of one staybolt shall be deducted from the
rectangular area included between any four staybolts.

The Whitworth (or English) serew thread is now being
used quite extensively on firebox staybolts. The differ-
ence between the Whitworth and the V" thread is well
known, the Whitworth thread having a radius at the top
and at the root of the thread, while the “V" thread is
sharp at the top and root. The angle of the Whitworth
thread is 53 degrees, while that of the “V" is 6o degrees.
The relative strength and life of staybolts, provided with
either of the two threads mentioned, has been determined
through tests, and the following table represents the re-
sults obtained. In a vibration test, each bolt was screwed
and riveted in a Y2-inch steel plate in the same manner
as stavbolts are secured to the boiler. Each bolt was
given a vibration of 3% inch; the average number of vibra-

72
TARLE NO, 11—AREA OF SEGMENT TO BE STAYED IN ROILERS OF DIFFERENT DIAMETERS
l'lrms:h:t Area to be stayed, in 5q. In.
TOTEL -
Tubes |
,:htﬂ“ | a4t a0 | 36" | g 'lb” 54 ar ml’.l mr\r 7\2” ?E-u S“" ‘ o0 " ag
onell,
o e | |
o5 33 a7 a0 47 6l 53 5% 55 i i | a5
@ 41 Al 3l | &0 i1 i | 2 74 T =0 =2
4 4 wo| o6 72 76 H2 e ol iz 93 us
all L] 06| 70 = a1 0 111 105 111 116 118
a7 it ri 55 0t 1 112 117 128 124 132 157
it ] = | it 114 123 131 135 142 147 | 155 | 160
74 B 10468 111 | 1an 138 47 . 155 161 160 174 153
a5 | 112 124 T 156 165 173 151 158 1696 204
a1 e | 125 13 163 17 T4 194 20 21 26 | 230
120 1% 15% 1811 15 Py 216 204 234 | 243 252
132 151 1k 197 1 a3y 236 247 256 | 367 0
143 164 153 214 240 246 258 270 282 293 302
156 175 ik 34 350 264 =) 004 205 418 331
167 M2 215 254 271 257 A3 318 333 i 260
178 206 | e | 274 251 J04 A 343 357 472 3-31:-'
230 247 e | 412 daz 450 3685 332 i 417
235 23 A1z 34 dah 474 4 411 423 443
| 240 281 SE2 J57 a80 SO0 420) 4306 | 437 )
i 207 A 378 | 42 425 447 Eli) 487 1]
Aal4 A7 4H} 426 240 471 404 | a6 5]
| 4dl | LT 424 450 476 ] i I4E e
D 417 B 47h a0l 526 552 T ade
Ja6 440 470 L] a2a 555 580 | Gl fidl
[ a4 461 £ i 28 A58 584 613 | A4l L]
| 400 | 485 a1 aa2 483 613 G42 | GAT L]
| 505 43 arvk 613 643 T I T 28
| 528 ] o4 Lz 673 T05 733 vhb
| 651 abd 632 Lali] T 738 Flii T
| ir g G185 655 a7 T34 6a S0 = 5]
T [ HE7 20 ThS SIH) 235 257
620 Lt 713 754 TUH =30 ] 2T 5
| G4 ) Ta0 TE4 227 S M H4a
il 714 Thik H1d H5D = et uTs
fisiy T43 Ty 4 A0 e 975 101=
714 77l 825 875 0o UG 1,000 1051
737 T 855 ui7 056 1,003 1047 1,092
761 ) AR e GET 1,085 1063 1,126
E50 S0 ik 1,024 1,073 1,120 1,167
=TT 030 s 1,058 1.106 1157 | 1202
Uik s 1,060 1,050 1,145 1,195 1,743
) a0y 1,060 1,130 1177 1282 | 1,274
f 1,028 1,002 1,157 1.211 1,270 1,331
1,056 1,123 1,157 1245 1,305 1360
[ 1,054 1,155 127 1754 1347 | 1400
115 | 1,187 1,255 1421 1,352 1442
1,218 1,200 1,355 1424 1,450
1,252 1324 1,504 1430 1,523
| | 1,286 1,350 1433 1A% 1,561
I i 1,304 LA6T 153 1,605
| 1,430 1,508 15375 | 14650
| 1,465 1,542 1617 1687
1,500 1,575 1, Ha5 1733
| 1,536 1,617 1605 177
| 1654 1735 | 1816
| | ; it 1,775 155
| . 1510 1900
1,857 1541
| | 1954
| | 20206

tions withstood by the “V7 thread bolt was 1,433, while
the average for the Whitworth thread stavbolt was 3,437
In a second series of tests, each bolt was given 10,500
vibrations through an arc of 3/16 inch, and then vibrated
to destruction through an arc of da inch. In this case
the “V" thread staybolt averaged 791 additional vibra-
tions, while the Whitworth thread staybolt failed at 1,932
vibrations. One very noticeable feature of the test wa-
that the Whitworth thread staybolts held on to the sheets
much tighter than the "V thread bolt, and alse showed
no tendency to cut into the sheet,

BOLLER STAYBOLT TEST

Thread Diam.  Arenin  Breaking Strain  Original  Percent of
of balt, inches. Strain per length = is
in Iba. 2], in. inches.  in length
of GeCtion.
0,880 0 60s 32,100 ; 5
Sharp "¥". ..., 0.881 0,610 A2,910 ggﬁ 5 ?g?
0.5879 0,607 A1,140 51,310 5 19.0
Average....... 2063 42,713 5 15 .4
0.882 0611 23,060 34, E
Whitworth, ... 0.58% 0,621 33,040 343,}.'% ;
0.887 0,618 33,080 43,540 5
Average. &2 060 52623 8

Bending tests were also made, and in these the “V
thread failed when bent over a 3-inch circle, while the
Whitworth thread bolt withstood a bending over a z-inch
circle, but failed when bent over a 17§-inch diameter.

(Concluded on page 84.)
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The locomotive boiler with a watertube frebox, de-
scribed elsewhere in this issue, is of interest not only on
account of the novel form of its construction, giving a
boiler with an increased amount of heating surface in
the firebox, but also because it will give an opportunity
to determine from actual practice whether this type of
construction will tend to reduce the troubles and large
amount of repair work commonly necessary in the fire-
boxes of locomotive boilers.

From the description of the boiler, it will be seen that
the firebox is composed of a large mud ring from which,
on the sides and back, 6-inch tubes spaced close together
lead to three steam drums which form the top of the fire-
box. The large tubes which form the sides and back of
the firebox are separated by approximately 1/15 inch to
allow for expansion of the tubes. The back head tubes
slope to a considerable degree and the back corners are
formed by welding two of the sloping tubes to the back
side tube. Tt was found that without the process of weld-
ing this form of construction would have been practically
impossible.

This boiler is not only equipped with a watertube fire-
hox, but also with a deep combustion chamber and a
superheater. Except for the firebox, the boiler is of the
regular locomotive type, and the two beilers built from
this design by the American Locomotive Company were
the last two boilers in an order of twenty-five Mikado
locomatives for the New York, New Haven & Hartford
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Company’s freight service, There will thereiore be a
splendid opportunity to determine the actual advantages

of this type of construction as compared with the regular
form of locomotive boiler from service records.

doiler manufacturers who intend to export steam
boilers to China should take the advantage of the expe-
rience of one American boiler manufacturing firm in fill-
ing an order cabled from Changsha for two boilers.

These boilers were desired for use in an interior plant
some distance from Changsha, but no information was
given to the manufacturer as to difficulties which might
be experienced in transporting the boilers to the interior
of China. The American firm promptly filled the order
and in due time the boilers reached Changsha, where they
were loaded on junks and started for their destination, a
point s=ome distance from any river, in the hills. When
the junks reached the place of unloading, it was discovered
that it would be impossible to transport the two heavy

‘botlers over land to their destination, as in this locality

the only available roads were narrow footpaths: conze-
quently, the hoilers were taken back'to Changsha and
were sold to other purchazers. At the same time, it was
necessary to send another order to the American firm for
duplicate boilers, but this time they were ordered to ship
the boilers knocked down.

This incident illustrated the advantages of an intimate
knowledge of the country in which the manufacturer in-
tends to develop a market for export. There is little
doubt that a splendid opportunity for exporting machinery
15 awaiting American manufacturers in the Far East, if
proper methads are taken to develop this trade,

The American Institute of Steam Boiler Inspectors of
New York City held its seventh annual banquet on Sat-
urday evening, February 24, at the Marlborough Hotel,
New York.
members and guests, and for the number in attendance

It was attended by more than one hundred

and excellence of the entertainment, under the skillful
guidance of M. Fogarty as toastmaster, the occasion sur-
passed all previous social sessions of the organization.
Addresses were made by T. T. Parker, president, and
L. A, Turnbull, the retiring president, who was presented
with a gold enameled badge bearing the emblem of the
Institute, Short addresses were made also by Dr. D. 5.
Tacobus, of the Babeock & Wilcox Company, Col. F. W.
Bigelow, of the Bigelow Company, Franklin Van Winkle
of Power, W, 5. Wilding. of the International Filter Com-
pany, Messrs. T. 5. Ranton and A. Oldfield, of the Bos-
ton Institute of Steam Boiler Inspectors, G. E. Lanagan,
Examiner of the Police Department Boiler Squad, and
other speakers. President Parker extended a cordial in-
vitation to all those present to attend the next regular
monthly meeting of the Institute. which will be held at
the Engineering Societies’ Building, 20 West Thirtv-ninth
street, New York, Friday evening, March 3o.



Engineering Specialties for Boiler Making

New Tools, Machinery, Appliances and Supplies for
the Boiler Shop and Improved Fittings for Boilers

Gunnell Screw Punch
The Gunnell screw punch, shown in the illustration,
which is manufactured by the Manitowoe Engineering
Works, Manitowoe, Wis., iz of the toggle joint type, made
of all forge steel and weighs but 6o pounds.
The punch can be made stationary by placing it in a
base, and it can be made a power punch by using a re-

Gunnell

Screw  Punch

versible air drill in place of the ratchet handle. It can
be used on work high in the air or in the shop, and due
to its compactness is easily carried about from place to
place. Tt has a capacity up to three-eighths inch thick,

Broken=Screw Extractor

One of the most ingenious and useful, but simple, tools
made in recent years is the “Kzy-out” extractor for broken
stud bolts, set screws, etc,, just announced by the Cleve-
land Twist Drill Company, Cleveland, Ohio,  As shown
in the accompanying sketch, a hole is bored n the shank
of the broken screw and the tool is stuck in and twisted
left hand. The left-hand, coarse, helical threads of the
tool grip the sides of the bored hole and back out the

Sectional View, Showing Application of "Ezy-Ow”
Screw  Extractor

old serew. A set of “Ezy-outs” consists of three tools of
different sizes, which it has been found will meet the re-
quirements of an ordinary shop or contractor.

Westinghouse Alternating Current Grinder Motor

The grinder motor illustrated, recently placed on the
market by the Westinghouse Electric and Manufacturing
Company, of East Pittsburg. Pa., is designed for use on
two- and three-cvele, alternating-current circuits and 1s
constructed especially to meet the severe conditions to
which such motors are subjected in grinding and polish-

ing worlk., This grinder motor is obtainable in three sizes,

Westinghouse Grinder Mator

having capacities of 3 horsepower, 7L: horsepower and 10
horsepower, respectively. The 714 and 10 horsepower,
two-phase motors are supplied with auto starters, For
the 5 horsepower, two- and three-phase motors an or-
dinary knife switch is emploved, and a special starting
switch for the 774 two- and three-phase motors pedestal
hases, grinding wheels, and tool rests are furnished by
the tool manufacturer,

To protect all parts against wear and injury from grit
and metallic dust, the bearings are made dustproof, and
the motor is wholly enclosed. Large radiating surface is
provided, however. The end brackets are solid and are
cast integral with the feet, which are extra heavy and
arranged so that they can be bolted rigidly to the pedestal.

The heavy grinding wheels with which these motors are
designed to be used put a great strain on the shaft and
bearings.  These parts are therefore made extremely
strong and rugged. The shaft, which is made of axle
steel, is of extra large diameter, and is extended at both
ends to receive the grinding wheels. The bearings, which
are the only wearing parts on the whole motor, have Very
large bearing surfaces, insuring long life. Each is thor-
oughly lubricated by two oil rings. The end thrust is
taken up by adjustable collars.

The rotor of the motor, which is of the squirrel cage
form, cannot be damaged. There are no moving con-
tacts, The rotor bars are firmly fastened in the iron core
and are short circuited by end rings. No bolts or screws
are used, and there is nothing about the rotor that can
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work loose, even under the most severe service, or that
will deteriorate under heat, The stator winding is thor-
oughly treated with maisture-resisting varnish. In mo-
tors larger than 5 horsepower the winding consists of
coils wound on forms and completely insulated, then laid
in the open stator slots and securely held in place by
means of wedges,

Improved Industrial Type 0il Switch

This improved type of oil switch is used extensively in
industrial establishments to control and protect induction
motors up to 2,500 volts and oo amperes. It can be
mounted on a wall, post or other vertical flat surface, or
by means of suitable supports on the machine operated by
the motor. The switch is made by the General Eleetric
Company, Schenectady, N. Y., in both non-automatic and
automatic forms; the first simply to start and stop the
motor, and the second to cut off current from the motor
automatically on the occurrence of an overload greater
than that for which the overload trip is set,

Through a recent improvement in the design of the
mechanism, a low-voltage trip can be added to the auto-
matic switch as an attachment at any time. To the non-
automatic switch, either a low-voltage trip or a series-
overload trip, or hoth, can be added whenever desired.
Both means of tripping are mounted inside the switch
cover,

Up to 550 volts (except on I1o valt, 6o-cyele circuits,
where the trip coil only is sufficient), an auto-transformer
is used in place of the resistance previously required in
series with the low voltage tripping coil. This transformer
has taps to which proper connections can be made for the
operating voltage. For 2200 volt circuits, a new type
voltage transformer replaces the transformer and series
resistance used heretofore. The use of the new auto-
transformer, or voltage transformer, makes the watt loss
in the low-voltage device practically negligible.

On the switch with the time limit overload trip, the cali-
brating tubes and dash pots are protected from injury by
a cast iron guard which has been added to the equipment.

Switches can also be furnished with covers arranged
to mount a round pattern ammeter and provide, in addition
to control and protection. a means of knowing at all times
the amount of current being taken by the motor. This
gives a continual indication of the motor load and the
apportunity to detect trouble in the motor or its circnit,

New Hanna Riveting Machine

The Vulcan Engineering Sales Company, Chicago, 111,
has placed on the market a new riveting machine, manu-
factured by the Hanna Engineering Works, for operating
in sections where the space is limited, as shown in the
illustrations. The lower stake or nose of the machine is
removable and can be shaped to any form of base adapted
to the wark that is heing handled.

A combination of toggles, levers and guide links is em-
ployed to give a large opening of the toggle joint move-
ment with a gradual increase in the amount of pressure
applied, until the desired amount is secured, followed hy
a simple lever movement through a considerable space
under approximately the maximum pressure of the ma-
chine. This toggle action takes plice while the piston
is traveling through the first half of its stroke and the die
covers the greater portion of its travel in that time. The
die completes its stroke in the time required for the piston
to travel the rest of the way, this amount being relatively
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quite small, but enough, it is claimed, to eliminate any in-
certainty regarding the pressure applied to the rivets.
The change in the mechanism from that of a toggle to
that of a lever s accomplished automatically without a
critical point.  As the rate of maximum yrc:jsun: 15 ex-
erted through a relatively large space, the necessity for
adjustment to take care of ordinary variations in rivet

The Punch and Siake

Mew Hanna Riveting Machine

length, diameter or hole or thickness of plate is done away
with after the machine has once been set. This whole
movement, the manufacturers claim, also gives the metal
in the rivet time to flow and fill the hole, in addition to
giving an opportunity for the rivet to set, prior to releas-
ing of the pressure on the return stroke of the die.

McGraw and Hill Publishing Companies
Consolidate

The McGraw Publishing Company, Inc., and the Hill
Publishing Company, New York, have been consolidated
as the Metraw-Hill Publishing Company, Ine. The new
company acquires all the properties and interests of the
two constituents, including the following technical jour-
nals: Electrical World, Electrical Railway Towrnal, Elec-
trical Merchandising, Engineering Record, Metallurgical
and  Chemical Engineering, The Contractor, American
Machinist, Power, Engincering News, Engineering and
Mining Jouwrnal, and Coal Age.

Two of these papers, Engineering News and Engineer-
ing Kecord, will be consolidated under the name Enginecr-
ing Newws-Record, with Mr. Charles Whiting Baker, now
editor of Engincering News, as editor-in-chief,

Mr. James H. MeGraw will he president of the new
company: Mr. Arthur J. Baldwin (now president of the
Hill Publishing Company ), vice-president and treasurer,
and Mr. E. J. Mehren (formerly editor of Enginecring
Record), vice-president and general manager.

PERSONAL

5. E. Westover, formerly foreman boiler maker of the
Crregon-Washington Railroad & Navigation Company,
has accepted a position as superintendent of boiler con-
struction for the Willamette Iron & Steel Company, Part-
land, Ore.

Charles B, Rearick, manager of sales for the Covingron
Machine Company, Covington, Va., has been made vice
president and manager of the company.



Questions and Answers for Boiler

Makers

Information for Those Who Design, Construct, Erect, In=
spect and Repair Boilers—Practical Boiler Shop Problems

This department is open to subscribers of Tne BoILER
MaxEer for the purpose of helping those who desire assist-
ance on practical boiler shop problems. Al questions
should be definitely stated and clearly written dn ink, or
typewrritten, on one side of the paper, and sketches fur-
nished if necessary,

Address yvour conpmunication to the Editor of the Ques-
tion and Answer Department of THE BorLer MAkEr, 461
Eighth avenne, New York city.

Safety Valves
g.—me equations 2 and ¥ given on page 107 of the A, 5. 3. E.
Code, please work out examples accordingly 7 ToiHs

A.—To answer this question it is advisable to give here-
with Paragraph 421 of the Code that refers to the method
of computing Table & This table is in the A, 5. M. E.
code book.

{421) Method of Computing Table 8. The discharge
capacity of a safety valve is expressed in equations 2
and 3 as the product of C and H. The discharge capacities
are given in Table 8 for each valve size at the pressures
shown and are caleulated for various valve sizes, pressures
and for three different lifts. The discharge capacities
are proportional to the lifts, so that intermediate values
may be obtained from the table by interpolation:

O = total weight or volume of fuel of any kind
burned per hour at time of maximum fore-
ing, pound or cubac feet,

H = the heat of combustion, B, T. U, per pound or
cubic feet of fuel used,

I = diameter of valve seat, inches,

L = wvertical lift of valve disk, mches, measured im-
mediately after the sudden lift due to the
pop.

P = absolute boiler pressure or gage pressure plus
14.7 pounds per square mch,

1100 = the number of B. T. U. required to change a

pound of feed water at too degrees [, into
a pound of steam.
The boiler efficiency is assumed as 75 percent.
The coefficient of discharge, in Napier’s formula, is
taken as gf percent,
A - g i 30416 % 0 L % ogor o0 F o ogb
—— —— for

1100 5 3600 7o

valve with 45-degree seat. (1
CH = 160826 = F = D = L for valve with bevel

seat at 45 degrees, ; {2)
CH = 227487 = P » D = L for valve with flat seat

at oo degrees, {3)

To illustrate the application or use of equation 2, cer-
tain values will be assumed.

Example —A tubular boiler operated at a pressure of
175 pounds uses at the maximum rate 2,000 pounds of
bituminous coal, having a heat value of 12,5300 B. T. TN,
per pound. Find, accordingly, the required lift and num-
ber of 3-inch hevel-seated safety valves that wonld dis-
charge the steam generated. In equation 2, CH = 160,
8z6 P “ I L, Substituting values in the equation
and transposing the value 160,836, it is evident that

2000 < 12,500

1008560

Ta find the value of L. transpose the value 174 > 3 in the

preceding equation and we have
5 2000 = 12,500

160,850 2 178 X 3

— e Al e

0 inch nearly,

The A. S. M. E. Code states specifically that the maximum
lift of a pop safety valve shall not exceed .13 mneh, and
that no valve shall be less than 1 inch or more than 4}z
inches nominal diameter measured in at the inner edge
of the valve seat.

As L for one 3-inch bevel-seated valve is found in this
example to be too great, it is necessary in order to meet
the requirements of the Code to provide a sufficient num-
ber of valves of the proper size and lifts that will dis-
charge the steam generated. The discharge capacities of
safety valves being proportional to the lifts, it is evident
that the two 3-inch valves, each with a .15-inch lift, or
three 3-inch valves each with a .To-inch lift. would dis-
charge the steam generated.

To find any unknown value in equations 2 or 3 when
the other values are known, simply transpose values simi-
lar to the method just explained.

Table 8 in the Code was compiled according to equa-
tioms 2 and 3. to give immediate data on the safety valve
prohlems.

Replacing Worn Tires

O=Will you kindly inform me of the best way to change worn out
tires on logomotive drive wheels? Flease give full details a= to how
much to allow for shrinkage and how hot the tire should be heated and
handled away from the shop? 0. P.

A—TIn making such repairs, suitable rigging must be
emploved in order to jack and block up the engine. The
driving rods, boxes, ete., are removed in order to take the

Fia. 1

wheel off and place it in a convenient position for heating
the worn tire.  Gas flames arranged in the form of a
circle are usually emploved to heat the tire uniformly.
\fter it has expanded sufficiently, it is removed from the
cast iron core. The new tire is then heated until it is
expanded enough to slip over the core of the wheel. Tt
is then allowed to cool, thus cansing it to contract and
hind firmly to the core, ;

In Fig. 1 is shown one of the many types of cast iron
cores, and tires used for locomotive drive wheels, The
tire a being bored a trifle smaller in diameter than the
core b, must he expanded as already explained in order
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to be shrunk on. Proper allowances must be made for
shrinkage. The following table gives the allowances
adopted by the American Railway Master hlechanics for
shrinkage of tires.

Inside Diameter of Allawance in

Tire—Inches Inches
Hek )
44 047
50 033
50 o
ez 0ty
(i} o7

The above is based upon an allowance of about .o1zs
inch per foot diameter.

Tires need not be heated anyv hotter than a blue heat,
which is sufficient to expand them. It is not customary
practice to remove worn or broken tires on the road. If
the trouble arises on the road, the engine is hlocked up
to remove the pressure on the wheel, and then towed into
the shop, where suitable rigging and equipment is at hand
for handling such waork.

Method of Testing Qil Tanks and Renewing Rivets

Q.—1. Which js the proper war to test an oil tank having $4-inch
or Sg-inch rivets driven with a riveting hammer; calking all seams and
rivets dry before the water test or calking up the seams, applying the
water test and then calking the rivets?

(2} Which is the best way to drive M-inch or Sg-inch rivets i nil
ranks where there are only a few rivets remewed?

(3) Is it all right to back them in on tanks haing "j-inch shell?
Test.

AL (1) Calk the seams before applving the water test,
then fill the tank with water and calk leaky rivets and
seams. In tank work the rivets should be larger in diam-
eter and placed closer together than for corresponding
plate thicknesses in boiler work. Well-driven rivets with
all seams properly laid up and calked should he the aim
in order to insure tight seams.

(2} Back them in, forming a flat head on the inside.

{3) Yes.

Acetylene Welding

. —The Inspection Department of Steam Boilers for the Province of
Ontario has refused ro accept the welding of tubes for firetube boilers
by the acetylene process. Is there any reason that boiler tubes welded
by the acetvlene or similar process would not be as strong as when
welded by machinery? This method iz used in the welding of firehoxes
of boilers, and we do not quite see if it is suitable for this work why it
would not be suitable for the welding of boiler tubes, j

A.—By the acetylene process it is practically impossible
to produce welds that have the same chemical properties
as the original metal. Even if the greatest care is taken
in making such welds, oxidationn of the metal cannot he
entirely prevented. FPractical tests under the most favor-
able conditions have been made to determine the reliability
of such welds. These tests showed changes in the quality
of the metal from the original, and that these changes
not only take place in the joint, but also in the zone of
metal directly adjoining the weld. Good welded joints by
this process should show tensile strength of about 8o per
cent of that of the original plate. Such welds can be
made with a high tensile strength, but when subjected to
ordinary working conditions the material at the weld is
liable to fail from the repeated shocks and vibrations that
the boiler is subjected to. It, therefore, seems advisahle
to exercise extreme caution in the use of the autogenous
process in all cases where boiler parts are to be placed
under heavy stress, also because there are no means pre-
sentable in such joints, except by destructive tests, of de-
termining definitely whether the weld is good or poor.
It is owing to the uncertainty of the good quality of the
welds that some countries prohibit its uwse in welding
boilers or boiler parts. This process of welding, however,
is of considerable value in hoiler construction, especially
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for parts that are not placed under severe and sudden
shocks,

In welding a joint by either the electric or acetylene
methods, expansion and contraction stresses are set up
in the weld, due to the heating and cocling of the plate.
These stresses cause strains that may injure the weld. To
relieve such strains it is necessarv to anneal the work,
which is practically impossible in most cases in hoiler
work,

The factors entering into the production of gond welded
joints, being the proper grade of material and first-class
workmanship, it follows that if either of these prove not
up to proper standard that welds accordingly made are
not desirable in high pressure boiler work,

Lining Up a New Baoiler
0O —Will you please give a full description of the best way of lining
F. 5.

up a, new hailer?

A.—As the correspondent does not state what tvpe of
boiler, we will assume in this case that a tubular hoiler
is to be lined up, so as to have the courses parallel. and
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also to place in pesition a steam nozzle for marking it
off, Referring to Fig. 2, is shown two courses .4 and &,
with the head riveted to course 4. Preparatory to sus-
pending the boiler by an overhead crane, the two shell
courses are first fitted and then bholted together in sev-
eral places. The shells are then suspended by a crane so




73 THE BOILER MAKER

that they are perpendicular to the floor. By means of
the straight edge O, each guarter of the shells is tested,
and if the distances & and y between the two courses are

the same at each quarter, the courses 4 and B are in line .

ar straight.

In Fig. 3 15 shown the method of testing whether the
flues, brackets and fittings are in proper alignment, If
the boiler 15 properly laid out and fitted together, these
details will he level, and as would be indicated by the read-
ings of the spirit level when placed in the positions a, b
and ¢, which would he alike at these points.

Planing and Rolling Plates for Butt Joints

(. —Zhonld the edges of plates forming a butt jomnt he beveled? How
should the butt straps be formed 7 Burr.

A —The edges of plates for butt joints should he
planed straight. so that they will butt fair as shown in
Fig. g4 along the line a-r. If the stretch-out for the shell

Fig. 4

course is correctly made and the operations in rolling
properly done, the ends of the plate will butt together,
The gap between the ¢dges of the plate a-r and x-b, which
vou claim arises if no allowance is made for bevel, is
no doubt due to a short plate length or stretch-out. A
plate rolled to a cylindrical form is affected by the rolling
process, the outside of the plate stretches while the inside
gathers. If the stretch-out of a shell is figured from its
inside diameter and no allowance made for the gather,

Fig. &

the edges of the plate will not meet at all, providing it is
rolled to the proper sweep, but if the shell is forced to-
gether, the bottom edges of plate will butt, leaving a gap
hetween the upper edges, as in Fig. 4. By hguring the

plate lengths for heavy boiler work from the neutral layer

of the plate, sufficient allowance iz made to take care of
the change in plate length or “take up.”
3.1416 % the nentral diameter = required stretch-out.
FExample—A hoiler shell made with butt joints and of
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L4-inch plate is to be rolled to a 48-inch inside diameter;
find the required stretch-out.

Neuatral diameter equals 48 + 14 = 4834 inches. 3.1416
4814 = 15234 inches.

Before rolling the plate the sheet should be bent at both
ends as shown in Fig. 5. This may be quickly done hy
runnitg the plate into the rolls and hammering down a
short length to the reguired curvature with the use of
sledges. Then when the plate is passed through the rolls
two or three times to the required sweep, it should be
practically a eylindrical form. However, it may require a
little rounding up after it is taken out of the rolls. An-
ather way of producing curved ends in heavy plate work
is to employ a heavy sheet, Fig. 6, that is bent to the
required curvature, After the plate for the shell has
been rolled to the required sweep, it is taken from the
rolls and the plate as shown in Fig. 6 is placed on the
two bottom rolls with the curved side up. The shell is
afterwards placed in position again for rolling. By pass-
ing the ends through the rolls back and forth several
times a distance from 20 to 30 inches, thev will take the
same curvature as the other part of the shell. TUnless the
ends of shell plates are bent to the same radins as the shell,
the joints cannat he properly made.

Volatile Matter in Fuel

(}—i{1% I would like to have wyou explain what is meant by total
amount of volatile matter (25 percent): alss the heat of wvolatile matter?

(2} Explain this statement, “Air temperature 70 degrees, humidity of
the air entering boiler room @0 percent.” Tz the remaining percent of
water vapor?  Does the humidity of air increase or decrease as the
temperature rises’?

134y In what way does radiation differ from conduction?
tubular bricked-in boiler and the internally fired bodler.

A—{(1} Volatile matter arising in the combustion of
coal may be divided into two classes: namely, combustible
and non-combustible substances.

The substances in the first class are driven off from
heated coal in the form of gases and some as vapors, as
coal tar, naphtha, etc. The amount of volatile matter in
coal depends upon its composition. The nature of the com-
hustible gases, so important in the generation of steam,
and that of the non-combustible elements, vary with ele-
ments af the coal and the conditions under which the coal
15 burned.  The term 25 percent volatile matter expresses
the amount of vapor and gases taken off from coal that is
heated in a closed vessel free from the action of the at-
mosphere. The remaining 75 percent of the coal are ash,
maoisture and fixed carbon,

A very high furnace temperature is needed to burn sue-
cessfully the combustible volatile substances, Owing to the
rapid absorption of heat by the plates in contact with the
water, the temperature of the furnace rarely reaches over
2,500 degrees F. It is estimated that firebox temperatures
should range hetween 1800 to 2.500 degrees F.

{2) Degrees of heat and cold are measures of tempera-
ture,  The temperature of a body, of the air, etc., indicates
how hot or cold they are.  The measures of heat and cold
temperatures are made by means of a thermometer. The
thermometer graduated according to the Fahrenheit scale
is employed in this country, while the Centigrade ther-
mometer is generally used by scientists,

The statement, “Air temperature, 7o degrees, humidity
of the air entering the hoiler, 60 percent.” means that the
condition of the air coming into the hoiler room measures
as to its temperature 7o degrees, and that the quantity of
water vapor in the air commonly called humidity is 6o
percent.  When expressed in percentage, as the fatio of
the quantity of moisture in the air to the quantity of
moisture that it could contain under the same atmosphere
conditions as to pressure and temperature, is termed rela-
tive humidity. Hence 6o percent humidity at a tempera-

Take the
LR
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ture of 7o degrees means 60 percent of the complete sat-
uration of the air with moisture at a temperature of 7o
degrees. The percentage of meisture or humidity in-
creases per unit of volume with the temperature. One
cubic foot of air at 7o degrees temperature will hold 8
grains of moisture, while at 32 degrees it holds 2 grains,
and at zero but 0.5 grain.

(3) Heat that is transmitted through space is said to
be radigted, while heat that passes through solids is con-
ducted. Heat transmitted directly from a hot body to a
colder one, as for example a person standing a short dis-
tance from a heated forge, feels the warmth from the fire,
but which is not due to the temperature of the air, the
air being penetrated by the heat without raising its tem-
perature 1o any great extent,

To illustrate the conveying of heat by conduction, con-
sider a crowfoot brace, the end with the palm or foot is
placed in a forge, the other end being held in the hand.
At first the metal feels cool, but as the other end becomes
heated, the end in the hand becomes so hot that it cannot
be held. The heated end absorbed the heat, which in turn
was conducted through the entire length of the brace.

The heat from the fire in a firebox or furnace is trans-
mitted principally by radiation. The plates directly in
contact with the fire are heated by radiation, which in
turn heats the plate not in contact with the heat by con-
duction,

Laying Out Problems

0.—I would like to know of seme guick way of laying out an elliptical
base for a light sheet irom stack: also I would like to pet a formula for
figuring the length of an arc of a circle when the chord length sub-
tending the extremities of the arc are known?

A —The development of a stack base was treated upon
in one of the preceding issuez of TEE Boirer Maxer.
Refer to the solution given, and if further information
15 required let us know.

To find the length of an arc of a circle when the chord
length is known, proceed as follows: In Fig. 7 is repre-

Fig. 7

cented an arc a-b-c; a-c is the chord joining the extremi-
ties @ and ¢ of the arc. Draw the radial lines a-d and c-d
and determine the angle between them. By this formula
the arc length may then be found. _

Arc length = 0175 X angle A > radius of circle. For
example: Let A4 = 45 degrees; radius of circle = 10
inches: then, .0175 X 45 10 = 7.875 inches, length of
arc a-b-c.

Another way to find the arc length when the angle A
is known is to first determine the circumference of the
circle of which the arc is a part. Then divide the cir-
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cumference by 360, the number of degrees in a circle, and
multiply the guotient by the number of degrecs in the
angle /. Thus the circumference for the preceding ex-
ample equals 3.1416 % 20 = 62832 inches. 62,832 - 360
= .1744 inch, length of arc for one degree. 1744 < 45 =
7.85, length of arc in 435 deprees when the radius is 10
inches.

Gias Forge for Heating Rivets

€. —Will you please give me a sketch showing the design and method
of constructing a gas forge or furnace for heating rivets: Q. B.

A.—A gas or oil burning rivet furnace or forge should
be properly designed so that it can do its work well within
the shortest possible time, and with practically no atten-
tion. It should be economical in the use of fuel and pro-
duce all the heat there is in it. So many conditions arise
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Fig. 8—0i or Gas Stationary Rivet Forge

in a design of this kind that it is cheaper to buy one of
the standard makes and save time, work and worrv. The
proper heating of rivets is an important factor in hoiler
construction. They should be heated economically by a
soaking, non-scaling heat. Some home-made furnaces, no
douht, are giving good results in this respect, but the
writer advises that such a question of shop equipment be
left with a company that fully understands the conditions
and is competent and prepared to meet the needs of such
heating problems.

Fig. & shows one of the designs made for bull machine
or snap work where large quantities of heated rivets of
different sizes are required. There are four furnace
openings in this type so that four gangs of riveters can
be supplied from the one furnace. Pipes A are blast
pipes, and used for the protection of the aperator from
the heat and gases. Pipe B is the supply pipe to the com-
hustion chamber, which is below the bottom or floor of
the rivet chambers. The heat is carried around the walls
of each furnace, thus heating the rivets from all directions,
which methad insures a soaking uniform heating of the
rivets. The walls of the combustion chamber and furnace
are lined with brick.

NacLE Steer. Company Buys Porrs Bros. PLax1.—The
historic plant of Potts Brothers, Ltd., Pottstown, Pa.
which had been in that family for over seventy vears, was
purchased February 1 by the Nagle Steel Company. Potts-
town. Work will he started at once on remodeling of
the plant, which has been idle for five years.
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Ssomething About the Use of Factors of
Evaporation

The A. 5. M. E. has decreed that the standard boiler
horsepower shall be the evaporation of 34.3 pounds of
water from a feed water temperature of 212 degrees 19,
into steam of the same temperature and at atmospheric
pressure.  This is based upon an earlier standard—that
of the centennial—of the evaporation of 30 pounds oi
water at a temperature of oo degrees F. into steam of
70 pounids gage pressure.

The 24.5 pound wvalue is known as the “equivalent
evaporation,” or evaporation “from and at 21z degrees
F." That is, 34.5 pounds of water, from and at ziz de-
zgrees [, = relatively the same as, and equivalent to, the
30 pounds value mentioned. The 30 pounds value also
15 known as “actual evaporation.”  Equivalent evaporation
15 nsed as a basis of comparison, as between different
boilers, operating under varying conditions, as to pressure,
feed temperature, ete.

Therefore, to convert actual evaporation into equiva-
lent evaporation, a “factor” of evaporation is employed.
The factor iz found from this formula:
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ohi.1
in which A = the total hest of the steam at the ohserved
pressure. {Found in steam tables.)
t = degrees F. temperature of the feed water.
32 = a constant.
6.1 = the latent heat of steam at atmospheric pres-
sure. [ Found in steam tables))

= factor of evaporation.

The factor so found is used as a multiplier for the
actual evaporation, and so converts the actual number of
pounds of water evaporated, in any given case, in the
quantity that wonld have been evaporated had the evapo-
ration taken place from a feed temperature of 212 degrees
F. into steam of atmospheric pressure.

While the factors of evaporation may he found from
the formula siven, vet it is more convenient to use a table
of factots, contained in most engineers' handbooks. Fae-
tors of evaporation are, in short, nothing but sudtipliers,
as hefore explained.

Now, if it is desired to learn what is the corresponding
value to the standard value of 34.5 pounds—in short, just
what a hoiler must evaporate per horsepower in any given
case and under any given conditions—then the multiply-
ing process with the factor of evaporation is reversed, and
we divide hy the factor for the given case. the dividend
being alwavs 34.5. Suppose, for example, it is desired to
Lknow how many pounds of water a boiler must evaporate
per horsepower per hour, to correspond with the standard
24.5 pounds.  Assume that the feed temperature in the
case 15 100 degrees Fooand the steam pressure (gage) is
at 18 pounds per square inch. By using the formula, or
by referring to a table, we find the factor of evaporation
to be 1.10q, and 34.3 1.16p = 2g.51 pounds of water,
carresponding to 34.5 pounds.

Again, assume a case where the feed temperature is
zon degrees F. and steam 180 pounds page pressure. The
factor of evaporation is for this combination 1.063, and
14.5 — Lob3y = 32.3 4+ pounds, corresponding to 34.5
pounds, the standard. For any other temperature of feed

water, and pressure of steam, the same met]mlti may be em-
ploved and a value found for the case in particular. After
the value is found, it is used as a divisor into t_he total
pounds of water evaporated in one hour, in the boiler, and
under the same conditions that the factor was ‘found, and
the quotient will he the horsepower of the boiler an the
A, 5. M. E. rating.

In order to still further verify the foregoing _and check
its accuracy, the standard 34.5 pounds evaporafion means
the absorption of 33.330 Dritish thermal units by the
water in the boiler. This latter value is found like this:
As the latent heat of steam at atmospheric pressure is
g66.1 British thermal units, and as the standard 15 34.3
.pmmt[*.s of water, then, gff.1 > 34.5 = 33.330 British ther-
mal units per hour for each 34.5 pounds of water evapo-
rated. Having this value 33.330. we may employ it as
follows, using the two illustrative cases before given.

In the first case, the water at first. o0 degrees F., is
to be raised to the boiling point of 370.61 degrees F., due
to a pressure of 180 pounds zage or 195 pounds absolute,
in round numbers,

This means, the water is to be raised through 37061 —
100 = 27961, The latent heat of steam at 180 pounds
gage pressure is 8435.3 British thermal units. Then 845.3
4 z7o.60 = 1,124.91 British thermal units, and 33,330 =
1,724.091 = 20.6 + pounds, which is within one-half of one
percent of the result found by the first method given.

In the second case the water is at 2o0 degrees F. and
the pressure the same, 180 pounds gage. Tao raise the
water from zoo degrees F. to the hoiling point at 130
pounds pressure, requires 379.61 — 200 = 170.61 British
thermal units, and 170,61 -+ 843.3 = t.o24071 and 33,330 =
Lo2401 = 32.5 -+ pounds. and again within one-half of
one percent of the previous result. The differences are due
to the dropping of decimal places during the operation
and explain themselves

The foregoing enables one to decide heforchand just
how manv pounds of water per hour per horsepower any
miven boiler must evaporate under given conditions to
conform to the standard. and it will be found veryv nseful
at hoiler tests. CraarLes 1. Masox.

Seranton, Pa

Shop Talk

One of my hobbies is talking shop, and T get a great deal
of entertainment and benefit by it at odd times with fel-
lows who work in the same shop with me, and also with
those from other shops.  The other night T dropped into
a harber shop to get a shave, and as usual there were
five or six ahead of me. One of them was a fellow from
a shap near to my own, and so | started talking shop
with him. T always sort of try out those whom T talk to
in this way, to see if this kind of conversation agrees
with them. This fellow liked it. and we were soon deep
in the discussion of various methods in use at our shops.
Soon one of my own shop mates dropped in, sat down
near us, listened awhile, and then said to me: “Sav, TJoe,
don’t you ever talk anvthing bot shop? T'll bet vou don't
know there’s a war going on in Europe. Tf von do, T
never hear you talk about it.  Why don’t vou cut out this
shop talk and get a new line of stuff to talk on? You're
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not the only one doing it, but, on the level, I don't see
why vou guys are so fond of thinking and talking shop
nearly every time I meet you. Whenever I hear the
whistle blow, that’s quits for me and any shop stuff till
[ have to think of it again.”

Well, we started to elaborate to him the benefits we
derived from discussing shop subjects and the articles we
read in the trade journals, but he could not see through
it. His argument was that when a fellow has worked
nine hours a day driving rivets, or punching and shearing
plate, he ought to be tired enough of shop to forget it
when it is gquitting time. Mavbe he is right, in a way,
but 1 have always sized his kind up in this manner: He
waorks bard because he has to, in order to get a living,
but never had, or will have, any real interest in work of
any kind.

I once had to take a vacation of six months on account
of a plate crushing my foot, and T received full pay, also
benefits from my lodge and accident insurance. [ was
getting twice as much money as I would have received
had I been working. [ had nothing to do but lie around
and take things easy while 1 improved. Not a thing should
have worried me, but there was, for I missed the shop
and the activity that [ had been used to. I certainly was
happy when one of the bovs would drop in to see me and
talk about the shop. 1 used to coax the apprentices to
visit me, delighting in teaching them laying out stunts
and other shop kinks. 1 got out all the copies of Tue
Borrer Maxer and would go over some of the interesting
things with them.

During my layup T perhaps formed the habit of talking
shop, and if so T am glad T did, for T acquired a great
deal of information out of it. One of these days T will
be able to use the experience and benefits to my advan-
tage, and when that time comes I don’t think T will be
at all sorry that I spent some of my spare time in study-
ing, thinking and talking shop, instead of refighting the
hattle in Europe leaning on the bar of some prominent
bonze emporinm. C.H W

Boilers for Warships

The writer has become interested in the controversy
on the subject of which is the best type of boiler for naval
use. As the proof of the pudding is in the eating, per-
haps I (having eaten some of the pudding for the past ten
vears in the naval service) am in a position to make a
few remarks. I might begin by saying that the watertube
bailer for fighting crait has undoubtedly won its place on
such merits that it will ever remain, and T quite agree with
Mr. Roberts, in the December, 1916, issue of THE Bomwer
Maxer. The boiler he describes approaches near to the
ideal and would be best for our navy,

While T am not in a position to attack the statements
of J. 5 Grant, made in the January issue, in regard to the
watertube boiler in the European war, I will say that the
shooting away of a feed tank should not be sufficient cause
to resort to use of sea water, as all ships of the English
Navy carry -fresh water in the double compartments and
these are connected to the auxiliary feed pumps.

. In reference to the article in the February issue, one
would be led to think that Mr. Grant judges the success
of a boiler on the comparative amount of victims that
each tvpe kills; perhaps the reason that the watertube
casualty list is so much greater in its brief history is that
it has a wider field than the Scotch.

Me Grant does not knock very gently and leaves him-
self open to a great deal of criticism. If he wasted a
little less effort in making so many references as to the
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particular paragraph, its location on the page, etc., and
put a little more effort in trying to interpret what Mr.
Roberts meant, he would have perhaps had less to knock
about. For instance, he picks up such an item as “deck
space,” when he really knew that space was the real item
that Mr. Roberts meant to impress ; even landlubbers know
the ship's boilers are down in the hold next the keel.

Now in regard to the bad taste that Mr. Grant has in
his mouth over the statement that Mr. Roberts made,
there is less danger of accident to a watertube boiler, or
of injury to emplovees in case of accident. I want to say
that T am a survivor of a recent disaster that occurred to
one of our naval wvessels, a cruiser, fitted with sixteen
watertube boilers. To take that bad taste out of his
mouth, I will say that when the 14-inch main line burst
in the port engine room, there was but one man killed;
others were scalded, but survived: and when twa boilers
were torn apart, due to the shock of the ship striking the
rocks, there were some fifteen men in the Arerooms and
I was ane of them, While we were terribly scalded, there
were but zix died,

There are many cases nf watertube hoilers failing, due
to low water and other causes, where no one has been
killed and the property lnss considerably less than it would
be with any shell tubular boiler. Tt is common knowledge
that a sectional watertube type of hoiler is far safer than
the Scotch, when results of an explosion are reckoned.
The total horsepower can be made into effective small
units, and this distributed in such o way that if one or
mare is disabled it will not affect a ship's steaming as
serionsly as would the Scotch type, built in units of large
horsepower capacity.

As for steaming with salt water, while not as well
adapted to it as the old Scotch, they nevertheless will
steam several davs with salt feed when they are brined
at the blow-offs frequently. OF course, the efficiency is
reduced considerably, but this applies to all types when
salt feed is resorted to, As for priming, it depends a
whole lot en the judgment and care used when steaming
with salt feed. Recently the writer had the experience of
steaming several days with very high saturation, due to
badly leaking condensers; all the feed was salted up to a
point of 1,900 grains per gallon, and we were up against
a pretty rough spell of weather, which would not permit
stopping for repairs.

We continwed to steam with this high saturation for
four davs. Each day it became worse, but it proved that
with care, salt feed can be used. The boiler stops were
choked to about two-thirds open, and all separators were
carefully watched and drained; the water level and feed-
ing were kept uniform and steady, and the boilers were
not forced.

While thiz would have been a handicap in war times,
were we caught in this condition by an enemy foe, | think
that we would have been as safe as if we had the big old
Scotch, for it has been my experience that they cannot
be forced without foaming and priming, when using salt
feerd. High rate of cmpnrannn of salt feed water will
cause priming or foaming in any make or tvpe of steam
generator. I do not know of any Scotch boilers that for
manths steam on salt feed, and feel that it is rather a
broad statement by AMr. Grant. If he has ever seen an
evaporator coil being scaled after distilling fresh water
for one week, he ought to be able to form some sort of
an idea as to the guantity of salt scale deposited on the
heating surfaces of the tubes, about 3 ‘16 inch to 14 inch
thick.

As nearly all of our latest fighting craft are fitted to
burn fuel oil, giving them more efficient steaming power
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and radivs, and the fact that many prominent engineers
have proven hy comparative tests that the watertube
boiler and its particularly large combustion chamber are
far more snited to the use of fuel oil than the corrugated
Scotch boiler furnace, and its combustion chamber, and
the additional fact that all boilers for our #ghting craft
for the past ten vears that have been installed are water-
tube, ought to he sufficient proof that they have been
proven the best. Why does Mr. Grant admit that they are
all right for torpedo boats and not for battleships?  Surely
the operating conditions are much better on board larger
craft—and we have torpedo boats to-day that reach past
the 1,000-ton class. This is as large as some of our former
battleships,

When proper precautions have been taken to provide
Hexibility in arrangement of piping and pumps for feeding
fresh water in different emergencies, the watertube boiler
12 so far ahead of the Scotch that there can be no reason-
able comparison.

From the personal observation that the writer has
made in ten vears of naval service on gunhoats, torpedo
boats, cruisers and battleships, operating hoilers, and un-
der all sorts of conditions, it is my opinmion that the water-
tube boiler is undoubtedly the safest tvpe for use on fight-
g craft where speed is dependent on quick and high
rates of evaporation, The watertube boiler certainly an-
swers to the call of the forced draft blower and, being a
sectional type, freely expands to the forcing without any
serious effect. CoHW.

Concord, N, H.

Riveting

Referring to the article, “Safetv First in Boiler Con-
struction,” by H. W. Hoover, in the February BoiLer
Maxer, I note in the second column of the article, para-
agraph four, Mr, Hoover savs that a pressure of sufficient
intensity must be maintained on cach rivet as driven of
from five to eight minutes of time. At this rate it would
take a man a couple of months to build a high-pressure
boiler with, for instance, a butt-joint triple-riveted seam.

It would appear that Mr, Hoover has not come In con-
tact with actual boiler practice, and that he is under the
impression that there are only five or six rivets to each
hoiler. A. L. LECHNER.

Erie, Pa.

James Watt—DBoiler Maker

I note that I am criticised rather energetically by A L.
Haas because I call James Watt a boiler maker. Mr.
Haas seems to think that I detract from Watt’s fame by
thus writing about him.

Ay argument still is, however, that Watt was a boiler
maker becanse he actually designed hoilers, and super-
vised their construction. If necessary, T believe Watt
could have put on overalls like the men under him and
he could have actually fashioned the metal into shape,
Perhaps the boilers would have been better if he had done
the work himself from the ground up. However, he
didn’t have time to do it all. He had too many other
things to do and he had no difficulty in Anding men whao
understood what he wanted.

Ferhaps some readers of Tue Bommer Maxer didn't
know that Watt also designed and improved hoilers. 1f
so, I should say that 1 have added to Watt's fame rather
than belittled it.

Ahraham Lincoln was a log splitter. T believe that most
people in the United States are acquainted with that fact
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and are the prowler of Lincoln because of his log-splitting
strength.  He was also a lawyer. He was our greatest
I'resident, according to the views of many of our citizens,
and | am one of them. As a lawyer I understand Lincoln
wasn't much of a success, but as a log splitter he was a
success. | believe Lincoln never hesitated to admit that
he at one time split logs,

When it comes to defining the actual meaning of the
i boiler maker, [ helieve it has a very broad meaning.
| am sure there are men to-day who call themselves
botler makers vet wield nothing but a pen,  Presidents
andd officials of companies that manufacture hoilers surely
have a right to call themselves boiler makers, and since
Watt himself was a hoiler maker—the greatest man that
ever lived—these manufacturers should be proud of their
profession, and they doubtless are.

I have investigated this publication, THE DBoiLer
Maker, to the extent of learning just where it goes—
whether to the owning, managing, operating, or working
class—and 1 findd that the largest percentage of the circu-
lation goes to the owning, business managing, and operat-
ing managing class. These men, [ am sure, call themselves
boiler makers, vet 1T have my doubts as to their actually
swinging hammers, laying out. cutting, drilling, rolling
flues, etc. But I believe that most of them could do it, if
necessary, in the same way that Watt could have done
what the me