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Strain Measurements of Some Steam Boilers Under
Hydrostatic Pressures®

BY JTAMES
The object of these tests 15 to ascertain the condition of
the metal of the shell and other parts of two horizontal tubuo-
lar steam boilers which had been in use for a term of service
of unuswval length; and mm addition thereto to acquire informa-
tion on constructive details by means of measured strains.
The boilers were contributed for investigative purposes bw
the treasurer of the Kendall Manufacturing Company, Provi-
dence, R, I., the late Nicholas Sheldon, Esq. They were of
early manufacture and from their remarkable history and
present condition were of special value for these tests. They

E

FIG.

were made by the Whittier Machine Company, Boston, Mass.,
using “Benzon” brand of steel, and were put into service
March, 1881, They were in continuous service for a period
of twentyv-seven years, during which time, as Mr. Shelden
wrote, “no tepairs were required ; in fact, not one cent has
heen spent upon them,”

They consisted of five-course boilers, two sheets to a course,
having the following general dimensions:

LV ST T e ety o O R - I | 11| .
Length, over dry sheet............ 10fect
Thickness of shell................. ¥inch
Thickness of heads................ ¥inch
Number of tabes. .. .. .c..coiiae.. 140

Diameter of tibes_,........., 3 inches

* From a paper read before the American Society of Mechanical
Engineers, New York, December, 1911
1 Engineer-Physicist, Burean of Standards, Washington, Tn C.

1.—ETEAM ROTLEE X0

HOAW AR

Length of tabes...........
Enameter of dome. o e

15 feet
z feet 6 inches

Longitudinal seams, double-riveted lap joints, dg-inch rivets,
2-inch pitch, punched holes, rows 2% inches apart, rivets
staggered.

Girth seam, 34-inch rivets, 234-inch pitch,

Heads staved, each, with 14 braces,

Cast-iron manhole frames and safetv-valve nozzle.

Supported by lugs, three on a side,

The feed water came from the Pawtucket River.

454 REFORE TESTING

The hydrostatic tests were made at the W, H. Hick's Boiler
Works, Providence. Mr. Francis B. Allen, vice-president of
the Hartford Steam Boiler Inspection & Insurance Company,
assisted and advized with the writer in conducting them, The
hoilers will be designated by the numbers 4084 and 4ogz, under
which they were carried on the books of the Hartford com-
pany.

The tests hegan with strain measurements upon different
parts of the hoilers as they were subjected to successive incre-
ments of hydrostatic pressures, The results of this portion
of the inquiry are now available and herewith presented.
Much remaing to he done in the other direction of testing,
pertaining to the physical properties of the materials,

Measurements of the deformations of engineering struc-
tures, whether steam hoilers, hridges or huildings, may be ex-
pected to develop information of a kind not attainable in the
tests of the component parts of those structures, A compara-
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tively mew feld of inquiry is presented in the tests of struc-
tures over the tests of the materials thereof. The effects of
combined stresses may readily be studied in this manner.

No mare simple type of boiler could be chosen than the
plain, horizontal, tubular hoiler of these tests, vet it will be
seen from the results that complexity of strains and stresses
are fonnd in most parts of the shell

In comparatively few

PIG, $—10-I¥CH HOWARD STRATN GAGE

places are tangential strains displayed corresponding in mag-
fitude to those which would be expected in a thin cylindrical
shell subjected to a given interior pressure.

Ascertaining the deformations by the method of measured
strains, locally determined, consists of establishing gaged
lengths on different parts of the boiler and then measuring
them initially and at intervals as the hydrostatic pressures are
successively applied and released.

Gaged lengths of 10 inches each were used in the examina-
tion of these boilers. Their exiremities were defined by small

drilled and reamed holes. The holes are about ooz inch in

FIG. A—INTERIOR 0OF DOME EHOWIKG LINE ALONG
WHICH 3CALE WAS DISTUERED AFTER FRESAUKE
or 266 roveDs oM SHELL

diameter by, say, 0.10 inch deep, and reamed to a conical
gshape. The angle of the reamer is 65 degrees, and the dis-
tance acrose the hole at the surface of the shell sheet about
o.08 inch.

Such holez carefully made, in metal surfaces, are capable of
centering with considerable precision the contact poinis of the

AFTER 285G

FIg. #.—INTERIOR YIEW OF BOILER Ra. 4084
POUKDS FRESSURE,

EHOWING SCALE DISTUERED 1%

VICINITY OF LONGITUDINAL SEAM

micrometer strain gage. | he strain gage is used as a trans-
fer instrument to compare the gaged lengths on the work with
a corresponding length on a standard reference bar

Fig. z shows the 1o-inch strain gage used on these tests.
It consists of two principal parts, an outer tube and an inner
stem, which are telescopic, working on ball bearings, Each
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part carries a conical contact point for centering the instru-
ment on the reference bar and on the work. A screw mi-
crometer measures the length of the instrument when in
posiEIoT.

The conical contact points of the strain gage have an angle
of 55 degrees. Thie difference of 10 degrees hetween the
reamed hole in the boiler shell and the peints of the gage

S.—IKTIRIDE VIEW OF BOILER Roo 4084 arren 285
SHOWING SCALE DISTURRED 1%
UNIFER

Flis

FOUNDE FPRESSURE,
VICIKITY OF LONGITUDIRAL SEaM AND
EUPFORTING LUG

speures contact at a short distance below the surface of the
shell. Ordinarilv the reference holes are =afe against acci-
dental injury, due to their position.

As to the degree of precision attained with the strain gage,
in the hands of skilled manipulators and under favorable
conditiong, such as were experienced with these boilers, it 15 be-
lieved the readings are generally relizhle to one ten-thousandth
of an inch. This strain corresponds 1o a stress of o0 pounds
per sguare inch on a 1o-inch gaged length, using a modulus
of elasticity of jgooooood pounds.  Figo 1 shows boiler
Nn. 4oBg. Both boilers were of the same dimensions except
at the dry sheets. When on their settings, boiler No. 4084 was
on the right, boiler No. 4092 on the leit side. This view
ghows the locations of same of the gaged lengths which were
established on this boiler, talien in both tangential and longi-
tudingl directions,

A more comprehensive series of lengths was established on
hasiler No. gopz, and the general discussion of the results of

INSIDE OF REAR WEAD, TOILER 0. 4084, AFTER

20k POUNDS PRESSURE

the strain measurements will be given in connection with the
test of that boiler,

In the test of Mo, 4of4 greater strains were displayed in
the vicinity of the dome and the manhole frame than at other
parts of the shell. This resulted, as would clearly be expected,
in the early failure of the boiler at those places,
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Actual rupture of the dome was not accomplished, but
leakage along it single-riveted longitudinal seam hecame so
great at 260 poundsz pressure that it was necessary to remove
the dome and patch the shell in order to reach higher pres
sures with the pump available

At 270 pounds pressure the cast iron manhole frame frac-
Another patch was
then put on the shell covering the manhole

The test was again resumed when at 205 pounds pressure
the ruptiure of three braces of the front head occurred, The
test was then discontinued and the boiler dismantled.

The strain measurements made in the test of No, 4084 were
af the same general order as those subsequently made in the

tured across the middle of its length,
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FIG, T.—LAYGUT OF FEED-FIFES

test of the second boiler and the results were, for the most
part, quite similar,

A feature, however, in the test of the first was absent or
ohecure in that of the second. There was a progressive dif-
ference in the extensibility taken across the longitudinal seams

TABLE 1.—TANGEXTIAL EXTEXSIONS OF THE 3SEAMS,
BOILER NG, 4,084
e e e e a L
PrESsURES, E ¥ 10
10 [IRTAKTH 1.01E1 I, (0
44 00241 1.0171 0.0158 0.0121
270 [IRTES 00241 0212 0187

of the several colrses in passing from the front to the rear
end of the bosler.
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the boiler. If such was the case it would aid in explaining

the greater slip of the forward seams,
Hydrostatic pressures on the exterior surfaces of the tubes

the ex-

necessarily extend them in length. The amount of
tension appears to depend upon their position with reference
te their proximity to the shell. Tubes adjacent to the shell
extended Jess than those at the middle of the rows, a restrain-
ing influence from the shell appearing to affect the outer
CIES,

The results in Table 2 were obtained hy
tules over their full length.

Practically no leakage occurred about the tubes thronghout
the test of this bomler. A slight leakage took place at two
tubes at [20 '_.u'lllr'p:l:- pressure, but soon ceased and was not
The girth seams
remained tight up to 20 pounds pressure, and then showed
cnly small leaks which were not materially increased under the

measuring  the

renewed during the remainder of the test

higher pressures.

Leakage at the 1 itudinal s=ams began at 120 pounds
as higher pressures were applied. The
leakage became general at these geams with 180 pounds pres-
cure on the boiler, but at this time the slip of the joints had
hecome a pronovnced feature of the case, which necessarily
disturhed the calking.

pressure and increased

TABLLE 2—EXTENSION OF TUDES: DRQILER MO, 408

——Third Row, — --Seventh Bow,————

I*nESSURES. Next Shell.  Middle of Kow. Next Shell.  Middle of Kow.
a1 10110 10162 001G
40 1124

1R

V0 142

Upon removal of the dome, evidence of overstraining was
found at its base next the flanged portion. The scale had
been disturbed on the inside on the line and in the vicimity
of the upper element of the boiler, as shown in Fig, 3. Near
the flange the scale was disturbed in oblique, shearing direc-
tiong, which changed to longitodinal and then tangential
directions a little farther up the dome.

Figs. 4 and 5 are interior views of the hoiler illustrating the
manner in which the scale was disturbed during the test in
the vicinity of the longitudinal seams and under one of the
lugs.

FIg. BE.—STEAM BOILER %0, 40M2, DOME AND MANHOLE FRAME REMOVED PREPARATORY TO TESTING.

HEADE

STRENGTHENED WITH 21X THROUGH BRACES

The tangential extensions of the seams, at the middle of
their lengths, were as shown in Table 1,

While these seams were not directly exposed to the heated
gazes over the grate, nevertheless it seems probable that a
wider range of thermal conditions prevailed in the vicinity
of the seams at the front end over those at the rear end of

Struts were uzed under the middle lugz and supported a
part of the weight of the boiler during the test. They prob-
ahly intensified the stresses in the shell in that vieinity. The
interior surface of the shell and also the heads were found
in good condition, Fig. 6 shows the appearance of the inside
of the rear head.
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A series of six photographs showed the appearance of the
exterior surfaces of the tubes. The svstem of lettering and
numbering the horizontal and the vertical rows is indicated
in Fig. 6. The layout of the feed pipes appears on Fig. 7.

Tubes in the horizontal row marked [, the fourth in the
boiler from the top, Fig. 6, had a deposit on the rear third
of their length, and also a slight deposit on the front ends.
On some of the lower rows the deposit was thicker. In zen-
eral, the deposit was greatest in the lower rows of tubes and
vn those farthest from the shell, being confined chiefly o the
rear gquarter ot half of their lengths, The lower rows of tubes,
at the front end of the boiler, had a deposit on them, The
surfaces of the upper row and the side rows were clean with-
out deposit,

Matertal collected from the hottom of the boiler at the
front and rear ends had the following chemical composgition :

Deposit from Front End of Boiler, Percent,
Loss at 105 degrees eent oo wiviiaw e v B0
| BAT Lt Vo Ty 26,00
e e U e P AR R e T
A R e e R e 21,60
| O e e e e T 1)
Lime : 5.30
Mapgnesia ........ HID
Copper oxide Lalulllt} e e e
R o o A - r.hL,ht amf.ru.nt
Ehlonides . ..... . trace

Dieposit from Rear End of Boiler, Percent.
Logs at 105 deg, Cemt. .. v iemeasns o nnas 0.63
BT g L | R e S S SR R
e T e e e i e T S trace
R e e o i . 27.00
Fe:Oy <= ALOy. .. .... 24.8%0
Lime a.60
Magnesia ..... 12,70
Copper oxide |ulmnﬂ- Rt e o SR
VL UL 1A [ S o I o
CarDOMARes L i ses s s ostall amonnk

Prior to testing boiler No, qo0z2, it was stripped of its dome
and manhole frame and the zhell patched at those places.
The heads were strengthened by means of six 154-inch braces
extending from head to head, The cast iron safety valve
nozzle was allowed to remain in place, but was eventually re-
placed hy a soft patch, after joo pounds pressure had heen
applied and released. The distortion of the shell under the
flange of the nozzle cavsed leaks impracticable to calk.

Fig, & shows the boller when about ready for the hydro-
static test. It was supported on two wooden shoes sawed to fit
the curvature of the shell, in lieu of the blocking shown in
the illustration.

The gaged lengths were established on the right side of the

hoiler. There were 165 gaged lengths used in the principal
series of ohzervations, on which some 3,300 readings were
taken.

The general results of the strain measurements have been
plotted on a series of ten diagrams, Figs. 0 to 18, incluzive,
For the purpose of furnishing a convenient basis of compari-
som, in judging the behavior of the boiler at different parts

TARLE 8—COMPUTED STRESSES ON THE SITELL
BOTLER MOk 4,082

Stress on M-Inch Shell,
Lhs, 'er Square Inch.

SHEETS,

Strain an Gaged Length
ol 10 T hes

Bailer Pressure,
L.hs. Per Square Tnch

& AL R
Bl 007
o 0100
1840 0,003k
150 QNN R
184 A0NGES
210
a4
270
Aan0

January, 1912

and under different pressures, heavy lines have been drawn
on each diagram which indicate strains corresponding to those
which would be displayed by the sheets under direct tensile
stresses, using a modulus of elasticiey of zoooooon pounds
per square inch.  Plotted curves, which are steeper than the
modulus of elasticity reference line, indicate places on the
hoiler having greater rigidity than normal to the plain sheets
while flatter curves indicate greater extensibility than pertains
to the plain metal.

Tangential rigidity above the normal was displayed in the
vicinity of the girth seams, while the gaged lengths taken
across the longitudinal seams at the middle of the length of
courses showed a much lower degree of rigidity than common
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Fig. #.—CUKYES OF TANGENTIAL EXTENSION, SOLID SHEETS, AT MIDDLE OF
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FIt. M,—CURVES OF TANGENTIAL EXTENSION, S0LID SHEETS, NEAR GIRTH
GEAME ARD aT MIDDLE OF LENGTH OF COURSES

to the plain sheet. Zonmes of greater extension than normal
were also found in the vicinity of the manhole and dome.

Flattening of the curves representing the solid sheets neces-
sarily accompanied those pressures, which caused a tenzile
stress on the shell i oexcess of itz elastic limit.

Table 3 shows the computed stresses on the shell sheets,
considering only tangential stresges as acting, and the strains
which should be developed on a gaged length of 10 inches,
nsing a modulus of elasticity of 30,000,000 pounds, the in-
terior diameter of the hoiler being 72 inches,

Referring niow to the plotted results, Fig, o shows the
tangential extensions of sheets © and D on the right and left
sides of the boiler respectively, taken at the middle of the
lengths of the courses, Gaged length D-18, on the right side
of the boiler, was located above the longitodinal seam. while
16, on the right side, was located below the longitudingl
SEal.

The tangential extensions of each of these gaged lengths
closely follow the modulus of elasticity comparison curve.
The departure of =18 from this line does not exceed o.oo0z
inch at any pressure, and coincides with it at several pressures.
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The extensions dizplayed by the gaged lengths on the appo-
site side of the bhoiler agreed fairly well with the modulus of
elasticity reference line also, but not so closely as the results
found on the right side, while rapid extension took place one
imcrement of pressure earlier than on the right side. So
close a correspondence between the measured and the com-
puted strains as shown on this diagram did not, however,
characterize many places on the shell. Commonly there were
modifying influences which distrubed the normal display of
elastic extensions of the metal ]

Fig, 1o shows that the tangential strains near the girth
seams -5 and [J-g were less than at the middle of the
course. Inm general this behavior was shown in the other
courses, but an exception was found on the left side of the
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the shell.  In course 2 was found the feedwater connection,
which probably did not have muich influence on the behavior
of this course while under pressure. Course £ had the cast
iron safety valve nozzle riveted to it which did seem to have
an influence on the tangential extension of the steel, permit-
ting greater extension than normal,

The extension of course .4 at the edge over the front head
was less than at the opposite edge.  Gaged lengths S-5z2 and
f-z57 showed the influence of the overlapping metal of the
patch, as well as that of the girth seams, The extension at
these two places was less than normal

At the side of the manhole patch C-38 there was found
diminished rigiditv in the shell. The weakness of this single-
riveted patch was apparent in the measurements from the
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FlG, 18.—CURVES OF TANGENTIAL EXTENSION, ACROSS LONGITUDINAL SEAME,
AT MIDDLE OF LEKGTH OF COURSE , AND AT EDGES, BIGHT AND
LEFT EIDES OF BOILER
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boiler in course B, where substantially the same rigidity was
dizplayed at the middle as at the cdges of the course

In the third group of curves on this diagram, however, the
extension of D-16 taken at the middle of the course is seen
to he greater than at -8 and D-12, curves representing the
edges.

There iz a marked difference in the tangential extension
of the two edges of the end courses of the baoiler, due to the
influence of the heads in supporting the shells. Fig, 11 shows
the greater rigidity of gaged lengths F-12, which are taken
nearly over the rear head, than at the other places, which were
measured on this course,

In rezard to the top of the hoiler there were manv dis-
turbing factors present, as indicated by Fig. 12, The frst
course is a short one, with the front head to stiffen one cdge.
Then came the dome in the orizinal construction on course
B, which was patched, and the patch double-riveted, using the
rivet holes that were made for securing the flange of the dome
to the shell. Cotirse C had the manhole patch, a single riveted
one, nsing the holez made for securing the manhole frame to
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FIG, T4, —CURVES OF TAMGENTIAL EXTENSION, ACROSS LONGITUDIMAL FLAME,
AT MIDDLE OF LEKGTH OF COUKSE £), AND AT EDGES, RIGHT AXD
LEFT EIDEA OF POILER

earliest pressures which were applied to the boiler. Condi-
tions about the safety valve nozzle did not seem fully to com-
pensate for this opening in the shell, as shown by the exten-
sions on gaged lengths E-63 and E-64.

Referring next to the behavior of the shell at the seams,
Fig. 13 shows two groups of curves of three lines each which
represent the tangential extensions on gaged lengths estah-
lished on course C taken across the longitudinal seam at the
middle and at the edges of the course,

Curves -7 and C-11, representing the extension at the
edges of the course on the right side of the bailer, coincide in
places and show but slight divergence where they depart most
from the same line: that is, they indicate that oniform be-
havior was displayed at the opposite edges of this course,
Fach deflect rapidly under pressure above rso pounds per
square inch, corresponding to a tensile stress of 14,400 pounds
per square inch on the salid sheet,

At the middle of the length of the coorse, curve Gi1g
showed an increase in the rate of extension at the ahove
mentioned pressure, and for each succeeding pressure a
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greater extension than that witnessed at the edges. Neces-
sarily, variations in the tangential extensions at different parts
of the length of a seam would cause variations in the stresses
of the solid metal of the shell in those localities.

In the case of a three-course boiler with one sheet to a
course, as found in current construction, it would seem that
a double-riveted lap jomt might occasion an excessive stress
in the solid sheet abreast the end of the seam under certain
Pressures.

In the present test the longitndinal seams, bemng only three
rivet pitches apart, furnish a line from front to rear of the
boiler across which the extensions are greater than those
which are displaved by the solid sheets,

Fig. 14 shows results corresponding to those of Fig. 13, bul
pertaming to [, the pext course of the boiler, The results
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lengths. The degree of variability witnessed in this type of
boiler, which is certainly one of plain form, is such as to
excite speculative interest in more complicated types.

The results of the diagrams, Figs. g-18, refer to the total
extensions of the gaged lengths, that is, they include the
clastic extensions and the permanent sets when sets have oc-
curred. The curves in Fig. 17 were plotted for the purpose of
showing the elastic extensions only, or what is equivalent to
the same, the resilience of the shell taken across the longi-
tudinal seam of course [, right side. The greater resilience
of paped length D-15, which was located across the longi-
tudinal seam at the middle of its length, over the amount
called for by the modulus of elasticity curve will he noted.
This might he taken to indicate an intensity of stress above
the normal in the shell in that vicinity, or it may mean that
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FIG. 15.—CURVES OF TANGERTIAL EXTENSION, ACROSS LONGITUDINAL SEAMS
AND BOLID SHEETS, EXD COURSE 4 ; EXTENSIONS NEAR FROMT
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FIG. 1h—CURVES OF TANGENTIAL EXTENSION, ACROSS LONGITUDNIXNAL SEAR S,
END COURSE E‘I‘ EXTEREIONS NEAR HEAR MEAD AND GIRTH SEAM AND
MITDLE OF LENGTH OF COURSE

are ahout the same on each, the maximum tangential exten-
sions being displayed at the maddle of the length of the
SeAMmS.

Fig. 15 shows the extenzion of end course 4, across the
longitudinal seams on either side of the boiler, and also the
extension of the solid sheet near the girth rivetz of the front
head. The divergent curves of this diagram indicate how dif-
ferently in degree the metal is strained at the several gaged
lengths of this narrow course, There seems, however, no lack
of consistency in the hehavior of the metal. The strains were
relatively such as would he expected under the conditions
present in this part of the hailer,

The straing in course £, at the rear end of the hoiler, are
shown in Fig. 16, where the hehavior of the shell was found
to be similar to that at the front end. Notwithstanding the
fact that the resulls appear consistent and the relations he-
tween the different parts of the boiler harmonious, attention
is attracted by the variableness of the strains as thev are
found developed, according to the position of the measured

FIG, 17, =<CURVES OF TANGENTIAL RESILIENCE, ACROSS LONGITUDINAL
SEAM, COURSE [, HIGHT SIDE OF BOILER, AT MIDDLE OF COURSE AND
HEAR GIRTH SEAMS

MeDAQL A TT PR

T = | 1
i et |
! /%‘ [l ! i
L2 [T vl el
o I L | |
B e ST S S s EET T =

PiG, 1B —CURVES OF TANGENTIAL EXTEWSION, HAND-MIVETED SECTION,
CoURSE C, TOP OF BOILER

bending and shearing stresses at the seam in addition to
tensile stresses on the sheets modifed the results.

The interior pressure on the boiler was increased from
joo pounds, the highest indicated on the diagrams, to 335
pounds, under which latter pressure rupture of the manhole
patch occurred. Three of the rivets were sheared hy the
tangential stress of the shell, followed, apparently, hy the
fracture of other rivets by tension on the stems, which pulled
off the heads and finally tore the shell longitudinally along its
upper element, starting this fracture at a rivet hole of the
manhole opening,  Fig, 21 shows the appearance of this
fracture.

The shell was repaired by cutting out a portion of course €,
across the top of the boiler and putting in a section the full
length of the course and ahout 3 feet wide, measured on the
arc. This new section was double-riveted to the shell at its
longitudinal seams. The rivets were 13/16 inch in diameter
and had a pitch of 287 inches. The rows were 1.53 inches
apart, with rivets staggered. which were, of course, hand-
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driven. The points of the rivets were hammered down to
conical shape, low in height and with thin edges. In this
respect they were less substantial than the points of the ori-
ginal machine-driven rivets of the seams

The hand-driven rivets would not be expected to hold the

THE BOILER MAKER 7

to this there were longitudinal gaged lengths laid off on the
shell and measured.

In a plain eyvlindrical shell the tangential extension of the
metal would necessarily be attended with a definite amount
of longitudinal contraction, eliminating the effect of pressures

Fi, 18, —LONGITURINAL STRAING ON SOLID SHEETS AT MIDDLE OF LENGTH OF COURSES, AT 270 POURDS PRESSURE
PER SOUARE INCH, RIGHT AND LEFT 5IDES OF THE NOILER,

Minus signs indicate longitudinal contraction; plus signs longitudinal extension,

calking as well as the machine-driven rivets by reason of the
dhfference in theiwr points, and the test showed that such weak-
ness was the case

Diagram, Fig. 18, shows the behavior of the seams of this
new section of course &, The flatness of the curves indicate
how early these new seams began to display rapid extension,

on the head. The conditions, howewver, which are present in
steam hoiler construction will generally prevent realizing the
longitudinal strains which would be looked for in a plain
shest,

In the present test there were parts of the boiler nearly free
from longitudinal strains, while there were other places in

FId. 20.—LONGITUDINAL STRAINS, ACROSS GIETH SEAMS, AT 270 POUNDS PRESSURE FERL SQUARE THCH, RIGHT AND
LEFT SIDES OF THE BOILER; ALSD ETRAINE OF DIAGONAL GACED LENGTHE OF COURSES B awp D

Minus signs indicate longitudinal contraction; plus signs longitudinal extension.

and with so decided a movement the calking was soon dis-
turbed and copious leaks started. At the time of presenting
these notes no higher pressure has been reached than the
rupturing of one of 135 pounds previously mentioned,

The strain measurements thus far described were those
which were observed on tangential gaged lengths, In addition

which the strains were reversed, and longitudinal extension
shown instead of longitudinal contraction,

In order to determine whether the action immediately at the
girth seams was represented by the i1o-inch gaged lengths
which spanned them symmetrically, other gaged lengths were
established on the shell net indicated on the diagrams here-



8 THE BOILER MAKER

with presented. These were in pairg, one being wholly on the
solid sheet, the other just stepping on to the adjacent course
The observations on these gaged lengths led to the same re-
sults, however, as found on those which symmetrically
spanned the seam.

The results of these observations showed that along the
lower quarter of the boiler the longitudinal strains were con-
tractions; while along the upper guarter they were in part
contractions, and in part extensions. The strains observed
at 27o pounds pressure are entercd on two lightly printed
photographs, Figs. 10 and 20. In Fig. 10 are shown the
strains which were measured on gaged lengths 1 and 3, taken
on the solid sheets at the middle of the lengths of the
courses, In Fig. 20 are shown the, strains which were

FIG. 2"[.“ MANHOLE PATCH AFTER EUFPTUEE; MAXIMUM PRESSURE ON SHELL
535 POUNDS PER SOVARE INCH

measured on gaged lengths 2 and 4, taken across the girth
seams. Minus signs before the figures indicate contractions,
while plus signs indicate extensions,

It will be observed that the lower part of the shell con-
tracted longitudinally, notwithstanding the fact that the tubes
were extended by reason of the exterior pressures to which
they were subjected.

This behavior calls for bending at the flanges of the heads
to compensate for the difference in direction of these move-
ments, The six through braces would relieve the shell of a
portion of the longitudinal tension coming from the heads
in the upper half of the boiler.

Longitudinal gaged lengths on the upper part of the shell
showed dimimished contractions over those obzerved on the
lower portion, or displayed strains of extension. On the very
top of the boiler the strains were extensions of a proncunced
arder.

It was found on diagonal gaged lengths, laid off on courses
B and [}, upper quarter of the boiler, that greater extensions
were displaved on the converging diagonals over those of
diverging directions. The converging diagonmals, at zyo
pounds pressure, extended o.oogy inch and o.oo42 inch respec-
tively, against o.0036 inch and owoz8 inch displayed on the
diverging gaged lengths.

The location of the diagonal gaged lengths on course D) are
shown in Fig. 8, similar lengths having been laid off on
course B, These results are entered in Fig. 20, in addition
to the longitudinal strains. The longitudinal strains, all being
those of extension on the top of the boiler, were taken for
the strains for each pressure, 9o, 180 and 270 pounds respec-
tively. The range and variability of these measurements are
seet to be very pronounced, The strains were least in amount
at the heads, and penerally greater rigidity was displayed at
the intermediate girth seams than in the solid sheets, under
the earlier pressures. At the middle of the length of the
longitudinal seams the maximum extensions were developed,
witnessed in this examination of the behavior of the shell.
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The results thus far presented, with the exception of those
on Fig. 17, have included both the elastic strains and the per-
manent sete of the different measured lengths.

The permanent sets have been subtracted from the exten-
sions and the stresses corresponding to these resiliences com-
puted, and the results show the tangential stresses in pounds
per square inch which were found in different parts of the
solid sheets of the shell when the hoiler was subjected to pres-
sures of go, 1%0 and 2o pounds, respectively.

In loaking over those results the usual influence of longi-
tudinal seams, such as were used in this boiler, in intensify-
ing the tangential stresses in the adiacent solid sheets may be
pointed out. The excessive stress at the side of the single-
riveted manhole patch is clearly shown in the results. The
high stresses at the sides of the safety valve nozzle under the
maximum prezsure will also be noted.

While the results are consistent, nevertheless as an engi-
neering structure the distribution of stresses exhibits a range
far beyond that which is expected in other classes of con-
structive work. The type of hoiler being one of the simplest,
the extension of this method of test to other types would
seem desirable. Such tests might assist in establishing satis-
factory rules for steam boiler construction and might reason-
ably be expected to aid in the {raming of regulations govern-
ing allowable pressures,

Additional tests were carried out, in which the effect of
changes in the manner of supporting the boiler was inguired
into. It was supported on the four end lugs in one test, and
again in another test most of the weight was carried by the
middle lugs. In each case there was a modification in the
measured straing, although not in a marked degree. At the
end of the test the several courses were seen to have been
visibly extended in diameter between the girth seams,

The chemical composition of the steel in course C was as
follows :

Carbon B K-
Manganese .....conaus L. 043
T e B e .. D046
Sulphur ... SCPCRSSER Y
PR TOTHE e v e e e e s ke Ry 0,043

It is recalled that this particular brand of stecl, at the time
of its manufacture, was not infrequently found to possess a
decidedly laminated structure. The laminations were not
large, nor likely to cause blisters in the boiler, but they were
in places quite numerous.

The metal from course , the only sheet vet examined, was
found to have a laminated structure. The metal drifts well,
a 3-inch diameter punched hole having been drifted cold to
1% -inch diameter without rupture.

The services of Mr. P. W. Brunner and J. W. Herrty are
acknowledged, whose skill as manipulators is shown by the
internal evidence of reliability which Mmeasurements
taken by them furnish.

these

One feature of the investigation for the abatement of
smake in Chicago 15 the obtaming of information on vard
locomotives, freight traing, freight transfer traing, passenger
transfer trains and passenger trains operating within the city
and in and out of the city, A preat deal of mformation has
been collected on the subject. A definite conclusion has heen
reached in relation to the vse of coke as locomotive fuel, and
it has been decided to eliminate coke entirely from further
consideration. Such suljects as brick arches and stack blow-
ers in locomotives, as well as down-draft furnaces, steam
jets and under-feed stokers, have received much attention.
Various printed documents have been issued by the commit-
tee, and a memorandum of maps has heen prepared for the
study of the territory or territories covered by the in-
vestigation,
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Pittsburg Pure Brand of American Uniform Ingot Iron

BY H. M.

Ingot iron owes its discovery to the search for an iron, or
alloy of iron, that, in terms of steel, might be termed non-
corrosive, and, naturally, in the development of this material
all available evidence on the much vexed gquestion of cor-
rosion was studied with thoroughness,

If we imagine a body containing, both by volume and by
weight, 100 percent of metallic iron, we have, as regards iron,
the maximum resistance to corrosion, because the density is
the highest possible, and there is neither local stress nor im-
purity, whereby electrolysis and consequent wasting by cor-
rosion is set up. Broadly speaking, therefore, the key to non-
COrrosiveness is purity, and every increment of departure from
100 percent pure iron represents decreased purity and greater
susceptibality to corrosion,

We here class as impurities: carbon, silicon, manganese,
phosphorus, sulphur, oxygen and dissolved gases, any of which
impurities will militate against resistance to corrosion by
reason of induced electrolysis or decreased density.

In general, all processes for the refining of pig iron consist
in subjecting it to high temperatures and to osidizing in-
fluences, thereby removing its constituent elements, as oxida-
tion products, either in the form of slag or gases. These con-
stituent elements are removed in the order of their affinity for
pxygen, and in the case of pig iron the order of removal is
approximately as follows:

(1). Manganese, silicon and sulphur.

(2). Carbon and phosphorus,

(3). Carbon and iron.

(4). Irom.

Therefore, the lower the carbon of the molten mass be-
comes the greater is the danger of oxidizing the iron, and the
aim of any refining process is to accomplish the desired oxida-
tion of the impurities, stopping short of oxidation of the iron
itself.

Wrought iron is prepared in the puddle furnace by melting
down a charge of, say, 500 pounds of pig iron on a hearth of
iron ore, and refining it by removing therefrom practically all
of itz carbon, silicon, manganese, phosphorus and sulphur.
The temperatures available in the puddle furnace are sui-
ficient to melt the pig iron, but as the impurity content be-
comes lower, and the melting point of the mass is correspond-
ingly raised, the puddle furnace temperatures no longer suf-
fice to keep the mass molten and the charge graduoally solidi-
fies. The result at the end of the process is a pasty ball. It,
therefore, appears that the iron during the period when it is
most susceptible to oxidation is in a solid form, so that the
oxides formed must be in a sense external to the iron; that is,
they must remain suspended in the mass instead of dissolving
in it, as would be the case if the iron were melted. Fuorther-
more, at this stape of oxidation, iron in the molten state would
have a high solubility with reference to gases, whereas in the
pasty condition its solubility with reference to gases is rela-
tively low, The net result of the puddling process is an iron
low in carhon, manpanese, phosphorus, sulphuor, silicon and
dissolved gases, while such oxides as may be present are not
dissolved in the metal itself, but exist az intergranular patches,
which, upon rolling, become elongated into intergranular fibers,
causing the so-called fbrous appearance so often erroncously
attributed to the iron itself. The product is, therefore, a
metal of the very highest excellence with reference to cor-
rosion, being characterized by a high degree of density and
also of purity. Furthermore, the amount of metal handled
at one time is necessarily small, and from the nature of the

* Paper read before the American Institute of Steam Eoiler Inspectors,
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process becomes intimately mixed, insuring uniformily i the
making, while the final product is never molten and is not
cast into ingots, so that no opportunity is given for separation
of the impurities on solidification, according to the well-
known laws of segregation, which have been so ably worked
out by Prof. Howe and others. In other words, wrought iron
has carned and maintained its deservedly high position in the
esteem of the engineering profession by virtue of its high
purity, density dnd homogeneity, and in spite of, noé becawse
of, the intergranular slag particles above referred to.

If, therefore, it were possible to obtain am iron as pure, or
purer, than the best wrought iron, with reference to carbon,
manganese, phosphorus, sulphur and silicon, i the molien
condition, so that the intergranular slag might Hoat out; if we
could maintain it in such molten condition without permitting
any oxidation of the iron of the bath to oceur; if, moreover,
we could in large measure prevent any solution of gases by the
bath, and if, finally, we could cast this molten product into
ingots in stich wise that it would solidify non-selectively; that
is, without localizing or segregating the impurities, we should
have a product actually superior to the best wrought iron ever
made. Such a metal has been the end and aim of all our
metallurgical research, and such a metal we believe we have
finally obtained in ingot iron.

Ingot irom is prepared by a series of reactions practically
identical with those employed in the puddling furnace, the
main difference being that, following the usual open-hearth
process, the metal is maintained in the molten condition, while
at the end of the process, when the total impurities have been
reduced to practically nil (care being taken to avoid super-
oxidation), the temperature of the bath is raised to a very
high degree, so that the slag escapes from the molten mass,
ingtead of remaining therein as in the case with wrought iron.
The metal is cast into ingots, and because there are practically
no impurities to separate out, no scgregation of the impurities
occurs, except such as can be wholly eliminated by a reason-
able amount of cropping. Not only during the process are
proper meastires taken to prevent super-oxidation and solution
of gases, but at the end of the process, by way of safeguard,
suitable processes are employed for removing any oxide of
gases that may have eluded our efforts and found their way
into the iron.

A very striking instance of the lasting qualities of pure,
dense iron 15 found in a chain forming a part of the suspen-
sion of a bridge built at Newburyport, Mass., about the year
t8ol, and fully described by A. P. Mills, assistant professor of
materials, Cornell Univergity, on pages 351 to 282, inclusive, of
the April number of the Cornell Ciznl Engineers.

Several links of thiz chain are now in our possession, show-
ing the following analysis, which for the zake of the lesson
taught, we have taken the liberty of correlating with a typical
analysis of ingot iron:

LINKS FROM NEWBURYFORT BRIDGE.
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Aside from the actual corrosion it has been conclusively
demonstrated that the life of a pipe, which might of itself be
reasonably long, is freguently, and indeed usually, seriously
abbreviated by the occurrence of pits, such pitting being due
local impurities or to the presence of patches of steel less
dense than the surrounding portione,  Practically all soft steel
pipes now in commission have shown np very badly in service
owing to this fact. One of our strongest claims for ingot iron
ig its practically absolute uniformity and homogeneity, the
chances of pitting being thereby reduced to a minimum.

The above remarks may be applied as well to boiler tubes,

Ingot iron is a new product, which has had no chance to
prove itself by long periods of actual service, It necessarily
follows that we are compelled to substantiste many of our
conclusions by means of laboratory experiments, and among
such laboratory experiments we have given a very prominent
place to the acid test. We have prepared prints showing, in a
striking manner, what ingot iron will really do under such acid
tests. We are aware that the acid test has been wvery ad-
versely criticised, bul, nevertheless, after carefully casting
about for a convenient test of the widest possible application,
we decided upon the acid test in question, and have had abso-
lutely no reason to regret our decision; becavse while at first
we naturally felt that possibly the very favorable results of the
acid test overstated our case, all reliable reports of ingot iron
in service have not only confirmed the finding of the acid test
but have surpassed our very highest expectations,

A great many comprehensive tests have been developed, not
only by ourselves, but by users and prospective users of ingot
iron, wherein this material was tested out in comparison with
steel and other grades of iron in contact with all kinds of
acids, and various combinations of acid, of different degrees of
strength and at different temperatures, The results of every
ofte of these tests clearly show that the life of ingot iron is
from four to ten times that of steel or any othér brand of iron
manufactured at the present time.

Incidentally, we would call your attention to our blue prints,
from which important conclusions can be drawn, merely point-
ing out that while the samples of ingot iron shown have been
subjected to acid of the specified strength for the full period
of three hours, as noted in the blue prints, the sample of steel
and charcoal iron really had to be removed from the acid at
the expiration of one and a half howrs’ time, as otherwise we
could have had practically none of either left to paste upon
the prints. The washer print also shows the irregular manner
in which steel is attacked by the acid, as opposed to the uni-
form attack shown by the ingot iron, the phenomenon ob-
served in the steel being akin to the pitting, which is recog-
nizéd as one of the main objections to pipe manufactured of
soft steel. This simply goes to support our great contention,
namely, that owing to the great variation in gquality among
steels and common irons of the same grade from wvarious
imakers, and due to details of manufacture, ingot iron is the
only commercial product of the kind to-day available whose
uniformity can invariably be depended upon,

With reference to the deportment of ingot iron under actual
service test, we recently had brought to our notice a test made
by a coal mining company at Edri, Pa., on boiler tubes of
ingot iron, charcoal iron and steel, respectively. They im-
mersed a weighed 1o-foot length of 4-inch boiler tube of each
of the above materials in the sump water of one of their coal
mines for a period of five weeks. What i5 left of the charcoal
iron resemhles a picce of rusty and dilapidated stove-pipe mare
than anything else we can think of. The steel shows a much
greater uniformity than is usually found, and the corrosion has
taken place quite symmetrically, althpugh much wasting has
occurred., The ingot iron tubes, on the other hand, have lost
very slightly in weight, the surface has scarcely been touched,
and the threadsz on the end af it are just as fit for the couplings
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as they were on the day they were cut. The relative deport-
ment of mild steel and charcoal iron boiler tubes under such
conditions has been imvestigated before, and s0 the endurance
of ingot iron in these tests is particularly noteworthy.

Further, steel companies who operate plate mills are per-
petually confronted with the problem of a suitable rooling
material, because the clouds of salty steam which arise from
the plate in the process of rolling attack the steel roofing with
the greatest rapidity. A very striking example of the happy
manner in which ingot iron solves this problem has just oc-
curred at our mull, the Allegheny Steel Company.

Twao and a half years ago they covercd the easi slope of thekr
plate mill roof with ingot iron, and six months loter renewed
the steel roofing on the west slope. To-day the steel rqofi.ng
requires renewal, while the ingot iron on the east slope is
absolutely sound and apparently good for twenty years to
come, and this in spite of the fact that the east side, which 13
now ingot iron, formerly required fioe steel roofs to the west
side's one, because of the up-river winds which drive the stcam
and salty vapor from the plate mill toward it. This compara-
tive test 13 eminently fair, because the ingot iron shects were
of the same gage as the ordinary steel sheets formerly used,
were corrugated on the same machine and were painted with
the same class of paint.

Again, one of the officers of a copper company informed us
some months ago that he had put a roof of ingot iron on one of
his buildings where he had alwavs experienced great trouble
from the action upon the roofing material of the sulphurous
gases created by some of his processes. At the time he talled
with us he stated that the ingot-iron roof had already several
times cutlived any roofing he had previously tried, and he had

. Just recommended the exclusive use of ingot iron for covering

all of his buildings.

Fifty or sixty years ago gas holders were built exclusively
of iron. It has been necessary recently to wreck a number of
these holders, and when cutting out the plates they were found
to be in practically as good condition as the day the producers
were constructed.,  Against this, gas holders constructed of
ordinary open-hearth steel plates, a matter of ten or twelve
vears ago, are entirely out of commission on account of having
been destroyed by corrosion.

A comparison of the old iron plates with typical ingot iron
by discriminating engineers who have made a careful study of
gas holders, has prompted them to adopt ingot iron, with the
firm belief that it will outlive at least five or six times any
ordinary open-hearth steel.

The investigation of ingot iron by engineers of various de-
partments of the government has prompted them to specify
this material for use m the construction of some of its equip-
ment which comes in contact with corrosive agents,

We could cite a score or more service tests similar to the
above in all of which, as far as the material has been tested in
service, the evidence iz that the loss, on account of corrosion
from any cause, is only from one-fourth to one-tenth of that
noted on steel or any other brand of iron placed in comparison
with the ingot iron,

In reference to the ductility of ingot iron and its admirable
welding gualitics no more striking illustration can be pointed
out than its excellent deportment under the severest distortion
tests to which we have been able to subject ingot iron in the
form of boiler tubes,

In short, we believe that ingot iron solves the problem of a
homogeneous, uniformly non-corrosive iron, available in com-
mercial quantities and at a price not greatly above that of
ordinary mild steel; an iron that equals in longevity and uni-
farmity the best wrought iron ever manufactured amd sur-
passes it in purity, We believe that in all situations it will out-
last many times any steel you could possihly apply to the
|Jl'|l'[l|:}5-l:..
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Rules for Inspection and Testing of Locomotive Boilers

At a general session of the Inter-State Commerce Commis-
siofl, held at its office in Washington, D). C., June 2, 1o11, at
which were present Commissioners Judson C. Clements,
Charles A. Prouty, Franklin K. Lane, Edgar E. Clark, James
5. Harlan, Charles C. McChord and Balthasar H. Meyer, the
following order was issued in the matter of the preparation,
approval, and establishment of rules and instructions for the
inspection and testing of locomotive hoilers and their appur-
Lenances ;

Whereas the fifth section of the act of Congress approved
Feh. 17, 1911, entitled “An act to promote the safety of em-
ployees and travelers upon railroads by compelling common
carriers engaged in inter-State commerce to equip their loco-
motives with safe and suitable boilers and appurtenances
thereto,” provides, among other things, "that each carrier
subject to this act shall file its rules and instructions for the
inspection of locomotive boilers with the chief inspector
within three months after the approval of this act, and after
hearing and approval by the Inter-State Commerce Commis-
siofl, such rules and instructions, with such modifications as
the commission requires, shall become obligatory upon such
carrier : Provided, however, That if any carrier subject to
this act shall fail to fle its rules and instructions the chief
inspector shall prepare rules and instructions not inconsistent
herewith for the inspection of locomotive boilers, to be oh-
gerved by such carrier; which rules and instructions being
approved by the Inter-State Commerce Commission, and a
copy thereof being served on the president, general manager,
ar general superintendent of such carrier, shall be obligatory
and a violation thereof punished as hereinafter provided;”
and

Whereas at the expiration of the period of three months
after the approval of said act many of the common carriers
subject to the provisions thereof had failed to file their rules
and instructions for the inspection of locomotive boilers with
the chief inspector; and

Whereas the chief inspector thereupon proceeded to pre-
pare for submission to the Tnter-State Commerce Commis-
sicn for its approval rules and instructions for the inspection
and testing of locomotive boilers and their appurtenances for
such carriers so failing to file the same; and

Whereas upon due notice there came on a hearing before
the Inter-State Commerce Commission in the matter of the
approval and establishment of the rule: and instructions pre-
pared by the said chief inspector, on the zgth day of May,
1911 ; and

Whereas such carriers as had filed their rules and instruc-
tions for the inspection and testing of locomotive boilers and
their appurtenances with the chief inspector within three
months after the passage of said act asked, through their
representatives at said hearing, that such said rules and in-
structions which did not fulfill the requirements of the pro-
posed rules and instructions prepared by the chief inspec-

tor be modified to the extent necessary to conform thereto,

and that such of said rules and instructions as prescribed a
higher standard than that required hy the rules and instruc-
tions prepared by the chief inspector be regarded as with-
drawn from consideration, and joined in a request that such
rules and regulations as had been prepared by the chief in-
gpector and approved by the Inter-State Commerce Commis-
sion be established with uniformity for them and all other
carriers subject to the act; and

Whereas at the hearing aforesaid the rules and instroctions
prepared by the chief inspector were submitted to the Com-
mission for its approval and all parties appearing at said

hearing were fully heard in respect to the matters involved,
and said proposed rules and instructions having been fully
considered by the commission :

It 15 erdered, That said rules and instructions for the in-
spection and testing of locomotive boilers and their appurte-
nances, as follows, be, and the same are hereby, approved,
and from and after the 15t day of July, 1911, shall be ohserved
by each and every common carrier subject to the provisions
of the act of Congress aforesaid as the minimum require-
ments: Frovided, That nothing herein contained shall be
construed as prohibiting any carrier from enforcing additional
rules and instructions not inconsistent with the foregoing,
tending to a greater degree of precaution against accidents:

RULEZ aND INSTRUCTIONS FOR THE INSPECTION AND TESTING
oF Locowmorive Bomers awp THEIR APPURTEN ANCES

RESPONSIBILITY FOR THE GENERAL CONSTREUCTION AND SAFE
WORKING FRESSURE

The railroad company will be held responsilile for the gen-
eral design and construction of the locomotive hoilers under
it control. The safe working pressure for each locomotive
boiler shall be fixed by the chief mechanical officer of the
company or by a competent mechanical engineer under his
supervision, after full consideration has been given to the
general design, workmanship, age, and condition of the hoiler,
and shall be determined from the minimum thickness of the
shell plates, the lowest tensile strength of the plates, the
efficiency of the longitudinal joint, the inside diameter of the
course, and the lowest factor of safety allowed.

: FACTOR OF SAFETY
The lowest factor of safety to be used for all locomotives
in service or under construction on or before Jan. 1, 1012, Will
be fixed after investigation and hearing and after the expira-
tion of the time allowed for filing specification cards.
The lowest factor of safety to be used for all locomotive
boilers which are constructed after Jan. 1, 1912, shall be 4

TENSILE STRENGTH OF MATERTAL

When the tensile strength of steel or wrought-iron shell
plates is not known, it shall be taken at 50000 pounds for
steel and 45,000 pounds for wrought iron.

SHEARING STHENGTH OF RIVETS
The maximum shearing strength of rivets per square inch
of cross-sectional area shall be taken as follows
Iron rivets in single shear. ... . . 38000 pounds
Irom rivets in deuble shear....... .. 76,000 pounds
Steel rivets in single shear. ... ... . 44,000 pounds
Steel rivets in double shear. ... .. BR.p00 pounds

A higher shearing strength may be used for rivets when it
cant be shown by test that the rivet material used iz of such
quality as to justify a higher allowable shearing strength,

RULES FOR INSFECTION

The mechanical officer in charge at each point where hoiler
work i6 done will be held responsible for the ingpection and
repair of all locomotive boilers and their appurtenances under
his jursidiction, He must know that all defects disclosed Ty
any inspection are properly repaired bhefore the locomotive is
returned to service,

The term inspector as used in these rules and instroctions,
uniess otherwise specificd, will be held to mean the rau]rﬂad
company's inspector.
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INSPECTION OF INTERIOR OF BOILER

Time of Imspection—The interior of every boiler shall be
thoroughly inspected before the boiler is put into service, and
whenever a sufficient number of flues are removed to allow
examination.

Flues to Be Removed —All flues of boilers in service, ex-
cept as otherwise provided, shall be removed at least once
every three vears, and a thorovugh examination shall be made
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lected or heavy scale formed. The edges of plates, all laps,
seams and points where cracks and defects are likely to
develop or which an exterior examination may have indicated,
must be given an especially minute examination. It must be
seen that braces and stays are tauwt, that pins are properly
sccured in place, and that each is in condition to support its
proportion of the load.

Repairs—Any boiler developing cracks in the barrel shall
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of the entire interior of the boiler. After flues are taken out
the inside of the boiler must have the scale removed and be
thoroughly cleaned. This period for the removal of flues may
he extended upon application if an investigation shows that
conditions warrant it

Method of Inspection—The entire interior of the boiler
must then be examined for cracks, pitting, grooving, or indi-
cations of overheating and for damage where mud has col-

e taken out of service at once, thoroughly repaired, and re-
ported to be in satisfactory condition before it is returned
to service,

Lap-Toint Seams—Every boiler having lap-joint longitudi-
nal seams without reinforcing plates shall be examined with
special care to detect grooving or cracks at the edges of the
SEANME,

Fuszible Plugs—Ii boilers are equipped with fuszible plugs



Janvary, 1912

they shall be removed and cleaned of scale at least once every
month. Their removal must be noted on the report of in-
spection,

INSPECTION OF EXTERIOR OF BOILER

Tiwe of Inspection—The exterior of every boiler shall be
thoroughly inspected before the boiler is put into service and
whenever the jacket and the lagging are removed.

Lagging to Be Removed —The jacket and lagging shall be
removed at least once every five vears, and a thorough inspec-
tion made of the entire exterior of the boiler. The jacket and
lagging shall also be removed whenever, on account of indi-
cations of leaks, the United States inspector or the railroad
company's inspector consider it desirable or necessary.

TESTING BOILERS

Time of Testing—Every hoiler, before being put into ser-
vice and at least once every twelve months thereafter, shall
he subjected to hydrostatic pressure 25 percent ahove the
working steam pressure.

Removal of Dome Cap—The dome cap and throttle stand-
pipe must he removed at the time of making the hydrostatic
test and the interior surface and connections of the boiler
examined as thoroughly as conditions will permit. In caze
the hoiler can he entered and thoroughly inspected without
removing the throttle standpipe the inspector may make the
inspection by removing the dome cap only, but the variation
from the rule must be noted in the report of inspection.

Witness of Test—When the test is being made by the rail-
road company's inspector, an authorized representative of the
company, thoroughly familiar with boiler construction, must
personally witness the test and thoroonghly examine the boiler
while under hydrostatic pressure,

Repairs and Steam Test—When all necessary repairs have
been completed, the boiler shall be fired up and the steam
pressure raised to not less than the allowed working pres-
sure, and the boiler and appurtenances carefully examined.
All cocks, valves, seams, bolts and rivets must be tight under
this pressure and all defects disclosed must he repaired.

STAY-BOLT TESTING

Time of Testing Rigid Bolts —All stay-bolts shall be tested
at least once each month, Stay-bolts shall also be tested im-
mediately after every hydrostatic test.

Method of Testing Rigid Bolts—The inspector must tap
each bolt and determine the broken holts from the sound or
the vibration of the sheet. If stay-bolt tests are made when
the hoiler is filled with water, there must be not less than
0 pounds prezsure on the boiler. Sheuld the hoiler not be
under pressure, the test may be made after draining all water
from the boiler, in which case the vibration of the sheet will
indicate any unsoundnezs. The latter test is preferable.

Method of Testing Flexible Stay-Bolts with Capr—All
flexible stay-bolts having caps over the outer ends zhall have
the caps removed at least once every eighteen months, and
also whenever the United States inspector or the railroad
company's inspector consider the removal desirable in order
to thoroughly inspect the stay-bolts. The fire-hox sheets
should be examined carefully at least once a month to detect
any bulging or indications of broken stay-bolts,

Method of Testing Flexible Stay-Bolis without Caps—
Flexible stay-bolts which do not have caps shall be tested once
each month the same as rigid bolts, and in addition shall be
tested once each eighteen months by means of a plug wrench
and a bar, sufficient pressure heing applied to determine if
the bolt iz broken.

Broken Stay-Bolts.—Ne boiler shall be allowed to remain
in service when there are two adjacent stay-bolts hroken or
plugzed in anv part of the fire-hox or combustion chamber,
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nor when three or more are broken or plugged in a circle
4 feet in diameter, nor when five or more are broken or
plugged in the entire boiler.

Telltale Holes—All stav-bolts shorter than 8 inches applied
after July 1, 1011, except flexible bolts, shall have telltale
holes 3/16 inch in diameter and not less than 1% inches deep
in the outer end. These hole:s must be kept open at all times.

All stay-bolts shorter than B inches, except flexible bolts
and rigid holts which are behind frames and braces, shall be
drilled when the locomotive is in the shop for heavy repairs,
and this work must be completed prior to July 1, 1014.

STEAM GAGES

Locotion of Gages—Every boiler shall have at least ope
steam gage which will correctly indicate the working pressure.
Care must be taken to locate the gage so that it will he
kept reasonably cool and can he conveniently read by the en-
gine men,

Siphon.—Every gage shall have a siphen of ample capacity
to prevent steam entering the gage. The pipe connection shall
enter the boiler direct, and shall he maintained steam-tight
between boiler and page,

Time of Testing.—Steam gages shall be tested at least once
every three months, and also when any irregularity is reported.

Method of Testing. Steam gages shall he compared with an
accurate test gage or dead-weight tester, and gages found in-
accurate shall be corrected before being put into service

Badge Flates—A metal badge plate showing the allowed
steam pressure shall be attached to the boiler head in the cab.
If hoiler head iz lagged, the lagging and jacket shall be cut
away 5o the plate can be seen,

Boiler Number—The builder's number of the boiler, if
known, shall be stamped on the dome. If the builders num-
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QUARTERLY INEPECTION CARD FOR LOCOMOTIVE CALL.

d Wame of muilroad. |

I hereby certily that the baoiler and appurténances of locomutive No

operated by the abave railread company were inspected on ... ... ... . 151, ,44;
required by law anad the rules of the Interstate Commerce Commission.
Bafety valves and sleam gauges were tosted oa ... ..., 191..,
Lawt iydroatatic teot was made ...0o0ieeiiieeeieeeeiennn, L 191,
Tnapector .

Hore.—This card must be renewed within three montha from date of sbove fnspec-
tinm.

ber of the boiler can not be obtained, an assigned number,
which shall be used in making out specification card, shall be
stamped on dome.

SAFETY VALVES

Number and Capacity—Every boiler shall be equipped with
at least two safety valves, the capacity of which shall be suf-
ficient to prevent, under any conditions of service, an
accumulation of pressure more than 5 percent above the
allowed steam pressure.

Setting of Safety Valves—Safety valves shall be set hy
the gage employed upon the boiler, to pop at pressures not
excecding 6 pounds above the allowed steam pressure, the
gage in all cases to be tested before the safety valves are set
or any changes made in the setting. When setting safety
valves the water Ievel in the boiler must not he above the
highest gage cock.

Time af Testing.—Safety valves shall be tested under steam
at least once every three months, and also when any irregu-
larity is reported.
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WATER GLASSE AND GAGE COCKS
Nuinler and Location—Every boiler shall be equipped with
at least one water glass and three gage cocks, The lowest
gage cock and the lowest reading of the water glass shall be
not less than 3 inches above the highest part of the crown
sheet. Locomotives which are not now equipped with water

Eosvign Foaw Mo 3.
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before each trip, and gage cocks must be maintained in such
condition that they can be easily opened and closed by hand
without the aid of a wrench or other tool

Water and Lubricator Glass Shields—All tubular water
glasses and lubricator glasses must be equipped with a safe
and suitable shield, which will prevent the glass from flying

ANNUAL LOCOMOTIVE BOILER INSPECTION AND REPAIR REPORT.
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glasses shall have them applied on or before July 1, 1012

Water-Glass Valves—All water glasses shall be supplied
with two valves or shut-off cocks, one at the upper and one at
the lower connection to the boiler, and also a drain cock so
constructed and located that they can be easily opened and
“losed by hand,

Time of Cleaning.—The spindles of all gage cocks and
water glass cocks shall be removed and cocks thoroughly
cleaned of scale and sediment at least once each month,

All water glasses must be hlown out and gage cocks tested

in case of breakage, and such shield shall be properly main-
tained.

Water-Glass Lamps—All water glasses mugt be supplied
with a suitable lamp properly located to enable the engineer
to see the water in the glass.

INJECTORS
Injectors must be kept in good condition, free from scale,
and must be tested before each trip. Boiler checks, delivery
pipes, feed-water pipes, tank hose and tank valves must be
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kept in good condition, free from leaks and from foreign sub-
stances that would obstruct the flow of water.

FLUE PLUGS
Flue plugs must be provided with a hole through the center
not less than 34 inch in diameter. When one or more tubes
are plugged at both ends the plugs must be tied together by
means of a rod not less than 34 inch in diameter.  Flue plugs
must e removed and flues repaired at the Arst point where
stich repairs can properly he made.

WASHING BOILERS

Time of Washing.—All boilers shall be thoroughly washed
az often as the water conditions require, but not less fre-
quently than once each month, All hoilers shall be considered
a3 having been in continuons service hetween washouts unless
the dates of the days that the hoiler was out of service are
properly certified on washout reports and the report of in-
spection.

Plugs to Be Removed —When boilers are washed, all wash-
out, arch and water bar plugs must he removed,

W ater Tulres—Special attention must be given the arch and
water bar tubes to see that they are free from scale and sedi-
ment.

Office Recard—An accurate record of all locomotive boiler
washouts shall be kept in the office af the railroad company.
The following information must he entered on the day that
the hoiler iz washed :

{g} Kumber of locomotive,

(&) Date of washout,

[c) Signature of boiler washer or inspector.

‘i) Statement that spindles of gage cocks and water glass
cocks were removed and cocks cleaned.

(¢} Signature of the boiler inspector or the employee who
removed the spindles and cleaned the cocks.

STEAM LEAKS

Leaks Under Logging—If a serious leak develops under the
lagging, an examination must be made and the leak located.
If the leak is found to be due to a crack in the shell or to any
other defect which may reduce safety, the boiler must be
taken ovt of service at once, thoroughly repaired, and re-
ported to be in satisfactory condition before it is returned
Lo zervice,

Leaks tn Front of Engine Men—All steam valves, cocks
and joints, studs, bolts and seams shall be kept in such repair
that they will not emit steam in front of the engine men so
as to ohscure their vigion.

FILING REPORTS

Report of Inspection—Not less than once each month and
within ten days afterreach inspection a report of inspection,
Form No. I, size & by ¢ inches, shall be filed with the district
inspector of locomotive boilers for cach locomotive used by a
railroad company, and a copy shall be fled 1in the office of the
chief mechanical officer having charge of the licomotive.

A copy of the monthly inspection report, Form No, 1. or a
gquarterly inspection card, Form No. 2, properly filled out,
shall be placed under glass in a conspicuous place in the cab
of the locomotive before the boiler inspected is put into
zervice.

WNot less than once each vyear, and within ten days after
hvdrostatic and other required tests have heen completed, a
report of such tests showing general condition of the hoiler
~and repairs made shall be submitted on Form Ne. 3.* size

6 by o inches, and filed with the district inspector of locomo-
tive boilers, and a copy shall be filed in the office of the chief
mechanical officer having charge of the locomotive, The

*Farm No. 2 should be printed on yellow paper.
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monthly repert will not be required for the month in which
this report is filed
Spectfication Cord.—A specification card, size 8 by 1ols
inches, Form No, 4, containing the results of the calculations
Bomik Fouw 4
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abovrs crown aleal. oo v s mieeaeas DWE----_------------........
Height of lowesl gaugs cock above crown Combigstion chamber
R e o S R Inside threat (if tabe sheed b= ln two
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T Ty At . oy R Are dome and other openings sofficiently
Width of water space at sides of fire box reinforced?. ...l

measured al center line of boiler, -
| Taboiler equipped with fusible plugs?. ...

Muke working aketch here or atiach
#eamms used in shell of boiler, indicatin
efficiency of weakeat longitudinslseam

dmwing of leagitudingl and circnmferentia)
g o0 which courses used, and give caloulsred

Th . i
mha“m;,mn;'u? stresses ot the sllowed working pressure wese found by ealoulation

S{;g;hullqn:motdw .......... Ibe. | Round and rectangular braces
b = T ctangular braces ..,
St,llgu ta at reduced section ..., e Iba, per g, in
el i e R oo cilba, L in.
Crown staye oF crown bar rivets al root of ;::ﬂf E::_imm A
thread ar smalbest pection, top ... ...

Tensien an et section of plate in long-
tudinal senm diwmemﬁ]emy.pﬁg
perag.in, ... ..

Iba. per &g, in.

Crowm ptays o crown bar pivets at oot of
thread or smallest section, bottom
.......... Iba. per sq. in,

Dimensicns sod data taken from becomative wers furnished e e e

Dats upan which above caloulations were made were obeained from dmwing No,

rrrarnmmsaansaos ORPBL L inai ., - Iumished by Compeny,

HMechanitn! Engineer,

Colnty oF. v e s sies }"'.

««y being duly swarn, sam that be | i

. sesrnnan , @ ia the officer who signed the
foreguing specification; that be hon satisfied Bimself of the comrectness of the drmwings
and data mmd, bse verified all of the caleulations, and has examined the record of
present coadition of boiler, dated _..................., a;d swor; o by inspector
terasacanasacueuoaas Aiil befieven that the dewign, construction, and candition ef
bodler No. ......

- remde it safe for & working proseure of ..,
equare inch. e TGRS
; {Name of afianr.
Bubscribed and sworn to before me thia ., ., dayod ..., 8.0, :
Nota Pl:r\llﬁ 3
Approved; £ :
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made in determining the working pressure and other necessary
data shall be Rled in the office of the chief inspector of loco-
motive boilers, for each locomotive boiler. A copy shall be
filed in the office of the chief mechanical officer having charge
of the locomotive. Every specification card shall be verified
by the oath of the engineer making the calculations, and shall
be approved by the chief mechanical officer. These specifica-
tion cards shall be filed as promptly as thorough examination
and accurate calculation will permit.  Where accurate draw-
ings of boilers are available, the data for specification card,
Form No. 4, may be taken from the drawings, and such speci-
heation cards must be completed and forwarded prior to
July 1, 1912, Where accurate drawings are not available, the
required data must be obtained at the first opportunity when
general repairs are made, or when flues are removed. Speci-
fication cards must be forwarded within one month after ex-
amination has been made, and zll examinations must be com-
pleted and specification cards filed prior to July 1, 1913, flues
heing removed if neceszary to enable the examination to be
made before this date.
AccipEnt REPORTS

In the case of an accident resulting from failure, from any
canse, of a locomotive boiler, or any of its appurtenances,
resulting in serious injury or death to one or more persons,
the carrier owning or operating such locomotive shall imme-
diately transmit by wire to the chief inspector of locomotive
boilers, at his office in Washington, D. C., a report of such
accident, stating the nature of the accident, the place at which
it occurred, as well as where the locomotive may be inspected,
which wire shall be immediately confirmed by mail, giving a
full detailed report of such aceident, stating, so far as may be
Imown, the causes, and giving a complete list of the killed
or injured,

Tube Cutter *
BY H. C. WILSON
A tool for cutting tubes from boilers 15 shown in Fig, 1. It
consistz of a machine steel body I, a cast steel tool holder B,
and a high-speed steel tool C, One end of the body is turned to
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of the holder, The dimensions of the tool are shown on the
drawing. It is not hardened and has cut as many as 8oo flues
with one grinding.

To set the cutter, place the tool holder in the body and adjust
the tool so that it extends beyond the body on the thin side,
but not en the thick side, Have the tool face the thick side
and elamp in position by the set screw. Place the body in the
tube up to its shoulder and put in the driving pin so that it
rests against the thick side. Turn the body so that the pin
will be driven by the thin side. One revolution is sufficient to
completely cut off the tube, This tool costs about $3, and the
cutters from 4 to 5 cents each,

MNew Publications of the Bureau of Mines, Department
of the Interior
BuLLETIvG

Bulletin 6.—Coals available for the manufacture of illuminat-
ing gas, by A, H. White and Perry Barker. 1911. 77 pp. 4 pls

Bulletin 16.—The uses of peat for fuel and other purposes,
by Charles A, Davis. 1911, 214 pp. I pL

Bulletin 10.—Physical and chemical properties of the
petrolenms of the San Joaquin Valley, Cal, by L C. Allen and
W. A. Jacobs, with a chapter on analyses of natural gas from
the Southern California oil fields, by G. A. Burrell. 1911
60 pp. 2 pls.

REPRINTS

Bulletin 21.—The significance of drafts in steam-hoiler prac-
tice, by W, T. Ray and Henry Kreisinger. 62 pp. Reprint of
United Statez Geological Survey Bulletin 367. Copies will
not be sent to persons who received Bulletin 367,

Bulletin 26.—Notes on explosive mine gases and dusts, by
E. T. Chamberlin. 67 pp. Reprint of United States Geo-
logical Survey Bulletin 383. Copies will not be sent to per-
zons who received Bulletin 383,

Bulletin 20—The effect of oxygen in coal, by David White.
8o pp. 3 pls. Reprint of United States Geological Survey
Bulletin 38z. Copies will not be zent to persons who received
Bulletin 382

Bulletin zo.—Briquetting tests at the fuel-testing plant, Nor-
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TOHEL FOR CUTTING TURESE FROM BOILER

fit the tube and a 1%4-inch hole is bored way through it and
c/16-inch off center for the tool holder. There are two slots,
7/16=inch and §g¢-inch wide, cut in the body one-half the way
through, one for the tool and the other for the pin which
drives the tool holder. The other end of the body is slotted
out for a knuckle joint connection. The tool holder is turned
to fit the hole in the body; it has a hole for the pin and a slot
in which the tool is held by a set screw applied from the end

* From the Raitwey Adge Gogette,

folk, Va., 1907-8, by C. L. Wright. 41 pp. 9 pls. Reprint of
United States Geological Survey Bulletin 385 Copies will
not he sent to persons who received Bulletin 38s.

The Burean of Mines has copies of these publications for
free distribution, but can not give more than one copy of the
same bulletin to one person, Reguests for all papers can not
he granted without satisfactory reason. In asking for publi-
cations please order them by number and title. Applications
should be addressed to the Director of the Bureau of Mines,
YWashington, D. C
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Tests of Large Boilers at the Detroit Edison Company”

BY D. 5. JACOBUS

Many engineers have held the opinion that eventually much
larger steam boilers will be used than those in service. The
size of turbo-electric generating sets has inereazed by rapid
strides, and it might seem that an increase in the size of
boilers would naturally follow. There has been a strong
feeling, however, that it would be unwise to employ very large
hoiler units, as a failure of one of the large units would throw
out of use a much greater proportion of power than the failure
of a smaller unit.

Each of the boilers described in this paper is required, in
the all-day practice of the power plant, to carry a load of
f,o00 kilowatts and in the evening to carry 7000 or 8000
kilowattz, The experience in regular service of eighteen
months with the first boiler and of nine months with the sec-
ond and third boilers has proven this to be good practice. The
rated capacity of each boiler is 2,365 horsepower on the basis
of 10 square feet of boiler heating surface per horsepower.
Fourth and fifth boilers are now being installed, and it is ex-
pected to complete the installation of ten boilers of this size
within the next two vears.

The enginecring world is greatly indebted to the Detroat
Edison Company and to Alex. Dow, the general manager of
that company, member of this society, for pioneer work in
installing boilers of twe or three times the capacity of the
largest boilers heretofore uvsed, and for the opportunity of
conducting the most elaborate and painstaking series of tests
ever made on a boiler. The preliminary and regular tests
required that the boiler room of a large power house be under
the control of the ohservers for nearly three months, and for
six weeks over fifty men worked in eight-hour shifts, night
and day, exclusively on the tests. All the water and coal was
accurately weighed, and much work was done abont the plant
to aveid the poscibility of leakape affecting the results, The
magnitude of the undertaking may be appreciated when atten-
tion is drawn to the total quantities measured, which were az
high as an average per hour of 8 tons of coal, 75 tons of feed
water and 1 ton of ashes, the totals amounting to about 5,000
tong of coal weighed and 45000 tons of water.

The tests were run under the direct supervision of the
writer, assisted by men chogen from the engineering staff of
the Babeock & Wilcox Company. In addition to the men
furnished by the Detroit Edison Company, the Solvay Pro-
cess Company provided a number of observers. Their ex-
perimental engineer, Lewis C, Rogers, co-operated in securing
the results and rendered most valuable assistance, Westing-
house, Church, Kerr & Company co-operated in designing
apparatus and in making arrangements for the tests and was
represented in the tests, The Solvay Process Company made
heat determinations and analyzes of the coal used in each
test, and of the ashes. Duplicate samples were taken, and the
work was done a second time in the laboratory of the Babeock
& Wilcox Company. The average of the results secured by the
two laboratories was nsed in working up the testz. The tanks
for weizghing the water had each a capacity of zo,000 pounds.
Three such tanks and scales were provided, two being used
regularly and the third held for a spare in case any irregu-
latity developed in either of the other twe. The coal was
weighed by means of four special scales carrying overhead
hoppers, each of about 2,500 pounds capacity. The coal was
condueted from the regular chutes into the hoppers, which
were provided with hinged bottoms held in place by latches.

Two series of tests were made, one on a boiler fAtted with

* From a paper read before the American Seciety of Mechanical
Engincers, New York, December, 1011

Roney stokers, the ather on a hoiler fitted with Taylor stokers,
Front and zide views of the former are shown in Figs. 1 and 2,
Fig, 3 shows a side view of the boiler fitted with Taylor
stokers. Four Roney stokers were used in the furnace, two
being at the front and two at the rear of the boiler. There
was a low division wall between the stokers, and between the
two sets of stokers a bridge wall. The Taylor stokers had
thirteen retorts on the front side and thirteen on the rear, or
twenty-six in all. The retorts on each side were set in 2 con-
tinuous row, 5o as to provide an unbroken fire surface from
one side of the boiler to the other, There was no bridge wall
between the stokers, and when the dumping plates at the rear
of each of the Taylor stokers were covered with fuel there
was 3 continuous fuel bed beneath the entire boiler. The
width of the furnace from one side to the other of the boiler
was about 2014 feet, and the depth of the furnace from the
front to the rear of the boiler about 14 feet. The height of
the furnace, measured above the dumping grates to the top of
the first bafile, was about 29 feet. The large furnace volume,
combined with the particular form and height of the furnace,
had much to do with obtaining the high efficiencies.

The boilers were built by the Babeock & Wilcox Company.
Each hoiler comtained 23,654 square feet of effective boiler
heating surface, and was provided with superheaters for sup-
plying approximately 150 degrees of superheat. The grate
surface, measured from the beginning to the rear of the
dumping grates, was 440 square feet for the Roney stokers
and 405 square feet for the Taylor stokers. This method of
measurement 15 not that wsually employed in determining the
grate surface of an underfeed stoker, but it was used in order
to obtain comparative figures for the two stokers,

The design and installation of the plant and the general
arrangement of the boilers and piping were under the charge
of Westinghouse, Church, Kerr & Company. This firm de-
signed the arrangement of the furnace brickwork for both
the Taylor and Roney stokers; supervized the comstruction
and followed up and corrected the minor defects which de-
veloped. Their engineering work in this connection invalyed
the solution, on a large scale, of the problems which were
anticipated and which arose, and was an important factor in
determining both the makers and the users of boilers to
undertake the new departure. Westinghouse, Church, Kerr &
Company also co-operated in working out many of the con-
struction details. This work and the general arrangement of
the apparatus for the tests was under the charge of Henry O.
Pond, to whom the author is indebted for valuable assistance.

In the development of the large units at Detroit, Mr, Dow
expected an increase in economy doe to minimizing the radia-
tion losses and to the high temperature obtainable in the large
furnaces and combustion chamber. He also expected a re-
duction in the first cost, not on account of a reduced cost per
unit of boiler surface, but to a less cost of the settings, floor
space, suspension structures, valves and piping. Troubles
through brickwork were anticipated, and there were troubles
which, in the main, have been avercome.

Another most important feature that had to be considered
with so large a boiler unit was the possibility of tube troubles.
In dealing with this point Mr. Dow inferred that their ex-
perience at the plant with the feed water wsed in connection
with hoilers of a similar general type, warranted the con-
clusion that they should have practically no trouble with the
tubes, This has been borne out by the experience with the
boilers in actual service.

Mr. Dow credits his friend, Me. W, H, Patchell, for the first
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idea of the possibilities of large boilers. The boilers and
settings at Detroit have no similarity to those installed by
Mr. Patchell, but Mr. Dow says that to him is due the first
conception of the economical possibilities of the large units
and the capacity obtainable throngh utilizing the whole floor
area for the furnace,

A resume of the results obtained is given in Tables 1 and 2.
Table 1 contains the results of tests of the boiler run with
Roney stokers, and Table 2 of a bodler run with Taylor stoliers,
IFigs, 4 and 5 show the results of these tests graphically.

It will be seen on examining the tables and figures that the
combined efficiency of the boidler and furnace varies from about
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FIG. 1.—FRONT AMD HALF 3ECTION oF noaiEn oF 2,386 RATED MOLSEROWER,
FITTED WITH ROKEY STOKERS

A

B0 percent at slightly below rating to about 76 percent at
double rating. In obtaining these efficiencies the steam used
for driving the stokers and for producing the forced blast for
the Taylor stokers has not been deducted from the total steam
generated by the boiler. The amount of steam used by the
Roney stokers was about 114 percent of the total steam gen-
erated by the boiler, and for the Taylor stokers about 214 to
3 percent., The effect that this steam would have on the
plant economy depends on the ability to utilize the same for
heating the feed water. In a plant where the heat in the
ateam exhausted from the auxiliaries iz returned to the feed
water there would be but little loss. In the case of the
Taylor stokers all of the exhaust steam from the turhines
driving the forced-blast fans may be carried to the feed-water
heater, whereaz with the Roney stokers omly about one-fifth
of 1 percent of the 134 percent used may bhe so returned, since
the greater part of the steam is used in the jets which supply
steam heneath the ignition arches of the stokers, and passes
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away with the chimney products. In a plant in which the
auxiliaries are electrically driven, any power to operate the
forced-blast apparatus would be a direct loss, and, assuming
in the case of the Taylor stoker that the steam consumption
carrespanding to the current required to drive the electrical
auxiliaries is one-half of that found in the tests, the steam
required to operate each of the stokers would be about the
same, It therefore follows that the effect of the stcam for
driving the stokers on the station economy cannot be general-
ized, but that each plant must be considered by itself.

The efficiencies secured are exceptionally high, and the ques-
tion may be asked whether this is due entirely to the large
size of the boiler units. A careful study of the test data shows
that the efficiencies were obtained with the most economical
furnace conditions, and that the thoroughness with which the
fuel was eonsumed in the furnace had much to do with the

TABLE 1—TESTS WITH RONEY STOKER. RESUME OF
PRINCIPAL RESULTS
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18 og 186.7 13,688 .51 T4.57 1.52 2.2 GEd
2-41 1l 1148 14,008 4.81 T6.1% =a 25.8 b7
SeBT 54 127.3 13.877 8.54 76,23 284 575
T Including periods between tests.
TABLE 2.—TESTS WITH TAYLOR STOKER. RESUME OF
PRINCIFAL RESULTS
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* Engines driving stokers and steam turline driving fan,

t In test No. 16 the firca were hanked for 744 hours and the averages
included this peried.

t Including periods between tests

attainment of the high figures. On examining Figs, 1, 2 and 3,
showing the general arrangement of the hoilers and settings.
it will be seen that the roof of the furnace has an A-shape,
and that the coal is fired at the front and rear of the boiler
setting. With this arrangement the character of the com-
hustion may be maintained constant from one side of the
hoiler to the other, and the loss =0 often experienced through
a stream or lane of excezs air or unconsumed combustible
gases passing through the boiler and escaping to the stacks
will be aveided. Those conversant with the subject know that
in ordinary boiler furnaces there is a great variation in analy-
ses taken from different points in the path of the flue gases
leaving the furnace, whereas with the present furnace arrange-
ment this action is reduced to & minimum, as any irregularity
from the front to the rear of the gratez disappears before the
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gases pass from the wpper part of the combustion chamber,
and as the composition of the gases for uniform firing con-
ditions will be uniform from one side of the hoiler to the
other, or from right to left in Fig. 1, it follows that the com-
position of the entire volume of the gases leaving the furnace
will be substantially uniform.

A straight reference line is drawn in Figs. 4 and 5 in order
that the results cbtained by the two stokers may be readily
compared, this line being the same on both diagrams. It will
be noted that the test results fall on hoth sides of the line, and
that the efficiency obtainable with each stoker is about the
same. MNaturally a curve should be nsed instead of a straight
line to show the variation in the efficiency, but the accidental
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Fig. 2.—LONGITUDINAL EECTION OF BOILER FITTED WITH RONEY STOKER

variation in the test results 1s such that it would be impossible
to trace an exact curve.

On examining Fig. 4, it will be geen that the efficiencies,
where several tests are worked out together, including the
periods between the tests, are only about 1% percent lower
than would be indicated by averaging the results for the
separate tests by passing a straight line between the points.
The same follows for the tests which are worked up together
for the Taylor stoker. This shows that including the periods
Letween the tests, during which the dust was blown from the
exterior of the tubes and the firing was not watched as care-
fully as it was during the tests, did not greatly lower the
efficiency. It was proposed at first to run a test of a week or
mote on each of the stokers, but this plan was abandoned,
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since there was trouble through leakage in the feed pump
which made it necessary to shut down, and on reconsidering
the matter it was deemed advisable to give up running as long
a test as this, since it developed that a week would be too long
a period to run without blowing down the boilers. It was
found that the efficiency, including a banking period of seven
and one-half hours, is ahout 75 percent

It will be seen {Figs. 4 and 5} that the average amount of
steam used for driving the Roney stoker was ahout 114
percent at all loads, and that it varied from about 214 percent

r
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rrG. §—LONGITUDINAL SECTION OF BOILER FITTER WITH TAYLOR 3TOKER

&l rating to about 3 percemt double rating for the Taylor
stoker. Saturated steam from another boiler was used for
driving the auxiliaries. The saturated steam was reduced to
its equivalent weight of superheated steam in determining the
percentages above given.

The minimum length of a regular test was twenty-four
hours. The efficiency fo. a test of sixteen and one-half hours
is plotted in one diagram. In this particular test a special
coal was used which ran out and thus brought the test to a
clozge. Some of the tests were forty-eight hours' duration and
aver. A continuous record was kept, and the efficiency was
determined for periods embracing several of the tests in-
cluding the intervals between them, Intervals were selected
trom some of the tests and were worked up to obtain
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comparative results. It was noted that there iz a substantial  tests, and, further, that the efficiency secured would not have
agreement between the results secured in the regular tests and  the proper margin for radiation, cte,, in a heat balance.l ‘_'ﬁn’h&ﬂ:
the results for the selected intervals. It must not be inferred  the fire may be kept in a comparatively uniform condition, as
from this that sufficient accuracy would be secured by short-  in the Roney stoker, it might seem that the tests could be
ening the length of the tests. The tests reported in this paper  shortened, but even in such cases the author is in favor of
were made after a painstaking series of preliminary tests making twenty-four-hour tests. i
with both of the stokers, and the operators were well trained Great care was taken to prevent the possibility of leakage
affecting the tests. All fittings where there might be 1::_alcage
ll | '_i' were either blanked off or two valves were pmvided; tl:-lr:th i:l
1 open drip between them. The boilers were tested Wwith
k ﬁﬁﬁznm“ | i ' h:{lraulin-ppressur: both before and after the testsi. Special
=Ll s [ o [l B o] 1 g e 3 leakage tests were also made in which the hot hﬂl]&?ﬁ were
completely flled with water and the full pressure maintained
s bl i =T Y an the boilers and feed mains, and in each case tl-_mre was ne
i 2 | Py i leakage indicated in tests of several hours' duration.
T 1 e E From the average analyses of the flue gases it was found
. that the furnace efficiency was exceptionally high for both af
JETEE the stokers.
Two sets of heat balances were made, one applying to the
! gases after they left the boiler dampers, and the other to _the
R - gases at the top of the second pass directly beneath the ho}!er
: < 1 (e dampers, The analyses of the gases after leaving the hm!ﬂ:
' z]:‘u[ il 1 i ] dampers were made with an Orsat apparatus, the samples of
B W W Ln LA 1N SR W e I W W e 3w A gas being shtained from the middle ]_:IOi!I'It."r of the flies. The
FPer Coak ol Raklag o2 Banke od 10 5. Pt ol Baller Hoaking Burfase =§ bope s b e T s Hivertly beneath the boiler dampers
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FiG. 4. —RESULTS OF TESTS OF BOILER WITH BONEY STORER

" T1 CENEEEE T 1
i : i | 4t s . -
in maintaining uniform conditions. Twenty-four hours iz 3. " E‘ﬁ@w ;
none too long an interval for obtaining accurate results with :,‘§ i | 2 --.,",:,-‘E\r-.. I
an underfeed stoker of the class tested, as one can readily 34 o P T e
appreciate when the fact is called to his attention that the 31 == B s 8
iz® : BEEEEA S,
u R | [ = : ! | 12 I i
r I T R =l T RS b ey | Ll =T
1 :: T T e ] P o e 1 ] ] 1 5 & 1 ) C N T | T T - T T
i, w0l ) H: pal B B L = = Eguivalent evaporation from and at 212 degrees per square foot of
& 5" » '_:I:':;---.L,_" '-_'fl i | | h-:at?ng surface por hour. - Curve dotted for evaporations of owver 11
¥ | [ B, pounds where there are not enough peints to determine the exact form.
i i : FIg. 8. —CoMPARISON OF RESULTS WITH THOSE OF A B. & W.
g Fm MARINE BOILER
H E 35
T | :
5 n B0 at the top of the second pazs was determined by means of
& m = electrical couples, two sets being used at each szide of the
a TATLGA STOKER e e e boiler. The analyses of the flue gases at this point were made
22 |'m =T W_.T' B 1 Y G : . by a Hempel apparatus, an average sample being obtained by
E? = | I = BEL i - -thl.-— drawing the gas from six points at the front and six points at
Ea: o T 7 ) T O R B Es sk the rear of the boiler, The gas was drawn throogh the col-
.EL,- I I L1 : lecting piping with an aspirator, and a sample of the mixed
By e T e e o s s ey gZases was drawn into a collecting bottle for analysis. In order
Per Ceat ol Buting on Basss 110 Ba.FL of Balles Uratlg Burlete =1 Ly to make sure that the same weight of gas entered each of the
ric. 5—BESULTS OF TESTE OF BOILER WITE TAYLOR STOKER six sampling tubes, a throttling cock was adjusted to make

the suction on cach tube a given amount, as indicated by a
gencration of steam will continue after no more coal is fed  water gage. The Hempel apparatus was also used in the way
to the furnace with but little difference in the appearance of  just described for analyzing the gase: at the hottom of the
the fire. There is no method whereby the fire can be measured  second pass, The apparatus for obtaining the average samples
except by sizing it up by the eye, as one must form an esti-  was constructed by the Solvay Process Company,
mate of the amount of clinker present. Cne of the operators The results of the heat balances show that the average radm-
at the plant was earnest in his opinion that the fires, as hal-  tion and unaccounted-for losses are only about 217 to 3 percent,
anced up by the author for the Taylor stoker, contained from  There is naturally a variation one way or the other due to
214 to 5 tons more coal at the end of a test than at the be-  accidental errors, but the results are as uniform as could be
ginning, a contention that was shown beyond doubt to he in  expected in work of the sort.
error by the heat balances. This goes to show how far the Preliminary tests were first made on the boiler with the
estimates of the amount of coal may affect the results, and Taylor stoker. The apparatus was then shifted and pre-
that, consequently, there is great danger of obtaining erroneous l[iminary tests were made on the :D-criler with the Roney stoker.
figtires in short tests. That an error in estimating the fire may A careful study of the operating conditions for the best
cause a considerable error in a short test is exemplified i one  economy was made in the preliminary tests. The results of
test, where, on account of a leakage at the feed pump, it was the regular tests only are given in this paper.
necessary to shut down after running eleven and one-half Readings of temperatures, pressures, etc., were taken every
hours. The author was not present to make the final eoal  half hour. The water was balanced each hour, The coal
balance, and it will be noted that the efficiency 15 several per- weighed per hour and supplied to the hoppers was balanced
cent higher than it should be on the basis of the more accurate each hour and recorded, but no attempt was made tﬂ_uhtain
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LENNOX ROTARY SPLITTING SHEAR

This Rotary Splitting Shear is designed for straight
shearing of sheets or plates from No. 16 gauge up to 34

of an inch in thickness. It will also cut round, square
or flat bars of a diameter or thickness corresponding to
the capacity of the tool for plates. The arrangement is
such that it will not receive heavier plate than its capac-
ity for cutting, hence there is no danger of injuring
the machine. It will cut as fast as the plate can be
handled by the operator. The blades are milled to make
them self-feeding and are so arranged that they will
not receive heavier plate than the machine will handle.

The machine is fitted with a hold-down wheel which
assists in guiding and keeping the plates level on the blades.
The tool can be furnished for either belt or motor drive.

Hrite for our Bulletin No. 25, giving fudl information.
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a correct coal halance except at the beginming and ending of
the tests, as this necessitated running the ceal quite low in the
hoppers of the stokers, As snon as the data were taken a copy
was made onn a large sheet in the boiler room, so that those
conducting the tests could, at a glance, note whether the con-
ditions were uniform. Marks and Davis steam tablez were
nsed in working up the resulls

In order to compare the results with others where high
efficiencies have been secured, Fig 7 i presented, In this
figiire the straight line shown in Figs. 4 and 5 is transferred
and marked average for tests of Detroit bailer. The plotted
results for individual tests shown in Fig. 7 are for testz made
by a board of United States naval officers on a hand-fired
Babcock & Wilcox marine boiler, and reported in the fowrnal
of the American Society of Naval Engineers, November, 1910,
By combining the resultz secured with the two hoilers it will
he seen that the efficiency varies from about 8o percent at an
evaporation of 3 pounds per square foot of heating surface
per hour from and at 212 degrees F. to 76 percent at 7 pounds,
72 percent at 1o pounds and 6o percent at 14.7 pounds. It
therefore follows that if the performance of the two boilers
could be combined a boiler could be run from about 80 percent
of the ordinary rating to over four times this rating, and for
most classes of central power-plant service it would be pos-
sihle to run all of the boilerz in the plant all of the time,
thus eliminating the loss occasioned throwgh having to carry
4 number of boilers under banked fires. The writer iz now
working on the development of a hoiler of this sort

Layout of an Elbow

In answer to the query in the August issue of THE BoiLer
Mager regarding the layout of an elbow I submit the fol-
lowing: I have used the same angle given by Mr. Jones, but
have not drawn it to scale, az only the method is requested.
Draw the plan and elevation with the intersecting pipe b,
Next draw Fig. 3 at right angles to the intersecting pipe b,
Fig. 2; draw the center line of the intersecting pipe, Fig. 3, at
45 degrees to the center line of a, Fig. 3; draw the center line
of ¢ at 42 degrees to the center of pipe b, Project the center
d', Fig. 3, to the plan parallel with a, Fig, 3, and at 42 degrees
to the center line of pipe b, Fig. 3, project the point d° to Fig.
2; project the point &, Fig. 2, to the elevation, Draw the
elbow ¢, Fig. 1, to the desired shape and size. Care must be
taken not to diminish the eross-sectional area where ¢ inter-
sects b,

To And the miter line where ¢ intersects b proceed as fol-
lows: Throogh the points 4 and 10, Fig. 1, draw a line per-
pendicular to & ¢, Fig. 5. Make & f equal to the height of the
center of elbow ¢, Fig. 1. From &, Fig. 5, measure off i ¢
equal to D' E, Fig. 22 Draw 7 {. Perpendicular to j ¢ draw
1-7. With j as a center draw the semi-circle ; divide it into six
equal spaces and project the points 1, 2, 3. etc, on I-7 and
parallel to f g to corresponding lines, Fig. 1. Draw a smooth
curve through the points 1°, 2, 3/, etc.,, which is the miter line
of c and b, To fnd the miter line where & intersects a, draw
the profles, Figs. 1 and 2, as shown., Project the points of
intersection i the plan, Fig, 2, to the elevation., Draw a
smooth curve through corresponding points 1", 2", 3", etc,
which 15 the line of intersection of b and @, Next divide half
of ¢ and b, Fig. 2, in six equal spaces; draw the alternates i
plan and elevation as shown. From the view d and e, Fig. 2,
and ¢ in the elevation, the pattern, half of which is shown in
Fig. & can be developed. TFig. 6 shows the triangles to find
the trie length of 4° 3, 3° 3, ete., alsa ® 4" and 10' 5. which
form half of the fat sides R, 4, 4" and 5, 10, 10’. Where the
center line of ¢, Fig, 3, intersects ¢ ¢ locates the center of top
of ¢ in Fig. 2.

To develop the opening, Fig. 4, draw & { and m » perpen-
dicular to C D). On & { step off 1™ 2’7, 2" 1’7, ctc., equal to

JANUARY, 1012

'™ 2™ 2™ 3™ ete, Fig 2 Perpendicular to & § and throogh

e, ey

1, 2", ete, draw 1™ 17, 2 2™, etc. Project the points
", 2%, 3%, etc., Fig. 1, parallel with the base to Fig, 4. Draw a
smaooth curve through corresponding points of intersection
which forms the opening in @ to receive the pipe b Note that
measurements 1 2™, etc., Fig. 2, were taken as cords of arcs,
Where great accuracy is required the line from 1" to 7%, Fig.
4, must equal the arc of contact ' to 7", Fig. 2. The pipe b,
Fig. 1, can be developed by the parallel method as shown in
Fig. 7, and doez not need further explanation,

SUBSCRIBER,

The Boiler Blow=0ff in Country Life

The apple crop was a good one and the peak of the cider-
making curve at its highest point. Thus it was that empty
whiskey barrels were in great demand, and Farmer Merry-
weather had gone to the city to gather his guota of con-
tainers, For some reason or other one of the bharrels was
fouled, and the idea occurred to him as he drove by the
suburban electric station to clean the barrel with steam,
Along the szide of the road a 2-inch nipple projected some
B or 10 inches from the boiler-room wall and about 3 feet from
the ground., Many a time had he seen the steam blowing from
this pipe, and noted how Wiley, the fireman, had operated the
controlling valve by reaching through a hand-hole in the wall.
S0 with Wiley's permission he rolled the blacklisted barrel
from the wagon and industriously worked the bunghole over
the nipple. He gave no heed, however, to Wiley's caution to
remove the plugs from the head openings. Lving on his
stomach over the barrel, he reached the valve and let on the
steam. The firgt blow emptied several gallons of hot water
into the harrel, and then the boiler pressure began to ac-
cumulate, A slight sliding of the barrel aroused him to the
necessity of digging the toes of his heavy shoes into the ashes
30 as to hold the barrel to the wall. The “cleaning” was all
over in a minute. That barrel with its human rider flew over
the road, Honors were even as to which of the two—the man
or the barrel—stayed on top the longer. There were no
cazualties, however, but it was the most exciting incident ever
witnessed by the station force, “ 'fore nor since.” “By ginger 1"
he exclaimed, “that was a powerful little pipe.”
e F. WeesTER

A Question for Readers to Answer in the Next Issue

One of our subscribers asks that readers who have had
practical experience in laying out circular courses of plates
and angle-hars tell what is the proper way of doing such work.
Should the thickness of the iron be deducted from the outside
diameter and added to the inside diameter, or should three
and one-guarter times the thickness of iron be added to the
circumference for a stack by running a wheel or tape around
the course? For a taper eourse, should three and one-guarter
times the thickness of the irom be deducted for the circum-
ference of the small end and added for the large end? Also
for an angle-iron ring, should you take off a thickness for the
outside and add the thickness for the mside?

According to The Rarlway Age (Gasette the numhber of
locomotives ordered in 1971 has been not only smaller than in
1910 but has been small as contrasted with the amount ordered
on the average during the past decade, Moreover, the number
of locomotives actually built during the year is smaller than
the average for the past ten or twelve years. Returns from
locomative builders show that 3,530 were huilt during the
year, of which 143 were for domestic service and 387 for
export. Two hundred and twenty-five were compound and
133 were eléctric locomotives, a large part of which have
been used for industrial switching service and similar uses.
The number of locomotives built in 1910 was 4.735, or 1,223
matre than were built in to11, i
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Some Economic Aspects of Stock in a Boiler Shop

BY JOHN ROSS

How inuch stock should he carried? By “stock” is meant
every kind of material—rough, finished, assembled, az the
case may be—that is on hand ready to be incorporated in a fin-
ished boiler, but has not heen bovght or made up to fill any
specihe production order. Under stock should be included, of
course, the store-room supplies, 1§ the foundry makes up a
lot of 50 fire-doors to be wsed on future orders those doors
arc stock, and when complete boilers are built up and stored
to fill future sales, they are stock. Supplies of plates, tubes,
rivets, stavbolt iron, bolts, ete, all form part of the “stock”
on hand,

The stock of a boiler shop represents a large amount of
tied-up capital. Tt iz an asset which cannot be realized on
until it is used to fill production orders—then it gets into cir-
culation again via the price paid for the boiler. It is evident,
then, that the shorter time this money lies dormant in the
form of stock, the more liguid capital will be at the call of
the business, On the other hand, a certain amount of stock
must be carried, or costly delayvs will ensue. It is folly to cut
down the stock supply to a point where sudden orders are
likely to catch the shop bare of some essential raw material
Where, then, is the safe and economical point half-way be-
tween the Scylla of dormant capital and the Charybdis of
running ot of stock? Which brings us back to our original
point—how much stock should be carried?

The first step towards settling the question in any shop
should be a careful investigation of the stock record. Is
everything that really is stock listed and carried as stock?
A wery good way 1o keep the record complete and up-to-date
i5 by carrying every item on a separate card in charge of the
stock clerk.  All additions and subtractions are shown plainly
and the balance on hand is always wisible at a glance. A
study of these cards at the end of any stated pericd—a month,
perhaps, or six months—will make plain at what rafe each
item has been moving ; how long 50 of this will last, or how
many of that are uzed 1n a month.

Naturally, the rates of different kinds of stock vary tre-
mendonsly, The card record will show how much. Often
some item will not require restocking once in six months,
while others may be in sufficient demand to reguire renewsal
once a week, Obviously, in the former case the shop is over-
stocked—in the latter, probably a larger supply should be kept
on hand.

With this information at hand—with the fime element intro-
duced into such a sluggish subject as stock—the most eco-
nomical point at which to carry each item can be easily ascer-
tained. In this work, the shop superintendent and the pur-
chasing agent must co-operate. Freight rates on car-load
lots or less, fluctnation of prices, terms and deliveries, will,
of course, all enter into the final classification of each item
These things must be taken into consideration, together with
the known rate of movement of the stock. It 15 evident that
a bargain lot of 20 tons of material is not a bargain if it will
take z or 3 vears to work through the shop. The interest on
the money thus side-tracked will wsually exceed the first
SAVINE.

By giving due attention to these points a maximum and
minimum may be worked out for every stock item.
figures, placed on the cards, serve as an automatic check on
the stock as well as a guide to the stock clerk in requisition-
ing for material. The minimum represents the number of
units helow which the stock of that material must not he
allowed to fall. When this point is reached, the stock-clerk

These

requisitions for a sufficient number of additional units o
carry the total up to the maximum—above which the stock
must not go, By this simple device, the stock-clerk’s judg-
ment is not required Lo pass on the important matter of “how
mich stock should be carried.” Furthermore, changing con-
ditions will constantly require changes in the limit figures of
some stock item, Once in six months or once a vear is often
enough to check up the cards and note the rates of movement.
Maxima and minima can be altered in individual cases to
adjust matters to changing conditions at this checking-up
time.  Also, whenever new stock is bought or made, the cost
per unit can be entercd in red ink opposite the record of this
addition to the stock, and thus an easy reference provided for
extending the material costs on orders. For example, a requi-
gition for so pounds of 3g-inch by 2%-inch rivets used on
some order 15 seént over to the cost clerk by the store keeper
after the latter has delivered the rivets to the shop. The
clerk, by referring to the stock card for 34-inch by 2l4-inch
rivets, finds that the price paid for those rivets is marked at
1.6 cents per pound. Thiz rate is at once entered on the ma-
terial requisition and the total of 1.6 » 50 — $0.80 entered on
the cost sheet of that order. At the same time the stock card
has 50 pounds deducted from the former balance, and the
otder number and date on which this amount was given out
entered opposite. After the transaction, the balance on the
card tells as exactly how much is on hand at the moment as
the annual inventory does at the end of the twelith month.

Thus the important matter of stock on hand is automatic-
ally regulated, once the rates have heen established, and these
rates should be determined by careful investigation and the
maxima and minima based on the best experience and judg-
ment available. Stock should meve. Eddies and dead corners
always mean an investment that is making no return.  Some-
timesz investigations of the type outlined indicate that some
article now carried as stock could be more ecomomically
bought or made on orders only. Again, it is often found that
articles formerly made on order only should be manufactured
in guantitics and carried o ostock.  Whether such results
follow, or the study merely proves that the previons practice
was correct, a guess is supplanted by aceurate knowledge and
the work of regulating the amounts of stock and ordering
judiciously 15 reduced to a mere matter of routine clerical
work. The purchasing agent then Fponrs that he is not in
danger of over-stocking, and the shop man iz sure that he will
not run out of material when it s needed.

Mews and Trade Papers in Foreign Countries for
Advertising Purposes

Advertising m some form 18 recopgnized as an eszential
factor in every effective trade-getting campaign in this
country, and this is to a considerable extent true in forcign
markets.  Most American manufacturers, although familiar
with the style and cost of advertising at home, do not have
such information regarding foreign countries. In order to
furnish those engaged in or desirous of entering the foreign
ficld a general idea of the cost of newspaper advertising
abroad and the papers it might be advizable to use, the Bureau
of Manuofactures of the Department of Commerce and Labor
is publishing in Dwily Cowgular and Trade Reports a series
of reports by American consular officers on foreign news and
trade papers. The reports embrace such points as location
and class of paper, district covered, circulation, suhscription
price and advertizing rates,
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An Exceptional Repair Job on a Swing Type Bridge

COne of the most interesting bridge repair jobs on record,
both from a mechanical as well as a financial standpoint, was
bridges of the
bridge in

Cago

recently performed on one of the Ch
Chirago, Milwaukee & 5t. Paul
nuestion 15 situated on the north branch of the Chicago River,
between Divigion street and North avenue, and was built in

Railroad. The

FiG. l.—BORING BAR [N POSITION

On account of the small width of the river and the
of keeping an open channel, a “through-truss-
swing type” of bridge waz uzed. [t is 230 feet in length, has
unequal arms, and ig pivoted on the north bank. The long
arm extends across the and iz counterbalanced for
overhang,

Due to vibration and other intermediate forces, the pins
and bearnings became so worn that it was deemed advisable
to replace them. FPreviows to thiz time, all such jobs had
bheen performed by driving piling and erecting false work,

1oz,
necessity

river

Fig, 2 ELEVATION

inder which conditiong the members were removed to the
shop and rebored.
srances guch a rush job would have hindered navigation for
several days, notwithstanding the enormons expense coupled
with the work., Also, on account of river traffie, some trou-
hle was experienced im receiving Government permission to

Even under the most faverahle circum-

it was fnally decided to try a new
lacing the worn pins

shut off navigation, se
scheme of boring out the holes and rep
with larger ones, without removing any of the members,

Preparatory to removing each pin, it was necessary to se
curely clamp the members at the joint, as shown m Figs. =
This served to secure them during the boring opera

and 4

tion.  Steel plates A, four in number, were used to hold the
eve-bars. These were placed on each side of the eye-bars,
with a block of wood, C, fitting tightly between the inner

two, while the outer two reinforced the plates B, which were
directly in contact with the eye-bars, The whole was holted
together by 1-inch holts, thus developing enough friction be-
tween the plates to take care of the dead-load stress in the

r b.—3ECTIOoN

eve-bars. The two plates B, one on each zide, were fastened

to the lower flange of the top chord and to each end post by
angles and bolts, and this supported the hanger by holts, as

shown, In this manner, when the pins were driven oot all

members were rigidly clamped in position.

1-||-|I1 .'|_'1'I'II'\-'|..'JE ll:- T]IL' [¥ms ’:"I{'- WEre I.ll'_111l..! 1o "u_- :"|'|1|5.5_r]|_'1'-
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ably worn and their bearings somewhat enlarged. The holes
were rebored from the original s-inch diameter to 5%-inch
diamcter by using a Ryverson portable boring bar.  This bar
15 made by Joseph T, Ryerson & Son of Chicago, and although
designed primarily for bhoring locomotive cylinders in the
shop, nevertheleszs gave perfect satisfaction even under such
adverze circumstances. Fig. 3 shows the boring bar in posi-
tiom and the manner of bracing and centering it on the actual
job.  Fig. 4 is a photograph taken from below, looking up ar
the work., The power plant congisted of a section car con-
taining a gasoline engine and air compressor. The boring bar
was directly driven by a small air drill, which operated the
shaft and furnished the required power.

Work on this job was started at 6.00 A. M. on the morning
of Nov, 6, and by 815 P. M. of the same day the four pins
had been removed, holes rebored, new pins inserted, and
traffic was passing over the bridge. This iz the first time
that the uze of such a method of reboring bridge work has
ever been brought to our notice. The time taken for the
actual worls was remarkahly short, and the whole experiment
proved a decided success.

Gallons Per Foot or Inch of Depth in
Cylindrical Tanks Lying Horizontal

ArPPROXTMATE METHOD AcCURATE FOR OrmNary PURPOSES

To find length of chord ¢. V@ — & = b, 2 % b = g,
or, as i Fig, 2, r —= 5 feet, ¢ = r — 1, or 4 feet; then VvV ¢ —
= 3and 2 % 3 =6, or a in Fig. 2. Al chords in a, like
manner. C n the next example: would be » — the distance
irom the edge of the circle. To find the area of the top or
first division use thiz formula:

Lr—dir—i)
———————— ar as in Figs. 1 and 2 = 408
2
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division owing to the curve at # +, Fig. 22 To find the cubical
contents of each division, multiply the area by the length and
by 7.48; there heing 7.48 gallons to a cubic foot.

Exacr MerHon
Find the area of the top segment or division as explained
Lr—ailr—i)

by formnle ————— in approximate method.  Then

find the area of the second segment, ¢ ¢, the space between
the line &, Fig 3, and the circle. Subtract from that area the
area of the first segment; the remainder will be the area of
the second division or the space hetween @ and b, Fig. 3
Then find the area of the third segment, or the space between
the line ¢ and the circle. Subtract the area of the hrst and

second segment, which leaves the area between b and ¢, The
remaining areas or divisions are worked likewise.

Sorvrion oF LerTers 18 Figs, I AND 2

¢ = the radius or one-half of the diameter. In this

example r = 3 feet.

f = the divisions, In this example 1 = 1 foot.
g = length of each chord, or 2 % V ¥ — &°
¢ —= ¢ — sum of i's used, or the distance from

center of circle to chord,
b= onehalf of o In Fig. 2a—2 % ¥ 55— 4 or
6 feet for top chord.

h= VE+r InFig zh = ¥+ I, or 31622
foetf.
ah—a B 31022 —0
L= o InFig 2l = —r
3 3

or Bb.az2s feet.
Lr—ug(r=—1) = 2 as in formule for area of first seg-
G4z x5 —6x (5—1)

. or 4.08 square feet,
2
To insure accuracy carry all decimals four places.
J R F

E
x
" \Q‘-j-

FIG, %

To find the area of the next division and also the remain-
ing divisions treat each as a trapezoid, To do this, find the
length of each chord, as a-b-¢-d-¢, ete, Fig. 3. Add the first
and second chords, multiply the sum by the space between

(a4 &) =i
chords, as i, and divide the product by 2, or —————— = 7
2
For the next area or division take the chord b and chord o,

(b4 el i
and wark — B.50. The rest are worked likewise,

¥

After all the divisions have been solved find the area of the
entire circle and also find the aggregate areas of the divizions.
Subtract the latter from the area of the circle, and divide by
the number of divisions in the circle and add the quotient to
each division. This iz done as there is a slight error in each

5

Change of Date of Boiler Manufacturers’ Convention

FiG, +

At the executive committee meeting of the Supply Men's
Azsociation of the American Boiler Manufacturers' Asepcia-
tion, held at the Chicago Pneumatic Tool Company's office in
New York, Jan, 2, it was decided to have the New Orleans
convention commence Tuesday, March 12, in place of Monday,
March 11, as originally planned. Members are, therefore,
notified that the twenty-fourth anoual convention of the
American Boiler Manufacturers' Association will be held at
New Orleans from March 12 to the 15th, inclusive, with a
hanguet on the evening of the 14th.

The usual remedy for stopping a leak from the tell-tale
hole in a combustion chamber stay is to drive a taper pin into
the hole, cut it off flush and rivet it over to stop the leak until
the boiler can be shut down and the ztay renewed,
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No appreciable decrease in the annual number of
boiler accidents was evident in the United States dur-
ing the year 1g9i11. Every boiler maker should make
it a part of his work in 1912 to promote the estab-
lishment of uniform laws for boiler construction and
inspection in every State of the Union. The initiative
steps in this matter taken by Massachusects and Ohio
could be followed to great advantage by all other
States. The good of the community and the welfage
of its people demand immediate and concerted action
in this direction. We hope the boiler-making craft
will not he laggard in this respect.

Omne of the most notable achievements in the boiler
making field during the past year was the comple-
tion and the exhaustive testing of two boilers, each
of which has a rated capacity, on the basiz of 10 square
feet of botler heating surface per horsepower, of
2,365 horsepower; or, in other words, boilers which
are two or three times larger than any boiler which
has heretofore been installed. In every-day practice
each of these boilers carries a load of 6,000 lkilowatts,
and in the evening from 7000 to Rooo kilowatts.
Some further idea of the magnitude of the under-
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taking in building and testing these boilers can he
appreciated from the illustrations and data given in
this issue and from the fact that the tests required a
staff of over fifty men to work for six weeks in eight-
hour shifts, night and day, the work involving, among
other things, the weighing of 5000 tons of coal and
45.000 tons of water. The success of these bollers
after a year’s service should convince many who have
been skeptical about the advisability of using such
large hoiler units that the possibilities of experiencing
disastrous losses by the failure of a single unit m the
installation are very remote. The combined efficiency
of the boiler and furnace varied from about 8o per-
cent at slightly below rating to about 76 percent double
rating, and the efficiency was about the same for the
two tyvpes of mechanical stokers used. These effi-
ciencies were exceptionally high, and were due in large
measure to the most economical furnace conditions
and the thoroughness with which the fuel was con-
sumed in the furnace, factors which are without ques-
tion of most importance in boiler service.

In the matter of research and investigation, where
the results are for the good of the community and the
safety of the people, the United States is wisely car-
rying on work which is of the greatest value to the
hoiler-making industry, and, of course, consequently
to the people at large. Lately the Bureau of Stand-
ards, Washington, D, C.. under the direction of Dr. 5.
W. Stratton and under the direct supervision of Ar,
James E. Howard, of the Bureau, has been making
hydrostatic tests on two boilers built twenty-eight
vears ago of steel. They must, therefore, be among
the very first boilers made of this material. The tests
were made with a view of seeing the effect of hydraulic
pressures on the shell. (Gaged lengths were estab-
lished on different parts of the boilers by means of
holes 10 inches apart and about .05 inch in diameter
reamed to a conical shape. The deformations of the
boilers at different pressures were determined by a
1o-inch micrometer strain gage with conical points to
fit the reamed holes laid out on the hoilers. The utmost
care was taken to do the delicate measuring without
the possibilitv of personal error or of there heing any
misleading data recorded. The results of these tests.
which are given in detail in this issue, furnish informa-
tion never before available. The work is of impor-
tance, not merely because it 15 a splendid example of
scientific investigation, but by carrving out this re-
search the Burean of Standards is doing something
which will allow us to eliminate in our equations an
unknown or guessed-at quantitv: and it seems to us
that in so doing public money is being used to its very
greatest advantage, as it is being turned from a =mall
local power into a great, widespread knowledge, the
value of which cannot be even moderately estimated,
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New Improved Engineering Specialties for Boiler-Making

Mew Flanging Clamp

The illustration on thiz page clearly represents a new design
of single-cvlinder toggle joint flanging clamp mvented and
patented by J. H, Optenberg, president of the Optenberg Iron
Works, of Shebovgan, Wisconsin, Some of the readers will
perhaps remember that the patentee iz a member of the Master
Steam Boiler Makers Association, and was in attendance at
the convention at Omaha, Nebraska, where he demonstrated
a model of the above clamp. Believing that this design would
be of great interest to every boiler maker who did not have
an opportunity to become familiar with its construction, we
will give the following details of its construction and merits.

The main object the inventor had in view when designing
this clamip was to overcome the complication of a two-cylinder
clamp, doing away with one evlinder, together with the pipe
connections leading from one to the other, also the objection-
able feature in maintaining the two beams parallel with one
another when clamping narrow faced work, also to reduoce

PATENTED

is this: The enly time the power is required above that to
raise the upper beam is when the work is to be clamped. In
giving the schedule of the results obtained in the two move-
ments between the piston and the upper beam one can readily
understand the enormous clamping power obtained when the
toggle 15 In proper position, viz.:

We assume that the clamp is closed. In beginning operation
vou will fimd that when the piston moves ontward 1 inch the
upper section has lifted only 15732 inch.

The zecond inch it will rise 11716 inch.

*  third il S 74 inch.

Al 5 T[] 1) e o A 1% inches.
* fifth e S 114 inches.
*  sixth e LS 174 inches,
e gpgemth ML & 214 inches.
*  eighth AL 314 inches.

From this the reader can see that at the beginning of the

the consumption of air by two-thirds and still obtaining a
greater clamping power than that on a two-cylinder clamp;
and it is evident at a glance at the illustration that this has
been accomplished in the design of the new clamp.

No matter whether the work is inserted at the center or at
either end, the two beams, it is claimed, will always remain
parallel with one another. Not only that, but also doing away
with a jarring of the beams while bending the Bange due to
the cushioning of the air, as the toggles will form a firm brace
and become tighter as soon as the turning of the flange has
begun, Tt will also be observed that provisions have been
made 1o adjust the length of the reach in order to obtain a
uniform clamping power at each end of the clamp. The face
of the lower beam is wider than the upper—one side of same
is planed square cormered and the other side round to 114
inch radius for the purpose of bending either a square or stan-
dard ronnd flange.

The cvlinder is 14 inches diameter by 8 inches stroke, with
a regular standard stcam snap ring piston, doing away with
the objectiomable feature in the use of leather becoming satu-
rated with the oil
gither air, steam or water, as the case my be, and hence ever-
lasting, By the piston moving 8 inches outward the upper
beam will rise 12%% inches from the lower heam; in other
words, leaving a clear opening of 123%4 inches, Also the
upper heam can be holted in three higher positions vary-
ing 254 inches cach, making the total clearance between heams
20 inches. In lowering the upper beam from this point it will

The ad-

come down within 704 inches from the lower beam.
vantage in the togele movement applied to a fanging clamp

Besides this the power applied can be

stroke the piston moves a little over two to one of that on the
beam, and wvice versa at the end of the stroke. At the frst
inch or two is where nearly all the clamping 15 done, especially
on heavy work. In case where an odd-zhaped form block is
used the npper heam is bolted in a higher position between
the side guides wherever required according to the thickness
of the form block and work to be inserted, leaving the toggle
in nearly a straight position when clamping the work; or, in
other words, the piston 13 doing the work i either the Arst or
second inch.

It iz claimed the clamp will hold the heaviest plate that
can possibly be formed by hand, besides clamping the thinnest
plate on the market. The operator can also insert all kinds of
odd work due to the wide opening, as in many cases in screw
punching, chipping or calking light work, this clamp will apply
to great advantage. The clamp 13 made n fve sizes, viz,: 8
feet, 10 feet, 12 feet, 14 fect and 16 feet between housings,
leaving 1 inch clearance. The same size evlinder is applied to
all sizes.

It will also be noticed that provision has been made to
handle the clamp by derrick to locate same on floor wherever
dezired to do the work, as the machine iz portable in every
reapect,  Slot holes are also inserted at the foot of the end
standard for anchor holts if desired to be placed om a con-
crete foundation.

Jos. T. Rverson & Son and Scully Steel & Iron Company,
of Chicago, TI1., are agents for the above machine. The in-
ventor also is the owner of a quick acting hand-clamp which
has been on the market ever since 1903, for which Jos. T. Ry-
erson & Son and Scolly Steel & Tron Company are also agents,
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A 4<Spindle Stayvbolt Drill

In view of the recent recommendation of the Inter-State
Commerce Commission in regard to the use of tell-tale holes
in hoiler stay-bolts, the machine illustrated, which is made
by the Foote-Burt Company, Cleveland, Ohio, 15 of particular

interest at this time, Although not a new machine in the strict

sense of the word, as there are over a hundred in operation in
varions railroad and boiler shops at present, this stay-bolt
drill has been redesigned to take care of increased strain
inseparable from the use of high-speed steel, and iz a thor-
modern and uap-to-date

oughly tool, The machine has a

capacity of four s/10-inch drills, and will take in stay-bolts
from 3 nch to 1% inches in diameter and from 3 inches to 15
inches long. Each spindle is provided with three independent
speeds, and haz two changes of power feed. Power feed i3
equipped with automatic knock-off, which can be set for any
depth within the capacity of the machine. Both feed and
speed can be readily changed on any spindle without changing
the other spindles. Specially designed chucks, with simple,
quick-acting gripping mechanism, center the stay-holts he-
neath each spindle and hold them rigidly in position, A hard-
ened bushing is provided for the drill to run in, insuring its
starting central with the piece held in the chuck. An il
pump i5 provided with suitable return tank so that liberal
gquantities of lubricant can be wsed. On account of the ex-
tremely rigid design of this machine and its eage of operation,
it 15 claimed a boy can readily leep all four epindles running
to their maximum capacity, reducing piece costs to the mini-
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The stay-bolt chucks are readily removable, leaving the
e drilling when

.

available for a variety of sensitiv

These features, it is expected, in connection with

machine
NECESSATY
the reasopable first cost and extremely low cost of upkeep,
make it a tool of exceptional interest to railvoad and boiler

shop men at this time.

A Boiler Maker's Utility Punch

The accompanying illustration shows a boiler maker’s utility
daced on the market by the Covington Ma
In designing this line of ma-

punch, recently
chine Company, Covington, Va.
chinery, the following points were given careful consider

ation :

To make the frame stiff as well as strong, a heavy, cored
hox section of semi-steel was designed, which resists deflec-
tion, and especially the twisting cavsed by shearing bars, The
gap in the frame was made large at the back, so that, when
necessary, flanged heads may he pushed in to the full depth
of the throat.

The shaft, which requires strength and toughness, was de-
signed with liberal dimensions to avoid excessive bearing

pressures and tensile stresses, and is turned from a steel forg-

mg made by reliable manufacturers who guarantee a tensile
strength of not less than Foopo pounds per square inch,

A reliable clutch was provided, which works easily and
stops automatically without the vse of springs, The clutch iz
a0 designed that the punch may he stopped at the top or at
any point of the down stroke. The stop mechaniam iz ad-
justed for any position by loosening or retightening one, or at
the mast two, screws. The clutch is uswvally thrown in by a
foot treadle operated by the ball of the foot without lifting
the heel from the pround. When punching rivet holes in
flanged heads the foot treadle is readily detached, and the
clutch operated by a hand lever.

The usual form of cap-
stan keyved fast to the plunger shaft is dangerous, for, should

Another point 15 a safety capstan.

a workman forget, leave the bar in the capstan, and start the
machine by accident, or through carelessness, damage is apt
to result to either the This danger is

man or machine.
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avoided by using a ratchet keyv in the capstan, which allows it
to revolve around the shaft in one direction

The gears, which must combine strength and quiet running,
ar¢ made of the latest, stub-tooth design, of semi-steel, cast
from cut iron patterns, or, in the case of the larger sizes,
machine molded.

The bearingz are all bushed, both for the main and the
counter shafis.  Aside from penerous bearing surfaces each
machine iz given a two-days’ run, and then inspected before
shipment. This insures, it is claimed, that the machine is
ready for continuous work as soon as it is installed.

Belt drive from any direction is provided for. This is
arranged by casting a heavy tubular bracket at the rear of
the machine, carrving two large bearings. The fly-wheel and
the tight pulley are combined in one casting, The flv-wheel is
brought back over the outer bearing toward the frame, so
that the pull of the belt on the tight pulley comes close to
the outer bearing. To remove the countershaft it is only
NEeCcesEary to Ioosen one set screw.

The machine, as shown, with the tools in position, is ar-
ranged to punch tuhe holes i zheets. To punch the rivet
holes in Aanged heads, these tools are removed, a punch
holder inserted in the front of the plunger, and the hald-
down block, shown on the floor, bolted to the base. Other
readily detachable fixtures are provided which. will shear
plates, bars or angles. The larger sizes are furnished with
a crane pad on the top of the frame. The machine is easily
equipped for motor dfive, as the motor may be bolted to the
side of the frame; where dt is out of the way, above the dirt
and dust of the fAogr.and vet is readily accessible

Rotary Flue Cleaner

Thiz maching is designed for removing the hard adhering
crust of lime from: bailer flues, which is very difficult to re-
move in a cleaning roller or tumbler, and expensive, also, he-
cause of the waste of steam and time. It is claimed that very
little power is required to run the machine, It is aperated hy
a laborer, who enters the flues in the machine {one at a time),
they heing revolved and fed throngh like a screw, and
dropping off on the opposite end without assistance. Tt is
claimed to clean drom 8 to 10 feet per minute, removing all
ecale, and without injury to the flue,

It 15 s0 constructed that no countershaft is needed. Tt is
provided with a double clutch gear, which enables it to be
reversed in case of special need, and sets the palley free, to
avoid a conntershaft. To set the machifie it is only necessary
to place it in line with the pulley on the shaft from which
power is taken,

Three revolving shafts, provided with circular blunt-edged
steel cutters, are set obliguely in adjustable boxes, the central
ling of the flue passing between them; thesc boxes are con-
nected with a movable ring, governed by a warm screw, which
is operated by the lower hand-wheel, and each of them is pro-
vided with a small adjustable circular assisting cutter with
crass teeth, which cuts the lime lengthways; after being cut
crossways hy the circular cutting plates on revolving shafts
the scale is consequently reduced to square particles in a rough
manner; the same process is repeated by four circular finishing
cutters revolved by the flue, two of them being provided with
length teeth and two with cross teeth, and placed adjustable on
the same incline plane to the extending plate.  Having the circa-
lar cutters on the revolving shafts on the same incline plane,
the first and second cutters on each shaft will not come in con-
tact with the flue but will afford an easy entrance, acting like a
mill, preventing the machine from choking; there is no stick-
ing, as the cutters are all revolving. To overcome oval places
or uneven diameters, the cutters are arranged to give a little,
and when this iz passed immediately come back to the original
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a slizht movement of top hand-wheel the
machine can he reversed {or stopped) and the bad place
cleaned by passing back and throvgh agamn. Many flues are
not perfectly straight, but as any part of them within the
machine iz held central in line the projecting ends are at lib-
erty to swing,

The shafts are protected {rom dirt and dust with bronze
bushings, that can be replaced ; the cutters are made in dupli-
cates, which can be furnished when desired, and the gears are
all cut from the solid. The platform of frame is shaped like

position, and hy

a saddle to allow the loose lime to fall off freely. The speed
of the machine 15 optional with wser; the pulley can be run
a3 high as goo0 revolutions per minute, when about 8 or 1o
feet per minute will be cleaned, Flues from 114 to 3 inches
in diameter can he cleaned. The machine requires floor space
only 36 by 26 inches.

H. B. Underwood & Company, Philadelphia, Pa., are the
manufactirers

Personal

Mg, C. E. Lestcr has resigned his position as general fore-
man boiler maker of the Erie Railroad at Meadville, Pa., and
has accepted the position of assistant master mechanic of the
taltimore & Ohio Railroad, with headguarters at Pittsburg,
Ha:

Me. J, Hucues, formerly boiler inspector for the United
Fruit Company, with headquarters at Nipe Bay, Preston,
Cuba, has resigned that position to become the general fore-
man of the United Frint Company's locomotive department
at Nipe Bay.

Me. J. McAvusrer, formerly foreman hoiler maker of the
D L. & W. Railway Company at East Buffalo, N, ¥.. has ac-
cepted the position of general foreman boiler maker for the
Eastern Division of the Erie Railroad, with headquarters at
Jersey City,

Mn, Crapues H. Bowes writes Tae BoiLer Maker that he
has just returned from Detroit, Mich, where he has put up
for the Connery Boiler Company of Philadelphia, Pa., what is
claimed to be the largest amaole flue in the world. Mr, Bowes
tells us that this flue covers three boilers of 2,500 horsepower
each, belonging to the Edison Electric Company of Detroit,
and that it took him three months to pat it up.
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Communications of Interest from Practical Boiler Makers

Applying Locomotive Boiler Tubes

Sometime ago I wrote about how T apply my fAues to pget
good service, As I am not set in my ideas about applying
flues to get good results, now I want to tell you how T now
apply them to get better results.

I use the best guality iron flue, swedge same by machine,
anneal the flue and clean thoroughly the end of the fiue which
goes to the fire-box side. I wse copper 34 inch wide, allow-
ing 3/32 on the water side for a joint. T roll all coppers
We enter all flues, setting them with a gage. After all fues
are set to gage, we use a long stroke hammer 1o mandrel
flues. This mandrel is of our own make. Most shops nip the
flue with a hand hammer, but we do not want a hammer ap-
plied to the flue in fire-hox end. This mandrel just opens up
the flue slightly and the flue will not work inward. It takes
us abont an hour and a hali to mandrel flues. We used to
roll flues in the fire-box end, and it was not very long ago, if
you will look back at my previcus writing. We used to ex-
pand our flues any old way, just to get a tight job, as we
thought, After all flues are mandreled we mark off the flue
sheet similar to a cross, using two rows of flues for up and
down, also two rows across from side to side, then divide the
four corners to meet the center of the cross, wsing one row
of flues for the division, Then take a circle of flues, using
two rows equal distance from center of cross to sides top
and bottom, Thus the flue sheet is marked.

After the flues are mandreled and sheet marked off as
above, we pick out fifteen to twenty flues to use to hold both
flue sheetz rigid and diminish the vibration on account of
using the long stroke hammer. We use a blind sectional ex-
pander to each flue, turning the expander once. We start
from the center of the flue sheet and follow lines marked up
and down and across first of all. Then we turn over the
flues ready for beading and apply the sectional expander with
the heel good and hard once, and then we follow all the other
lines in a similar way., After all flues are expanded once we
then gpo bhack and start all over again, using a sectional ex-
pander with heel, expand each flue twice more, not driving
the expander as hard as in the first operation, and then
examine each flue to szee that it is perfectly smooth in
the joint made by the expander. Then we calk the Hue. We
have put all our rollers away and allow no one to use a
roller in the fire-hox, T have increased the length of life of
the flues from twno to six months in the past, and now from
seven to nine, and in better water districts T hope to get twenty
months where I had only twelve to fifteen months,

This is mearly the same way some one is doing now, as I
note in the past few months, Of course, [ got my idea from
athers, but.- I just want to let you know if it was not for
Tre Bomwer Maker I would not be doing as I have stated
ahove, and would not be giving satisfaction to my superiors
if T did not try to be up to date and leok for lLittle things to
give life to the bailer.

In roundhovse work T exclusivelv use the blind sectional
expander with surprising success. As fast as we renew flues
we igsue orders never to use a beading tool in the roundhouse,
except from special order from me. Only on our hig engines
do we use heading tools, and very little at that, and then
anly a few which show signs of the head opening up. On all
small engines T have never used a heading tool since apply-
ing flues as above. One'engine to which T have referrcd has
been ip service seven months and leaks more or less every

trip, but I have not used a beading tool on one flue in Lhi-_i
time of seven months, and never had a delay on account of
leaky flucs on the road.

I have cnly one district where we have good water, but we
only use one engine, and that a passenger. Cither traing run
part way over this line, hut turn over to another line and get
had water, and T have to wash every trip or have a foamy
Loiler and leaky Aues. But with care and patience, and the
way | now apply flues, I hope to get excellent service. The
engine above mentioned is on this run.  Before this five or
six months we renewed flues more on account of no beads
than on account of flue delays and failures on account of not
knowing how to work flues at terminals,

If it was not for Tue Bomer Maker, and those who write
therein their ideas, standards, in fact anything about the
hoiler, T would say it could not be done; that is, keep flues
in good condition, better than in the past, no matter if the
hoiler is bigger, has more pressure, etc.

From my experience I have increased the life of the flues
in my district from two months to six and seven, and with
rther tvpes of hoilers and water conditions from six to fifteen,
ani 1 have not the best of conditions to work under, as any-
ome will tell vou that has worked down in Old Mexico. But
again 1 say THE Bormmer Maxer has been a big help to me,
and a little patience has helped me wonderfully.

Why don’t more of the craft write a little article once in
a while? Every little helps, and you may be helping some
yvoung man to a high position in thizs trade of boiler making.

Personally I am not way up on the theory of laying out
hailers, designing, etc., but [ can get something more than the
designer could accomplish, and Tue Boiwer Maker has done
most of the work by having men give their ideas, experiments,
shop kinks, tools used, ete, and these have been of excellent
use (o me, with something I have added bhere and there.

Monterey, Mexico. D. L. AKERs.

|Evrror's Note:—The above contributor wishes to know
how to keep a set of flues tight more than five or six months
without using boiler compounds or a filter of any kind to
treat the water. The engine leaves the terminal with excel-
lent water, and half way up the hill they use water which
flows over a biz body of zinc, copper and alkali. This water is
as clear as crystal, but no one will or can drink the water. This
water has a serious effect on the hoiler, especially the fiues,
which leal as soon as this water is injected into the boiler.
It forms a scale and quickly fills up the boiler and leaves a coat
of scale on the crown sheet. He says that thev get five to
six. months out of these fines before renewing, and the way
they now apply flues gives better succezz than ever before
If any of the readers can throw some light on this subject it
will be of great help not only to our correspondent Lut to
anvone else who meets the same difficulties.]

“Bayings and Ten Rules” of Cyrus Simmuons

While on a recent trip through the Central West T came
across the "Savings and Ten Rules” promulgated by Cyrus
Simmons, one of the most famows captains of industry of his
time. Will you kindly publizsh them in Tre Bomwer MAKER for
the inspiration and benefit of the many earnest young men
now cngaged in business? [t seems to me it wouldn't harm
some of the older men to peruse them alsno,
attd Rules” are as follows:

The “Sayings
H N. D
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Tue "“Savines"

You can't be coddled into strength.

Vigor grows out of rigor.

It takes a hard task-master to seccure efficiency.
dulgent coach is always a poor trainer.

It's & kindly whip that stings a man to greater effort,

Development is only possible through experience and ex-
perience is an unbending teacher. She flays her lessons home,
But the gradoates of her school are thorovghly tanght.

If vou resent authority, you stand small chance of assum-
ing it.

If you really want to be right, you can’t possibly object to
regulations which insist that you shall do right.

You may have a good brain, a clear vision, a dogged will,
deft hands and far-flung courage, but you can't utilize your
gifts to the best advantage until some one who knows better
has shown vou how to handle them properly,

You're not fit to control until you have accepted control.
You're not gualified to issue orders before you understand
how to receive them.
obev without question. The shortest cut to command is im-
plicit obzervance of commanids, :

If yvou're destined 1o do extraordinary things, there's no
easier way proving it than your competent handling of ordi-
nary sitwations

The habit of being regular and prompt and accurate iz the
habit of success.

An in-

While yvou're a private in the ranks,

“Tae Tex RuLes”

Mo, I—You can't impress me with your clothes, It's an old
trick of the trade to hide mferority with a coat of paint.

No, 2—Your work must more than cover your wages. 1
can't meet my bills if your job eénvelope doesn't total more
than your pay envelope.

Mo, 3=The last time 1 did business with a friend, he took
double measure and paid hali price.

No. 4—I want a day's work for a day’s pay.
plain when I complain. There's no market for excuses.
duce or cut loose.

No. 5—When [ ask, give me the straight truth.
more than enough flattery from my enemies,

Mo, 6—It takes a lot of time to be an expert on any subject,
You can't possibly be an authority on the fashions and follow
the latest stvles in work.

MNo. #—The minute I know things don’t suit vou, you don’t
suit me, [ can get more out of a blockhead than a sorehead.

Mo, B=—When you're satisfied with your success, I'll search
for your successor, The only way to make sure of your place
i5 not to feel sure of it

Mo, g—While you take my pay you must take my say. I
pick my thoughts, not my words. My ideas, or von go.

Nao. 1o—If your work does not show your age, [ don't care
a tinker's damn if you're gray-haired. I buy what’s in vour
head, not what's on it

You can’t ex-
Pro-

I'm getting

A Word of Warning

I have just heen reading that interesting article from the
Locametive which appears on page 300 of the December issue
of Tue Bomer Maker entitled “Making Repairs Under Pres-
sure,” and would say that it is too bad that more of the men
who work around and about steam plants do not know how
close they really are to extreme danger, I fully believe that
the reason they are not prepared for the possibilities in the
line of so-called accidents is because such men seldom ever
read technical magazines like Tue Bomew Maxer, which are
alwavs sounding a warning note against doing things which
should not be done, and, as well, leaving things undone that
should be done, if human life is to be safeguarded. If tech-
nical papers were more widely read there would be less lives

“light.
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lost than occurs at present. for we seldom pick up a copy of
an engineering paper that does not contain something of an
instructive nature relating to the prevention of all kinds of
happenings with steam boilers and piping.

Not long ago, in this very city, a number of men were sent
to take off a Llank flange from a 22-inch exhaust line in 2
large electric lighting and power plant. A new engine unit
had been installed and its exhaust-pipe was to be connected in
the common main for all the engines. The work was to be
done on a Sunday morning when the load on the station was
The men—five of them—were given to understand by
“some one” that the 22-inch main exhaust line was “dead,”
and that it was safe for them to take off the blank flange.
After events show that whoever the “some one” was, his
statement that the line was dead was not true. The pipe is
in a trench, reached by the use of a ladder, One could hardly
conceive of a worse place to be caught in cscaping steam.
The men, believing that the pipe was really dead, and presum-
ing thar everything was all right to go ahead with the job
hecanse their superiors had ordered them to do so, got down
inta the trench, and moved the ladder out of their way in
order to have full swing at the flange. The nuts were taken
off the bolts—all of them. A smart tap of the wrench cansed
the flange to fly off with force enough to kill the man who
was slanding directly i front of {1, The other four were
almost scalded to death, for they could not escape the out-
pouring steam, Their cries attracted the attention of the sta-
tion watch engineers, who shut off the steam—after one man
had been killed outright, and the other four had been par-
hoiled. A second victim died the next day, and the others are
still in the hospital. Of course, it was nobody's fault! But,
how many men who make a practice of reading technical
papers intellizently would have taken off that flange in that
wav? It is safe to say, not one. CuarLes J. Masox.

Scranton, Pa.

Marking Out Boiler Manholes

Frior to the introduction of elliptical trepanming tools boiler
manholes were usually struck out as parts of circles. It 1s
probable even now that in some of the smaller and more
poorly equipped shops an oval hole is still marked out in this
Way.

The nsual method, having scribed two lines at right angles
and set off the necessary lengths, is to set trammels to total

length of minor axis, with ends of this as centers two arcs are
described, Closing arcs with their centers along major axis
are found by guess.

Centers for the closing arcs can be found by the following
method:  From extremity of major axis, with trammels still
set to length of minor, marl off length. Join extremity of
minor with line to point found. Bisect this line at right
angles.  Where bisection line cuts major axis is the center of
closing arc,

The sketch makes the construction quite plain, Tn the pro-
portions of 2:3 the shape is so close to true elliptical form that
the difference is negligible. A. L. Haas,

London, England.
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Selected Boiler Patents

Compiled by
DELBERT H. DECKER, ESQ., Patent Attorney,
Loax awp Trust Bummpiwe,
Washington, D. C,

Readers wishing copies of patent ]pa]]e:r:. ar any further information
regarding any patent described, should correspond with Mr. Decker.

1,003,006, SODA STEAM GENERATOR. ERAYMOND p'EQUE-
VILLEY-MONTJUSTIN, OF KIEL, GERMANY,

Clrim 1,—A soda steam gEnerator for submarine boats, provided with
a steam generator of circular cross-section built inte a soda container,
said steam generator being constructed similarly to a ship's water-tube
hoiler, with narrow tubes, and comprising a plurality of water contain-

ers, horizontally disposed, and with their axes paralle]l to each other
and to the axis of said soda container; said curved narrow tubes
adapted to connect the water containers; cpening inte the sides thereof
and being disposed in_groups; and said waler centainers projecting
through at least one end of said soda container. Twa claims,

104,073, FURNACE. AMES BROKENSHA POMEROY AND
JOHN POMEROY, OF EAST ST. KILDA, VICTORIA, AUS.
TRALIA.

Claim 1.—In furnaces, an air hridge comprising a plurality of bars,
each of said bars being provided with wpper and lower laterally ex.
tending spacing niks wherehy, when t.e bars are assembled, air passages
will be formed between adjacent bars, the upper surface of each of said
lower nibs being inclined rearwardly and dnwnwaTdH and extending be-
vond the rear wall of its associated Ear to form a detlector,  Five claims.

1.003,548. SETTING FOR BOILER FURNACES. HAYDEN
HOMER TRACY, OF BEREELEY, AND HARRY EUGENE BOY-
RIE, OF SAN FRANCISCO, CAL.

Claim,—In a furnace—the combination with the main front wall of
the setting having a damper-contralled airdraft-inlet to a print wnder-
neath the grate—of an air-chamber arranged exteriorly thereof and

having & cold-air opening at its upper portion—and supplementary &ir
chambers at the sides of the setting in communication with said front
air chamber and open at their rear for receiving cold air from the ex.
terior—the whole being adapted to recover waste heat radiated from the
furnace walls, and apply samc to pre-heat the air vsed to promots com-
bustion in the fornace,
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003,702, REGULATION OF THE TEMPERATURE OF SUFPER-
IJI!::#.'TED STEAM. JOHN PRIMROSE, OF DANSVILLE, N. Y.
Clatm %.—In means for regulating the temperature of superheated
stesm, the combination with a superheater having an inlet header; of
means for spraying water directly into each of the superbeating tubes
connected with said header; as sct forth. Five claims.

1,003,706,  STAY-BOLT, EDWARD W. CLARK, OF LOS
AMNGELES, CAL.

Claim 2.—A fAexible stay-bhalt comprising a_ central shaft baving en-
larged ends: and thimhies mounted upon said enlarged ends by swage

ing, and adapted to oscillate, but not rotate thereon, said thimbles being
adapted to be secured in the respective parts united by the bolt. Three
claims,

1,008,776. STEAM EROILER. JOSEPH ALEXANDER MUM-
FORD, OF ROSLYN, N, Y., ASSIGNOR, BY MESNE ASSIGN-
MENTS, TO ROEE-ENGINEERING COMPANY, LIMITED, OF AM-
HERST, CANADA, A CORPORATION.

Clgim,~In an internally-fired boiler the combination of the boiler
shell inclined upwardly from front to rear, the intermal fire-box shell

connecting the front and rear tube shests and opening into o combustion
chamber at the rear end fre tubes, alsa connecting said front and rear
tube sheets, and arranpged in parallelism with the fire-box shell, a smolke-
box inte which the tubes open at the front of the boiler, 5 horizontal
water and steam dram above the boiler shell, water :I.Eclks connecting
the pru:_.ximntc ends of the boiler shell and drum, and a Fir:ula.ti.ng pipe
extending from the water neck at the low end of the beiler shell down
between the upper fire tubes and the fire-box shell.

1,008,008, LOCOMOTIVE ASH-FAN. ISAAC A, DAVIS, OF
GRANI} ISLAND, NEE, ASSIGMNOR OF ONE-HALF TO HANS P.
HANSEN, OF GEAND ISLAND, NEB,

Cigim 1.—In a locomaotive ash-pan, the comhbination with a bopper
adapted to receive the ashes from the grate, of a shiftable and rockahle

ash-pan adapted to receive the ashes from the hopper, means for rasing
and lowering the ash-pan in relation to the hopper, and means for rock-
ing the ash-pan. Seven claims,

1,00%,207. WATER-TUBE BOILER. FRANK R. SARTOR, OF
MUNMCIE, IND.

Clatm.—A watertube bodler comprising an outer shell embodying top,
hottom, side and end walls, the bottom wall and one of the end walls
having openings therein, an inner shell similarly constructed, the upper
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portion of said inner shell being inclined at an obligue angle o the
outer shell, & ving dispesed between and secured to the bottom walls of
said shells and forming a grate support, a grate Atted within the bottom
opening of the inner jn.-ll and resting on said sapport, a fuel inlet tube
connecting the openings in the end walls of =ad zhells, inclined water
tubes extending through the inner shell and communicating with the
outer shell and supported by the end walls of said inner zhell, 2 steam
dome rising from the top of the outer shell and having a contracted
upper end, ‘a smokestack extending from the top of the inner shell and
through =aid steam doeme and connected with the comtracted portien
thereod, said stack being of less diameter than the body portion of the
dome, and a steam exhaust pipe leading from the contracted portion of
the dome,

1,004,810, DEVICE FOR REPAIRING BOILER FLUES.
J. TIRBENS, OF DANYILLE, ILL.

Clatin.—The combination with a hoiler flue baving vent openings near
the end, of a thimble extending into sard flue and bevond the vents and
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with an outwardly directed bead at the outer end adapted to engage
against the flue sheet, =aid thimble being further beaded between the
vent opening and the Aue and also near its inoer end, whereby the flae
material iz pressed outwardly and spaced slightly from the thimble to
provide for circulation of water between the Hue and thimble.

1,004,837, STAY-EOLT. GEORGE 5, THOMPSON, OF HOCKES-
SIN, DEL, ASSIGNOR TO THE FLEXIBLE BOLT COMPANY, A
CORPORATION OF DELAWARE.

Clrim 1,—The combination in n stay-bolt of the character designated,
of a threaded metal shank of relatively high tensile stremgth and small

diameter formed with a tell-tale boere in its inner end, an externally
threaded socket head of less tensile strength formed with a female
thread extending through said head for engagement with the male thread
on the shank, and o screw plug engaging said female screw thread and
closing the end of =aid head, Bewven claims.

1,004,851, ADJUSTABLE CLEANER AND SMOKE CONSUMER
FOR LOCOMOTIVE SMOKE-BOXES., WILLIAM E, COONEY, OF
CLEVELAND, OHIO, ASSIGNOR TO JULIA LA FRAMBOISE, OF
LAKEWOOD, OHIO,

Claim 3.—The comhinatien with a locomotive boiler and Aues therefor,
a smoke box, exhawst nozele, and smokestack, of a horizontal screen and

& parallel plate forming a horizental [assage in the I.-mu5m-1:-nx. deflecting
plates adapted to direce the draft from the central and upper flues to
zaid horizartal passage, deflecting plates adapted ta direct the woducts of
combustion from the jower Aues to the front of the smoke-box, and a
screen between the front of sasd smokebox and said smokestack and
connected with the screen first mentioned, the sad deflecting plates
having horizontal movement permitting the size of the passages to b
varied,  Six claims,

1.004,815. TURULAR BOILER. JEAN VAN WOSTERWYCK, OF
LIEGE, BELGIUM. . ;

Claime 1 —In a steam generator, the combination with a plurality of
drums arranged one above the other, of steam and water tulies connect-
ing adjacent drums 1o conduct steam {rom the lower Lo ihe upper drum
anil water From the upper to the lower said droms, said tubes being so
arranged that the water entering the lower drom is caused fo move
through the hody of steam passing through the steam space of said
drum to the drum above, Eight clawms,

A4 SR, SAFETY APPARATUS FOR STEAM I'pI"III.E[f.'-‘!.
H.l.i'-:.flf"l.' NEVILLE, OF LOS ANGELES, CAL, ASSIGNOR OF H!\'I';-
FIFTH T0O GED 2 H. GOODWIN, ONE-FIFTH T0 DANIEL P.
EELLOGG, ONETFIFTH TO WILLIAM F. MEREY, AND ONE

FIFTH T¢F PATRICK SHEEDY, ALL OF LOS ANGELES. CAL.

Claims 1.—The combination with 1 steam boiler, of an alarm. a pipe
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leading from the steam space in the boiler to the alarm, a valve in said
pipe, a coupling in said pipe beyond said walve, a cut-off beyond the
said coupling disposed normally at one side of sad pipe, a pipe leading
from said coupling to sadd cut-off o admit steam thereto whereby to
project it across the first-mentioned pipe, a2 pipe leading from said
coupling to the fire-box of the boiler, a valve arranged adjacent the
fire-box to be actuated by the steam passing through said pipe to control
the combustion, a steam casing on the bodler and communicating there.
with, and a beat responsive clement in said casing to operate first-men-
tioned wvalve, Three claims,

1,004,770, EXHAUST NOZZLE FOR LOCOMOTIVES, JTOHN L.
LOWAY, OF VALLEY JUMCTION, 1A, and THOMAS GALLD-
¥, OF CORLISS, WIS,
Claim 1.—An exhaust nozele for locomaotives, consisting in the eom.
hination of inner and outer nozzle casings having their lower portions

=
ra

connected with cach other and their wpper portions fapered inwardly
amrd constituting steam passages of different size, the outer casing being
extended bevond the inner casing and provided with a larger discharge
orifice forming a cammon outlet for hoth paszages, and the inner wall
being prowided with ports affording communication between the inner
and outer passages. Four claims,

100,718, STEAM BOILER. CHARLES W. TODD, OF MAN-
CHESTER, N. H.

. Claim 1.—In combination a 'hni.ler_ha'r:inﬁ a steam space and steam de-
livery pipe provided with a controlling valve and a superheater inter-

—H

AT T

| JL
posed between said steam space and steam delivery pipe, a br-pass for
placing said steam space in direct communication with the delivery side
of said superheater, and means for auntomatically closing said hy-pass
when the throttle is open and opening it when the throttle i3 closed.
Five claims,

1,004,708, STEAM GENERATOR. DAVID STARK AND ARTHUR
R. CARLYLE, OF S5AN FRANCISCO, CAL.

Claime 2.==A water-tube hailer comprising inclined front and rear water
leps having substantially parallel sifﬁ':. a substantially horizontal steam
and water chamber 'above said water legs and connected thereto hy
rounded corner portions having substantially concentric sides, water tubes
connecting said water legs and arranged normal thereto, a steam drum
above said steam and water chamber, twbular connecting members be.
tween said steam and water chamber and =aid steam drum, a fire chamher
below said water tubes, and a plurality of relatively small fire tubes
extending through spid steam and water chamber and adapted to con.
vev the products of combustion te & smoke chamber ahove said steam
and water chamber,  Three claims.

1,008,228 LOCOMOTIVE-FURNACE
GIANG, OF BALTIMORE, M.

Cloim,—The combination of a thin, flat drom mounted verticall
within the furnace pavallel to one of its walls, but spaced therefrom an
having a laterally projecting foot at its lower end extending toward the
fire and overlapping the grate, and closing the space between the drum
and the grate, the drum having water tubes connecting it with the
hailer an as ta maintain o water circulation therethrough, the channel
formed hetween the drom and the wall behind it being in communication
with i,"|1| nir supply and delivering heated air to the wpper part of the fire
chamber.

DEVICE,

JOHN BOL-

1,002,005 NLOWER FOR BOILERS, ALTFRED G, MATTSS0N,
0OF DETREOIT. MICH., ASSIGNOR TO DIAMOND POWER SPE-
CIALTY COMPANY, OF DETROIT, MICH,, A COPARTNERSHIP.

Cloim 1.—The eombination with the breech-oor of a haoiler, of a
blewer comprising a pipe extending throuph said door and having jet-
J?'Tpnin_p?_.;[n:l means for rotatively supporting said pipe in said door,

iree claims,
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Calculations for the Bracing of Flat Surfaces in Boilers

BEY J. P, MORRISON

“No brace shall bear greater strain than 7,500 pounds per
inch of cross sectional area, and care will be exercised that all
braces bear uniform tension, * * * The workmanship will
be the best skilled men, improved machinery and years of ex-
perience can produce.”

The foregoing paragraph has been copied from the hori-
zontal tubular boiler specifications of a prominent boiler manu-
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facturing concern, and in more or less modified form may be
found in the specifications used by the majority of beiler
builders,

The “safe load” on braces per square inch of cross sectional
area varies in different localities and with different authorities,
but the general allowance is 7,300 pounds where no law or
regulation prevents.

It is also customary, and in some States lawful, to consider
the boiler head as rigid a distance of 3 inches from the head
flange and 2 inches from the tubes, and naot in need of bracing.
The remaining area—called the "area to be braced”—is shown
by shaded portion of Fig. 1, and Table T gives the area in
square inches to be braced in boilers of different diameters and
segments of various heights. This table covers the range of
boilers met in general practice. The diameters and heights
given are actual, while the valuez for the ares are net, or
“area to be braced.”

Tables II, IIT and IV give the safe load at 7,500 pounds
per square inch upon braces made of standard sizes of ma-

terial as found in general practice. The size of the foot and
blade is also given for round braces, together with the size of
rivet holes necessary, the rivet being considered as filling the
hole when driven. The foot or end of brace riveted to the
boiler head must have one and one-third times the strength
of the brace proper, according to modern requirements, and
the sizes given in the tables are the nearest commercial size
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having that strength after the holes are punched. In order
to briefly illustrate the use of the tables, a horizontal return
tubular beiler, 72 inches in diameter with seventy 4-inch
tubes and designed to carry 150 pounds pressure, will be
considered in the following :

The standard distance from the upper row of tubes to the
outside of head flange is 27 inches, which, as will be seen by
referring to Table I, gives an area of gof square inches to be
braced. At 150 pounds pressure per square inch the braces
will carry a load of 140,700 pounds. If braces 114 inches in
diameter are used each brace will support 9203 pounds, and
seventeen will be needed to each head. However, should there
be a manhole opening 11 inches by 16 inches in the rear head,
and Ohio or Massachusetts law be followed, 95 square inches
may be deducted from the area to be braced as an allowance
for the stiffness of the manhole reinforcement, and but Gfteen
braces would be required to the rear head,

These 134-inch braces should have blades 3 inches by 5%
inch and ¥g-inch rivets, driven in 15/16-inch holes, The foat



a6 THE BEOILER MAKER

of each brace should be made of 2%4-inch by 4-inch material,
as shown in Table IL

The segment below the tubes is 16 inches high and area to
be braced is 374 square inches, from which g1 square inches
may be deducted for the reinforcing ring of 1o-inch by 15-inch
manhole apening, leaving an arca of 283 square inches of front
head to be braced,

Through rods are in common nse for bracing the heads
below the tubes. Four 13g-inch diameter would be needed for
the front head and two 134-inch diameter crowfoot braces
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would be added to the rear head on account of the greater
area needing hraces.

The 13g-inch through-rods should be upset at front end to
134 inches diameter and threaded five and one-half threads per
inch,

The jaw at rear end should be formed of 23i-inch by
M-inch or 3-inch by l4-inch material, and the foot of same
size 15 riveted to the rear head with two 1-inch rivets driven
in 1 1/16-inch holes. The pin bolt securing the jaw to the foot
should be 1% inches in diameter and nearly a driving fit,

Some builders weld the foot at the rear end to the through
rod, thus eliminating the jaw and pin bolt.

In boilers of the marine type the through rods above the
tubes extend through each head. They are upset at each end,
in which case neither jaw, pin bolt nor foot is used. But when
the rear end of the through rod is below the fire line, as is
the case with braces at sides and between the furnaces, the
practice of using nuts at rear has practically been abandoned
for the use of the foot and jaw. The foot is often separated
from the head to which it 15 riveted by thimbles about 1 inch
long, through which the rivets pass.

These jaws and crowfeet are in most cases made of -inch
hoiler plate, and the sizes given in the tables are for that thick-
Ness,

If the foot is made to measure 12 inches from the boiler
head to the pin bolt, there is the advantage of being able to
remove a broken rod easily,

Of the older boilers it is sometimes necessary to have ad-
ditional braces put in to make them meet modern requirements,
but most boilers built in recent years have a sufficient number
of braces of proper size. However, concerning the "uniform
tension and workmanship” as much cannot be said.
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The value of the braces is often impaired when the boiler
head is laid out. The distribution of braces over the surface
to be supported should be uniform, and this can be done with
an ordinary amount of care. The standard layout is generally
used to front heads, but in boilers having a manhole apening
in the rear head the braces are often distributed in hap-
hazard manner over the area rcmaining after the manhole
flange is turned without thought of braces next to the open-
ing having an extra load to carry, owing to lack of bracing in
area occupied by the manhole plate. In some instances the nse
of larger and stronger braces on each side of the opening is
advisable. Usually, and especially in boilers of large diameter
where there are several braces to each head, the braces are of
three or four lengths—g2 inches, 48 inches, 54 inches and 6o
inches. When the rivet holes in the shell plate for the blade
of a s4-inch brace are located along the same longitudinal line
as a g2-inch brace, the s4-inch brace will ride the rivet in the
end of the blade of the 42-inch brace as shown in Fig. 3. The
braces should not follow the same longitudinal line.

In many shops, including some of the oldest and largest in
the country, it is the practice to use the seam rivet