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CONSTRUCTION AND DETAILS

BOILER SHELL
GENERAL DESCRIPTION

1. Definition— The loromarive hoiler 15 a steel shell for
containing water, which, when couverted into steam by the
hieat of the fire in the firehox, furnishes 1The energy to move the
locomaotive.  Locomotive boilers are of the internal-firebos,
straipht-firstube type and are made up of a cylindrical portion,
which containg the tubes and Aues, a bacl end, which is enlurged
and shaped to accommodate, the firehox, and a smokebox at
the fromt, un which the stack is placed.

2. Description.—An exterior view of a locomotive botler
is shown in Fig. 1. a sectional wiew talen lengthveise of the boiler
is given in Fig. 2 (a1, and a cross-sectional view is shown in
(). The hoiler shell is made up of u number ol sheets and
cotrses, namely, the back head, an ouiside firehox sheet, ofw
oo each side, the roof sheet, the throat sheet, the dome course,
the taper, or conical, course, the fivst course, and the smaolebos,
However, the numes of the courses vary according to the loca-
tion of the steam dotne,  Shauld the dome he placed on the courze
next to the smokebox, as is the usual practice with smolehox
throttles, the Grst course would hecorne the dote course. Alsn,
the taper course would hecome the dome course shonld the dome
be located an it In the absence of the steam dome on o the
eotrze next to the roof sheet, this conrse would become the
combustinn-chamber course because the combustion chamber
of the firchioz projects partly into it. The tear end of the boiler 1s
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2 LOCOMOTIVE BOILERS, T'ART 1

shaped as shown in order to conform to the shape of the fire-
hox on the inside, the firebox being reclangular,  The rear end
of the beiler is riveted to the foundation ring o, Fig. 2 {ay.
which serves as a huse 1o secure this part of the boiler to the
frame of the locomove, .

I'he fircbox, which comprises the frebox proper and the com-
bustion chamber, 1s made up of a crown sheet, two side sheets,
a door sheet, aml a back fube-sheet. The back tube-sheet and
the front tube-sheet are comnected by flues @ and tubes a, which
serve o carty the smelke and gases [rom the firebox to the
stnokebox,  The arch tubes ¥ serve to promote the circulation
of the water around the firebox as well as to support the bricl
arch fy. :

The purposze of the stewm domie d s to collect and hold dry
steam, irom where it is comveyed through the throtle pipe
and the dry pipe to the superheater. In the older {ypes of
locometives, the throttle valve was located in the throttle pipe
in the dome, but with the throttle in the smoleehox and fncor-
porated with the superheater header, the dome houses the dry
pipe only.  The four openings shown along the bottom of the
Lodler are the belly washout holes, and the angles shown at
the rear of these holes are the waist-sheet angles o which the
waist sheets are riveled.  The purpose of the waist sheets s to
secure fo the [tame of the locomotive the particular part of the
hoiler to which they are atfached,

3. The throat sheet, Fig. 3, must be of a special shape
hecause it serves to eonnect the eylindrical part of the dome
course to the outside firebes sheets,  One part of the sheet is
flanged to conform to the cylindrical part of the dome course
that rests on it, the remginder of the sheet, cxcept where it is
flanged to join the outside firebox sheets at gs, being flat. At
the lower edge ¢, the throat sheet s riveted to the foundation
rimr.

The smalehox, Fig, 1, the bottam surface of which is hotted
to the eylinders of the locomotive, is the part of the boiler
from which the products of combustion, alter passing [rom the
firchox throughi the tubes and the flues, are discharged to the
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LOEEMOTINE BSITERS; TART 1 3

siack, Certein deaft applisnces are installed in the smokelox
principally to prevent the emission of live sparks of such slze as
to cause fires, but also to mske the smokebux sell-clesning.
The smokebox is the only part of the boiler that s figidly con-
wected 1o the locomolive frame, the connections at the other
points being flexible to permit the free expansion and contrac-

Fin. 3

tion of the hoiler lengthwise due to Leating and conling,  An
exhaust pipe through which the exhaust steam from the cylinders
is discharged to the smokebox projects spward o it through
the opening shown.  The heavy ring shown riveted inside the
fromt edge of the smokebox, g, 2 (a2}, 15 the smoleebox front
ring and itz purpose is to forin a bearing for the attuchment of
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the smnkebox [rout, which is a cast-iron or pressed-steel plate
usually somewhat curved and which, with the smokehox door,
closes the end of the smolebox.  The smokebox doot, which
periits access to the interiur of the smolebox, is hinged to the
cenukebns front and is held closed wsually by nuts screwed onto
studs set in the fromt.  The smolcbox bottom liner is riveted on
{he inside and at the bottom of the smuokebnzx shell to strengthen
it where the steam pipe opening is cut out and also 1o prevent
wear on Lhe smokebox shell by the ubrasive action of the
cinders.
COWSTRUCTION OF EOILER SHELL

4, Defiiition.—The boiler shell comprises all the exterior
cheets of the boiler amd therefore conzists of the cylindrical
courses in front of the firebox, the rood sheet, the haclk head,
the throat sheet, the front tube-sheet, and the outside firehox
sheets, However, hoilermakers refer to the part between the
frebox and the smokebox as the hoiler shell and the other
exterior sheels as the outer firehox sheets

5. Lap Joints.—The beiler shell forward ai the firchox
iz made up of circular courses, which vary i number according
to the length of the boiler and are jointed together at the ends
by lap joints.  With this type ol joint, the end of oue course
laps over the end of the course next to it and the two are riveted
together, One, two, or three rows of rivets may be used, depend-
ing on the sive of the boiler.  When two rows af rivets are wsed,
she joint is referred 1o as a deuble-ri veted lap joint. The dome
coyrse ad the first course, Fig, 1, are conmected o the conieal
course by double-riveted lap joints, A triple-riveted lap joint
is one i which {hree rows of rivets are used.

6. Details of Lap Joint.—In Fig. 4 (a) iz shawn an exterior
view of 4 triple-riveted lap joint, and in view (b), 2 sectinnal
view. Ome course o, view (b}, fits on the inside of the course
b, and the two are held together by three rows of rivets, ¢,
which are driven ta-a full head on each side,  When there are
rwo or move Tows of rivets, il is preferable to place the rivils
s alternate rows; as shown in view {2). At o view (&), 18

LOCOMOTIVE BOILERS, PART ] L

shown o tecess In the edge of the plate, which is made by calking
it to insure a stearmn-Hght joint. The calking should be done with
a blunt rotmd-nose tool held inoa pnewmatic hammer, care heing
taken that the plates are not sprung aparlt in the process of
calking, Foth the inside and the outside edges arc sometimes
-alked to insure a more uniform job.

i, 4

7., Butt Joints.—The courses that comprise the cylindrical
part of a hoiler are usnally made in one plece.  When the ends
of a course are connected, the seam will come lengthwise of the
hoiler, as shown in Fig. 1. The kind of jeint which is used to
connect the ends of the course is cafled a butt joint, because the
ends butt together and do not overlap as in the girth joints,

8. Details of Butt Joint—An exterior view of a buit joint
15 shown in Fig. 5 (a), and a sectional view in view {BY. As
shown in view (5], the ends a of the course are brought together
bt not overlapped, and strips, ot welts, b and ¢, which cover the
joint on the inside and the outside, are then riveted 10 the plate
by tivets that pass all the way through. ;
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The width of the inside welt iz the distance between & and
¥, view (), and the width af the outside welt 15 the  distance
between oy and 4. The dotted line oy shows where the ends
of the conrse mest,  The pame applied tooa butt joint depends
bisth on the number of rows of rivels used on each side of the
junction of the ends of the course and on the mamnher of welts,
I this vase. three rows of tivets are placed on ench side of the
liie e and two wells are used, so the joint is referred 1o asa
iriple-riveted, doubleswels hatt joint, A guadruple-riveted,
dnuble-well et joint s cue in which four rows of rivets and

_.]ﬁl ..ﬂdu..h|_|ll oo

| a G oa

rwo welts are dszed, and a quintuple-riveted, double-welt butt
joint is one that employs five rows of rivets on each side of
the seam and has two welts.

Tt the construction of a butt joint, the object should be to
obiain a joinl whose strengih eqnals that of the solil plate
as nearly as possible.  The formoof joint shown in Iig 3 has a
strength equal to about 90 per cent, of the solil plate; it is
therefore said to have an efficicncy of %0 per cent.

Welding is not permissible on the cylindrical part of the
hoiler becanse there are no additional means of sirengthening
the joint, Cha the other hand, the frebox is furiher supported
by stayholts, so welded juints or seams are allowed.

LOCoM
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5, TRelative Stresses on Lap and Butt Joints.—Calculations
show that o seam running Jengthwise of a boiler course, such
as a bull joint, is subject to nearly twice the stress that acts
o @ lap joint in the same course; therelore, a joint ronning
lengthwise of the hoiler will withstand only one-half the haoiler
pressure that a lap joint of the same construction will withstand.
TFor this reason, care should he taleen that hutt joints be properly
construeted {0 withstand the pressures and stre: {o which
they are suhject. A lap joint, besides being subject 4o only half
the stress of the boilér presure, alse is strengthened by the
staying propertics of the lubes and flizes and by the stays that
commect the Tront and haclk heads of the boiler.

10, Back Head.—The hack head, Fig. 1, is connected to the
raof sheer and the ourside firehox sheets by o single riveted lap
joing, and to the foundation ring by o donble row of rivews.
In Tig. 6 15 shown oodetad] of the joine at che back head ¢ and the
roof sheet b owith the sheet calked al ¢ A gingle row of rivets
Lias Leen found sullicient (o carry the sirain on the baclk head
hecause of the way the head iz stayed at other points. The
portinn of the hackhead Telooww the crown sheet is righdly stayed
Above the crown
sheet, the back head s stuved to the root sheet by diagonal
braces, one tvpe belng shown in Fig, 2 (@), Therefore, the
preater part of the load on the back head 75 carried by the stay-
bolts and the braceg thereby relieving the stress on the rivels
al the single riveted lap joint

to the door sheet and the foundation ring,
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11. Door Hole— The joint at the back head & Fig. 7,
ancd the door sheet £ of the fircbux to form the deor hole i3
construcied in a munber of different ways, As shown in view
{a}, the door sheet surrounding the door opening is fanged
to a large radius and extends through to the back: liead, the
twn sheets heing riveted together at e In view (2], the door
sheet is shown flanged outwards and the back head is Nanged
wards, and the two are riveted together. View (¢) shows
what is called the sleeve door, in which bath sheets are flanged
outwards, and a separate plece is rolled to the shape of the

| n‘.._..wL 1

b

door hole and is welded and then riveted to the sheets, Owing
to the continual expansion and contraction caused by the
aliernate heating and cooling of the inner sheet arcund the
fre-door as the door is opened and closed, the sheet, when
flanged in a single curve as already shown, is liable to crack.
A method of overcoming this is shown in view (d}, where the
duer sheet is flanged to an ogee curve.  This construction allows
considerable movement of 1his sheel without cansing any rupture
ar distortion. The door hole is the only point al which the
firehos is riveted to the boiler shell

12, Dome Course and Roof Sheet.—The dome course, or
the rombustion chamher course, a8 the vase may he, is connected
a0 the rooi sheet in the same way as the cplindrical courses are
cunthected ; thal is, if the cylindrical courses are connected by
dothle-riveted lap jointe, the same construction is used at the

LOTOMOTIVE BOTLERS, FART 1 4]

junction of the dome course with the roof sheet. Thea joint
extends down, as shown fn Fig. 3, untll it meets a similar type
of juint in the throat sheet and Lhe side sheets.

13. Throat Sheet and Side Sheets.—As shown in Fig, 3,
the throat sheet is connected to the side sheets and the cylindri-
cal course by a double-riveted lap jont, but in some cases the
connection is made by a triple-riveted lap joint.

14. Smokebox and First Course.—As shown in Fig. 8,
the smokebox # is connecled to an extension of the first course

5 bevond the tube-sheet s by a single or double row of Tivets

Fra, 2

oy, The smokebox may be riveted directly to the course a.
as shown, or o wrought iron my, Figo 9, called the smickebox
ring, may be inserted between the course n atd the sinolgeli,
The ring provides a stopping point for the insulation that iz
applied to the outside of the boiler. Two rows of rivets og are
generally used with the ring #a.
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15, Tube Sheets, Tubes, and Flugs. ‘T'he end of the Tt ler
course fnest fo the smolebox is dosed by the front tnbe-sheet,
whereas the back tube-shect forms the frant end of the frchox.
The tubes and the flues extend through the hoiler from one tube
sheet 1o the other and serve not only to comvey the sinoke and
the gases [rum the firehox to the smokehox but alsn 10 act as
slavs for the fube sheets. At tle frehoy e, the tules and the
flucs are electrically welded 10 the tube sheel all the way around
o prevent leaks.  The reason or the use of the flues, which are
usually 31 inches in diamcter, is {0 accommodate 1 series of
steatn pipes known as the superheater units in which the stear,

3 %
Eﬁ\.\ S T T T TR, m fru

Fig..]

in its passage to the evlinders, absorhs additional heat.  Hence
the flues have to be made larger than the tubes, which ordinarily
are 2} inches in diameter. In modern boilers, there are hm:ﬁ
erally three or [our times as muny flues as tuhes, .

In Fig. & is shown how the front tubessheet s is connected
to the [irst course o by a single tow of vivets o, which piss
through the flange of the sheet and the ouler course, The
tivets o are sometimes driven slightly flattened, as shown, and
somnetimes with o flat head on hath sides.  ‘The frst Em.ﬁroﬁ
which makes it easier 10 use the tube cxpanders on the side
rows of tubes and also to calk the rivets should they leak, is the
better one. In Fig, 10 is shown how the part of the front {ube-
sheet abowe the tiubes and fues {s braced. The front ends of
the braces ¢ are connected by the pins f with the T irong o
riveted to the tube-sheet. The back end of the hrace {5 Sattened
cut sufficiently to allow two or three rivets to be used 0 con-
nect it with the first course,

16. Minimum Net Gas Area. The minimum nct gis area
of a e is the cross-sectional area of the inside of the Que after

LOEOMOTIVE BOILERS, PART | 11

the area occuapled by the superheater unil has been deducied
Thiz aren decreases with the higher steam pressures hecanse the
flue then bas o be wade thicker while it maintain: the zame
citlgide diameter, or 31 inches, A Due with an oulside diameter
of 31 inches, used with a hoiler carrying up to 200 pounds
pressure per square inch, hus, when the area of the superheater
unil is deducted, & mitdmuam net gas area of 6.1319 square inches,

LR R e s
E e ey

i

Fis 1

For the same flue snd with prossures ap to 2500 pounds, the
miminmun el gas area is 59898 square fnches | and for pressures
[rom 250 pounds to 310 pounds, the net gas arce is 58476
snuare inches.

17. Gas Area Through Tubes and Flues.—The net internal
gas area through the tubes and flues varies between 13 and 17
per cent of the grate area and s one of the most important
fuctors i the design of the boiler,  Tf the gas area is too small;
the size of the nowele must be reduced, thereby increasing the
cvlinder hack pressure in order to draw the goscs through the

=3
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tibes and Naes, The maximum gas area that can be put into
4 boiler iz influenced largely by the area of the front tube-sheet.
The diameter of the front end of the boiler should be large
encugh for the fromt tube-sheet to tale the mwaximmim number
of Aues that ean be installed in the back tube-sheet.

1§, TFoundation Ring—The foundation ring, also called
the Girebox ring or the mod-ring, is & casting or forging that
cerves 1s 2 hase tu connect the rear end of the hoiler with the
frame of the locomotive und that also serves fo spuce the
firehax correctly with tespect o the bofler shell, The rectangu-
lar part of the firebox fits within (he foundation ring with the

edges of the sheets flush with the bottom surface of the ring.
The taiside frebox sheers, the back head, and the throat sheel
are similarly placed around the outside of the ring, and the com-
plete assembly s riveted together.  The space formed by the
separation of the sheets by the mud-ring iz called the waler-leg.

The foundation ring, as viewed from Lhe fop, is shown in Hig
11 {a}, and, as viewed from the side and the end, in views (#}
and (¢}, respectively. A section taken throngh the ting and the
firchox sheets is showhn in Tig, 12 {a), and the sheets are
riveted to the ring by two Tows of zigeag rivels, headed over on
each side, 13 shown in view {83, At their junction at the mud-
ring, the edges of adjacent sheets are searied. chandered, of
heveled so that their tolal thickness will be the same as one
sheet : henee the sheets will it tight against the side of the ring.
This is the only place where this lype of joint is employed
i a boiler.

LOCOMOTIVE BOILERS, PART 1
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Frundation rings are made from 5 o 7 inches witde and from 24
to 4 inches thick, depending on the width of the water-Teg and

whether ofie or two rows of rivels are used,

19, Water Lep.—The water-leg &, Fig. 12 {a), i5 the space
betwean the side sheels and the door sheet of the firehox and
the hoiler shell, with a width at the bottom equal to thet of the
tnd-ring. It is o very important part of the water space of the
boiler becanse, conlaining waler, il prevenls the firebox sheeiz
from becoming overheated by the extreme heat of the fire
The water evaporates very rapidly in the water-leg and this
eviapurstion causes neontimeous ciroulation of water srownd
the Arelbosx.  The water s at its greatest depth in the water-
leg, o the pressure al the bottom of the water-leg exceeds thar
at any other part of the boiler,

SEMOELRBEOX DETAILS

20, MNames and Purpose—Tn Fig. 13 i shown an arrange-

mefit of the smokebox details, known as the Master Mechan

fromt-end design, with the smokebox partly broken avway to
mzlee the arrangement clear.  The desivn consists of an exhanst
pipe. or stand, o with o round-bore exhaust nozels b,oa smoke-
stack ¢ with a stack extension d bolted to v, a diaphragm ¢
2 lable plate | supported T the exhaust pipe and artached to the
diaphragm and the sides of the smokebox, an adjustable dia

phragm apron, or damper, g attached to the front of the table

plate, and a sloping smokebox netting & oattached to the table
The purpose of the
diaphragm, the whbie plate, the damper, and the netbing is tu
offer an obstraction 1o the Aow of the spacks and the cnders
int their passage to the stack, thereby hreaking them up into

stich small pieces that they will cool guickly atter leaving the

plate znd the interier of the aooloeebo,

staclk and hence reduce the fire lneard.

21, The diaphragm eonforms in shape toa part of the oir-
cumierence of the smokebox and hence 1s sonivireslar,  Ttois
applicd cither vertically or with o slche slope abost 30 inches
ahead of the Trone Bue-shieet ad introduces a partition in the

sinokebox dewn tr the juncion of this plate with the table plate,
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The edge of the diaphragm is bolied to angle irons on the interior
wall of the smolebnz, the i of the plate heing such as 1o be
spark-tight. The two flanges of the superheater header to which
the stemm pipes are connected pass throvgh the digpliragm, and
here, alan, the plate fits the Tanges cluse enough o prevent the
escape of sparks. The diaphragm is made in severul seclions
to facilitate removal and application when making repairs to the
tubes, the flues, and the superheater unils.

The pulsating draft, prodoced by the partial vacuum developed
it the smokehox at each discharge of the exhaust steam, carrics
the spurks and the cinders against fhe diaphragm and causes
them to breal up inlo smaller pieces,

The fable plate is rectangular in shape and is applied hori-
zomally, 1t is connected both to the diaphragm and 1o the wall
of the smokebox by angle irons.  The exhaust pipe projects
through an opening i the table plate, the edges of the plate
heing caught hetween the exhaust pipe and the exhavst nwezle
when these parts are holted together. The partial vacuum in
the stokebox that follows each exhaust acts to lift the sparks
and cinders up against the table plate and causes them to be
broken up.

"The digphtagm apron, or dumper, also assists in hreaking
up the solid products of combustion, hut its real functon 5 1o
regulate the intensity of the draft through the fire and prevent
it from heing torn by the heavy exhansts at low spoeds.

If there were no damper at all, the gases woull rush into the
smokebox us rapidly as the resistance of the tubes and the
arch would permit them to flow, and, as the resistance of the
prates and the fuel bed wonld allow the air 1o enter the firebox,
the result would be a draft of sufficient intensity to tear the
fire al low speeds, Ilowever, when an adjustable damper 12

+

wsed, the space through which he products of combustion

liave to pass o enter the front of the smolechox can be changed
a5 desired,  Ti the drait through the fire is insufficient, a higher
adjustment of the damper will inerease the space beneath i and
sn merease the effectivencss of the partial vacuum in the smoke-
hox in producing a draft through the fire. 11 the draft i 100

strong, 2 lower adjustment will lessen the space and thus will
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decrease, or dampen, the effectiveness of the smokehox vacuunt
in causing air to be drawn through the fire and will reduce the
draft. Tence, raising the damper will increase the total draft
through the fire, and lowering it will decrease the drafl.

22. Tt was formesly thought that the dralt could be equally
distributed through the fire by adjusting the damper, but care-
fully ennducted experiments have shuwn that raising or lower-
ing the damper has no effect on an equal distribution of the drait.
With an arch fitted close against the flue sheer, the draft is
always stronger Whrough the rear grates because the arch, Busing
open at the rear, offers no obistruction o the flow of the air.

Some milroads secure an equal distribution of air through
the fire by using grates of a smaller opening at the prosition
of grester dradt, or at the rear, and grates of a greater opening
at the point of less draft, or at the front.

23. Finding Height of Table Plate.—The various Telghes
st which the table plate st be placed to obtain certain gas
areas beneath it for different smokebox dizmeters are given in
Table I. The tahle cun be used alse to obtain the height of the
diaphragm apron, or damper,

The preferred maximum and minimum areas under-the table
plite are 95 per cent and BF per cent. respectively, of the
minftotim net gas area through the tubes and the flues, and
the preferred area under the diaphragm apron is 75 per cent,

“The following example illustrates the use of the table:

Exanrere—le was fourd that 95 por cent of the mintmutn net gas ares
through the tubes and the fnes was L343 square nches and that 75 per
cent of the gas arca wias 1,218 square fiches. W hat should be the:height
of the table plate-snd the diaphragm apron i the iside diameter of the
grnjobeebiox 1 84 nches?

Sorrind.— By fnllowing the column mmder & in Table I down o 1he
neeaber 1,543, i1 will be fuumd that the number opposite 1,543 in ghie column
leaded Feighie of Tahle Plale is 27 in. Ans

To fird the height of the diapliragm apron for an area oot given n the
sabile. sich as LELE, select woder the proper smokebox diamerer the nearest
gas area and heiphl of diaphragm apron, which i this inglancs are

1,235 and 23 vespectively, then multiply 1,218 e 23 and divide by 1,235,
1215225
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and front of the smokebox.
i have not been sufficiently reduced m size Iy the other
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24. NWetting.—The netring, Fig. 13, extends ypward [rom

ihe point where the lable plate and the apron mest to the top

Its purpose is (o prevent sparks

s T

T

M
—_— J B, =

Fig, 14

smokehox appliances, from heing palled  through from  the
Erehos and thrown ot of the stacle by the actinn ei the cxhaust.
The netting consists of o network of wires abeut § inch in diame-
ter and with a mesh sbout £ w 3 inch square, ur it ey consisl
of a perforated sieel plate. The nelting iz held in __Em_:.._sz. Ly
heing holted to the table plate and 1o angle irons on the sides
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and the top of the smokebox, or it may be Tolied to a plece of
plate which extends down a short diztance from the top of the
smokebox,  The preferred toal arvea of Lhe openings in the
netting is 130 per cent of the total miniminn net tube-and-Rue-
area of the boiler. ;

The netling obstructs the Jow of gases to such an extent

‘that the size of the nwzzle st he decreased slightly io pro-

duce the same wmount of draft that would he obtained i no
netting were uscd,  Experiments have shown thal the ohstrac-
tinm to the gas fow caused by the netting is equal to the combinedd
effect of the diaplimgm, the table plate, and the damper, Lot
thiz Teasom, a smolkehox arrangement has been designed on
the centrifizgal prineiple and no netting is used.

25, Smokestack.— he smokestack, or stuck, {5 4 cast-iron
pipe that is bolted to the top of the smokebox,  Its purpose
izt carry off the products of combustion from the smolebox
{0 a.point above the engine aud the train. Fig 14 is & hali-
cmtside and o hall-sectional view of a tapored stack of cast
iron, which iz used on boilers of large diameter. This stack
iz largest at the top, from where it tapers to the top of the stack
exlension, which 1s connected to the base of the outside stacl,
as shown, and projects down into the smokcbox close to the
nozzle, The purpose of the stack extension 1s to make the stacl
of such height that, when the engine is running at moderate
speed, one exhatst is entering at the hottom of the stack before
the preceding one has escaped al the top, thus preventing a
rush of cold air down the stack to fill the vacuum in the sinole-

RN

Wilh large hoilers, the stack, owing lo clearance limitations,
must be made short and, since 1t 5 noy of sullicient height to
prevent the entry of air, it is accordingly lengthened by the
stack extension. The smokestack must be set inoan exactly
vertical position on the hoiler, and ils center must lme up
accurately with the center of the exhanst nuzzle,

26, Exhaust Pipe—The exhanst pipe is made of cas iron
and is used to conduct the exhaust steam from the cylinders
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anid auxiliaries ta the proper point in the smokebox.  The
intensity of the draft is governed by the exbunst nozzle on the
top of the exhanst pipe

A print of an cxhaust pipe is shown in Fig, 15, The top is
machined and deilled far the exhans, nozele, g, 16, and the
base 15 machined and drilled where it vests on the eylinders,

D i

G e
_ G Sodts-Doudle Ml I A |

_—— |

o

The Base must make a steam-tight joint and both surfaces are
spotted in with a surface plate. o da this, the surface plae
is coated with ved [ead and then rubbed on the base of the pipe
arel its seat on the cylinders: the high spots are filed and
seraped aller each application of the plate until the suriaces
are flat, The surfaces are then ground into each ather by usingr
a grinding compound and rubbing one over the other. The
exhaust nozzle is ground into ils seat in practically the same
Way.
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The exhaust pipe is secured to its base by twclve studs,
and the nozzle is recessed into the end of the exhanst pips and
is held in place by four studs. i e

In the application of an exhaust pipe, the opemng 1n its hase
must coineide exactly with the opening in the cylinders, _.rn
pipe then serees as an exiension of the exhsust passages. The
ppening through the nozzle should be of such #i76 13 e.: cause
{he steam that passes throngh it to produce the desired drait on
the fire. I the exhaust nozzle is unduly contracted, the force
b the exhanst steam will be extremely violent and haoles @
lie torn in the Ore. A contracted nozzis will also fucrease fhe
hack pressure in the cylinders. { the nozele is too _E.m...ﬂ_ the
drali vAll be too weale and the required amount of fuel will oot

L burmed.

97, Diameter of Nozzle. ~One rule for finding the diameter
of a single circular exhaust nozzle is 1o nse 224 per cent of the
diameter of the cylinder for the diamcter of the nozzle. In
Tahle 11 is shown the correct nnzzle sizes calenlaled on this
basis oy eviinders from 20 to 32 inches in digmeter, [i &
bridge iz psed in the mozzle, it must be made larger so as Lo
relain the net area given in the table.

TABLE TI
EXHAUST-NOZEZLE SITEE—SIMPLE, TWO-CYLINDER

I¥immeicr Hines
| Taches =
Coylinder W @l gy 24 vEEo26 20 2R o e T . 24

&L

Exhanst Norzle 4% 38 50384 55 5h o 5E 6k 6fs 6% 0 T T

Boiler Dctails

28, Draft—TDiraft in a locomotive is the term applied
{he rupid flow of air through the grales ame] the fire that
aceurs when the locomntive is working. Diradl s divided dmo
twor classes, natural and forced.  With nataral draft. no appa-
satys or force is used to induce the flow of gases viher thun the
Jiffercnice hetween the weight of the hot gases in the firebox
and the stack and that of the cooler air outside,  The dralt
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through a locometive boiler, when the engine is standing and the
blower not working, s notoral dralt,  Foreced draft, as the name
mmplics, means that the draft is induced by other means,  The
flow of air through the grates, firebox, and tubes into the smoke-
bose and out of the stack when the lncomotive is working is an
example of forced dralt,

29. Action of Exhaust in Producing Draft.—The actiun o1
the exhanst steam in producing a drall 35 as follows: The
exhaust stenm passcs Trom the oylinders through the exhaust
pipe and the stack Lo the atmospherc and, in
deing so, carries oot by nduced action sotne of
the smokebox prses and canses a partial vacuum
in the smokebox, The movement of the air at
atmospherie pressure through the grates and he
fire to fll the area of lower press in the
stnokehox causes a draft on the fire The greater
the force ‘of the esbaust, the greater will be the
dogree of wacuum in the smokebox and the
stronger will he the draft through the fire, As
the partial vacuum in the smokebox follows each

k-

discharge of the exhaust steam, the draft is pul-
salingr tather than steady, this action being maore
noticeahle at low than at high speed. “The term,
partial vacumm, as hete used, means that the
pressure of ihe gases in the smokchox aiter an exhanst is less
than lhe pressure of the atmosphere, which is alout 15 pounds .
i the square inch. The jet of exhaust steam should not 5ill
the stack, whether it is large or small, until at & point very near
the top, as shown in Fig, 17,

LF

30, Blower.—The action of the exhansl sieam in passing
through the exhanst nozele produces a draft through the fire
vnly when the engine i working steam, The blower provides
a means whereby a drait is produced when the engine is sfand-
ing or is running with steam shut off.  The blower cousists
of a pipe that conveys steam irom a wvalve I the eab to the
exhaust nozzle, or at a peint near the base of the stack which-
gver muy be Tound the more convenient,
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Tn Figs, 18 and 19, two different arrangements of the hlower
pipe at the smokehox are shown, As shown in Fig, 18, the

pipe irom the boiler head connects putside the smokehox o
a pipe that enters the exhaust pipe or the exhaust nozzle, A

plug is provided at the junction of the pipes so that a steam
hose can be connected and o draft created when the boiler s
fired up in the roundhouse. The Blower pipe may be comnected
tn the side of the exhaust pipe, as shown in Fig. 18, or it may
be screwed into the exhaust noszle, as shown in Fig. 19, the
outlet fnr the steam being through the small holes in the

LOCOMOTIVE BOTLERS, PART 1
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vertical projections ¢.  The sinplest arrangement for 4 blower
is to bend o pipe in the smokebox wtil the end is neat the
top of the nozzle and directly n line with the center af the
stuck. When the blewer is in operation, a steady flow of steam
paszes through the blower pipe and the exhausl nozzle, The
drait is created By the same action as that of the exhaust jety
that is, by the friction belween the steam and the gaszes in the
smokehox,  The gases are carried out of the smakehox and
are replaced by air through the grates.

FIREBOX

DESCRIPTION

31, Parts of Firebox.— The firchox is a compartment, or
Lok, mserted in the interior of the back eril of the boiler shell
and so spaced with respect to the shell as fo be surrounded by
watet on all sides. Tt is in the fircbux that the fuel is burned
and its heat transmitted to the water. An exterior view of a
Arehox ready Lo Le applied to a boiler is shown in Fig. 20, and
Uhe shell of the boiler, cut away to show a [ront view of the fire-
hox in the interor, is shown in Fig. 21, The firehox may he
comsidered as heing made up of two parts, the rectansular-shaped
part, in which the solid part of the fuel is Turned on the grates,
gl the harrel-shaped part, known as the combustion chamber,
which serves to prowote the combustion of the guses thut ¢scape
from the coal and thus to securc: additional heat from them
hefore they enter the flues.

33 Tirebox Shests—The firchox comprises certuin sheets,
cenerally 4 inch thick, which are joined together by either
welding und riveting or by welding alone. The sheets that ke
up the firehnx are the crown shect, which forms the top or
ront of the frchos and the combustion chamber, the door gheet,
the two stde sheets, the back-flue sheet, 1he combustion-chmnber
sheet, or the part of the combustion chamber not Ancluded in
e eroam sheet, and the nside throat sheet, which juins the
cvlindrical combustion chamber o the rectangulur parl of the

firelos.
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The crown sheet is welded (o the two side sheete and the
cosnbustion-chanber sheet, and the inside theoat 2heel 35 riveiad
to the ,..J_Em. sheets and the combustion-chumber sheet by a mm:mr”.,
row of riviets. The hacleflue sheet, which closes the end of
the corsbustion chamber, 1= beaded as shown, and is secured
e it by a single row of rivers, which give the joint ample
strength. the flue sheet heing further staved by the fues, The
door sheet whicly formz the back of. the m_.._..u.ro‘uﬁ iz flanred and

Ty

A g

A

SR A

i Emana withinn the adjacent sheets, the joint heing made iy
a single row of rivets, The strength of lds jont is ,,.,_.E_."_J..,m.
mented by the staybolts used to stay the done sheet 1o the
back head of the boiler.

The heads ol the tivets, particularly at the door sheet, are
countersunk on the fire glde, as shown i Tl 22, 50 as to
LR less metal to the action of the fire and reduce overbent-
it of 1he rivet heads with consequent leakage.

i1 S
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33. Grates——The hottom of the firebox is closed by the
grates, on which the fuel is relained nntil it 15 borned. The
grate area, which is found by multiplying the length of the fire-
hox proper by its width, varies between 80 and 100 square feet,
depending on the size of the boiler.

The relationship between the grate area in square feel and
ithe firebox volume in cubic feet must be such as 1o give the
carbon and he gases of the fuel
fime to mix intimately with the

the flues, A firehox volume of be-
. tween 5.25 and 6.50 cubic feet for

¥ el each square foot of grate area gives
good results,  About the same relationship should exist hetween
the grate aren and the firchox heating surface, that is, the
suriace of the firelhox exposed to the heat of the ire on one side
attd to the water on the ather,

STAYING FIREBOX TO BOILER SHELL

34. Necessity for Staying.— The firebox iz subjected not
only to the pressure of the steam but also to the weight of the
water, so the tendency would be to force the erown sheet down-
wards, and the sile sheets, the back-tube sheet, and the door
sheet mwards. The fircbox sheets are comparatively thin,
about £ inch, and would eollapse under the load to which they
are subjected unless supported by the thicker and more rigid
cheets of the boiler shell.  These sheets vary in thickness
depending on the boiler pressure, and may be §, 1% &, 3k, or
even | inch i thickness. ‘

"I'he thickness of the firehox sheels must be kept within certain
fized limits, hecause, i they are too thick, the transier of the
heat through them to the water would be toe slow and they
wonrld become overbeated,  Iowever, the boiler shell may he
made of thicker sheets than those of the firehox, The firebox is
prevented from collapsing by having all of ity surfaces, with the
exception of the tube sheet, stayed lo the surrounding sheets of
the boiler by staybolls spaced about 4) inches apart. The
stavbolts vary In length, depending on the distunce hetween

oxvgen and tn burn hefore entering
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the firchox and the boiler, this distance heing greatest at the
crown sheet of the hrébox and least at the mud-ring,

The long stayholts, such as are tsed at the crown sheet, are
called crown stays,  The shorter ones are referred (o as stuy-
Lolts, amd the ones used where the side sheefs curve to mest
the crown sheet are called radial stays.

35. Staybolts—The stavbolts used to stay the firebox to
the adjacent sheets of the boiler are of either the rigid or the
fexible type. A rigid staybolt is one in which each end is

i
Fra. 23

threaded and serewed into the hoiler shell and the firebox and
the projecting ends riveted over. The ends of this type of
stavbolt are then rigid with respect to the sheets and are subject
to stresses when the shecls expand and contract with tempera-
ture changes. A flexible stayholt is one that is designed to
permit of the unequal expansion amnd contraction of the firebnx
and the boiler shell without imposing undue strains on either the
sheets or the holt,  Flexibility of movement s obtained by
making the outer end of the balt ball-shaped where it contacts
the botler shell,

A rigid stayhaolt with a straight body is shown in Fig. 23 {a),
and one with a reduced body to male the application easier
is shown in view (B, The tell4ale holes that are always drilled
i these bolis are not shown.  Square ends are forged on the
stavbolts to permit them to be threaded during manufacture
as well a5 to be screwed inta the sheets. The square cnd as
well as any other surplus stock 13 cut off after application.
only enough stock remaining to permit riveting over. These
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types of stayholts comprise the greater nwunber used 1o stay
the side shieets and the dour sheet of the firebox to the adjacent
sheets of the hoiler.

36, The vigid crown staybolts used to stay the crown sheet
to the roof sheet differ from the shorter rigid staybolts in thal

d
i ﬁ @)
; ) "

i it

TG, 24 _..._:.. a3
ihe firebox ends of the helts bave either a threaded taper head,
as in Iig. 24 (o), or a buton head, us in view [ By, s the
crown sheel will e the Orst to everbeal with low water, it will
not pull avway from a bolt with the end threaded on a taper or
with a button head, as readily as from a straight-threaded
bolt. The part of the head of a button-head crown stayholt
thit seats against the crown sheet is slightly undercat or dished
mut. Then, whicn the head iz tightened against the sheet, the
pater edze of Lhe head contacts the sheet first and mukes & tight
joint, Most of the stayholts used tu stay the crown sheel are
of the rivid type

In Fig. 23 (@) is shown onc example of a fexilile stavhele
applied to the side sheet and comprising a two-piece assembly,
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and in view (B) is shown a three-plece assembly.  With the
fwa-plece assembly, the seat in the boiler shell is shaped to
fit the ball-shaped end of the holt, whereas in tlue three-picce
aszembly the head of the holt seats in the sleeve b, which hus a
removable cap nal ¢, In both cases, the cap and the sleeve are
welded to the boiler shell, as shown at &y, The head of the hilt
will turn slightly on its ball-shaped seat as the firsbox expands
and comtracts; thus, the stress on the staybolt and the sheer will
he less than 10 the suter end were rigid.

{)

Fro. &6

37. The practice on sume railroads is to use flexible slay-
Bults entirely to stay the firghox to the surroumding sheets of
the boiler. Chi other roads, flexible staybolts are installed only
in what is known as the breaking zone, which is that part of
the area of the firebox where the movement of the shects, and
hence the tendency (o brealage, is the greatest, amd stavbaolts
of the rigid type are applied elsewhere, The flexibility of a rigid
stavholt increases with its length, hence where the lungest
stavholts are used, as at the top of the crown sheet, the rigid

pres are assnmed to be sufficiently Nexible for the purposc.

38. Application of Staybolts—When rigid slaybolts are
applied, the holes in the sheets, which have heen previously
drilled or punched, are reamed and tapped i the same opera-
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Lo with a combined tapercd reamer and tap, thereby bringing
the threads of cue sheel in alinement with the threads of the
other. The staybolts are then screwed into place and the ends
cut off far encugh from the sheet to leave sufficient metal for
heading over and riveting, The ends are riveted over by hack-
ing up one end at a time and riveting over the other end.
In Fig, 26 {«) and (B) is shown the application of rigid stay-
bodts o to the side sheets & of the firebox and the biiler shell ¢
The application of a buiton-head crown staybolt is shown in
Fig. 27 {a): and a taper-head staybolt in view (&), The ends

Threy

of the bolts, before being riveled aver, are indicated hy a. The
square ends of the button-head type of stavholts are oot off
hefore the hoiler is placed in service. As staylolts break [re-
quently, tell-tale holes, as shown at £, Fig. 26, are drilled in
the outer enids of the bolts so thal they may be detected, when
they lreak., by the discharge of water. The holts invariably
breal next to the sheet at their outer ends, because it is here

that the leverage induced by the moverment af the firehooe sheets.

is the greatest,

When applying the flexible staybolt shown in Fig. 25 (a),
the holes in the outer sheet and the fircbox are resmed and
hrotght into line, and the scat is machined for the ball end of

LOCOMOTIVE BOILERS, PART ] 33

the bolt. The boll is then serewed mto place and the end is
riveted over, the hall end being backed up by 4 tool shaped to fit
the head so as to prevent it Trom being distorted and enable it
Lo make a true seat; finally, the cap is welded in place, With
the type shown in view (8], the sleeve i welded mn place first,
and the bolt is backed up during riveting over by placing a
riveting plug over the end of the belt, After rivefing over, the
riveting plug iz removed and the cap nut replaced.

The tell-tale holes in flexible staybolts are used to discharge
water or steamn when the bolts are broken and so indicate a
defective bolt: also, they permit the making of a fest to defect
holts that are not cracked encugh to cause a perceptible dis-
charge, I a test made by an electrical device shows that the
hole is clear, the holt s assumed to be intact. But if the fest
showes that the hole is obstructed, it is assumed that the bolt
is cracked and caused a leak so slight as to be unnoticed at
the time but large enotgh for sediment to [l the hole Jater.

RENEWAL OF LOCOMOTIVE FIREEOQEES

39. Manner of Renewal, —The manner in which a locomo-
tive firebox is renewed depends to a large extent on the practice
followed in the shop. Scvine shops will atternpt to carry ot
as many boiler repairs as possible without removing the boiler
from the locomative proper, whereas, in other shops, the boiler
may be taken off and sent to the hoiler shop. Necdless tosay,
the application of a new firchox as a unit will be impassible
anleze the boiler has heen removed from its bed.

40, Order of Operations. —When renewing a firebox in its
entirety, the staybolls are bumed out and various parts of the
firehox are removed i osections or as a unit after the mud-ring
is taken out. The duor sheet, the inside throat sheet, and the
back tuhe-sheet are laid out, funged, and drilled small in the
order given, The laving out can be done from mformation on
the drawings, or templates made from some of the old sheets
may be used to aid in Tocating all of the holes ta be drilled, In
the case of the flanged sheets, the drilling is done after the dang-
ing has been completed.
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The side sheets and the crown sheel are laid ot from the
drawings or templates and are punched or doilled belore heing
rolled to shape.  IF the firebox is renewed a5 a unit, the sections
ate placed together on the floor and tack-welded at various
poitite. Dlany freboxes are cntirely batt-welded, while others
hate the prer-lappinge Fanges rivered,  T1 the firebox is renewed
in sectioms, the bacl tuhe-sheet is placed in first, then ihe side
and crawn sheet, sud then the door shees, the back end of the
hatler being tadsed just enough to permit each to be placed in
proper position,  The mud-ring is then lined wp and the rivel
holes reamed and the rivets applied: The stavbolt holes in the
rac and side sheets are lined up by means of a long taperved
remmier and tap, which, when pazsed through, not only lnes up
the holes but alse eurs the staybole thread. The staxbolts are
then applied and cut off about 5 inch fvom each sheet,  Nex,
they are baclked up on Lhe inside and riveted over on the out-
side, and then backed up on the outside and mveted over on the
inside,  Flexible stavholts, if of the three-plece assembly, are
hacked up on the outside by placing a lirtle punching under the
cap and then tumiing the cap op tight,  After the stagholts are
riveted over on the inside, the punching is removed and the
welding of the paris is completed. At the oe of welding, the
sheers are made eoreegated or are palled slightly out of line g0
that, after the weld cools, the contraction will pull the weld
hack into nonmal posgition, thershy relieving the sheets of he
stress thal would result if no precoulions were taken,

EXPANSION OF FIREBOX SHEETH

41. Difference in Expansion.—The temperature in the fire-
box ol a properly drafred locomotive approximates 20007 T,
Although the firebox shects are exposed o a femperature of
20007 T, the heat is absorbed a0 rapidly by the water, which,
with u prosstre of 250 pounds, is 4t a temperature of BRI
thut the temperattire of the sheets, I clean, will nol cxcesd 7007
T. But. as the firchox sheets always have a coating of scale of
varying thickness, the temperature of the sheets will always be
higher than stated.  The less seale, the more tapid will be the
transter of heat,
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The outside fArebox sheets receive all their heat from the
water, hence (hey camnot become heated more than 388% F.
Rathier, the sheets will be conler on account of their losing heat
by radiation, so there will be a difference of about A0 T in the
temperature of the two sheets,  This difference canses the fire-
T shests to expund and contract more than the outside sheets
and impnses straing on the sheets and the stayholts. The expan-
siont of the Orebox sheets is accnmpauied by a slight bending of
the sheets hetween the staybolts and by a movement of the
slayholts into a more or lss diagonal position with respect to
the shecls,

42, Effect of Expansion—Tirehox stecl, Tke other metals,
has a definite expansion per inch far each degree increase in tem-
perature,  Although the expansion of 1 inch in length would be
very sall, vet, when the length of (he part is conaiderable, the
mingte fraction of expansion in each inch will canse an appre-
cinble increase in the length of the whole part. Tlus, a lneoma-
tive boiler, when fired up, may show a movemenl at the fumace
Learers of more than 3 inch,

It the case uf a hox-shaped sirueture lke a firehox, expan-
gien does nol allect its length or width to any extenl hecause
ane sheet resists the movement of the adjoining one, with the
resull that the aecummlated expansion nf the sheefs mccls at
lhe corners mud cayses a bending of the flanges, Tor example,
the expansion of the side sheets imposcs an endwise (hrust on
the stuvboliz of the door sheet and the throat sheel, orina dlirec-
tion in which the stavholts are mflexible, so any movanent is
resivicted to the Manges. owever, the siavbolts in the side
sheets will be hent yut of their true position durig the expan-
ciem of the shects becanse the direction of the maovement is now
at right angles tu the staybulls,

Sinilarly, the effect of any exprnsion sideways of (he door
sheet and the inside throat shest on the side sheets will be
opprsed by Lhe staybulls in fhese sheets, aned the inerease in
weidth will be taken care of at the langes. The bending action at
the flanges during expansion and eontraction gecounts frr the
cracks that ocour frequently at these points in the frchox.

1
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43. Breaking Zone—The term, breaking zone, is applied
to the area of the fircbox where the movement of the sheets dur-
ing expansion and contractivn is the greatest. This area com-
prises the ends, sides, and eomers of the firehox sheets because
it is here that the accurnulaled expansion of the sheets termi-
nates. The hreaking rone 15 stayed to the ocutside firebox
sheets by flexible stayholts, so the location of this zone can be
identified by the arrangement of the staybolts of the flexible
type in the adjacent area of the outside sheets,

The expansion of a rectangular sheet of steel, free to expand
in all directinns, heging at the center and extends in all direc-
tionz, The expansion is a certain amount for ezch inch in length,
za the sheet will increase in lenwih more than in owidth, the
srcatest Jengihening being at the four comners hecause these
points are farthest removed from the centers.

At the hottom, the sheets of the firebox, with the exception
of the combustion chamber, are riveled to the mud-ring so that
the sheets cannot expand downwards,  Instead, beginning near
the center, the side sheets will expand front, back, and upward,
the maximum movetnent being at the corners hecause of the
accumuluted expansion here. The erown sheet will expand simi-
lurly, the greatest movemnent being at the cnds and the least at
the sides. where it curves to meet the side sheets. The extreme
movement of the side sheets at the ends is talen care of by two
vertical rows of flexible stayvbolis, with a more nuneross
arrangement at the two upper cormers.  The upward expansion
of the side sheets and the downward expansion of the crown
sheet meet where these join; hence about five rows of staybolts
in this arca are of the flexible type. The progressive expansion
of the crown sheet will accumulate at the ends, but the crown
staybolts have, on account of their length, sufficient Hexibility (o
permit of this movement without strains.  Iowever, the part of
Uhe combastion chamber not included in the erown sheet 1s nearer
to the boiler shell than ke crown sheet proper, and shorter stays
are necessary; hence the stayholts in this area ave all of the
fexible tvpe.
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DRAFTING OF STEAM LOCOMOTIVES

The following is the report of the Commities on Loconiotive
Construction,  Mechanical Division, Association of Arnerican
Ltailroads, which outlings the new standard method of draiting
steam locomotives

Master Mechanics Locomotive Front End Arrangement

Recommendad Praciice
Aparren, 1906 Rweviseo, 1934

FOREWORD

The following is subimisted as & discussion and explavation of the
proposed new standard method of draftiog steam locomatives, Lased oma
praper proportioning to cach other of the gas zreas over the hrick arch
o throprhont the smnkehox as indicated on the enclosed progosed recom-
mended practice, Sheers Moso 1 and 20 Employing thie same gencral ar-
rangement ni the smokebox details and adhering basically o the design
Lnewn gs the “Masior Mechzndes” Front Fod, as deseribed in the 1905
VPrpeedings o the American Baibway MMaster aechanics A ssnciation,”
ihe proposed methiod has heen deveioped Trom an anslysiz of data secured
from standing and road test results while redraiing various classes of
hitiminaus coal burning locomotives of conventional design inoa wide
varietr of service ond using all the common kinds amed mixiures of bita-
trinans coak

From a sindy of the gas areas of propely drafsed locomotives and
aheervatinns made while tedrafiing, it was discovercd that thers is a
definite and necessacy relation of these arvas to each other and that
this relation is practically identival en all of the locomotives redraficd.
By virtue of the [oregoing it bas been comsidered Tnpica]l to use one of
these areds, namely, the minimum net grs area throogh the tubes wrid
flues, 4% an index to which the othor gas areas, including the niimmum
aren of the smokestack, shoull be compared and propurticaed,

Comparison of the stack diameters determined hy the method herein
recomimended with e diameters of pxisting stacks or stack dimeress
determined by other methods inogeners]l wse discloses inoa majority of
cpses that larger stacks may be used. The uge of larger staclks preLmits
the use ol larger cxbaust nomzles with suhsequont Feduction in back
pressiure,  Reduction in hack pressure, whol accompanied by satisfac-
tory steaming qualities and fire conditions, results in a saving ol fucl.
Other advantages of reduced back prossure are increased drawbat pull
and a reductivn in the general maintenante casts af the locomotive.
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Whils it may appear that this discussion is devoted particularly Mot dtea petwoen .m.E top af the hrick archoand the crown shect
tnoan analysis of conditions mid rodrafiing of exdsting locomotives, al the rear end of the arch,

e method matlingd 38 equally applicable 1o new locomotives, aod the Minimum net gas arca through the tubes and fues.

fesigns Zor rhe hrick arch gl smiokchox details ol a new locomotive

may he developed in accordance with same as seon as the mininoum 3 Mawimnum ares under table plate

et pas area throogh the tabes and flacs iz koowi.

Mg ogtated, the detnils of the smakchax and arrangement of same
are in accordance with the “Master Mechanics” frant end design and
cansist of an exhanst stend with round bore exbaunst nozzle, smoke- Area under drait sheer,
stack and stack extension holtéd togetbes, o diaphragm plate ot verti-
cal back deflectivg plate, o table plate sopportod by 1he cxbanst staned
and attached to the diaphragm plawe and sides of the smokebox, an Aren of smokeslick st mininmm diameter,
adjustahle drait sheet attiched 1o the table plate, sid emalebox pet-
ting attached to the tabls plare and the interior of the smakebox and
asually applizd in a slepiog pesition.

Anasmuch as the principles and method of drafting recamimended
herein lave heen gathered from tests made it locomotives emqpped Lozt Glas
with r.._..mm:m naving mt 1 30 HEH cont mmmnm.ﬂ.m air _..._amﬁm:n.._.u.m is poesible %ﬂ%mﬂﬁ?qﬁq& R e |
that miner changes i osotne of the proportions oullised may he negess M inber of Ateh BHcls i1 Side Rows [
sary i acder to cbtain satisfactory results when deaiting locomatives 1 Mumber &f Aseh Bricke [1 Center Rows _
having grates with net air opeaing mar within the alove limits, o such | r.__“wmumﬂ 3
cases it is belicved the recommended practice will stll serve ite pri- .huww e .__._._q,._uxm
mrary purpose d5 o guide, Such changes inthe proportiong as ity b Crear Thru Usadar kin.

X Tubes Tanl fres
faund necessary 4z a resull of thorough tests under the Tatter coddi- Arch Tanls (i

Mindmum et dres under table plate Copposite exbaust stand
and stoam pipes], =

Met arca through smolichox nettug.

ACTUAL GAS AREAS
GHAST KO, 1

i Qi . ; 1 Flate

dralting. ln the cvent the recommended propertions apply without ¥ - -_ wﬂ.x
change to locomotives with grates having other than 20 w0 3 per cenk ! i
effertive air opening, this praciice shoull he amended at once to in-

ciude that fact.

3 B 4 5 227

Sheet Moo 1 odllustrates the recommended areangement of the ___.aﬂ__m.._._wa..ﬂgm:.ﬁ_t e i i
smoleebeor desails, wilh recommended pas aress and oiber  pectinent KoL ﬁ_.H_.auW_._Em..:mm 0 1120 TR 1417 07
data. Sheel Mo, 2 illustrates the recommended bricl arch desien, to- +
gether with recominendsd net arca belween the back ond of the arch RECOMMENDED GAS AREAS
and the crown sheel, ; : | CHART MO, 2

The following paragraphs and included diaurams covar e clesipn Min. Fat
ol the varizus smokebox details and include a disrussion of the anale- G
sis. ol gas aress, pas pessages in the aminkchosx, sssemhblr of armakelas ..w._ﬂ
details, study of the drafts aud tests o determine locomuetive and {hel - Tuhes

oy and
perlonnance. Flags

I. Analysiz of Smokebox and Firebox Design Fescart of Minimum T
. - . oA y a 5 Hat Tube and Floe
fa) Caloulation and Talulation of Actual Gas Areas: Bar hred
When preparing to cedralt a locomative o make some changes to
imprave the steaming qualities, the first step {0 be taken 35 to ealonlals
and tabulaze the actnal gas arvas. For convenience these may be caleu-
lared o syware inches and ate 26 follaws:

and Piabe
tioms shouid dmmnediztely be made 2 part of <he proposed methad of + Fines Table

Prefarrad - - . ... - 115 100 130 25
Perrnizsinle Limits 113326 1oo o 11018 . 2EEY
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In tabulating the pas areas a simple praphival chart such as Chart
Mo, 1 35 recomnmended. The minicmm net gas arca throngh the tuhes
and fines iz used as the base for plofting the other areas and js rated
at 10 per cont. A percontage tabulation of the other areas is alse
given, For convenient refersnce and comparative purposes each chart
shongdd - carty any  dmportanl  data such as locometive  clagsification,
size of stack, ete. A typical groop of actual gas areas for 2 UL S,
R, A Mikado tvpe locomotive are shown in Chare Meo 1.

(h} Recommended Gas Areas:

The recommmended gas areas are illustrated graphically in Chart
Moo 2 as a percentage of the minimum net gas area throvgh the tubes
aod flues, The areas shown farm the basis of the proposed new method
of drafting and have Deen successfully employéd in redrealiing several
bamdreds ol locommotives. Many new locometives drafted to these pro-
portions have been placed in service and operated wnder varving  con
ditions without any chaoge i the smokebox details,

[ Chart Nao, 2 it will be noted that there i3 5 gradual stepping
down i the preferred areas from the aren ovep the arch to the area
under the draft sheet. While this conditicn 15 {deal it will be found
nEcessaty I s0me cases o have the maximum area under the table
plate scenewhar in cxcess of the minimom wet gas arer through the
tubes and flues in order that the minimom zrea under the table plate
shall wot be less than the area under ke draft shect. Where the lat-
ter comlition cxists it hpe heon found that the draft sheer loases the
touost of 1t value as g regulator of the draits,

Application of the recommended propurtions ta the locamative for
which the actual gas areas are tabulsted in Chare Moo 1 permitted an
ineresse jn the stack dizmerer [roor 17 oo to 20 in. This, is torm, made
it pussible to iocrease the exhaust nozele dizmeter from 7 in te § in.
withy entirely satisfactory resalts and with a substantial saving in fuel.

()] Impertans {Gas Passages in Somcliebox:

1. Space Between Fronl Fiue Sheet and Diaphragm Plate:

Mot infrequently oo some of the plder desigos of locomotives it
is found that the diaphragm plate is less than 30 in, ahead ol the froenl
flue sheet. This econdition is nsually responsible for and accompanied
b excessive heat at the fredoor, In exagrerated cases the flames in
the hrebox bave a tendency to roll z2nd not move frecly over the brick
arch.

In all cases where the diaphsagm plate 3z less than 30 in ahead
of the front Mue sheel 1t 35 reconumended thac the disphtasm he slopod
[orward at the hottom fram 4 point in line with the bottom of the
superheater header, The tolal ameont of slops will usnzlly be deter-
miined Ly the distance between the exhaost stand and the diaphragm
and should not exceed 15 in, In cases whers the fare of the smolke-
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ctack terferes with obtaining the desired slope in the diaphragm a
srnall partion may he cot off the stack flare without harmiul effects.
The porhon of table plate projceting backward beyond the new loca-
tion of the diaphragm plate should be cot off. A diagram illustrating
a sloped diaphragm plate s shbown in Figure 1

IF Less Than 307 |

et et

“moltan of

Suzerheatar
Heager

i
“[are of Stack Calension
to ba Gut olt i Mecassary
-p Clear Diaphragm Fats

R e R

Pt to Exceed 15"

!
To Ba as Glose to Exhaust

Stand &5 Possible Witheat
Exczeding Maximum Slone
ol 157

Fuee 1

O spmie of the more modern designs of locomatives. the reverse
ol the foregring conditien iz encountered, and the diaphrzgm plate is
au excessive distance [rom the front Hue sheet, With some ol the
simaller locomotives this condition may be responsible for the difficulty
in obteining sullicient draft on the fre. Where such an ellect is recog-
nized it has been found helpful fo install an sdditional diaphragm plate
it back of the existing plate and gpproximalely 36 in. ghead of the
fronl fAize sheet. The table plate shonld be extended owver to ihe cxtra
diaphragm and the compartment thos formed made perfectly m:,.H. tight.
The application of the additional diaphragm is illustrated in Fignee w

The superheater damper, on locomolives cquipped with same, s
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located 30 the passage between the frone floe sheet and diaphragm
plates Bane railroads bave removed all superheater dampers while ath-
ers have retaiced therm, To i nat inlended io t9his discunssion ta approve
cur criticize eilher practice. Iawever, it has been noced that drafting of

9

. 38"

Falzs
Dizphragm - |

" Biaphragm

Camperirart
ber b Bl
AUt TigaE -~

Tablz Flatz 1o be Extended

Fra, 2

locomotives by the thetbod hetein described has beon much more suc-
cessful when the dampers bave been removed. AN accompanying dia-
13- have been prepared on thal basis

2. Space Between Diaphragm Plate and Back of Stack:

The space in back of the siack may alse be sxcessive, -although

is not as likely fo be responsible for poor stoamine qualitics s
exoessive space bebind the diaphramm, On smaller power, howeser, 7
the existing dizphragm {s moere than 12 in. behiod the back side of the
stacle “some  improsvement omay be ooted il oan additioon]  diaphragm
plate 35 applied as close fo the amokestack as possible,  The compart-
ment thus formed should be made perfectly air dghe. A dispram illys-
Lealing Lhe additional diapbragm iz shown in Figure 3.
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3. Hpace Between Front Edge of Draft Sheet and Smokebox Front:

The space hetwesn the [rent edee of the denft sheet and the smalve-
Lox froot is vesy Jmpartant, and i1 ne ease should the zres hetereen
the drait sheet and the smakebox frons be Tess than the avea ander the
draft sheet. Tt is preferred o have Lhe table plate extend forward from

Dla __:Em_g._./

Falsz
Ciaphragm
to ba Apalicd
a5 Glone ba
Slack as
Frssible:

e

Compartment
in e Made

Air Tighl
TRt . |

Fuiz:

the ecenter of the exhaust stand as Hitle as possible, providing ool
splficient plate o atlach the sookelox nelling and the deatt sheet

4, Space Below Table Plate:

Ton much attention cannot be given 1o leeping the space below
the table plate free from any ohstroctions which may hinder the free
How of gazes [rom the Lrebox. The prosonce of large pipes, sach as
the hoaster exhaust or pipes contecling the exhanst stand or exbanst
Passares of the evlinder to the feedwater hester, particularly when

-4
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Incated on the Anor of the smakebox, are bound o set up eddies in the
livw of wases and may he Hawﬂ_.u_._m:u._n for undesirable [ire conditions
and poor steaming, The Dnjurious cilects of these pipes mar cxist even
thouglh the net arsa under the table plate, deducting the arcas of the
pipes, may he well within the cecommended liitz,  Eeery attempt
shiuld be made to remove these pipes from the swclochos endfrely. L
it ig impractical or impossible to do this the pipes should be applied
dircotly ander and elose Lo the table plare ar placed in line with the
exbamst stand in order to offer as litele tosistance a3 poszible fo the
s Ao, i

Tn some cascs it will be foomd that main stesm pipe cazings within
the smakebox are vonecessarily larpe, making i dificul to cbiain the
recomnicnded miniiem srea under the table plate, Hxira lorge steam
pipe casiogs may also kave an andesirable efect on the fire hy creating
efddies i the fow of gazes from the Hreboor When these condilions
exist it 15 recongnended that the size of the steam pipe casings be re-
duced in nrder 1o tecure the desired minimum arca, r 3
the table plate for this purpose. Fowever, in oo case shoo
imutn area under the table plate Be less than the mifinuim regom-
mended an Sheet No. L

(d) Design of Brick Arch:

The importacee of the brick arch conatruction is emphasized since
it plars a mosl inperiant part in the eombustion process. The net area
aver the arch at the rear oid should be within the lmils recoommerded
in Charlt Mo, 2 inorder fo providce ample space for the passage ol the
gases of combustion and set confine the stack loss tooa toininam, Care
should he 1aken to see that theareh i3 ffee frome holes of any
Lest resulis 1he arch zhonid he scaled at the theoat sheet, The wse of
e Brack al the throat sheet iz wsually acéompanied by snd aconomt-
eble [or excassive stack loss, stmoke and unequal draft distribotion.

II. Recommendesd Dezign of Smoekebox Details

(a) Bmokestack:

The diameter af the smokesiacl will be obtained from Chart Moo 2,
asing that dimension which, oeven inches, provides an gprea closest to
shat recommemded. It should be wunderstond thar this will be the min-
i diamoeler or the diameter of the slace a1 the cholo,

A twoepiece smolestack, consisting ol 1he stack proper and steel
extension, 1 recommended,  The stack proper shoold Dave a tapered
bore thronghout s fengsh, the taper being i incdizsnster in 13 in. of
fenptly,  While this tepor ds preferred, satislactory  results mar o be
phtained with stacks havine & taper of 1 in. in digmeter o 12 ol
lenpek.  However, it (5 recommended that the stick taper De levc
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within these 1imits, namely, 1 in. in diameter in 12 i, o 13 o of leagti,

Where the locomalive design permils i s vecommeuded that the entire

feneth of the sigclk praper be mades 34 # T
The stack extension shiould have a paratlel hore equal <o the min-

e here ol the stack and cod oo flave 28 i te 32 a0 o diameter

an D, in OF

A0 Preferrec
Taper 1

I Ares ko he 355
|le— ot 1. Mt Tulie —=
; arizd Fluz Arza

|
_llmw._ frir Shechs 18° Diar, and Urder |
3z* for Smcks Jver 18" Diam, |

Fra. 4

depending an the size of the stack.  The flare should be approximately
15 . i lenpthognd be desigoed with a long aweening curved surlace.
The length of the stark extension will be determined by other conditions
and sl Te stch as to provide a spacs 13 o 1o 16 0o do heighe hetween
the tom uf the exhaust oogsle and the bouom of the stack extension

Figare 4 illustrstes the recommended  design of stack and stack
-xtension,
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{b) Exhanst Stand:

Figure & illuatrates the rooommended design of exhaust stand, It
will be poted that ne provision s made for expanzion of the exhanst
steam within the exhanst stand as has beon done in some designs,  The
barrel of che exhagst stand should taper directly from the rectangular

_ 5" Wax
4" Wi

—— [iam. __..“_H_ b Mot Les
Than %" Greater Than
Bare of Exhaust Mazzle

s
EXHALST NOZILE

ust Elagt

v

Cariler Lira af $tach and MNogzle

- Tap af Exhaust
= Mozle

= ¢ METHOD OF
i RETERMINING
EXHAUST STAND NQESLE BORE

Fie 5 Fro. 7

shape at the bottom (o the oylindrical at the top,  The parting rib in the
bortom of the stand should be & i to % B in heipht, The design
llustrated is applicable oply to two-cylinder locomotives,

Atteneion is directed fo the tole on Figure 5 sialing that the bare
of the exhanst stand at the top should pever be less than 4 in. greater
thar the bore of the maximum dinmoter exhaust oozzls wsed,
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In zotne cases the supply of exbagsr steam Tor the feedwater heater
is taken from the exhaust atand. This practice Is oot recommended as
it affords an additicoal seurce of steam leals withio the smokehes,
TFurthermurs, the pipes applied for cooverimng the exhaust slepm o the
heater, when applied below the 1ahle plate, very often offcr serinns reatric-
fion o the free flow of gases, Tt 33 such preferced that these pipos
e comnected o the exhaunst pazsages of the eplinderz and  connscted
with the feedwater heater cither entirely outside of the smokebox or 1o
depressines built inco and scaled from the smoelebosx,

{¢) Exhaust Nozzle;

Fxperiments bave Leen in progress for many years o develop the
Uperfest” exbavst nosele.  As a result there are several exbaost noxeles
of radically differsnt design i uze al the present time:  The iost recent
experiinants along thiz line were those conducred at the Tinj i i
IMinois by Professor Young, In his tests practically all o« 5 ol
exhansl nozzie: now in use were tricd and the eficicncy of cach defer-
winged by its ahility o provide a steam jet which wonll entrain the
greatest vohime of air, Tt was determined by Professor ¥Young that the
ardimary round bore nozzle, when provided with some sort of a spreader
i hridee to ronghen the steam et is for all practical porposes, the
prpal Gf any other tvpe of nozzle

Becanse of its simplicily of congtrzction and widespread nse, as well
us its proved efciency, ihe round bore exhaust nozede is recotntended,
Figure ¢ illnstraies the reconunendsd design. Noo provizsien far the
Llower iz wmade inthe nozzle,  The bore of the nozzle sheuld be parallef
for appraximately 14 in., and the total height of the nozzle, 4 in, to 5 0.
The bore of the nozzle at the junction swith the exhanst stamud shoskd
never be lesz than & in, preater than the bore of the larsest diameter
exhioust nozzle used.

In deroreining the enrrect bore of the cxhanst wozzle the theereti-
cal shape of the cxbanst steam Dlast and the point oo the stack bhore at
which it 35 desired o have the exbanst Dlast male its “eeal” must be
taken into comsideration. 1t has been fonnd by tests with ronnd bore
pxhanst nozzles equpped with square Dar across spreaders thal the
exhanst steam Teaves the noszle a1 an angle of approximeately six degrocs
when exhausted at permal working bacle pressures of 8 1o 10 potnds.
[t has alesg been obeerved that bezl results are obuained when the theo-
retical “seal” of the exbacst fieam jel with 1he bore af the stack 1s at
A puint approximately 12 in, below the top of 1he stacls

From the [oregoing the hore of the exbaust nozzle s detersnined
a2 follows and iz dllustraied diasramicaucally in Figurn 7

Make a lavout showing the instde surlace of the stack. Lo dls cor-
vect relation 1o the top of the stack deaw a ling represeoting the top
of the exhaust nozzle. From o line parallel to the wp of the stick and
interseciing the stack bore at g distance of 12 in. from the top of the
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stuck project two lines, wach at an angle of six degrees from the per-
tieal, to infersect the ling representing the top of the cxhmst torzle
The distasnce between Lhese Hnes, measured on the top of the oozele,
will be the recommrended bore of the nozele,  For practical ressons the
nozzle should be hored to the nearcst even dimenzicn i guarier inchos,

When making changes 0 the bhare of the exhanst noxzle in order
to improve stesming qunalitics, it is sugpested that inereases or decreases
it the bore be made-in incroments of ane goacter inch with nozzles of
3 i, bore and over. Tor nozzles under 5 1o bore the changes shonid
he made o increments of one-eizht inch,

{dy Exhanst Nozzle Sproader:

I thie codrse af 1he 1esiz made winle redraiting locotmolives various
typas aof exhaust nowsle spreaders or hridges were tried,  These included
the square bar cross sprosder; the basker bridge, the single har spreader,
aned the Gondfellow prongs. Tests were also made with an open noezle,
hut without notable snceess except en yard engines o comparatively
light scrvioe,

Dor far the most satisfactory results were obiaioed with the sgoace
har cross spreader, and this tepe 35 recommendsl,  In maldne the sgpare
har spreader the dispouals of fhe cross section of the bar are per-
pendicular  and  harizemial.  The récomemended desian 35 shown in
Figure 5,

The sze of the bar to be gsed lor the spreader depends largely on
the size of he nosele, although there 13 oo lxed role on this.  Based
o 1he fiorxele bare, the sugmested sizes of the bar [or cross spreader
are a3 Ioilews:

Sixe of Square Bar
Nuozzle Bore for Cross Sproador

B A s R R D 4

TBREIRT | wmre ey o

B ta BIT L ; 3

b Th S T e e S e #

Where sstisfactory steaming quelities and five comalifions can be

obtatned T oso doing, itois recommended fhat the cross spreader rest
em o top ol the oozelé, However, in the coorse of drafting certain lood-
motives 11 may be found that dmprovement I lhe fire conditions can be
made by zetling the hottom edee of the cross spreader 4 in or 3 9n
below apd inte the top-of the vezzle,  Tikewisc, inosome cases iL may
be found 1hat-a change n the size of the bar in the spreadse will prove

oi greal hencfiz
(e} The Elower:

In many inatances too little attention bas been given o the blower
design, alchough the biower 15 used nnumerable tiooes and for indefi-
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aite perieds during each day's service of the ordinary steam lncomotives
An ineiliciont blower is wasteful of fael as well as heing unsstisfactory
ax u draft producing device, ;

Becnmse of itz cffectivencss in Llling the stark and crecatiog draft,
and breemuse of the simplicty of corstrzction, the “ring” tvpe hiower,
made of ordingry 13 in. pipe, it recommended: Figare 9 illustrates
{he detatls of the desipn and the recomoended application of the blower,

TR Mower Ring o be Farmed
_.1.".4. in True Cirche and of
Tiameter ta Fit Closely

T
kOl | Around Exhaust Nozzle
In-ier Sida

- i L
SECTION 35 A.,\ i
Bize of Square fr Suit ¥
%, i

Top of Rlawer Ring b Le
Flusi wity Top of Mozzle -

1
Sugport Rlower Jirg L
nmn_mwmtxmrunm 43_.._._..“_”_,1_2_.,- |.L_._ ._|.
. _
_

Fro. B ;

1 2NEE
LOWER DESIGH AND AFFLIGATION
Fu. 9

{[} Design and Applicaticn of Drait Shect:

The degt eheet shoull be sccucely haltel looan angle or E.En
sitached to the froot end of e table plate and shionld fit H..E#:_,.mﬂ.a___.._mn
the sides of the smobebose  While iU s 3_.._.::":25_“_.“_ that this sheet
he anplied aroan angle of 30 degress irom the wersical, berror resulis dre
seenred 1osome cases when it is s£l At R greater or lesser m:mﬁ_w.ﬂrmb
30 desrees,  The bottom edge of the flrall m._.__..,.nn. W:Q.?,m L H.w.n_..ﬁn.;u.
straight ond perpendicnlar to the vorsical center line of the beiler. A
typical apolication i itlustrated on Sheat Ko, 1.

{g} Deflecting Plate in Bottom of Smokebox:
A deflessing plate zpplied 2t an angle al &5 degrecs it the botiom
o e emnkebox, as illnstrated oo Sheet No 1, 15 recommended hecanse

ai Hs protective waloe 1o the smolehox froat and  becpuse it mﬂ.ﬂwm
; - - §3 - H (=
to provent cinderaccaiilation al th print. Application of an angle
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rem across the Lop wdge of this plate as shown haa very suecessiully
vedaced cimler cutting of the smokebox door, doar Hanpe and belis,
(b} Comgtruction of Stack, Exhaust Stand and Noszzle for Test
Furposes;
In order to provide the details necessary to redraft a locomosve
far test purposes withour the necessity i having patterns constricied

M.. Sbuils

1" Hal® Round _5_._./ _

4 S . - w

__ Tapar 1 in

b
_.._uﬂmn__”w?n_ Brass ar Cust
Ring 15" Thick Iram Sushing

Diarn. fn 15"

‘Wie!d Collar

-30" Frefercd —

ot
&Mw

a Skack and

]

Srnake mcﬂ

Eq. mw.._m..uﬂ_m

fria B by 25T

=— 1 I, Hel Tube -

and _"_Tm Ares

Mezzle Bushing -
2 Beston Tog
Flangr 25 Shawr

- %" Platg

Wald

"5 w 2" Platn Ring i

Waldad to Extensian

- 45" Platg

- Wald Flare b

Gtack Extarsion

4" Flote

amd ‘castings purchased, a smaoke
sleel plate may he wrilized,  Verr

in this manner.

in Figure 1L

place by Lle cross spreader, is used for the exbanst nozaie,
it possible to determive the [oal nozzle size 1o be wsed ol g tinimom
of coat Tor labor and m

arcrial

22 for Stacks 18" Liam, and ._.._num.q.IA
32" for Sfacks Over 1B j

PLATE SMOXE STACK FOR TEST FURPOSES

Diam, :
PLATE EXHALIST STAMD AND NOFZLE

FOR TLST PURFOSES

Fus, A0

stack and exbanse stand constracted of
satistaciary results have heen obeained
A otypical plate stack and exhanst stand are ustrared
Te will be observed fhat a removable bushing, held
This makes
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Dizahiragm 1

Mafb Less
Than 30"

3" % 37 fnghe
Wolded Lo
Deflecting Flata
- Drail Sheet N

Deflecting
Plate Gek

Tabia Flae

Brakea Arch Grick and Concrele

GNG AREAS—FTRGENT OF MIKIVUM

MET &5Fa T=IRLE TUBES ARD FLLES
= _ Parcent of Minimum Hel Gzt
Area Thra Tuses and 7l

Prefarred
25 a3 by 27

130 10t lan

i B0t
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CIIL. Assembly of Smokebox Details

(a) Typical Recommended Arrangemenl:

Sheet Moo 1 illustrates a smckebox and Shest Noo 2 an arch Drick
arrengegicnt prepared i accordarce with e recommendations:  outlived
Lercin, For econvenicnd reference the rocomimended gas areas are also
chivwm, together with other pertioent data mentionsd elzewhess inothis
iscnssion.

Mt Aren o b
1106 0 120% of
Iiniriur Met Tube

and Flue Area

Zeal with
Fire: Clay

whesr, 2

{by TPointz to Be Obzerved in Assembly of Smokebox Details:

Ton muel care cammat be taken in assembling the warious smokes
b aletzils 3 che wtmost efficiency 15 to be realized,  To oz parvticularly
eesential that there be pecfect alignment o the stack and  exhoust
nozzle.  All plates shoald he applicd exactly in accordance with the
drzwinegs.  The diaphrapm. plate, talle plate and draft shest should be
tuht amd free [rom holes.

{g) Teat for Steam Teaksz:

After applyine  the exbanst stml 3 hawdrostatic test shoald  be
applied.  The joints between the exhaust stand and cvlinder, znd between
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the exhavss nossle and stand shonld be made perfectly light during this
test,  Superhearcr wmits shanld be cbserved for lenkes and tightened 3f
necessary, ALl pipe joints-in the smakelux muosc be mads u_q.ma__..h_“.._.m.
tyghil,  Stemm leks inthe smeleher can offset the most capabls r.m.z.uq.m“
t ke a locomotive sleiimn properly acd Jead to inpovrect analyaes of
the fire condizions.

(dl Teat for Air Leaks:
Adr leaks, like stearm leales, ave rospunsille far nusch af the difficulty
credd Inoohraining aud maistaining good steaning qualitics anid

ecomamical [uel perivrmance,

A simple test for disclosing air leales i the fronl ond 35 hfwown a2
the “smoke” fost and s comducted a3 Tollews: Place a cover over the
ertire ton of the seel and then throw & quantiiy of coul on the [ire,
Al uir Tepks af consequence will he indicared by the escaping smuke.

1. DMupussion of the Dtafta

¢a) Drafte of Most Significance:

Wihile it 16 oot necessary too dovw zod remerl the actual drafts
olteined in the combustion aren and smokehox o order tw watlizfan-
tocily draft o redraft s locomotive, this information forms a .,.u,:_x._.v_._..
H._m..u,._w;u especially where an exivnsive’ program of rodrafting is tpder-
Lakeen,

Diue o the difficnley of secoring accurate readings of firebax and
shpan drafls on the toad, these doalis are given no furder ._.;_.u._..m:m._..ﬂﬁ.
tian in this discossion. T it ie desived o oblain a record of thess
draits it i3 recommended that standivg tests b mads,

Conabehene drafts can be readily ohrained in rosd service and furnish
all the data mecessary for comparicg the effecls on the draits hronght
aboat by redrafdog, The smohebax arafts of most signihonnee are
those laten at e fellowing locarion in the smokebox ) Ahowe atid
below the tahle plae st a poict just in back of the juretin hetween
(e smnbebax metling and the table plate, z:d in hack ol tke diaphragin
81 g peint approximarely on the horizontal conter line of muﬁc.ﬁwo.&.
Tirar wape pipes asplisd al the shove positions shonld extend Lo H._;,.
werdical meater line of (he smokebox with the inmer end of each pipe
capped and provi with aix staggersd | n. drilled holes .ﬁ.r?: F
space ol four inches from the sapped end, The draft mage pipes may
e eactended toom draiogame opanel in the wEb thus pro o osale
comverient reading of the draftd,  One-quarter ingh pipe 15 FAtsIaciory
for draft gasze pipe.

{b} Plotting of Draft Curves:
Tiraft ceadings shonld Te plotied s3 illustested in Fignre 15, platiing
deast 5o inches of water againat hack poessore in ponmnls Tt has Leen
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foumd helpful when plolling comparative draft curves 1o illustrate the
effet ol varions amokebox changes to plot the draft at only one posi-
fion I the smekebos on one shess A oompasite drats sheet such oz
shown in Figuee 11, illustrating e drafts st all three positions in the
sinohkelue, shonld beprepared for record after changes 1o develup sat-
Isfactoly steaming gualides and five conditions have beenn complesed,
Lirafe curves for the criginal smokehox arrongement shoyld be plotted
i erder o detormine and compare the exacl cifect of the wodiGed
somichax arcangement o the dealts

2 - .

P Watar

i

[ i
of Diaphamn
|

o]
a3

F, Inchas of Watar

Craft. lnches

C:

| R L
o 1 2 3 4 5 & 7 8 9 1 11 12 13 14 1%
Back Prassure, Founds.

Fra. 11

{c) Analyals of the Draft Curves:

It will Bbe noted that the draft curves Mustrated o Figure 11 are
strafght lines with practically the same “faliing ol in the desfts from
the dratt abrwe: the table place to the deaft in hack of the daphragm,
While the latter condition 12 ideal it cannot 2lways be obieined dus to
limitations of ignoand the fmpossibility of obtpicing the preforred
proportivnal ges oarcas, I should he possible, however, o obéain draft
curves représented by sivaight lines from sy logomuotive which s
proporly dralted, Draft curves which fall off in the apper Lack pressure
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In
2l

ranges indicate improper seal oo the cxhavst hlast in the stack This
iact oy account for smoke ar other undesivable fire conditions when
working the Incomotive ar 13 maxitim outipit,

A brief cxplanation of the draft curves ploted in Figore 11 s
afferstd at this point, Tt will be observed on these ecorves that some
draft 15 mulicated ac zera pounds of back pressgre,  Thizs omdition will
he found to exist in all cases whers loconotives are rodrafted 10 accard-
ance with fhese principles.  Due fo the increase in o the noszle bory,
bacl pressure will not be mulicated on the sage wntil the stears chest
pregstre is irom 23 to 3 opounds or lugher, depending on the noezls
bore. Thiz iz probably due 1o the lack of sensiliveness of the ordinary
back pressure gase. Tirafe i3 indicased an the drait gages, however,
whemever  steam i3 exhagsted from the cvlinders, regardlese of the
amoant of steem chest prossure,  The deafts fluscrated in Figore 11
at zera pmnuls back pressure were taken at the poing bacle pressure was
about to register on the gape.

(d) Mecessary Amount of Draft;

While no attempt should be made fo state definitelr bow el
draft s necestary to prodoce satisfactory steaming yoalitivs, with mood
fire and staclk condidens, it bas been observed onoa Jarse oumiber of
locomives, redraited in accordance with these priociples,  that  the
best performance has been obtained when the drafc in back of the
diaphragn i inches of water i= approximealely edghil-tenths of the back
pregsure in pounds 1o the nermal wolling fange of he lecomotive,
conzidered at eight to len pounds bacle pressare, This figore 15 empiricsl
and iz offcred Ior its possible value as a guide,

To suromory it i3 conzidered advisable o slate that each class ol
Iocomotives shoufd have anly suliciont draft 1o burn the Ore salis-
factarily wnder all operaring conditicns with free stemning gualities and
withnur smoke,  FExerssive drafrs arc to he ayvoided gz they are largels
respomsible for cxcessive srack loss and cinder cutting of stavbaelis, s
shevts amd warioes smokebosr details,

V. Locomotive and Fuel Performance Tests to Determine
Advantageas Due to Redrafting

ta) Standing Tests:

Extensive use of the standing test was rezartod 1o daring e carly
experiments n o redrafting and  zssembling the dsta upon swhich this
practice s based.  The standing fests made it passible to oguickly make
the changes  nesded oo produce satisfactory. steaming qualities snd pro-

Sviled  information of inestsimable waloe noarriving at the propariions

recommende] herein.
These proportdons and principles of front end design have prioged
50 reliable thal a greal member of locomotives, rediafted in accordanee
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with them, have been placed in rewvenuwe sereice writhous prel ary
trizl.  Omly arinor chanees have hecn ireed oo produce altogether
salsfdctory steaming  qualitiss god  stack conditivms.  These  changes
have been made without 1oss of time $o the lovomolive 1o any instance,
It is alse worthy of oote that oo case has @ sieam failure ecourred
while pediaiting o locomotive, Lo view of this, standing tosts for
the purpose of redraiting ace 1ol cocsidered vocessary and are not

recamizended.

(k) Devnamometer Car Testa:

Where o Dynamemeter Car s available, accorare informsbion on
the improvemizne made 0 a locomotive by redrafting may be obtained
by making & seriss of compardtive tests Lefove and alier redeafling,
In making sach feste 2 division chould be chosen which will prowide
the muost conststent cperalion [rom the stgadpoing of tonnage and apeed,
sl with & mdfdrcn of driltiog distaoce,  Ta many cases it ds preterable
10 make the tesis owvel coly that portinn of a division providing the
desired  corditions, thus eliminating meny of the varalles which affect
the locometive porformance. T is alwayrs preferable to male the fests
with the standdrd or origical smoleborx arrangement fivst, malking suffi-
clent tests to obtain accorath average resalts,

Taesta with the enpine to secure commaralive daiz o shioo)
oz he started wntil T s reasonebly certain thal the sieatning qualitics
amd stack conditivns are the Désl that caz be obipimed,

(n all soch tests made with the Danasncmieter Car the ceal sheaid
T weeizhed and waier measared. The Iocomative shoold boo eguipned
with & back pressure gage, stenin chest pressect gage, steam peromoter
andd drall gages, The roverse gomr should b calibrated,  Gage read-

inge mmy be lalken ar mileposts or &t specifed mtecvals of time. The

ningl dyoamometor datg shonld o b recorded. ANl of s informa-

e 15 essential to determine poactzl benefits of redrafbog and
siards very interesticg data Tor permanent recond zoed stody,
T migking cofiparative fosl pecformance 1esls iU 35 wvery essential

that the locomotive Ta wocked 2t the saoe capacily o all the tests
Maintaining an eqmel sveroge drawbar horsepowst on tesls wilh the
incomotive before and after redrelling sssares results which can walels
T gomipared, providing this eopal drawbar Botsepowsr s obiained with

power. haur shoald be ased o measure 1he beomative fucl pofermance.

Divpamometer testz mey slso he eondocted to detcrmine the oom-
paralive ahifite of the ociginal and aedratted  locomotive tn handle
tains,  In such tests the increased tonnage havled b the redrafrod
locomalive ar the redioetion o roooinge tiome over the division  wich
equal tonpape wiil afford comparetivs datas On tests of this nabre
ooaverage drawhar horsepower oI the redeafted  Jocomotive
ke higher than that of the locomotive befors redeafting, 1t may alzo

irly egual average speeds inoeach case.  The coal per drawhar harse-
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happen that the conl per deawhar hovsepeder Toar of the rodrafted
lncomotive will equal or even eseeed bt for the Jocomobive Defore
redealting;  This will be zoverned wvery lergely by the acreal improve-
ment i the fire conditions amd the ammme of rediction inolack pres-
e hronghs sbout by redvalling and the amegnt of the dncrease
spood ar tonmage, oroa wohination of Loth, of the redralled over the
erigingl Jocoinatise,

fc) Road Tests Without Dymamometer Car {Observation Tests):

Road tests tr determnine comparstive fucl porformance ola redrafted
locomedive, when made withant a Evoamemetsr Car and where cusl
per 1000 gross ton oiiles 35 wsed as a basis [of comparison, sre of
no parbonlar value, and may ollen be very misleadivg, even though
the coal may be weighed on such tests. While Lonnage and aversge
speed may be kepr comparshle there are wiher uncontrollable m.rnR.;.m
entering i, which mar affect the coal consumztion and the lectmotye
performanse gonerally.

Imvrease in temmage of sposd for the redralied locomotive may be
defermined withour the use of o Dynamemeter Car. Tests or wial runs
fnr this purpose should certainly be made order that the advantages
in this respoer, bronghl shont by redraiting, may be utilized.  Whenover
tests ol this natore are conducted without 2 Dymamoeter Car i s
recomsended thal cah gage readings, inchiding the diall readings and
cteoll, e tien as on dynamommeter tests. The data sooered will prove
of consideraldle value,

VI Conclusion

Although in some cses immediate improvencots oo the fuel and
peperal performance of 2 locomotive may be obtained by makiog pasal
changes in Hne with these recommendarions, the grealest suooess frenm
an zpplication of the loregoing principlss of drafting can be realized only
when the procedere indicated Is carvicd vut in it cntirety a3 cutlined.
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CONSTRUCTION, DETAILS, AND MAINTENANCE
(Continued)

FIREROJX AFPPLIANCES

PURFPOSE

1. The purpose of the different appliances that are installed
in the fireboxes of modern locomative boilers is to secure either
# more complete hurning of the fuel, or a more rapid cirenlation
of water arcand the firchox and thereby a quicker generation of
slearm.  These appliances comprise firchrick arches, combustian
chambers, arch tubes, and thermic syphons,

ARCII TURES

2. An arch tube 15 an iron or steel fube, 3 to 3% nches in
diameter, that {3 used o promote the circalation af the water
around the firehox and to support the bricle arch,

The arch tubes & are showh in the firebox in Fig. 1, in which
the bacle head of the boiler, the roof sheer, and the outside [re-
box sheets are cinitted; the sheets shown being the two inside
firehox sheets, the tube sheet, and a part of the door sheet, Ome
end af the tuhe & 15 inserted inothe door sheet 7o, and the other
end, when a combustion chamber s wsed, 15 conmected to the
inside, or fircbux, throal shest,  When & combustion chamber
15 ok used, the front ends of the arch fubes are inserted in the
tuhe-sheel Below the tuhes.

Avrch tubes promoete the cirenlation of the water, because the
front ends of the tubes are in such a position that they Teceive
the water irom a poing ar the hottom of the boiler shell whetre
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it iz comparatively cool.  The water in the arch tubes evapo-
rates very rapidly and is replaced by the cooler water which
enters the tubes al their front ends, the result being a sirong
Mo of water, as indicated by the arrows in Fig, 2. The rapid
Mo of the water tends to malee the nther heating surfaces more
effective,  The mumber of arch tubes that are wsed varies [rom
twa to six, depending on the width of the firehox, and they are
so placed that the firebrick will fit snugly on the top ol them,

B
L

Froo 1

3. Application.—The methad of applying the arch {ubes
o the fivebox sheets 1s'shown in Fip, 2, in which [, indicates the
crown-sheet, f; the door sheet, f the inside throat sheet, & the
bewde hiead, and £ the throat sheet,  The holes in the Grebox sheets
arc drilled %5 inch larger in dizmeter than the arch tube, so thar
it catl be easily applied.  The tubes are then bent 1o the required
shape and cot to lengtl,. Trom § to 4 inch of the tube 15 allowed
to project into the waler space a0 as to provide material [or

LOCOMOTIVE BOILERS, PART
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beading over as shown in Fig. 3, which is an enlarged view of
the back end of an arch tihe, and an arch-tube plug.

Arch-tube plugs £, Fig 2, are inserted in the back head & and
throat sheet ¢ so as to provide a means whereby the tubes can be
robed and headed and also to give access for cleaning. The
plugs are of standard taper, 4 inch in 12 inches, and twelve

threads per inch,
FIREERICE ARCH

4. Description.- As the name idicates, the firebrick arch
comsists of an arch of firehrick, boilt tp in sections and set in the
firehosx In an inclined position.

The [rebrick arch is applied for two principsl ressons, first
to aid combastion and so save fuel, and second to inerease the
life of the dues by reducing Tue lealage.

In Tig. 1 () is shown a Trebrick arch installed in a wide
fireboyx, as seen [rom the firehox door.  The ends of the bricks
at ¢ are shaped to fif the point where they rest on the arch
tubies A, Next to the side sheets, the bricks rest against the
sheets.  The surlaces of the bricks expaged 1o the fire are dished
ont as shown.  This construction retards the passage of the pases
along the arch and so canses them to mix toore completely
with the air. An opening is leit at the back end of the arch
helow the crown-sheet to allow the gases to pass to the tubes.
View (5 shows two of the firebricles removed from the arch.
The Tower brick is one that is placed along the side of the firebosx,
anel the upper one is a mididle brick.

LOCOMOTIVE BOILERS, PART 2 5

The position of the brick arch divides the firehox into two
sections ; one helow the arch, in which the fuel is consmned, and
the other above the arch, which scls as a combustion chatnber
it case no other one is provided, and as an extension of the com-
bustion chamber when there 5 one. The arch 1z extended back
until the opening between the top of the arch and the crown-
sheet 15 equivalent to about 115 per cent. of the total flue arca.

5. Position of Arch at Tube-Sheet.—The ideal methad of
selling brick arches iz to place them tight against the tuhe-sheet.
Tn this position, the tubes and Aves receive the most pro(ection
from the currents of cold air that may enter through the grates
at the [ront end of the hrebos.

The claim 15 sometimes made that with a closed arch, or one
set tight apainst the fue sheet, the fine coal would lodge on top
of the arch and tend to plug the Tower flues, whereas with an
opening between the arch and the sheet the draft through the
opening would carry the coal throvgh the Mues without stopping
them up. This in a measure is correct, hut an open arch would
Lave serions drawhacks.  Tests have shown that the dealt with
atl open arch is twice as great mmediately under the opening
than at any other purt of the fivcbox, The effect is that the
finer particles of coal at that point are Nifted up and carried out
of the stack wnburned.  Also, with & dead fire under the open-
ing, the cold air is drawn through directly into the bottom flucs
and canses them to leal

With a closed arch, regardless of the position of the damper
in the smolebos, the draft is weakest at the Tront of the firehox
anid strengthens progressively toward the rear.  Thiz is caused
by the fact that the arch has a gradual slope upwards from the
fromt toward the rear of the firchox, the opening hetween the
arch and the door sheet accounting for the greater draft on the
Lack scelion of grates,

To equalize the drail, installations have been made, in some
cases, of prates with a greater perceutage of air openings in the
frant ones than in the rear.

6. Advantages of Firebrick Arch.- -The advantages of the
firebrick arch are: {1} It lengthens the path of the hot gases
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to the tubes and assures the more intimate mixing of the gases
by surface friction and consequent turbulence ; (23 it constitutes
A orveservolr from which hear s radiated to the firehed when the
latter 1= cooled by the addition of fuel, that iz, the brick arch
serves as a radiation sereen, the temperature of the Towes surface
of the brick heing maintained sufficiently high fur this purmpose
by the heat transicrred therelo by radiation fron 1he iticandes-
cent fuel below it.  The greater part of the heat from the Niebed
therefore is veturned to the el by radiation, thas taitaining
the temperature of combustion. i

COMBUSTION CHAMEER

7. Description.—The combustion chamber B, Fig. 2, is a
cotnparhment or space in a locomotive hoiler, between the fise
boxe and the hacle tube-sheet, and iz really an extension of the
firehox forward of the grates; it may vary in length [rom
fi inches to & or 7 feet, depending un the size and capacity of
the boiler.

The combustion chamber is formed by lengthening the fire-
bux sheets and extending them bevond the mud-ring ; this -
tion of the firehox then becomes mote or less cirenlar, as shown
m Fig. 4. In order to connect the rectangular portion of the
firehos, which is riveted 1o the sides and hack of the mud-ring,
to the circular portion that extends bevond it, an inside throat
shect of the shape shown must be employed. At the front,
this sheet is riveted at the buttom to the inside of the mud-ring,
the sides are riveted to the firelox proper, and ihe top flange
i riveted to the part of the firebox that forms the combastion
chamber,

The type of combustion chamber shown 3s known, on aceount
of its appearance, as the barrel, or built-in, combustion chamber,
When the tube-sheet is directly in frent of the grates, the AACE
above the brick arch is sometimes referred to as the eombustion
chamber. The wvse of combustion chambers requires a large
tatnber of additional stayholiz and therefore more attention
mest be given them.  The installation of flexible stavholts prop-
erly applied will prevent much of the stavbolt trouble in cori-
bustion chambers,
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8. Advantages—The surface of the firehox evaporates
about five times as much water per square foot as does 1he sur-
face of the tubes.  Therefore, the advaniage of the combustion
chamber is that it gives more firebox heating surface and a
_greater evaporation with a specified grate area. .H:o use of &
combustion chamber in large boflers also permits the use of
sharter tubes. Tubes of an excessive length cause the draft to

lag at their front ends. With a combustion chamher the gases
have to travel farther before they enter the tubes and they 1.;:....,-
jore have a better chance of being thoroughly burned than i# o
combustion chamber is not tsed.

THERMIC SYPHONWS

9, Purpose.—A thermic syphon may be n@ﬁimnn&.@m a
special tvpe of arch tube.  Two or three may be installed in the
frehox; Fig: 5 shows a two-syphon Eé:ﬂﬁ.ﬁ?._ﬁi one 18 cﬁ__.n.J
placed in the combustion chamber, One end of the syphon g 15
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mgerted in a diaphragm A welded to the inside throat shect 4,
and the other end connects to the crown-shest in which an open-
ing is cut Lo correspond to the opening s, in the syphon,

u..ﬂnl.“.l:nu_..vl... £ B

i
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The function of the syphons 1s to stimulate and secelerate the
circulation of the water in the boiler and hence increase the rate
at which the water is being evaporated into steam.  An increasc
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in the evaporation rate results in the development of o preater
drawhar pull at specd ; that is, the boiler harsepower i3 increased.
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The syphong also not only provide additional and highly eiTec-
tive heating surface, but also prevent excessive dwnage to the
crowti-sheel in ocases of low water. The upward circulation
thraugh the syphons deposits water on the crown-shest aiter the
general water level has receded below it, and thiz limits the
rupture 1o a smaller area than otherwize,

10. Construction.—A4n exterior view of o thermic syphon
is shown in Fig. 6. Tt is made from an apptroximately square
plate of §-inch firebox steel folded over a 5d-1nch mandrel along
a diagonal in such a manner as to fonm a triangular water leg.

N r

Fia. 7

The sides that are drawn together sufficiently to provide a water
space 3 inches wide, are supported by stayholts in the ordinary

matmer.  The boltom or channel portion s, of the syphon, being
civeular, Is seli-supporting and iz extended to furm a cylindrical
intake meck 6% inches in diameter. The veriical edges of the
sheet are Aanged mwardly and ave joined by autogenous weld-
ing,  The welded seam extends from the top of the syphon down
{o the end of ihe neck and is supported throughout its length by

staybolts, The upper edges of the sheets s, are flanged out to
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an over-all width of about 13 inches and to a contour to corre-
spond with the crowne-sheet of the firehnx, and are drilled to
agree with the locstion of the radial stayvs,

11. Application—The manner in which thermic syphons
ar¢ applied to the crown-sheet is shown in Fig, 7. A space is
ottt out oi the crown-sheet to eorrespond to the area of the lop
of the syphon, then ils cdges are set Aush with the crown-shest
s welded,  The radial stavs are so arranged that a4 row comes

T &

between the welds and the syphon, thereby relieving them of
stresses. It will e noted that the cireular-shaped channels of
the syphons serve 4o farm a support for the brick arch,

At the front, the mtake neck af 1he syplom is inserted into
and welded to a flexible diaphragm plate &, Fig, 8  This dia-
phragmy, or breathing plate, is ¥ ineh thick and is corrugated to
permit the body of the syphon to come amd go with the crown-
sheet.  The diaphragm plate 1z apolied by cutting a hale in the
flue sheet or in the ingide throat sheet If a combustion chamber

LOCOMOTIVE BOTLERS, PART 2

is used to suit the plate, which iz then welded i place and
further supported by flexible stays.  If desired, the diaphragin
corrugations may he pressed dirvetly into the flue sheet or throat
shect.
OIL-BETRNING FIREEOE

12, A sectional view of a firebox for burning oil is shown
in Fig. 9. The firebox differs from that of a coal-burning loco-
motive i that the grates and ash-pan are nat used.  The grates

are replaced by brick, and a hopper provided with a door o is
used instead of an ash-pan,  The sides of the firebox are Hned
with firebrick to a point ahove the direct path of the oil jet, sn
as to protect the sheets against the intense heat of the m_ﬁ. The
pil, which is vaporized in the burner &, is thrown agamst the
flash wall at the back of the firebox, The air is supplied through
the air holes ¢ and also throngh the hopper door when it is

opened and through a specally shaped firedoor.
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The eylindrical part of the boiler in front of the firebox docs
not differ irom any other type, and may he straight-top extended-
wagon, or conical. Howeyer, the steam dome [} is always
placed on one of the courses in frome of the firebiox, because, on
account of the flat surface, it cannat he very well placed over
the firehnx.

BELPAIRE FIREBOX "

1 ,mw. .u_amnlﬂmau.i? Fig., 1 is shown a ecross-sectional
[ view of a Belpaire firchox The difference between this and
_ it other types of fireboxes lies in'the shape of the moof sheet and
| _ the crown-sheet, the Delpaire firebox being designed so that the
|} crown-sheet 2 and the rouf sheet b are comparatively flat and - WATER-TUBE FIREEOX

parallel with each other, With this arrangement the radial, or 14. Desipn for Withstanding Pressure, —When it s
. required to confine liquids and gases under pressure, the ideal
shape of the container is spherical.  When it is impracticable 1o
use a spherical container, the next in order of strength is one af
eylindrical shape wilh convex ends.  With the same {hickuess
_ of malerial, a eylinder with convex ends will withstand a grealer
| internal pressure than one with flat ends. A locomotive boiler
| has a cylindrical shell, but it is tot possible to have the ends
made convex, Strength is therefore obtained by having hoth
If ends, or the Tront tube-shect and the back head, securely stayed
to the shell, in which case the hoiler neatly approaches the ideal
for resisting pressure,  The firehox, however, with il lat sur-
_.___ faces, is pootly desipned to withstand pressure, and for this
! reason it requires careful staying.

.
m z,/z/ h&% il The fiat crown-sheet of the ordinury {ype of firchux cannot
[ e AR I be safely staved [or pressures in excess of about 300 pounds.
| R _ hence the boiler pressure is limited to the pressare for which
I the crown-shest can be staved with safety.  When higher boiler

pressures are desired, the water-tube firebox must he emplayed,
&|| Lut as high hoiler pressures involve difficulties from scale as
— _ _ well as complications such as .,L._H._ma eylinders in arder to secure

. the proper expansion of the high-pressure steam, the water-tube
Crown, stays ¢ are at right angles to hoth of the sheets, and this | frebox iz in very limited vse, and iz here deseribed merely to
15 a very desirable featore in staving flat surfaces under pres- show the principle of comstruction.

sure. The upper section of the roof sheet is still farther stayed
by transverse rods o, which are placed at intervals in the steam _ 15. The water-tube firehox s practically ideal from the

space and are securely [astened at the ends: The Belpaire fire. } standpoint of withstanding internal pressure, as afl of the party
box gives an increased steam space owing to E&E.m._sm the upper _ that contain water are cxlindrical so that no staying is necessary,
patt of the builer but its principal advantage is the right-angle The principal ohiection to its tse, unless the feedwater is pure,
position of the crown stays with respect (o the erown sheet. is the difliculty experienced and the time consumed in keeping

19 00 0 & ¢ oo of
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the water tubes clean and free from scale, With the orditary
form of locomative boiler, seale is not 4 serious problem or iz gt
least one that can be controlled because the storage space In
which it can enllect is large,

However, with a water-tube firchox the tubes are compara-
tively small and on (his account ean be easil v partly obstracted
or blocked hy an accumulation of scals, thereby causing a flue
fuilure,  Water-tube boilers can he nsed in shatinnary practics
because the steam aiter being used in the turbines is eonverted
into waler in the condensers.  This water, which i practically
frec of scale-forming matter, is again senl to the hoiler and
evaporated and used over and over again so that there s atly a
limited amount of scale 16 be dealt with.

16. An exterior view of a water-tube firshox is shown in
Fig. 11 (o), Tt comprises a drum a, 40 inches in diameter, that
is in communication with the hallow back head b, and o water
leg ¢ formed by the thraat shieet and back tube-sheet. a bottom
side header f oneach side, a top side header e, ane on each side,
and numerous tubes £, 21 inches in dinmeter, on each side that
make up the sides of the firchox,  These tuhes are expanded into
the header at the top and into the foundation ring at the hattom,
The back head and the door sheet are flanged and riveted
together =0 as to form the customary water leg found on the
ordinary bodler,  The front and rear water legs are supprited by
mnm.q,..ro.:.m_ it show,

A sectional view taken lengthwise iz shown in view (53 and
ar end view is given in (¢).  In wiew (5) is shown a full view
of the drum a broken away at the rear, (he back water lag I zrud
the front water Teg ¢ are shown in section, and the hottom side
header d i hroken away at the ends to show its method of eon-

s rection to the water logs b and . All of the tules vn the frant

side of the rebox are shown Broken away, su the tubes shown in
full are on the far side.  As shown in view (0} the bottom side
header is rectangular cxcent at the ends, where it enters the water
legs; here it iz exlindrical in ardet to make a sleam-tight connec-
tion, The header ¢ 15 conmected to the drum g by twrelve short
pipes g, 3t inches in dizmeier. The tubes { are slaggoered and
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arranged in two rows, and six arch tubes & three shown, connect
the two water lews and also serve as supports Tor the brick arch:

I7. The drum a, Fig. 11 (&), extends through the back
water leg & oand the Lack tuhe-sheel 1 The sheets affected are
flanged and are riveted all around to the drun by tivets, not
shown,  The circulation between the drium and the hack water
lew veeurs through eight holes 7, equally spaced; the front end
of the drum is not closed by a head but opens into the boiler
proper.  Access to the drum at the rear iz made through the
head &, The junction between the front end of the drum and
the shell of the hoiler is made by a heavy plate I views (o)
and (D1,

The connecting pipes g and the arch tobes aswell as the tubes
that make up the sides of the firebox are rolled and expanded
anl in some instances beaded, all of which is done through
holes w. at the end of every tube, nommally closed by pligs.
These plugs are removed when necossaty to clean out 1he tubes,

The frebox iz insulated to prevent the loss of heat and s air-
tight 2o that all air must enter through the grates.  The firebox
measures 11 feet in length and is 8 fect wide, but the distance
hetween b and & is 16 feet, owing to an allowance heing made
for a combustinn chamber § feet long Tarmed hy a firchrick wall
agross the firchox, and joined at the tap to the brick arch,

BOILER DETATLSE
TURLEE AKD FLUES

18, The tuhes and Aues connect the hack and the front
tube-sheets, and are used o conver the prodects of combustion
from the firchox to the smolkebox. They also break the hnt
gases into small eolumns so that the heat i3 more readily trans-
titted to the water which surrounds them, therehy increasing
the heating surface.  The term faes Is applicd to these tubes
which contain the superheater units, and the term fuber to all
the others,  The tuhes and fAues are fitted into holes that are
drilled in the front and the Lack tabe-shests, and they also act
as stavs for these sheets, Tuhes and flues are either oi lap-
welded or of seamless construction.  Lap-welded tubes are made
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from strips of highly refined charcoal iron, or steel Bent to shape
ared lapewelded at the joint.  Seamless tubes are drawn from a
Mock of refined iron or steel by special machinery which pro-
duces a tube witliont seams, .
The tubes used i locomotive boilers are wenerally either
2 inches or 2} inches outzide diameter, Dxperience and experi-
ments have proved thar these sizes are the most desivable, If
smaller sizes are used, the tendency is for the ubes to hecome

e 12

stopped up, while increasing the size decreases the total tuhe
heating surface andl reduces the capacity of the boiler to generate
steam, Sl tubes have a greater heating surface in proportion
to the volume of gases passing through thern than dn Targe ones,
becanse the small tuhes hreak the hot gases uto smaller columns
and thus utilize more of the heal, and the hot gases escape to the
smokebox at a lower temperature,

1%, Application of Tubes—The tube holes in the tube-
sheels are drilled to size hefore the sheets are put in place, The
tubes are always applied and removed through the [ront tube-
sheet and, to facilitate the application and the remaval of the
tubes, the fube holes in the [rout tube-shest are drilled 7, inch
larger in dinmeter than the holes in the rear tube-shect to permit
the tubes to be slipped through freely, In some cases a single
hole in the front tube-sheet is toude 4 inch Jarger in diameter
than the others, and all of the tubes are applied and remaved
through this one hole when making a complete installation of new
tuhes. This method has the disadvantage of maldng it difficalt
to remove 2 single tube, as the heavy coating of scale that always
accutiulutes on a tube tnakes it hard o drive the {ube out, but
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the method has the advantage of doing awdy with the necessity
of expanding the tubes su mmch al the front tube-sheet.

The holes tn the back {ube-sheet o, Fig, 12, are shightly larger
than the tubes 5o as to permit o copper ferrale &, to be inserted
in the hole hetween the sheet and the tube

The ferrule iz a piece of copper pipe Jy inch in thickness and
% inch long and is tolled lightly in the hole belore the tube is
inseried.  The tube extends about % 1o 1 inch heyond the face
af the sheet Tt the firehox and 45 rolled tight against the lerrule
and the sheet by means of roller expanders.  The tuhe is then
expanded by sectional expanders tu bell it out on the inside as
shown at &,.  The end which extends beyond the sheet is then
turned over and headed down frmly, as shown ai &y, by use of
a beading tool of special form,  Finally, the tube is electrically
welded all the way around as
a positive means of preveniing
leaks,

20. By this method, the
tube, in addition o heing
securely  rolled o place, s
clinched and welded against the
sheet on hoth sides, and there-
iore malkes a strofig joim. The
fervule B iz placed flush with
the face of the sheet on the lire
side and serves to make a tight
joint hetween the tube and the
sheet, becanse when the tube is
expanded the ferrule, being
gnft, will fill completely any
opening belween the tube and
the tube hole, The ferrude also
prevents the tube from Tealdng,
because 11 keeps the space hetween the expanding and contract-
ing strfaces of the tube-sheet and the tube always filled.

The section of the tube-sheet in Fig. 13 shows how the tubes
appear when they are beaded over and welded.

Tic. 13

- B
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The tubes are rolled at the front tube-sheet Iy, Tig. 14, in the
same franner as at the back tube-sheet, but the sectional expander
is not uged, and the tubes, acenrding to local conditions and prac-
tice, may or may not be beaded as shown at Iy oonn the other end,
but some are always beaded for staying purposes.

21. Superheater Flues.— The superhealer fiues necessarily
have 10 be of a larger diameter than the tbes to make provision
for the superheater units.

Lo permit the installation of the units and still have sufficient
space for the hot gases to pass through and cirenlate around the
units, the tuhes, or fues, as they are generally called, are made
5§ or 5} inches outside diameter with the firebox end swaged
down to 48 to 4% inches, as shown in Fig, 14 The effcetive
area through which the gases can pass when the superheater

units are it place s of

m eotrse greatly roduced so

that there is no reason why

the firechox end of o tube

cannol be made smaller and

still he of sufficient size ta

provide space for the fow
of the gases.

The flucs, Fig. 14, are
beaded at the firchox end so that they may be more securely held
in position. Insome cases, Terrules are used, the same as with the
stnall tubes, while i other cases thew are omitted : in this event
the flue is welded to the sheet, as shown, At the front end, the
supetheater flues are merely expanded.

Whet removing a tube or flue, the beading and welding a
the back tube-sheet is chipped off and the front end of the Labe
i burned off just back of the ring made bu'the expander. The
piece that now remains in the front tube-sheet is chipped out and
the tube or flue is driven forwards and outwards,

Fi, 14

THE STEAM DOME
22, Deseription. —The steam dome iz 4 cylindrical recep-

tacle on the top of the boiler, and is used for collecting and
holding dry steam. It is usually placed on the boiler course in
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front of the firchox, although with the smaller and older types
of hoilers the steam dome was placed directly over the erown-
sheet,  As is shown in the sectional view, Fig, 15, the steam
dome is made up of a cylindrical barrel o, which has a double-
riveted butt joint on one side, not shown, a heavy Hanged nn&pm. s
i which the harrel s riveted, and a cast-steel ring ¢ to which
the cover, not shown, is secured by bolts.  The mu._Ew. may alsa
be made in one piece, as shown in Fig. 16, by pressing _.ﬁ ta .m,z.m_.._m
ina fanging press.  This method m::.::mﬁmm the riveting in the
hutt joint and alse in the collar and rmg. The dome, whether

£
“-ﬁﬂ?/..rfér‘?
| P

huilt up ar in one picce, is rivetad to the hoiler shell by a _ﬂ.___._:._.“_rur
row of tivets d which extend through the dome base, the boiler
shell, and the dome liner e, The liner is necessary to strengthen
the hoiler shell, which is weakened by the cutting of the large
hole f in the plate. This hole permits dry steam to enter m:m
dome and also provides an opening for the throttle pipe f,, which
connects 1o the dry pipe .. The throttle valve f, controls the

- passage of stcam from the dome to the throltle pipe and dry

pipe,

23. The hole f also provides an opening through which a
man may enter the boiler to inspect the interior or to make
s@o.wmmﬂ..w, repairs, and it is the only o?mﬁ:m. i1 .ﬁrn bodler that
is large encugh for this purpose.  The opemng | ghould not be
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made Targer than is absolutely necessary, hecause its size seri-
ously affects the strength of the shell ; the larger the opeting the
weaker the shell, other things Leing equal. The opening  is
about 33 inches in diamerer.

The dome cover, which tloses the opening on the top of the
dome, should be kept feasonahly small, as the otly method of
staying is by boltng it to the cuter edge of the ring or o the
inper edge of the dome, if 2 one-piece dome 1 gsed.

Domnes are made about 2 feet 6 inches In dismeter and from
12 to 36 inches ligh.  The size of the dome depends an the size
of the boller and the clearance of the right of way, the latter

preventing the use of a high dome on lurge boilers,  The dame,
Leing the highest point ahove the surface of the rater, 1s an ideal
place in which to put the throftle valve: for to reach it there
the steams must travel farther before it enters the valve and (his
nsures dryer steam because the steam is move thuroughly
relieved of any water that may be entrained in it

In beiers of very large capacity, an extra dome, called an
auxiliary dome, is sometimes wsed to which the safety valves
and the whistle are attached.  In such case the dome thut con-
tains the throtile valve can be located nearer the front end, This
arrafigement s an ddvantage with long hoilers hecanse the Tength
if the dry pipe 1s reduced.
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GRATES
. 3 e [
24, Description. Th
T erpsist of 2
ars called
3t

prates wusually
set of paralle b

grate bars, made oI ©&°
: at the Lt
The

iron, and placed
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hold the fuel as it 8 being
hurned,

Cirates ure classified E"H
rocking, or shaking, mqﬁ_,u.m_..m
dead, or dunip, mqﬁﬁwh E_:.
corner grates. Lo T,H.m. mT_
which shows ong-halt of m
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P mﬂ
neT grates @, L0e shaking
[

0
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orate bearers o and mﬂ..

. Rocking or s haki :.m
grates, which are m:_._i,..”_.“ :“
section in Fig. 18, conisist O
a series of fat, o finger.
grate barg, These grate :m&
can he turned out of & Lot
zontal position by .“..3_3._.:.u._.,.ﬁ.H
ing rods & that are _._E..,__E
o the projections [ 1 :.m
Tower gide of the grate vm.?.
The rods b oare ng::nﬂ.a;
by rods b, to levers &, which
extend through to the cab
decle and are gitached 10
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m.qq The Ilulson tuyére tyvpe of grate, which is designed to
restrice the air openings to aty amount desired, i mwﬂﬁﬁ in
H.ﬁ. 19 This grate takes its name from the fact that the air
is admitted through tuyéres @, view (a), in the castings & .ﬁ#mﬂ
are nesemnbled one at a time from the end of the NE,H _L.,“_H £
._ :.nu#_ nwzm:mm._ view {B), areidentical and when placed ﬁ..E.._ ﬁ:m.
mside faces together, view (¢), passageways d are formed
between them, open at the bottom and coverad at the top. From
these pussageways the air enters valleys ¢ formed Letween each

Fial 19

ﬂ_m:. of fingers by the spacing ribs shown, The neoming stremms
i air baffle each other in the valleys, thereby reducing their
velocity but not their volume,  The total air Eumzmum 15 poverned
by the tumber and the size of the tuyéres and not 5., the m.mmw
of the valleys, and this opening may vary from 37 per cent. of
the total grate arca or less, as mey be desired. .

ABH-PAW

. 28. The ash-pan iz a receptacle placed under the firebox
tor the purpose of eollecting and halding the ashes which drop
or are dumped through the grates.  Ash-pans should be con-
structed S0 as to prevent, as far as pussible, live coals from
dropping through and starting fires along the right of way.

In Fig. 2001s shown an exterior view of the side of an m.mw-tmﬁ
used with a wide firehox.  The principal parts of an ash-pan are
the receptacle proper, an wrrangement for dumping the ashes
,.mHE i soame cases dampers to control the admission of air to Eﬁ“
fire.  Ash-pans are made in a large number of different styles
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and shapes, depending on the size of the firebos, the wheel
arrangement of the locomotive, and the service in which the
Jocomotive is nsed.

The size of the firebox materially affeets the type of ash-pan
used, as the pan must extend wunder the entire grate surface,

The ash-pan shown in Fig. 20t 35 made up of two hoppers 4,
hence the term Ropfer asfi-pen.  The hopper arrangument 15
necessary because the trailing wheels come i ahour the center
ui the pan. The boitoms of the hoppers are closed by east-iron
doors @, which may he operated by a series of levers frum the
cab or by a compressed-air apparaius.  The hoppers have u
sidth of 24 to 30 inches at the hottom and gradually extend

Am u —3 e
i Pl
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upwarids and outwards to the foundation ring w.  The sides of
the pan extend up over the frames to a point level with or slightly
above the hottomn of the ring.  In some cases the pan is attached
directly to the ring, and in others a space of [rom 3 to 5oinches
is left between the pan and the ring so as to provide a space
throngh which air can enfer to the under side of the grates.
When the sides of the pan are bolted directly 1o the ring, pockels
or perforated plates are inserted along the sides md also ot the
ends of the pan to provide the necessary air inlets, The pre-
ferred way is to have the air inlets at the top of the pan away
Fromm fhe ashes.

When very wide firchoxes are used, the ash-pan may have a
series of hoppers between the frames and also on the outside af
the frarnes on cach side, hut the principle of construction is the
satne as already deseribed.
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0 aceonnt of the numernus casses of locomati _,.nu., there ig
no one style of ash-pan that can be considered s g .EEEE.;
Emmﬂ,ﬂ,.,.. all the Jarge railroad companies have adopled styles .n_m_
stit their own special purpose. : 4

By orders af the Interstate Commerce Commmission, all ash-
pans must be cquipped with some devies wherehy ﬁﬁ.ﬂ can be
n_muﬁm@ or dumped without the necessity -of mc?m under the
engine to do it The means provided for this PUTROSE are opue ;
m.:..i._ from the cab either by hand, air, or steam. al ﬂﬁ:m M“__._”.
venience of the engineer,  The happers and the :_..”_H.M_HE_. :_..,._._.._.H.m..ﬁm
made of .nmm_m steel or malleable iton. The plates E.;.._“_ in H«r_..».
construction of the rest of the pan are usuall ¥ 3 inch, cw. 1 mmﬁ:

mﬂnr.. mm:m:.. pans are made of one piece of casi steel but this
bractice 1s not general,

. 29, Air Inlets in Ash-Pans.—Although the ash-pan is
mtended primarily as a receptable for ashes, vet it i .ﬁ..»:mm”_cm ﬁr,_..,
frost ::Eﬁ,.nmi adjuncts affecting cotmbstion that iz placed on
mrﬂ HHH:EEH”E. The functinn of the appliances in the front end
1s o maintain a partial vacuum in the frebos, and the amount
of yacuum necessary in the firchox to burn the fuel at a certa .
rate depends on' the difference in pressure above and bl ,nh.:
grates. Under ordinary conditions the pressure in En.mﬁ& >
15 unly about 2 nunces less than that of the surrogiuding air | _wﬂ
therefore, the ash-pan is sn designed that sufficient air ﬂ.:Ecm
low under the grates to maintain atmospheric m:..mmm:ﬂ.r. it [al-
laws that to ohtain the necessary differenice in pressure .m.. hi rfmd.
vacaum must be created in the firebox.  Tlis can he .H_EFMM:TL
wu”._Huw __u“ H.nmﬁ_.”M.mH“ﬁ the size of the noezle, which in E.E H.mma?
. hgher back pressire : wly e
azmwm.m.cn. bressire and affects adversely lncomative
Hm has been generally admitted that apenings it the ash-pan
owE.q...EmE Lo about 15 per cent. of the total grate areg are salf-
clent amler practically all conditions to maintain Ef:,_cm.ﬁwln
prezsure under (he grates. Tests hayve mnﬂozﬁﬂmﬁa. :ﬁ:m,._u....ﬁ.
1t EVEn with this ratio of air opening, a pariial a..m%EE e mm
ta .m.uznﬂam.ﬁ. water frequently occurs under {he ﬂﬂmuamﬂ n.uwmﬂﬂ.
certam conditions of operation, and this partial vacuam is Ss?m‘
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lent to reducing the vactum above the grates by an equal amount,
Therefore, the practice iz to employ air openings somewhat in
exeess of 15 per cent. of the total grate area.

CIRCULATI ON IN BOILERS

30. Importance of Circulation.—Circulation in locomotive
Boilers 1s the name given to the motion of the waler under the
influence of heat, The water nearest to the source of heat is
heated and cxpands, and thereby hecomes lighter and rises to
the tap.  As this water rises to the surface, other cooler water
will take its place, become heated, and alge rise. ‘The efrcula-
vion of the water keeps the heating surfaces covered with water
at all times and thus prevents any parl from beooming over-
heated or burned. Circulation secures regularity and steadiness
in the generation of steam, tends o equalize the temperature
throughout the boiler, and prevents unequal expansion and con-
sequent straining of the dilferent parls. The circulation of the
water tends to maintain the greates| possible difference of tem-
perature between the water on vne side of the plates and the hot
gases o the ather side, thus enabling the heat to be ahsorbed
readily. In addition, circwlation tends fo keep the heating sur-
faces as clear of mud and other deposits as possible.  The more
rapid the circulation, the greater the amount of heat that will be
transicrred from the firchox and tubes (o the water,

31. Advantages of Proper Circulation.—The advantages
derived [rom proper circulation may be summed up as fullowes
The boiler is kept cleaner, g0 more water will be evaporated per
pound of fuel, which results in a saving af coal.  There are
ewer strains on the hoiler due to unequal expansion and eon-
traction. and there is less corrosion and pitting of the sheets,

The cirenlation of water in a locomotive boiler is shawn in
Tig. 2. The heated water irom aronnd the firchox rises to the
surface dnd takes steam bublles with #t.  The cooler waler from
the front of the hailer, where ncarly all feed-water inlets are
Incated, flows back to lake the place of that which has maved
upwards,  Tn this way a circulation of water is maintained in the
general direction indicated by the arrows.
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| Nh .Hq,_.n_n._Enﬁ_;,.n boilers, the large nwnber of tuhes and flues
fases it mpartant that they be so spaced as to interfere as litle
as possible with the circalation of the water around them ,m.:,.z.n
are two methnds of arranging the tabe spacing in bailers, , In Fig

HEATING SURFACE

32. Definition.—The heating surface of a locomotive
poiler is that part of the boiler that is exposed to the direct heal
ol the fire or the gases of combustion on one side, and which has
water available for cvaporation an the other side.

33. XKinds of Heating Surfaces—Heating surfuce is usually
divided into firebox heating surface and tube and flue heating
giirface.  The firehox heating surface consists of the sheets ol
the frebox ahove the grate level, and eomprises the erown-sheet,
the side sheets, the door sheet less the area of the doeor hele, and

 the hacle tubeoshest less the nternal area of the tubes and fTues.
_ Tube or fue heating surfuce comprises the total eutside surace

- of the lahes and Aues between the front and the hack tube-sheets.
The area of the front tuhe-sheet is not taken into consideration
it caleulating the heating surface, Ileating surface is usuully
expressed in square fect.

34, Efficiency of Heating Surface—The cfficiency of the
heating surface depends on the following factors: The location
and condition of the heating surfaces, and the arrangements by
| which the water has rapid and free ciredlation throughout the

boiler. The location of the heating surface has an important
. influcnice ; for the sutface in direct contact wilth the fire will
_ evaporale water at a mnch higher rate than an equal amount of
_ heating surface that is not in divect contact with the lire, stch as
the fuhe heating surface,

1f the tubes and Ques hecome coated with scale on the water
side or are partly or entirely plugged with zoof on the five aide,
3 thiese surfaces will conduct less heat to the water, and the offi-
21 (a) is shown what is called sig-zag sputing, and view (1 It ciency of the surfuce is lowered hecausc it does not cvaporate
shows vertical spacing. The sccond method s more = __,‘_Mw I the amount of water that it should.
used because, as shown by the arraws, there iz _. 5 .: m_.r.n.ﬁ.ﬁ = | The location of the entry of the feed-water may be such as to
the steam bubbles as they rise to M.m:.. ..ﬁ_,_h.mmnm,m : m,u. %3#.#5: o hinder proper civeulation.  The tubes and fucs may he plared
artangement shown in view (a). | 3 ot el ithe ton closely together, in which case the water may bie retarded
from coming into contact with Lhe proper hieating suriaces  thus
the rate of cvaparation and hence the efficiency of the surface
wrill be lowered.
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O the different heating surfaces of the haoiler, the crown-sheet

surfuce i3 the tnogt effective, then that of the side, tube, and door
sheets in the order named, and the tube and flue surfaces last,
Tn1 caleulating the evaparation values, all the sheets of the firehox
are taken at the same rate, lkewise the rate for the tubes and
Aues is taken as the same,

35. Direct and Indirect Heating Surfaces—1The heating
surface of the firchox sheets and arch tiubes s tertned the direct
bieating surface, as theze parte are stibject to the direct action
of the fire. The surfaces of the tuhes and flues are called the
indirect heating surfaces becuuse these surfaces are only exposed
o the heat of the gases that have passed out of the firchox, The

sutiz of the direet and indirect heating suriaces is the total heating
surimce of the hoiler,

BOILER EVAPORATION

36. Caleulating Evaporation.—Ruiler evaporation refers to
the total amount of water evaparated into stearmn by the heat
gencrated in the firchax and the tubes and Tues, .

The total evaporation with a modern Tocomative boiler iz vety
difficult to determine with accuracy for any given condition,
The rate of heat transfer by radiation of Srebox heating surface,
upon which the greater amomnt of the evaporation depemls,
involves so many factors that it fonms a very cotnplicated prob-
lem. The tate of heat transfer varics with the grate areu, the
firebox heating surface, the rate of firing, the rativ of Mrebox
heating surface 1o combustiog volume, the distance from the
source of heat 1o the heating stirface, the temperature of com-
bustion, the amount of air gsed per pound of fuel in the process
uf enmbastion, as well a4 nther factors,

3. The generally accepted figmire was an evaporation of
53 pounds of water per square font of firehox heating surface per
hiour on a2 hasis of 12000 B tu's per posnd of coal, but thiz
was with a firebox withoat 2 combustion chamber or syphons.
With modern fireboxes, on aceount of {heir greater heating sur-
face, the total maximuom evaporation will be greater, but the unit
tate of evaporation per square foot of heating surface will dowhi-

LOCOMOTIVE BOILERS, PART 2 Al

less be Tess because of the lower average temperature in the m:.,m-
box, The evaparating rate [or the tubes and .m:mm oﬁ. mmurnu_w
types of boflers was taken as about 10 pounds of ,uHﬁE.. .FHW amHH
mw._ﬂm._.m foot of oulside heating surface per hour {or a 24-ine .“..: .m
18 feet lomg, bui this figure will not apply to Es_..ﬁ_q.mz T mﬂu.

The total evaparation of the combined heating suriaces of #.m
firchox and the tubes and flues cun be E::m from 3“.5. tests . m_ﬁ
which a check iz made of the weight of waler m:ﬂﬂ.ﬁﬁ;.uﬁ i M
boiler per hour, Such a test would show an pdywﬁqmﬂman ”.m
ahout 7 or 8 pounds of water per hour for each square foot
heating surface of the firchox, tubes, and fues.

32. Steam Required per Cylinder H.Hanmmw...,.ﬂ&u ”m.uE..
Tests have shown that the iﬁioﬁﬁwﬁ nf e ﬂ....::.\._mﬁ HE”.“””M
power for one hour, which is the equivalent of raising 1,980 ;
pounds one foot in one hour, requires 20.8 _..__.._:E.mm uf steam cw
a locomotive using steam of a modetate mm,q_?_m of mz@m}mmw Eﬂ
obtained with a tvpe A superheater, W H.T. sbeam _._.,mmmE...uu a
from 223 to 275 pounds and 300 degrees of superheat, as ﬂ:.w_,.m
trpe I superheater, and with feedwater heaters and rm,wm,.w %Mh ﬁ..
nﬂzm cylinder horsepower for one hour can be developed from

i s ol steam,
Tfﬁ“umm”ocﬂmw ME&E required per r.:ﬂ. 13 m_._:mﬁ to mﬁn?.amm-
power of the locomotive multiplied by either 208 or 17,5,

Exantre, Heow much steam iz required per hour for a .”...En”? Tz
mative of 2,000 harsepower equipped with a type A superheater !

SouvTiov.—Each horsepower developed requires N_“_W Ih. %: E_wﬂ__ﬂ.
H.,m_,ﬁh the tatal ateount of sleam for L hour s 2,0000020.8=4 16000 10, .f.“

Az it reruircs one potnd of waler E generate one ﬁuu_uE_.E _“.”
steant, the weight of the water used will he 41,600 potnds,

almost 5,000 gallons per hour.

39, Coal Required per Cylinder Horsepower H.Hn.E..;. _FWM
quattity of coal required for the development g.m ncsn oy a,_m.s o
rﬁmm_.._ﬁ.u.}&ﬂ for ome hwour HE average about m..m, _H._._.E_H“u._ Tl
locomotives with maoderate boiler pressures, ..Md..:ﬁ?h .Mﬂrn:.ﬁm :
A superheaters.  With high pressures atd high sup s
Sair ayverage would be 2.5 pounds,
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40. Boiler Horsopower—The hoiler horsepower can he
found fram the follawing rule:

Rule. —To find the boiler hovse power, divide the totel evapora-
tion fer howr by the pownds of steam vequived per eylinder horse-
power Lowr. This is 208 pounds for moderate superheal ond
175 powends for high presvure and high superheat. .

Examers—The total stesm cvaporated with & Jocomotive eyaipped
with a trpe A superhicater is 39000 pounds per hour. What is the boiler

horseponrer?
20,500

Sorurior.—The beiler horsepower 15 ozl (o ey 1904, Ans

As already pointed cut, the application of the foregoing rule
is complicated by the difficalty in ealeflating the total evapora-
ticn with modern Iocomative hoilers,

It is desiralle to proportion the heating surface o as to mule
the hoiler horsepower cqual o at least the evlinder horsepower,
It hias been shown that & boiler horsepower i caxcess of the
cylinder horsepower results in considerable economy in fuel and
water,

CALCULATING THE GRATE AREA

41, Rate of Combustion.—The rate nf combistion is stated
in terms of mumber of pounds of coal burned per squarce foot of
grate areq per hour.  1f the grale atea s 60 square feet, and if
3 tons of coal is barned in 1 haur, the rate of combustion is 100
pounds of coal per square [oot ol gmte area per honr,

42, Grate Area Required—VFor high-grade hitiminous
cral, containing about 14000 British theral units per ol
the maximum rate of combustion Tor economical cvaporation has
heen ot to be ghout 100 pounds per square fore of grate area
per hour.  Larger amounts than this have been burned, bt
carcful tests show that such practice is wasteful of fuel and
results in low evaporation pet pound of coal.

When the horsepover to be developed i3 koown, the amount
of coal that must be butned to produce it can be determined as
caplained in Art. 39, where it was stated that horsepower 3 3.25
of X 2.5=pounds of coal required per hour.
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The grate area required to burn the amount of coal teguired
cant then be found by dividing the total coal that must he eco-
nomically burned per hour by the nuubier of pounds that cin be
turned per square foot of grate ares per hour,  The rule, then,
for finding the gprale area is as follows

Rule—Te obtain the grale aren, v syuare feet, for honing
bituminous coal, divide the total coal to be burned, in pousnds por
Ry, Dy 100,

FxawrlE—Find the grate area required for 2 locomeotive of 2,542
harzepoweer Inrning bitominons cogl.

SoLUIIod —The coal yequired to De luroed per howe s 2.542X325

o ! ) #2651 5]
=H261.50 b, The prate arca {s therefore |:.._: =820 s it Ans

LOCOMOTIVE BOILER DESIGH

43. Principles of Design.—The design of the locomotive
boiler and frebox and their appurtenances should Le such as will
permit al the greatest possible evaporation from a wiven amomt
of fuel. Tt is an advantage if the hoiler capacity is equal 1o or in
excess of the cvlinder requirements, When this is the case, the
maxitmun hauling capacity of the loermotive can be obtained
sven when working under somewhzt adverse ennditinns,

In madern locomotive practice, all things are made subnrdinate
to the hodler and the exlinders,  OF these two, the boiler 1= first
in dmporianee, as the performance of the Incomotive depends
an the ability of the Loiler to menerare sieam, I the boiler fails
to supply the required, amount of steam, the result will he a
locomotive that will not hanl the train withoot Tosing time,
except with a reduced tonmage.

Apgain, 3 hoiler may provide sufficient steam, but the grate
aren may be incorrectly desipned and proportioned.  In this
event the locomotive will be wasteful of Tuel,

In order that modern locuinotives shall do the work required
of them, it is necessary for the boiler to be properly constructed,
for the fircbosx tu be of sufficient size lo produce the best possihle
cormlmstion of the fuel, and for the grate area to be such that the
fuel will be hurned economically,

oi—7
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Reliable tests have shown that a square foot of firebox heat-

ing surface will cvaporate about five times as much water per

hour as a syuare fool of tube heating swrface. Tt i therefore an
advantage to have a relatively F_.m_.w. firehox heating suirface,

The demand for heavy power has necessituted m.zﬁ.nmwmnm the
size of the boiler to such an extent that locomotive hoiler design
15 4 problem that requires caveinl study. .

Of all steam-generating devices, the locomotive boiler is
undoubtedly the most severely taxed as a structure, The tea-
sims are as follows: The boiler carmot be perfectly insulated
from cold; it must stand the effects of severs strains due to rapid
and uneven heating up and conling off while in service it s sul-
jected more ar less to sudden cooling at the ash-pit and on the
way [rom the ash-pit to the engine house: and, when roquired
for setvice, stcam is very often ruised quicdy, thereby causing
very rapid expunsion and the setling up of stresses that ulti-
mately will cause rupture of sonie part,

CONSTRUCTICN OF BOILERS

44. Principles of Construction.— Two of the fundamental
principles in boiler construction are, the hoiler must be con-
structed s thal it will withstand a pressure considerably in
exvess of the working pressure, and the construction shotld e
such as to prevent disastrows results I the bailer shoull explode
through neglect or carelessness,

The art of boiler maldng has heen developed to such an extent
that it is possible to build boilers that will withstand the high
pressurcs now reguired with less danger of explosion than
existed wwith the lower pressures thar were used with the alder
fvpres.

45. Order of Construction. The construction of a lncomo-
tive hoiler may e divided into a series of operations which
Lriefly are as follows: (1) Procuring and testing inaterials;
(2} laying out or marking off the sheets or plates; (3} punching
the plates; (4] rolling or bending the plates to shape and flang-
ing the plates that require it} (5} machining the plates, such as
drilling the tube and fue holes, etc.; (6) assembling the several
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pieces; (7)) riveting : (8) applying staybolts and stays; (9) calk-
ing all joints; (10} testing,

46. Materials. The materials used in the construction of
locomotive hoilers are wrought iron, mild steel, and cast steel.
Mild steel and allov steel are used almost exclusively for the
shell, heads, and firehox sheets. Tubes and flues are made [rom
mild steel or highly refined iron, and staybolis and stays from
refined iron or mild steel,  The foundation ring s made of cast
steel ar wrought iron.

The sleel used in boiler construction must he of the best
quality obtainable, and should he designated and marked either
as fange steel or fwebor steel.  Tlate stamped by the mami-
facturer with either of these designations and also with the ten-
sile strength of the piece is usually accepted as being made in
accordance with the requirements of Federal and state laws gov-
erning the mantfacture of plate,  The plates should have a ten-
sile strempth, that is, a resistance to the pulling apart of the
particles, of not less than 35,000 pounds per sguare inch, and
not more than 65,000 pounds per square inch.

Wrought iron, mild stecl, cast stecl, atul refined iron used for
the details of (he boiler should be in aceordunce with standard
practice and the laws governing it . All iron and steel shanld
bee Tes from seams and mechanical defects and should show a
uniformly fibrous structure throughout.

47. Laying Out Plates—The first step in the construction
of a boiler after the plates are received is to lay oul or mark
off the different parts that go to make np the boiler. These
parts consist of one ar more eylindrical courses; the taper, or
crimical, course if there is one; the fromt and hack (ube-sheets;
the door sheet ; the throatl sheet: the side and crown sheets; the
raaf sheet ; the back head, and the smolechos,  Great care must
be taken in the laying-out of the plates so that all rivet holes
and stayholt holes are in proper alincment.

48. Punching, Flanging, and Rolling—The sheets after
they are laid out are taken to the punching machine where all
boles [or rivets, stayvholts; etc., are punched. The plates are
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then trimmed to the required size and shape either by shearing,
or burning ofT the surplus material with the exyacetylene torch,
The sheets that require flanging are then taken to the tlange
shop where they are Munged by a flanging press.  The sheets arc
heated, and then the anging press by the use of specially formed
dies, forms the flange by hydraulic pressure in one or two (IET=
ations depending on the shape of the sheet, The sheets that
require (langing are the [ront and the back tube-sheets, doar
sheet, throat sheet, and back head.  ATter the front and the hadk
tube-sheets are fanged, they are taken to the drilling machine
whaore the tube and fue holes are drilled in them,

The eylindrical courses and the taper and econdeal conrses,
after being punched and trimmed to size and shape, are talen
to the rolls, where they are rolled ta a circular shape. Tt is very
important that these sheets be rolled to o purfeel cirele, as other-
wise the action of the pressure when the hoiler 15 undor steam
will tend to force the sheet intn a cirde.  This action 13 liahle
o start the seams and joints and may resull in a lealoy boiler,

This is especially (rue of the construction of {he lompritudinal
butt joints, where, unless care is exvrcized, a flattencd surface
will result by reason of the several thicknesses of mate being
placed fogether.  The inside firchox sheet and the roof sheet are
finally rofled to conform to the shape of the frehox.

49. Assembling.—As all the sheets are now shaped, they
are set up or holted in their respective places.  The barrel, or
shell, 3s usually put together first,  Adter being secirely holted
together, all holes are reatned out o the required size of the
rivets,  The barrel 15 then taken to {he riveting machine, where
by hydraulic pressure the virious sheets are riveted together
under a pressure of from 75 0 150 tons.  The firchox sheets are
then assembled and riveted togcther in much the same mAnner,
and the firehox 15 then placed in the shell in its proper place
relation to the rest of the hoiler. At this tine, the holes for the
stayholts that support the flat surfaces of the firebox are tapped
out and the stavhalts inserted and riveted over at the outer ends,
if stays of the type requiting riveling are used,  The stayrods
that support the back head and the front tube-sheet are also fitted
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and riveted to the otter shell.  The varvious sheeots being now
assembled and all rivets and stavbolts in place, the seams or
joints arve made steam-tight, or calked, as it is called, by means of
a callking tnol held in a pneumatic hammer.  The tubes and Aues
are fnserted in place; and rolled, expunded, and beaded or welded.
O the completion of this, the hoiler is ready to be tested,

CARE OF BOILERS

50. Low Water——The efficiency of a locomotive hoiler
depends largely on the care it receives. It is of fivsr importance
thar those in chatge see that there is at all times 2 sufficient
quantity of water in the boiler to cover the crown-sheet gnd
thereby make it impossible for the sheet to hecome overheated.

The firehox shects aml the tubes are in contact with the fire,
and they would hecomie heated to the temperature ol the fire
il it were not for the water on the other side. The temperature
of the water depends on the boiler pressure, and rarcly cxceeds
A0 F.  Thercfore, while the shects ate in contact with the
water they cannot geeally cxoeed this temperatire, although the
temperature in the firchox may exceed 25007 F., which 15 about
the fusing point of Grebox steel. The heat in the firebox {3 con-
ducted through {he plate fo the water and s absorhed, therehy
preventing the sheet from heating to the temperatare of the fire.

If, however, the transmission of the heat to the water is
obstructed by scale or grease, or if the water, owing o heing
light and foamy, fails to ahsorh the heal, the plates will -retain
the heat and tmay become red-fut; or if, from any cause, the
sheets are unprotected by water, they may hecoms averheated.
Metal Ioscs its strength when heated, and, il heated to a high
temperalure, has comparatively little strength ro resist the pres-
sure withiny the boiler ; as a resull, the shects are forced ol the
stavs amd fallure ocears: Tt is 8 well-recognized fuct that scale
or grease may be the direet ennse of an explosion.

The crown-sheet is the highest sheet in the firehox and it will
Lethe first to become dey in the event of low water,  An owver-
heated crown-sheet invariably results in an engine failure or a
Liniler explasion.  An impottant factor in the prevention af low
water 15 the proper maintenance of the water registering devices.

R R
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51. Examples of Overheated Crown-Sheets, —Tn Figs, 22
and Z3 are shown examples of erown-sheets damaged by low
water, It not to such an extent as to cayse a hailer explozion.
In Fig. 22, the portion of the crown-sheet that was overheated
: is indicated by the stazholis shown in black,  The two staybolls
: | within the dotted enclosure-and indicated by wings, pulled
through the sheet and the sheet itsel was bageed £ inch, Al
the other stayholts in black were Joose, dnd at the points indi-
cated by heavy marles the sheet was bageed [rom 4% 1o 3 inch.

The atea of the crown-sheet within the large dotted triangle
would have heen hurned were it not for the fow of water indaced
by the syphons, thus probably preventing a disastrous boiler
exlosion,

In Fig. 23 the area within the dotted lne abe was overheated,
The four stavbolts within the area d were pulled out and this
area, which was about 10 inchies square, wos bageed to a depth
of 14 inches. The two rows of stavbalts within the individual
citeles were lonse, while those with the wings were partly pulled
out. The narrow area of the sheet between the two rows of
lacse stayhbolis was bageed irom 4 to § dnch. The entire area
within the datted lines of would have heen damaged were il not
for the syphons.
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b2, Loose Crown Stays—The mast striking feature 6f an
overhented crown-sheet is the numhber of crown stays that are
loose; in fact, the first indication of a lesloy crown-sheet is lealoy
crowts stays. The reason is thatl, o the application of the crown
stays, the stays are screwed in tightly, thus putting the metal
adiacent to the holes wnder aostmain, and causing the metal to
grip the stav and keep it tight.  That {5, the particles of melal
immediately around a crovn stay will be crowded closer toeether
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than those farther ont.

WMo, it 13 4 well-knowsn fact that heating a meta] to the proper
temperalture, as is done when annealing main rods, side rods,
ete,, relieves it of any internal straing hecausze of the physical
changre that takes place in the muetal owing to the heat,  As soon
as the abisence of water catzes the crown-sheet to hegin to heat
np, an annealing action immediately starts in the metal, and its
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elasticity around the erown stay is removed or the orip of the
sheet o the stay relaxes, so that the particles of the metal that
heretodors were crowded closely around a stay will begin to
meve away from it toward an area where they are not in such
close enntact,
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A soon as this action, which is actually a shght shrinkace of
the sheet arnund the stay, starts, the stay loosens, and steam and
waler will begin to leak through. A continuation of the heating
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action sollens the plate, so that it will be bulged downwards by
_the internal pressure in the boiler, The bulging enlarges the
hole around 1he stay and il continued long enough the sheet will
be pilled off the end of {he stay, this action being assisted hy the
crown stay itself hecoming soft,

53. The action that follows the overheating of a crown-
shest is therefore progressive.  First, the shee( anncals and then
begins to leak at the crown stays; next, the sheet begins to bag,
or bulge, araund the stays and finally it pulls away from them.
Aferthe first stay fails, those adjacent are liable to go inunedi-
ately, as théy are subjected to more than their share of the boiler
pressire,  Tf a large area of the sheet [ails, the result will e a
vialent explosion, as the force of the explosion is in proportion
i the size and suddenness of the initial Tupture, and the volume
anil heat of the water in the boiler.

The portion of the crown-sheet that has heen overheated is
easily identified by the water side being black, all of the scale
having been burned off.  The Blackened portion of the sheet will
he surraunded by the rusty, scale-covered area that was covered
by water, so that the area of the averheated portion as well as the
high-water line will he plainly shown.

54. Reaszon for Violence of Explosion.—The temperature
at which water will Legin tn tum into steam depends on the
pressure at which the water is subjected. At atmospheric pres-
sure, ahout 15 pounds per sguare inch, water will hegin to turn
into steam il it has a temperature of 2127 F, If the pressure
was suddenly and considerahly reduced on water at this tempera-
fure ihe whole hody of water would turn into steam. At a
pressure of 200 pounds to the square inch, the water in the boiler
will hoil when its temperature reaches 388° T Now il the
crown-shest raptures suddenly over a wide arca, the water in
the boiler at, sav. 388° T, is so far above its hoiling temperature
al atmosphetic pressure thal every parlicle of water instantane-
ously flushes into steam and ncreases in volume ahout cighteen
tundred times.  The stean iz unable to escape fast enough from
the boiler so that the result is a tremendous Inerease in pressure
far ahove the pressure the hoiler is designed to withstand. It is




|
|
._.
__.

42 LOCOMOTIVE BOILERS, PART 2

¥ e m. - T Y o = 3 .___. - .m-.
115 ._.“_.ﬂ 1 _.u._ Pt . .—nm._...uﬂ_. 11 _“u_.u._._u_.“ il .W.T. 5 e
- . Jil; m..u...a_._.“_ 0 o © _.|._”“_ rm.._....m s 1 m__.m._.._.”_.nr.au 1t o £11

55, Clean i
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it 5  that all heating surfaces are cean
e 12 :.d‘v:.u_‘p atel the outzide.  The interior of the botler
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ﬁ:MMMM H,”ﬂ“m:ﬁ.m_ﬁ“m” m_.m,n with one-half _..,; the superheater flyes
£ mwm_:, = u_ o ance of Em._cwﬁ.ﬁ_:_cﬂﬂm wis reduced to that
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b EEE.#T oo uperation, the tubes and flyes, especially
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n“”“.“.mw_“_wqwx ._m w.:n_cE be, scale will form g coating over the
i) el 5 E:.m Lo canse serious trouble. T the seale
) il Becarne yery xrcaﬁ., the heat will not be carried awav 1

i water fast etough to prevent 3 tse in the tem i
e erature of the
m...m_ H._Mum“nﬂ ,”m,_r..._m nhhwﬁ“ﬂ“_ﬂ_ﬂm H_.k:..uﬁ.c:_..m a certain limit will canse
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eared fur and remedied tromptly, n:m_ﬂ_ﬂw Mﬁaﬁwﬁw.ﬂ.ﬂw o
such an extent as to moke 4 mupiure very likely M

_,,,..Hw%.m N_H“udq.urm.ﬂﬁﬂﬁs no case should a hoiler be blown out

B pressure ol steam, hecause the sudden reduction nf
MFCESUTe i almost sure to canse excessive straing on puarls of “o.
baoiler as well as cause seale to form om the r.mm.mhm wnwp._wunﬂwp
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To hlow out the water, the pressure shotld be reduced to about
20 poinds per syware inch hefore the Blow-off cocls iz opened.
A boiler should not be vefilled with cold water until it s conled
off, because the sudden coniraction of the several parts is sure

toresult in leaky seams or tubes,

57. TUse of Blower.,—Cure should be excrcised in the use
uf the Blower, especially in Incomotives without o brick arch.
he improper use of the blower draws an excessive amount of
cold air into the firebox and directly against the tubes and 1he
flies.  When the fire is low, or when there are holes in it, the
draft caused by the blower will cool off the firchox shecls and
subes. The contraction that results will usually start the tubes
leaking to an exterit that will in some cases cause an engine
[ailure.

The improper use of the blower will also cause Teaks at the
staybolts. It s at the ash-pil, however, that the most damage
15 done by the abuse of the blower,  Usnally those in charge ol
{he dumping and the cleaning of the fire thinlk more of their awl
cnmfort thar the care of the boiler, and use the hlower strong
cnough to take all smoke, gases, and fine ashes away from the
frehos.  This canses a strong current of cold air Lo pass {hrough
{he Arebax and inta the tubes, and the sddety contraction of the

varions parts invariably causes leaky {uhes.

58, Honeycomb.—Care shonld be exercised in the handling
ot a locomotive hailer that small masses of clinkers, called honey-
are not allowed to form on the firebox sheets, especially

cornh,
he ends oi the tubes and

on the heads of the erows stays and on t
flyes. Honeveomb s causcd by the foreign matter n the coal
adhering to those paris of the firchox surfuces which are exposed
to the direct action of the #ames and which are nat properly
covered with water on the other side, The clinker ghould be
Lnocked off with a long rod {hrough the fire-door, as when on
tlie tule-sheet it abstructs the flow of hot gases through the tihes
and veduces their effectiveness the same as if they were plogged.

£0. Even Firebox Temperature—When firing, it is impor-
tant (hat the firernan maintain o firehox temperature as nearly
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uniform as possible,  This avoids the alternate tige and fall in
tmperature, as the fire is first foreed and then allowed 1o burn
down, A high frebox temperature causes the lubes 1o expand
rapidly, and when the cold currents of air strike them, they
suddenly contract. The alternate expansion and contraction
soon causes loose tubes and (lues and, very often, engine failures,

With oil-hurning locotnotives, on ncorant of the high firchox
temperatiure when the engine is working, care should bhe talen
1o see that the dampers are mmmediately clnsed when (he fre is
reduced.  This prevents cold air from striking the hot surfaces
of the firebox, The possibilities of damage to the firchox are
much greater with an oil-burning locotnotive than in the case
of a coal burner,

60. Leaks— Al leaks in the firehox, especially around the
foundation ring, should be repaired as soon as possille, becase
the lealeage represents a considerable Ioss of fnel. The steam
also has a tendeney to unite chetnically with the sulphur in the
coal and attack the metal in the shects, All steam leaks into the
fromt end from the steam pipes and the superheater shogld he
attended to promptly.  The leakage of steam causes a ciiting
action that soon wears away the parts it comies in confact with,
and also reduces the vacuam in the smokchox,  The smokebns
door and the steam-pipe conmectiong through the smokebox
should be as nearly air-tight us possible so'as to prevent the air
from enfering the smokebox and destroying the vacuum ercated
by the action of the exhaust.

ACCIDENT INVESTIGATION REPORT

61. Copy of Form. —4 copy of the form used by the inspec-
tors of the Burean of [ocomotive Inspection of the Imterstate
Cominerce Comimission in reporting accidents resulting from
boiler failures is herewith given, The form has leen partly
filled in to show how it is 0 he compiled in reporting an acei-
dent, which in this case is assumed ta be a failure of o crowne
sheet due to low water,
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s File Ng—+  —o ———— -
Yerm Mo, 25,

INTERSTATE COMMERCE COMBMISSION
BUREAD OF LOCOMOTIVE TRSPRCTION

Accident Investigation Report
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CASTALTIES TO PEREONS

Emplayed .
an

Nature and Extent

Froba
of itjurisg Hbe

Fame and Address disahllity

Hana injured.

(RBoder Failwe)

..|\

Builder's numler of hoiler.

Where baild

Type mﬁﬂuyﬁw@ top

— Type of fire hox__Radial stay

Wore fire-box sheets overheated?  [# sy ko what extent
Crown sheset overheated at hoth frent and back onds,

It water wug low, give m_m_kéz. from crown to line of 1 Towe water

fipproxivataly 10 inckes.
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Thiclness of soale on sheets

Desoription of accident, including condition of wazions parts or
appurtenances affected, ond all other materizl detedls:

Freighi frain Extra Kerth, congisiing of 64
loads, 4,160 tons, drawn by A B G, Hcacau_pﬂm 203, in
char rm ew mqmeﬂmmﬂ...........,., Firaman, ...
Bd. CUDETEEET o e s e BT pome o

at 10:30 A M., May 14, 19—, and when passing through

R il a A  ad e, BEC LR ACNE T farlare incoarred
in the fire box which &1 the zims was sesuned by the
crew to ba a burast flus,

The looomotive was towed fT0....00000,
where the railroad company'=s inspector nade an
investigation of the boiler and all appurtanences
on May IS5, OQur inveatigsilon of this accident weas

made at...oioo .. .00 May 3l-—, after tha appuris—

nances had been removed snd examined by the company':
inspecticor.

EXAMINATICN OF FIREEOI

The firchox was of three-pleoe construstion,
and waz egquipped with Ltwo (2) MNicholson thermis
gyphonz . The crovn sheel waz supposied by 26 trans-
versa ravs and 16 lopgiludlnal raws of crown stays,
the ten centar rows amxm li-1neh hbut thonhead radizl
stavs, excepl the firs soa on oaach @ide of sach
ayphon, which wers wmeumwmu qead radial slays and
the thrae cuter rows on erch zids, which ware flexible
gtays with telltala holes. Eolow these stays, on
each gide, were four rowg af Ilexible staybelis
having telitale holea, Flexible staybholtas with
telltales holes wsre alse applied in the bDreaking
zonzs at all four corners of the firehox, all other
staybolts ware 1-inch rizid boltim.  All radial stays
and staybolts were spaced approxzimsiely 4 inches by
4 inches at the lsr-gesi spacing

(If abowve space is insuffcient for deseriplion of accident, inssrt

additional sheets)
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The grown sheet was found to have been
overheated in spots. At the front and, the heat
showad kack to betwasn the fourth and fifth erown
=tays from the flue shest st center of orown sheet,
and from thizs point tapersd toward the flue shest at
botlh =ides and downwards fo tam firat holt from the
flue sheet and the third balt from Lha centar, then
extended downwards to the tenil bolt on ezoh side of
the center. At the beok and of the firshox the heat
showsd between the two center rows of radial =tays
from the Lhirteenth transverse raw from the door
shasl back to the second row from the door shast,
whers it widensd out to a distance of about 20 inchas
on both sidas of the center.

: The line of demarcation at the flus sheet
gaowad about 10 inches balow the highast part of the
crown shest and tepered back as per the tapeor in the
crown sheet, which was 4 inchas.

y The door shesl pulled from four staybolis
in the oenter at the top and the door shest rlange
name down about 5 inchez at the lowesi point.

The riveted seam at the top of the flua
sheet was zprung and the welded heads an the top réw of
the zuparhentar fluasz, the top row of fira tuhaez, and
the tubes belwsen the top and =econd rows of SlpEe r—
heater tubesz, were broken loose,

The irreguler demarcation by the hesat was
evidently due to vpward circulstion through the
s¥phons depositing water an the crown shaat aftar the
ganarzl water leval had recedsd balow the crown sheat .

WATER GLABS AND CAUGE COCKS:

The bottem water—plass Bounting and the
Zaupe coocks were applied in beoiler back head.

The gasket had bean removed frem the nut
on the bettom of the tukular water wlass and with
this nut screwad down on the water—glass mounting the
lowest reading of the water Flazs was 3} inchez abave
the highest perd of the crown shest.

: The bottom gaupe cock was 3+ inches above
the highest parl of ithe crown zhoet,

SAFETY VALVES:

The safely welves were romoved and laced
on logomotive 504, and were left there sftor eing
tested. -

INJECTORS ;

The injectors were removed and placed on
locomative 505 whare they were left afier being tested.
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FIRE DOCE:
The boller was equipped with a mechanically—

pperated fire door.

THEPECTION AND REPAIRS:

Logomotive 503 was last piven general
repairs in dugust, 19 al company's...........shop,
ab which tlme this filrebox wes spplied, and since
that time io April 1, 19— 1he locomotive had made
99,4253 miles. The lazt annual inspscticn was made at
seeainreeenys ALEREt 1,185, The last monthly
inzpeotion was made at..........enginshouse April
15, 18—. This repert hed been removed from ihe cab
gcaze and wad in the roundhouze foreman’'s office.

#11 firebox sheets, ayphons, and flues were resported
in good gonditian,

Caontribastory defects found:

Thara were no contributory defects found
dguring this investigation; however, all the appurte-
nance= hed been removed from the holler and examined
by tha railreoad inspectors hefore this inspsciion
was made.

aenezal condition of locoootive:
Good.

Cansa of accident:
Crown sheet fallure caused by overheating
due Lo low water.

Tnsgcior

_ . Inspector.

Roemarks:

WASHING OUT BOILERS

62. The washing out of a locomative hotler is 2 most impor-
tant flem, as suecessful maintenance and bofler efficiency depend
largely on the care that is taken in washing out. Nearly all
water containg more or less mpuorities, which settle to the bottom
when the water s boiled,  In the case of o boiler, the impuritics
seltle on the tabes and the firebox sheets or at the bottam of the
water legs, and, unless removed promptly, svon canse the for-
tnaticm of a hard scale,  The scale reduces the efficiency ol the

alll—a&
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heating surface to a considerable extent, because the heat migst
penetrate the scale before it reaches the water. Tests have
m:_...u.ﬁ,: that a deposit of scale 1 inch thick results in a loss of 13
per cent, of the fuel burned.  Another result of seile, especially
on the firebox sheets, is the liability of the sheet to become over-
heated and collapsc,

Washout plugs are provided to facilitate the washing out of 4
boiler and are placed in the most advaniageous 1@2@”. A cer-
tain number are placed in the hack head ahove the eronwti-sheet,
and also at about the same level in the wrapper sheet,  Other
plugs are located in the bailer shell on each side shightly above

the top of the lues and in 1he front tizhe-sheet, as well as at each

outside corner of the firchox and in the water legs,  Washout
holes closed by washout covers are also provided in the belly of
the builer, one heing often placed in each course. .

When washing aut a boiler, all washont pluge and eovers are
first removed. A suitable nozzle is inserted in cach ol the
varieus washout holes in the back head and in the wrapper sheet,
and 1he crown-sheet is then washed ofl, warm water under a
pressure of af least 50 pounds being vsed,  Next, the flues ave
washed down by inserting the nozzle in the hules in the bailer
shell. Dy this time, the sediment has been washed into the
water legs and the belly of the hoiler, and any that has not alreads
escaped through the openings at the lutter point can le #.mm:mm
oul by inserting the nozzle in the holes i the front tube-sheet.
The water legs can be cleancd out by forcing water into the holes
vrovided there,

63. Tt will be noted that the system used in washing out a
hailer is to start ar the higher washout phigs and wash the sedi-
ment into the lower parts. Scrapers are used when sedimest
cannot e removed by washing. A lurge mass of sediment ot
scale on the crown-shect or the water leps, which will cause the
shect to be burned and which cannat be dislodged by the ardinary
methods, st be removed at all cosis, even to the extent of
taking out a number of crown stays or staybolts toodo so,

LOCOMOTIVE BOTLERS, TART 2

TESTING OF BOILERS

64, Method of Test.—The Interstate Commerce Commis-
sion prescribes that every boiler hefore belng put into service

and at Teast every 12 monihs thercafter shall be subjected tn

hydrostatic pressure 25 per cent, above the worldng steam
PrEssire,

The test is made by flling the boiler with warm water and
then taising the pressure of the water by means of a foree pump
or an injector.  When the boiler s being filled with water, all
air is expelled hy removing a plug or by apening a valve in the
highest part of the lboiler; the pressure can he applied more
gquickly atul casily when there 15 no alr present,  The safety
ralves are either removed and plugs inseriod in their places o
else they are closed and clamped. An acourate test gauge is
applied Lo the bodler and the pressure st be watched closely
to see that the prescribed testing pressure iz not exceaded, as it
iz very easy to strain, undoly, some part of the hoiler.

Caold water 15 not safisfactory for testing, becanse the boiler
plates are cold amd econtracted oo tnindoun and leaks will
appear. A hoiler that i= in gaod ennditinn and tight under steam
will wseally show nunerous leaks when full of cold wuater ander

pressure, 5o that the wse of cold water makes the test unneces-

o

After all defects, such as leaky seams and Tiraleen stayholts
and crown stuvs have been talen care of, the boiler 15 fived up
and the pressure raised lo pol less than the sworking pressure
soas to derermine the permanency of the repairs made.

Brolen stavbolts are more casily detected when the boiler 1s
wnder pressure, as when making a hydranlic test, than when il is
not, The reason is that the broken ends are now separated
slightly, whereas when the boilet 15 not uteler pressure the
broken ends are in contact, thus giving a sound Tike a gond
stavholt,

POOR-STEAMING LOCOMOTIVES

65. Causes of Poor Steaming. A poor-steuminge locomo-
{fve iz ane in which the hoiler will not generate steam fast enough
tn meet the requirements of service.  With such a lseomotive
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it is very difficult ta maintain 0l boiler pressire cxcept gnder
very favorable conditions of operation,

The modern Incetootive s designed and propartioned  in
accordance with experience and observation, and therefare wher
an engine steams badly, the trouble should nat be too hastily
charged to faulty designing.  The faulr may occasionally be in
the design, such as evlinders tun large for the amount of heating
sturface, insulficient water spaces, or the diaphrarm too close to
the fube-sheet, but it i3 far maore likely tn he duc tn ather camses
vver which the engitcer has control,  Aside from faulty design,
there are three general causes that will make a lncamotive steam
poarly s (1) Timproper or insufficient draft; (2} the heat of the
fire not being fully utilized ; and (3) pour management on the
part of thoze in the cab. :

66, Insufficient Draft—Insufficient draft may he due cither
to some uhstruction in the firebox, tubes, smokebox, or stack,
of to insulficient vacwum heing formed in the smokebox v the
exhaust stean, this meaning that the difercnce between the
atmospheric pressure and the smokebox pressure is not enough
to create the rroper draft, or to the fact that, while a sulficient
vacuum may be formed by the exhaust steam, its effeet on the
fire is partly destroved through sote defect in the drafe apa-
ratus. The ghetruction to the draft may perhaps be in the grates,
which may he fitted so close as to prevent the admission of a
stfficient quantity of air through the fire,

Some of the tubes may be stopped up, owing to careless liring
or to poor regulating of the draft appliances.  If the draft §s
wealk, ashes and cinders will gradually accomulate in the tubes
until finally they hecome stopped up.

1T the draft is too strong, large cinders will be drawn fnto the
tubes and fues and produce e same efeet as when the deaft i
ton weale,  Dlugged tubes and flues reduce the heating suriace
of the hoiler and hence its steam-penerating tapacity, I the
tubes and flues are obstructed at the firebox end by honeyeom,
the effect will he the same as if the tubes were Plugged.

If the firebox is reasonably clean and there are no ashes or
cinders in the tubes and flues, the cause of the poor draft may he
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in the smakebox.  The diaphragm or deflector plates may be too
close to the tube-sheet, the diaphragin apron or damper may he
ton low, the netting may he clogged or the mjs_.,.mv:x may be
filled 11p with cinders, The foregoing shows ?E-am little abstrie-
tion as pussible should be imposed on the flow of the gases to »f..rm
atmosphere, ather than what is necessary to produce a uniformity
of draft over the whaole heating surface.

67, Measurement of Draft-—The draft
15 measured by a drail gauge, a view of
which is shown In Fig. 24 This device con-
sists of a U-shaped tube containing water,
and having a sliding scale praduated 1o
inches, the whale heing suitably mounted on
a part . The upper end of the leg a of E.w
tube is comnceted to and opens into the
stnolehos so that the water within the rube
is subject ta smokebox pressure, and the emd
of the other leg ¢ is open and exposed mo
atnospheric pressure. The water in both
legs will stand at the same level when the
pressures in the legs are equal, as when the
focomotive 1s not working,  With the loco-
maotive working, the drait reduces the pres-
sure in the smokebox and on the water an . b
leg o, and the greater pressure of the atmosphere acting on the
waler in leg ¢ raises the waler in leg a. B

The dralt 18 measured n inches of water as F.::.__q..,m“ .._,H_um
sliding scale is moved so that the zern reading 18 in line ﬂ.n,r.
the lower watet lewel, s shown, and the _.Hm:,.m.ﬂ_.h.ﬁ: ._..w_.anj nﬂ.EMu
npposite to the higher water level is :Q;wq._. which in Fig, m..um Hﬂ ...
VWith this reading, the draft woald he said to be equal to 4 inches
of waler, this meaning thar the difference between the pressure

of the atmosphere and the pressure in the m:_aﬁnm_.._c.k is sufficient
A prossure edqual

Lo maintain a colummn of warer 4 inches high. 2
to 1 nch of water it a draft gauge is equal to ahout & o::nm..m:
that 4 inches would b cqual to about 2 ounces of pressure ped

square fnch.
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T locomotive practice the draft varies between 4 and 10 inches CALCULATING STRENGTH OF BOILER JOINTS
of water, The shot @ in {he bottom of the tube prevent a tog

ATE
. i IONS RELATING TO BOILER PL
raprd movement of the water due to change I prossure. DEFINIT

71. Tensile Strength of Boiler Plate—The #.m:m:m ns,._.m,:_ﬁw
of hoiler plate 15 determined by actual test in 3 ﬂmm:sm EmrEwH?
and the gnit by -which it is measured Is the force, in pounds,

68. Insufficient Vacuum.- The firebox and the tighes flay
be clean and the smokebox appliances mayv he properly adjusted,
but still the engine may not steam, The cause may then be due R ¢
to insufficient mmE::: heing formed in the smokehox,  Tnsuffi- - neenszaLy. o E.E, mt.un Hﬂ,, ﬁhnmmc”. = \\ "
cient vacunm may e due to any of the lollowitg causes: The plate ot A £rosd- unwm_oﬁ .mﬂm_. . 9% st .
neizzle may be so large that the exbianst steatn will pass through square nch, as E.q_n,mwm. _:fi, u.,...,__._n E
the smokebox at a very low velocity; the exhaust pipe may he The i ey H_.“fim_":w,ﬂr.? a2
sel out of Hne with the center of the stack, thus throwing the b E.?Em an H_.ﬁﬁnmn _uﬁ :Mmu,
jet more on one side of the stack than the other, ar part of the square jn: i :_m_,,b : t #rrﬁﬂ i
jut may strike the inside of the stokebox proper, nr the stack r_m. | mch mm.hr ke il besmidaind & ek ik, Inereasing
extension ruay be so set as to have the same effect ag the exhanst Pehade el _m_..m. e of ._ﬁa.m to 2 square inches
jet as il the exhanst pipe were out of line K Cre Sn ﬂmmmm w ,MTMHMLMA_ .zu.ﬁH_..ﬁEe. doubles the tensile

The principul causes, however, of an insufcient varuum in doubles the E.wﬁ_...._d._z,ﬁ.z.mﬁ H““M:Lﬁm depends on eross-sectional ared,
the smokebox are air leaks in the stokebox or stean leaks from n..__;.m:,n.,.r. AL Lo Mm 1.ﬂﬂ_ dm.ﬁ. picee ate shown in Tig. 26,
the steam pipes and superheater units inlo the smokehax, T f The dimensions GHM S mnr .Ew Lailer plate used in the bailer
the door of the smokehox i improperly set and air can enter ﬂ:m i m:_\._.m : .ﬁﬂ“:mﬁ G000 pounds per square inch. of
through the joints, the action of the exhanst jet will draw air shelli e 7 bemilesbrengBabt0h

through the apenings and less will et thtough the fre.

L Apsasy Fan A,
Hiag 45

ik
69. Poor Circulation.—Anniher cause of 4 poot-steaming %m,.

engitie is a poor cireulation of water, or a dirty bailer with the o g ..T_,_m_a B S

heating: surfaces covered with mud and scale.  To protote eir- e s 1o e e

culation, the leedwater should enter the bailer near the frant — [

tuhe-sheel so that 3 can work alotig to the mbes and the Aues to :

the hot surfaces and rise with the steam.

70. Poor Management. —Anather cause of a poor-steaming - .1.(_-.&_% .

g%
fhout rat
Fio. &)

engine is poor management and lack. of coaperation on the part
of those in the cab.  To oltain the best results, the firing and
feeding should be cartied on according to approved methods. 1
The use of the injector has a very important effect on the steain- LR RAT b Bk s RN ot T\%n_ pounds _u::,m., ,J.mu,
g of a locomotive. The best freman cannatl maintain a gomd is permissihle.  When the tensile strength is zi&ﬁﬁ:w p..,mw m_m
head of steam i the engineer ingists on looding the hoiler, . al E0000 pounds is to be used. The H.mn:mn:nn_mw.ﬁ H_mw
Neither can the reguired amount of steatn be produced if the strength for firehox steel is 57,000 pounds, and the same variy
etigineer works the engine at a ling eut-off when a shorter ane gl i permitted as with hoiler plate,

oblains the same if not better resalts,
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As yet the A AL R, has no specifications [or other than carbon-

steel boiler plate.  Nickel-steel hailer plate as well as other alloy-
steel boiler plate have a much higher tensile strength,  Far
example, a nickel-steel hoiler shell has a minimain - tensile
strength of 75,000 pounds per square inth and the firehos plate
2 tenisile strength of 63,000 pounds per sjuare inch.  Aceording
to the manufacturer's tests the shearing strength of nickel-steel
rivets, hand driven, In mest cases exceeds 63,000 pounds per
syuare inch, Thiz s permissible according to Rule 6 of the
Federal regulations.

Nickel-steel hoiler shells permit of higher pressures with the
same thickness of plate us compared with carbon-stee] shells,

72. Elastic Limit— The clastic limit is the point at which
the test picce of boiler plate will not return to its original length
when relieved of tension during a test. Al metals will stretch
when subjected to a pull, and if the pull is not too great the metal
will return to its original length when the pull is rernoved, ITow-
ever, any pull in excess of a certain amount will stretch the seta]
beyond the limit of recovery and #t will then not return fo its
vriginal length.  The elastic limit, or yield point, as it is some-
limes called, must not be Tess than half the tensile strength, A
pull in excess of the elustic limit afTects the structure of the
metal and weakens it so that the pressure in the boiler should
never be perrmitted to rise to such a roint that the pull on the
plate exceeds the elastic limit. 1t is for this reason that the
testing pressure of a hoiler is restricted to about 25 per cent.
ahove the working pressure.

73. Elongation— Elongation is the amount the test plece
stretches helore it breaks, and s determined by placing the ends
together and measuring the distance hetween two prick-punch
tarks that were originally 8 inches apart.

The proper amonnt of elongation insures the Hanging of the
plates without materially affecting the strength of the metal,

The loregoing definitions da not apply to the special alloy
steels that contain nickel, etc., used in some madern boilers,
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DEFINITIORE RELATING TO JOLRTS

74. Types of Joints. There arve two types of juints used

i locomotive boilers, numely, the lap joint and the bute joine,
5 lap joint iz one In which one edge of the plate laps over the

other, as in Fig. 27, A butt joint is one in which the edges
Butt against cach other and are held in contact by welts or cover-
plates, as in Fig. 28,

75. Single- and Double-Riveted Lap Joints.—A single-
riveted lap joint is one in which the edges of the Emﬁ are held
together by a single row of rivets, whereas a double-riveted lap

loint employs two vows of rivets, ag in Tig. 22, The .,_mﬂc:m
courses of the cvlindricsl part of a boiler are usually joined
together by double-viveted lap joints,

76. Triple- and Quadruple-Riveted Joints.—A triple-riveted
butt joint, Fig. 30, ix identified by having three rows of tivets on
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each side of the seam, and a quadruple-riveted butt joint is one
with four rows of tivets on each side of the seam. The latter 15
generally used in the longitudinal seams of locomotive boilsrs,

77. Pitch of Rivets—DIitch of rivets is defined as the dis-
tunce hetween the centers of adjacent rivet holes, ag in Fig. 31,

78, Back Pitch.— Back pitch is the distance between two
raws of rivets, one on each side of the jodnt.

79. Rivet in Single Shear.—A rivet is in single shear when
it is possible to shear it in only one place, as in Fig, 32. A pull
on the plates as shown by the arrows will cause the rivets to sheat,
as shown, only along the line of,

LOCOMOTIVE BOILERS, PART 2 58

- 80, Rivet in Double Shear.—A rivet i in double shear -
when it will shear in two places, as at c and 4, Fig, 33, A rivet
in zingle shear involves two plates ; one m double shear involves

three plates,

Fre 31

81. Relative Strength of Rivets in Single and Double
Shear,—A rivel in double shear has twice the strength of a

similar one in single shear, hecanse it has to be severcd at two
points simultaneously.  In Canada, however, @ rivet in douhle
shear is considered as being only 1§ times as strong as one in
single shear,

82, Rule for Caleulating Tensile Strength of Plate,— The
tule used to caleulate the tensile strength of a piece of lboier

plate is as follows:
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Rule—T0 find the tensile stvength of plate. muliiply the crogs.
sectional area of the plate, in square {nches, Jound by sttt plaing
45 width by dts thickness, by e unit of lensile strength, her
asswied to be 60,000 pounds for cach square inch of cross-

sectional ared.

Exampre—What is the ten-

sile sirenpth of the plece of

hotler plate shown in Tz, M

which has a width of § inches

atil & thickness of £ ioch, the
stress being applied in the diree-
tion of the arrows 7
Soruron,—The cross-sectional arés of the plate iz BXE=3 5g in. As
each square inch has a tensile strength of G000 Tb, 5 sq.in, will have a
tensile strongth of G000 3=300,000 T,

83. Caleulating Tensile Strength of Plate Between Rivet
Holes.—The drilling or punching of rivet holes in a plate of
course weakens it most on a line through the centers of the rows
of rivets; the strength of the remainder of the plate remains
unitnpaired.  The only difficulty met with when caleulating the
tensile strength of o plate in which holes are drilled, is to find
the area of the section of plate that remains between uny two
adjaceni holes.

The methnd of Anding thisares can be more readily understacd
from Fig. 31, which shows the plate broken off on a Enethrough
the centers of the rivet holes and the broken piece temuved,
Drilling the rivet holes reduces the length of solid plate hétween
the centers of any two adjacent holes by one-hall the diameter
of two rivet holes, or in this case by 1 inch.  The length of any
section of plate hetween two adjacent holes then becomes 9 inches
less T inch, or 8 inches, and us the plate iz 1 inch thick, the
cross-scctional area abed hetween the holes is 833=4 square
inches,  The unit of tensile strength assumed s GO000 pounds
for each square inch of eross-sectional area, so that the mlate has
a strength, on & line through the rivet holes, of 460,000, ar
240,000, pounds. Tt i necessary to caleulute only the sirength
of the plate between two adjacent holes, hecause as the pitch of
all holes in any one row 1= the same the plate will be weskened
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the samne amount between every two holes.  Theoretically, the
plate will fail simultancously on a line through the centers of all
hotes.  The following rule can be deduced [rom the foregoing :

Rule.—To find the tensile strength of @ E&m Betuween wiget
hioles. subivact one-fad] the dimmeter of fewo 3.%“.?._?& ar the
digmeter of one vivet hole, from the pitch and multiply the resull
b the thickuess of the plote and the unit of tensile strength.

84, Rule for Calculating Efficiency of Plate—The ,.wE;
cieney of the plate is ils tensile sirength after mﬁ,::.:.ﬂ the rivet
ro?,.wm as compared with its strength before, and is _HEH._Q. hy
dividing the former value by the lalter. This can be summarized
in o rule as follows:

Rule I—710 culeulate, in per cent., the efficiency of a plafe i
siliich vivet holes have beewn drifled, divide the :.si,ﬂ.m strength
of the plate afier the holes were dreilled, by ity lensile strangth
m._.n..*ﬂ._w the hotes weve dritled gid multiply the result by TH0.

Tomasror m—That s che elliciency of the bailer plate shown in Fig, 31«

SoinTiow —The tensile strengih after the hales were drilled has
alyeady been shown to e 240,000 pounds. The c_._..:m;ﬂm S_E.._o Enn.._n,.:.r
aecording to the rule i Art, 82, s ¥ inches multiplied by .EnF!HH...;":-
plied hy 0000 piounds. The result 15 270,000 pounds,  Hence; the efciency

ZAD O e :
ol the plale iz |L+_u_ w00 or SAM per cent. The plate hos then been

20,00

wesliensd 11.2 per cont,
The elficiency of the plate can also he caleulated from m,:._ fol-
lowing rule. which involves less worle than the one just given:

Rule IL—Tp calewlate the efficiency of the plute sublvoct the
digmeter of one wivel kole frowm (he pitch, then divide by the
piteh and wnltiply by 100,

For example, the efficiency of the plate shown in Fig. 31 equals
%Xune_ﬂmw.w per cent,

.qgrmu sile is derived from the tule just given by canceling out
sirpilar quantilies,
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Thus, efficiency of plate y
(piteh—diameter of one rivet hole) M thickness of plate
it of tensile strength

pitch X thickness of plateXunit of tensile strength Gt

It will bhe noted that thickness of plate and unit af tensile strengih

cancel out, as each appears above and below the line, leaving the

rile as stated,

mm.. Calculating Shearing Strength of Rivets.— The it af
shearing strength of rivets will be taken as 44,000 poutuds for one
seuare inch of cross-sectional area] the driven diameter of the
fivet is always taken when caleulating the cross-scetional areq;
‘_._:.w sheating sirength of a rivet, like the tensile sirength of a
piece of plate, depends dn the amount of metal in its cross.
sectinnal area, so that the following rule governs:

. Rule—Tn eulculate the shearing strength of o rivet, multiply
s cross-sectional aveq, by the wnit of shearing strength.

Examroe —What is (he shearing strength of a, rivet of a driven dinme
eler of 1 inch?

i mg.dﬂ..az.- -The _.,H“e_wm-manm:ua area of the rivet is fonnd by mnltiply-
g MMW diameter by itself and by 7H34. Hence, the area 3x 131% 7334
==FE54 an, in Then the shearing strenath uf the =3 i 3 :

> E ng strength o rivel & JEIAN 44
g Aty i FE-Rr. R et B W

”mm. Assumption on Which Rules Ate Based- Tt will he
evident from the foregoing that the rules relating to the strength
of plates and rivets are bascd on the assumption that the mﬁnnuﬁr
of a plate or a rivet {s proportional to the amount ni metal in its
cross-section.  Doubling the cross-sectional area doubles the
strength; halving it reduces the strength a corresponding amount,

ANATYSIS OF STRENGTH OF LAP JOINTS

87. Factors on Which Strength of Joint Depends. —The
strength of any joint depends on the pitch of the rivets, on the
shearing strength of the rivets, and on the tensile strength of e
plate.  The larger these factors the stronger the joint.  Flow-
ever, there is a limit to the pitch, as tun great a piteh will inipair
the tightness of the joint.  “The joint can never be as strofg as
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the plate itsell but, in an ideal joint, the pitch and the diameter

of the rivets should be s arranged as 1o make the strength of
the plate belween rivet holes of approximately the same strength
a5 the shearing stress of the rivets,

88. Calculating Strength of Plate, Single-Riveted Lap
Joint.—The maximum strain that the plate will withstand at
“the weakest point of the joint shown in Fig, 35, which is through

the cenler of the tivet holes, can be ealealated Trom the rule in

e

Fra, 32

Art. 83 The pitch is 2% inches, the diameler of rivets is 1%
inches, and the thickness of the plate is 4 inch, so that
{ Pitch —diatneter of one tivet hole) 3 thickness of
platel unit of tensile strength = strength of plate, or

(21140 2 A a0.000 =43 125 pounds,

80, Caleulating Strength of Rivets, Single-Riveted Lap
Joint.—The shearing strength of the rivets can be calenlated
from the rule in Art. 85, it heing noted that one-half the
diameter of two tivets, or the diameter of one rivet, s to be
considered when caleulating the cross-sectional area.  From this
rigle,

Cross-sectional arca of one tivet > unit of shearing stress =shear-
ing strength of rivel, or
1 o Ty 2 B 2 000 = 39,010 pounds

M= the shearing resistance of the rivets is less than the tensile
strength of the plate, the rivets will all shear off first, that is, the
rivels constilute the weak part of the juint.

If the rivets are too large for the pitch, the plate will fail along
the line a, Fig. 35; if the holes are drilled too close to the edge
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of the plate, the plate will fail in front of the rivets along the
lines & Bat if the distance from the center of a tivet to the edge
of the plate is made 13 rimes the diameter of the rivet, the latrer
failure is extremely unlikely to occur. ;

90. Efficiency of Joint—The efficiency of the joint is the
comparison between the weakest part of the joint and the
strength of the solid plate expressed in per cent. The mﬁm:mﬂ
of the salid section of plate from the rule i Art. 82 is equal to
Cross-sectional area of plate < unit of tensile strength, or

23 E60,000 =75 000 pounds

The strength of the weakest part of the joint was shown to he

390
J9010 poands,  Henee, gdvm [0 = 52.6 per cent., or a little

over une-half the strength of the plate.

Therclore, the lollowing rule can be used fo ealenlate the
efficiency of a joint;

Rule.—Divide the strength of the weakest part of foint by the
wltimale strength of the plate and waltiply the result by 100,

91. Calculating Strength of Plate, Double-Riveted Lap
Joint.—The strength of the plate at each row of rivets of (he
double-tiveted lap joint, Tig. 29, is the satne because the fritch
and the size of the rivets in each row are identical. Ilence, it is
necessary ouly to consider the strength at one row.  The first
row will be taken.  From the rile in Art, 83, the strength of the

plate is (31— 14 ) 3 E0,000=73,125 pounds

92. Caleulating Strength of Rivets, Double-Riveted Lap
Joint.—The shearing resistunce offered hy the rivets can he
calewlated from the rule In Art. 85, it heing rememberad that
there are Lwo rivets to be shearcd off, that is, hall of two rivets
in one row and a whole rivet in another row. Ilence, the shear-
ing strength of the rivels is

s XL TR 2,000 = 78,020 pounds

93. Efficiency of Joint.—The strength of the solid section
of plate, from the rale in Art. 82, equals
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343¢ 13¢60,000 = 105000 pounds

The strength of the weakest part of the joint was found to be

73125 pounds,  Henee the efficiency of the joint, according to
: ; £312

the rule in Art. 90, s equal to iXHEH%.m per cent, of

- the strength of the solid plate.

94. Reason for Greater Efficiency of Double-Riveted Lap
- Joeint—The reason for the greater efliciency of the double-
riveted lap joint 15 the employment of two rows of rivets: this
permits of a greater distance between rivet holes, or greater
pitch.  The greater the pitch the less the strength of the plate
is affected along the Jine of the rivet hales.
The reason for staggering the rivets is to give a tighter joint,
but the joint {s no stronger than if the dvets of one row were
directly in line with thase of the other row.

ANWALYSIS OF BUTT JOINTS

95, Points of Failure.—On account of its construction the
quadruple-riveted butt joint shown in Fig. 36 has many more
possible points of failyre than a double-riveted lap joint.  The
juint may fail in the following wavs:

{1} The plate may fail hetween the rivets in the outer row,
as at o, view (B}, This failure affects no other part of the joint.

{2} The plate may fail between the dvets in the seermd row,
ot at b, The plate belore it can Iail "here must also shear oll
the puter row of rivets,

{33 The plate may fail hetween the rivets in the third row,
or at ¢. Defore the plate can fail here, it must also shear off
the rivcts n the two ouater rows,

(4}  The twa butt straps or coverplates may fail Letween the
rivet holes in the inner row, bt this failure will involve no other
part of the joint,

96. Length of Joint to be Considered.—A longitudinal joint
in a locomolive boiler is really about 6 feet in length, but when
considering the strength of the seam it fs unnecessary to tale
account of the whole length, To shorten the calculations it is

Atl-n
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n;__mw. necessury to take a length of joint equal to the preatests
EE?. which is always found at the outer row of rivets in joitis
ol m.ﬁz kind. In this cuse the greatest pitch is 19 inches, the
mm:m:n strength of the plate is taleen as 33,000 pounds per mq_zmp.m..._
inch of cross-section, and the thickress of the boiler shel "

; I
1 inch. e

ST
=

Fro, 1

97. Strength of Jeint at Outer Row of Rivets. —From the

h.m:m in Art. B3, the sirength of the plate at the outer row o
rivers, Fig. 36, is

(18— 195 ) > 1 355,000 — 965,937 pounds

98. Strengih of Joint at Second Row of Rivets— The resis-
#,.m:nn of the plate to failure a1 the second row af rivets, Fie, 36,
1z also found [rom the rule in Art 83, it being noted mﬂm Lthe
lengih of the eross-section of plate here is shortened by the diam-
eter of two rivet holes; that is, the two half-diameters of two
rivets and the diameter of one.  Hence, the strength of the plate
al the second row of rivets s

19—2(137%, ) X 135,000 = 886,875 pounds
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7o this must he added the shearing stress of two halveés of one
' pivef, or a whole rivet, in the outer row, which according to the
pule in Art, 85 s

195 3¢ 1050 TR 44,000 =71 412 pounds

The total strength of the joint af the second row of rivets, then,
is BMO,R73+71.412 or 958,287 pounds.

99. Strength of Joint at Third Row of Rivets.—The resis-
jance offered by the plate at the third row of fvets, where the
plate has four holes, according to the rule in Art. A3, s

F19—4(145)] 31 33,000 = 728,750 pounds

To this must be added the resistance of three rivets in single
shear, Tt has already been shown that the shearing stress of
one rivet is enual to 71412 pomnds, hence 7l A2 3=214236
pounds is the shearing stress of three rivets.

Thercfore, the total strength of the joint at the third row of
rivets iz equal to 728,750-+-214 230 = 042,986 pounds.

100. Strength of Coverplates at Inner Row of Rivets.—Ti
catt be assumed that the two coverplates each ¥ inch thick are
equivalent to one plate 1} inches thick. The diameters of four
rivet holes are to be deducted from the pitch of 19 inches.
Thervfore, according o the tule in Art. 83, the strength of the
coverplales 1a :

(194151 x4 55,000=1,003,125 pounds
This wvalue, as shown [urher an, is slightly more than that of
the boiler plate,

101, Purpose of Calculations.—The sole purpose of the
foregning caleulations is to ascertain where the lowest value
comes, as af this point the joint will he the weakest. It is
unnecessary to proceed [urther ooce it hecomnes evident that a
higher value will be obtained.  Consider, for example, a failure
of the plate at the inner row of rivets.  The rivel holes number
the same as in the third row, hence the plate 18 of the same
strength at both points. Dot belore the plate can lail at the
inner tow, fuur additional rivets in double shear in the third row
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T e e . Jaint is reinforced

must also fail, Hence, there is no need of procesding o thep yhan the efficiency of the joint, as when the joint Is rein

i i Jhciency of the joint must be calcu-
with the calenlations, by rivets in other rows, the efficiency of the jc

he rule in £ Qi)
o] fromn the rule in Art. 90,
Hﬁ_....n... mmﬁnﬂm.w H.H.Hm .UH- -”_..Gmﬂ..w.l .._.q._. _n”_..._m___,.a_._.r.mﬁ_.m.w. over .—n._““_..m ﬂuuh._.._._.u_..m _”N._.m_..

. : q Bl T x - LER SHELL
obtained, which are shown in heavy type, it will be naticed thar FORCE TENDING TO RUPTURE BOT

: e _ . : line to the law of the
the lowest resistance to rupture is found in the plate between 105. Area to Be Considered.—According to the law ol
e . ; ; ; . - —— " e a circuls
the rivet holes in the third row ; the low resistance at this point Jutian of forces, the fovee that tends to rupture a © e
; : t L : d e ~ 2 ) : iy I0a1E
will also result in the shearing off of the two outer rows of rivets, - ell is the same as the force thal tends to rupturc a

Henee, the plate throwghont ity entire lengih will rupture at that rtical and horzoutal surfaces that can
point.  However, with locomotive Dboilers it is apparently i

assumed {hat the net section of the plate at the outer row of ST
rivets is the weakest part of the joint. For this (o hold true the

joint must he designed with this fact in mind, otherwise the
weakest part of the joint can be elsewhere,

made up ol a series of ve

103. Efficiency of Joint.—The tensile strength of {he sec-
tion of full plate, according to the rule in Art, 82, is

19315 33,000 = 1,045,000 poamds

Therefore, the efficiency of the Joint, according to the rule in Art.
S, s the weakest value divided by the ultimate tensile slrength
or

042 086

1,045,000

HI =902 per cent,

104, Efficiency of Joint at Outer Row of Rivets.—The
efficiency of the joint becomes the cfficiency of the plate if the
weakest part-of the joint is assamed to be the net section of plate

al the outer row of rivets. Henee, the rule for calenlating the

efficiency of the plate can in thiz case be used ta caleulate the
cfficiency of the joint. From Rule IT, Art. 84, the efficiency Fic. & "
- . v heater chell.
s be enclosed by a circle of the same diameter as the boaler ﬂ.,n: b
& el ik [ L 1 oy & 4 % 5 s wteamny At
b 100=92.4 per ce i de-dllustr <l in Fig. 37. Now the force of the stean
e e =Jast per cent, I'hiz 15 illustrated i g,

i M - any
" rate one-holl of the boiler from the other half ata

1 ted al 1l les to
as @ und b, must he cxerted at right ang

tends to sepa
and s acts against

The foregoing shows that when the efficiency of the juint is twa points, suc

B 5 o E i v I - »ArTORRE
also the efficiency of the plate, the efficiency of the joint ean he {hese points or in the direction of the art 9.,.1._._, i P et
b ) 5 o . - iler shell. ne pressu c
found from Rule TI, At 24, which is used to caleulute the off- the vertical surfaces ¢ af the boiler p..:”; m.“:ﬁ. the boiler at
_ i : - 5 [ tends to separate B
ciency of the plate.  But when the efficiency of the pHate i3 less aeainzt the horizontal surfaces o tends Lo sep
agui;
_— - -——— a
i o b e T Th e T 5 -
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eand ¥ hot not at g and &, and so does nat have to be taken it
account when considering the sivain at ¢ und &

If the vertical surfaces c are now assumed fo be laid one affer
the other against an mmaginary plate akib in the center of the
botler, it will he ¢vident that the area of these surfaces will he
just enqual 1o the eomplete area nf the Imaginary plate. It then
follaws that the area of the hojler against which the pressure is
acting to ruplure it along the lines af and 3 is cijual (o the aren
of this imaginary plate, this ares heing founmd by muliplying the
diameter of the builer by its length.

It then follows that the area to be taken when the strain along
one line, such as ok, is heing ennsidered, is the upper half of the
imaginare plate, which is aual to half the diameter of (he hoiler
tnultiplied by fis length, An area equal (o onehalf the area of
the imaginary plate may then be assunied 1o Lo concerned with
the strain alung the line of, and the ather half with the strain
along the Tine 5.

Although the imaginary plate is shown vertical inthe boiler,
yet the same reasoning applies if the plate is in any other posi-
tiom.  Tn other wards, the boiler may be eonsidered as heing
made up of an infinite mumber of halves, each one endeavoring
o separate fteelf from the other.

The steps shown in the boiler shell are purposely made large,
lut they may e considered as Leing made infinitely small, in
which event they will eonfonm very closely in shape to the cir-
cular shell of the boiler,

The following rule can be deduced from the foregoing

Rule. —TThe area to be foben when considering [he siroin at
any lengtheeise line along the boiler shell s equal fo the rading
of the Doiler wultiplicd by its length.

Examrer— What area ia to be taken when censidering the slrain an

a line aleng g boiler fhat has o radius of 36 inches and a length of 120
inches ¥

Bmvrioe—Trom the eile, the area fo be taken iz 30X120=4 320
saquEre inches,  Ana.

106.  Calculating Strain Tending to Rupture Boiler,. When
the area against which the pressure 15 ncting in tending to rup-

the strail.
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pure the boiler shell is known, it is a simple matter to caleulale

Ta doso it is merely necessary to multiply this arvea
v the boiler pressure. As already explained, the area u:.u __.Fn
mm.wﬂﬂ when the strain on the hoiler mr_mz. along ary one uﬂﬁﬂf
wise line is heing considered, is a plate with a width el tov t M_u
radins of the boiler and a length equal to that of ?._w hotler shel :
Tt i% then only necossary to multiply the length o1 .:Fn ame:w.L
plate Ly its width and by the boiler pressure to obitain the m_“_..“,r_ .

.H:ﬁ‘ﬂ_wmmwﬁm against the vertical ﬁiwﬁﬁm i the Teft half MH
the hoiler, Fig: 37, dues not add EG.E_:.n to the mcﬁa.. :Eﬂ_. Hnwp_.,m
to rupture the hoiler at a and &, H_:m part of the Ts“.rﬁ. H.Lru_qm 1
considered as acling mercly to resist ﬁE effort the righl ha ; HH
making to break away. To make the point n_._..vE.nH.“_ mﬁﬁﬂ_.ﬂw_mw.. Tw;.
twomen pull in opposite directions on a _\r..rm:: each Er"..ﬂz.uw.w.
force of 100 pounds,  Then the foree tending ﬁo._.:._.u,pw the chain
is ot 2000 pounds, hut 100 pounds. The effect 1= he same q_ﬂ _q“
one end of the chain was fastened to a post and one man pulle
with a force of 100 pounds. .

The following rule ean be formulated [rom the foregoing:

Rule— To find the strain that fends to .E%m.r_,__.m it w_c.ﬂ.h_.,% M.EM._.U_
gy one lengthuise e, wltiply the radius of the Botler by 1ks
_HT.....\‘“.___,.: and Ty the boiler pressure,

FxAMILE- What is the strain along a _numu.,q;.mm_..... Ting of a boiler
with a diameter of 72 inches and a .Eﬁ,} pf 120 inches, the steam
pressare being 200 pounds per spmars inch? .

Sarurn —The rading equals one-half n,:w &Esnwn.”ﬂ_ ar &R TI=30 :
m:rm_._ua the rule just given, the strain is 36X 120200=30400 pomds

Ana.

107, Caleulating Bursting Pressure—The bursting ?._mm-
sure ol a hoiler depends on the strength m__” the E,Em .Eumm._.ﬁ.
hoiler pressure and Is based on the mﬁﬂﬂﬁ#a: that it .,,,.._:HEL.M_H.
otie point ouly or at the point of greatest w abkness, . ,n .”.3;
therefore be evident that a boiler will burst A..,w.._ﬁﬁ the E:ﬁ:m,
pressure becomes equal to the tensile strength of the plate at the
ﬁmﬂmﬂmwwﬁ”ﬁ”% in the calealation of the bursting pressure ig ,ﬁ.a
find the ﬁﬁ.hmﬂm.mqn&m.nw ol the plate at its weakest point. et it
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he assumed that the boiler has a diameter of 72 inches, and 3

length of 120 inches, with a thickness of plate of # inch. The
tensile strength of the plate is taken as being equal to 60000
pounds per square inch of cross-sectional area, which is assutmned
to be reduced by a joint efliciency of 80 per cent. Expressed
as 4 decimal, 8) per cent. becomes k203
From the rule in An, 82, the tensile strength of the plate 15
1203 £3$60,0000¢ .80 = 3,600,000 pounds
The second step is to Gind (he area of the boiler to be take
the strain along any line is being considered.  This, according
to the nyle in Art. 99, is the area of an imaginary plate, equal to
the product of the radius, 36 inches, and the length, 120 inches,
or 4,320 square inches,
The pressure by which this area must be multiplied 1o obtain
® Pressure at one point of the boiler equal to the tensile strength
of the plate, nr 3,600,000 pounds, is found by dividing 3,600,000
by 4,320 srjuare inches, or the area of the imaginary plate. The
result, or 833 pounds, is then the bursting pressure,  Tn ather
words, onc-hall the area of the imaginary plate mltiplied by
this pressure is equal ta the cross-sectional area of the plate
multiplicd Ty the tensile strengih,
The lollowing rule can he deduced from the foregoing

Rule.— o calculate the bursting pressuve of a boiler sl ply
the minimam thickness of the plate by its fensile strestyih and by

the efficiency of the joint cxpressed as ¢ decimal, and divide the
result by the radiug of the shell

Exasvrie—What 1e the barsting pressure of ‘o bofler with a plare
thickness of § inel (75}, an inside diameter of U0 inches, an cofficiency
of longitodinal seam of 80 per cent, and g tenisile strength uf fnetal of
G000 potmds per square inel of eroggssectional ares ®

n when

Sovvrwr—Tram  the rule m Art, 822
oF B B0L000 7 80 .
= =800 pounds per square fnch.  Ans,
2

. the bursting pressire  is

108. Relative Strengths of Girth ang Longitudinal Joints.
A girth joint in a bailer is under only one-half the sicain of a
lomgitudinal joint of equal length, so that a double-riveted lap
juint is vsually all that is required for a girth joint,
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The ioregoing can he casily proved by the rules .m__.mmmw. mguﬁ.:n
A boiler diameter of 72 inches will Le assumed with a Hm.ﬁ 1 “9
joint of 1 inch and a boiler pressure of 100 pounds.  With the

dimensions kept small ag with a joint 1 inch in length, the calen-

ations will he shorter, : s 2
?HHH...S:.. the rule in Art, 106 the strain per inch of the longitu

dinal jointis 35415 100= 3600 pounds
The pull on the girth joint is equal to the .twcbﬁﬁ. _n_ﬂ E.E, roﬂw._.
pressure and the area of an imaginaty tube-sheet in the course,
so that it equals o :
P23 TR TRIAI00=407,151.36 pounds
This pall is distriluted over a length equal to the circumference
of the Loiler, which is .
723 1416=2261952 inches
Therelore, the pull on 1 inch of the joint is
407151.3600=226 1932 = 1,800 pounds,
or just ene-half of the strain per inch of Tongitudinal .moﬁ:.. |
A mueh bricfer caleufation can be made _.._w. assuming a “_.,ﬂrw-
.Ew.m of 1 puand and 2 length of joint of | inch and m_mm Jﬂﬂw__,
mh Hnmﬁﬂ. as 12, Tor the dinmeter.  The gtrain on the _can.E_.::m
joiut then hecomes
h_ or the radius of the shell
&
The pull on the entite length of the girth joint hecomes
T2 5175 7854
and the pull on Linch of the girth joint equals

DXDX.7854 D

131416 4

Therefore, the lust result iz just one-half of the first,
109. Factor of Safety.—The Tactor of safety is Eﬁ E.::T_m.,.
ohtained by dividing the hursting pressure of a boiler by the

worldng pressure. Thus, il the hursting pressure is HN ﬂ_n_:zhwm
ti the square inch and the worldng pressure is 200 pounds, the




\
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. B0

factor of salety is —

200

one-quarter of the bursting pressure, The Federal regulationy
preseribe a minimium factor of safety of 4,

110. Calculation of Working Pressure.—The following

tule for the ealenlation of the working pressure can he deduced
Trom: Axt. 109

Rule—To find the wavimum allowable qworking  presiure,
diwide the bursting pressure bar the factor of safety.

CALCULATION OF STRESSES OW FIREROX

111. Nature of Stresses. The firebox iz subjected to two
Kinds of stresses, one diue to the steam pressure and the other
to the uncqual expansion and contractinn of the firehos sheeis
and the wrapper sheet. “The steatn pressure acts to bulge the
firebox sheets nwards, the crown-sheet downwards, and the
wrapper shoeet outwards, but as this sheet is somewhat thicker
than the firebux sheets the tendeniey for it to bulge is less,

With the steam pressure acting in one direction to loree the
wrapper sheet outwards, and in the apposite divection to force
the firehox sheets inwards, the strecs that tends to separate the
shects, aside from the slizht tendeney Lo bulge between the slays,
comes not on the sheets bat wholly on the slays and Imposes a
heavy tensile or stretching stress on them, Wero it tist frr the
stays, the firebos sheets and (he wrapper sheet would have ta be
tmade very thick, but hy using stays the sheets can be made com-
patatively thin.  The circular part, or Larrel, of the boiler is, on
the contrary, self-supporting and stayhalts are AMNECESEATY, 30
that the pressure of the steam in this cuse induces 1 heawy tensile
giress entirely an the sheets: hence the necessity fur mudtinle-
riveted Bt joints in the longitudinal seamms of 1l eourses. Huow-
ever, as the f[rchox shesiz and the wrapper shect are almost
entively supporied by the stasholts, singles or double-riveted lap
joints or weldéd joints afurd atnple strength,

12, The unly lensile stress induced 5 the side sheets of
the firchox is that due to the dowivard pressure of the steam on

=4; that is, the working pressure is only

oy =E
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+he mud-ring as well as on the narrow :Ep.hmz. of the firehox mmﬂ
: the corners not supported by staybelts.  This 75 so small that 1

£ , - " - | Tpa ke
may he disregarded ; hence, as far as the steam pressure 15 o0

cerned, the tensile strength of the firebox sheels does nat E:wn..
.m.h.‘_upmu‘ intn the problem of frebox stresses, Ilowever, the

spresses induced by umequal expansion and n:sﬁm_n:o_._ w_H _.-MJHM
_m:r_ﬂm aften exceed those due to the pressure of :ﬁ mﬁmwﬂ_ _,wc }mﬁ
firehox steel must possess a high lensile mﬂ.nﬂm_: yonav ,.E wﬁ,nﬂ
enough to transfer heat rapidly, and thick enough to p

—

leo & © © ©
_ TR LN i

__ ar. .|_ 1 ! ;
e ey & @ e
[ e ]

| w T o N et
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|

bulging as well as to take mwh enongh mn_nmgm. 1.. mj MMHHWMWT H.MM
support.  The thickness of the firebox sheets mﬂ 1 : ﬁ:x 2
i inch and the thread [ound to be best adapted ta x.;: m.H. _...._r, 0
twelve 1o the inch, so that the greatest mumber of threads
cam cnter the sheet is four and one-hali, o
The shape of a locomolive mﬂmwcv..,_ as far us Ew J..._qﬁm_.amw.rﬁrm_.
concerned, is due to the necessity for a #._.Em.._._:.n :.H fE. MH =
the rear end of the boiler may be secured lo the ?MEMF. ¥ ﬂ”.,_.ﬂb
construetion alse, of course, gives a maximum heating surface.

113, Spacing of Stays—The stays are spaced _n_am.m cs_‘.._ﬂﬁr

: i ; ir ¢ -5 I aren

to prevent the sheel from bulging E._.f.# .51.: CrOss-SCCtlona , M -
is sufficient to prevent them from pulling apart. H_E staybolts
are usually spaced 4 inches apart in each direction and 1t 1z
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assumed that each stavholt supports the sheet haliway to the next
staybalt, as shown at o, in Fig. 38, With such a spacing, the

area supported by one stayholt is a square, 4 inches by 4 inches,
ot an.area of 16 square inches; ar the quarters of four staybolts
may he considered as supporting the same area, as shown at b,
The stress on a staybolt with a boiler pressure of 250 pounes
to-the square inch would then be 163250, or a pressure of 4,000
pounds, although it is permissitle to deduct the area of the stay-
hodt at its smallest point from this area.

114. Tensile Strength of Stays.—The maxitmum allowable
tensile strength that can be used in staybolt caleulations is 7,500
pownds per square inch of ernss-sectionl area, allhough the
actual tensile strength of staybolt tnaterial must fall between
47,000 and 520600 powids per square inch nf cross-gectinngl
ared.  Using only 7,500 [ounds when thie actgal tensile slrength
Is as stated insures an ample factor of salety or mare than six.
ITence the firebox has a higher faclor of safety than the shell
of the boiler, which may have as low 2 factor of safety as 4, The
cruss-sectional area of the smallest staybolt that conld he used

with a pressure of 250 pounds and a spacing of 4 fnches would he

4,010} - : .
5 ey Suare ey, or vne with an approximate diameter of nearly
LS00

finch.  This diameter must be the smallest section of the stay-
holt, because the body of many staybolts is reduced at the middle
to a smaller diameter than at the hottom of the thread. Vv ith a
stratght-hody stavbolt and a continuous thread the diameter is
meazured al the root of (he thread, Jrilling the telltale hole in
the stayboll also reduces its strengtl, hence the area of the hole
must he deducted when caleulating the tensile slrengih of {he
Fralt.

The halding power of the thread on the stayholt should he
enual to its tensile strength, otherwise it would strip before the
bolt would fail,  As a means of aiding the thread as well as
tnaking the stay steam-tight, the ends are extended through the
sheets and riveled over.

15. Maximum Boiler Pressure. —The maximum hoiler
pressure that can be earried for a certain specified spacing and
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minimmt stavbolt diameter can be easily nﬁniﬁm@ w.w. TEITIEM=
bering that the area supporied by one stayholt .:E_:E_m_u Ty “_“:_..,
,:_“.._Zc_.._:._.r.mmﬁm.m will equal the ﬁmzm:.m. stress on the stavholt, ﬂw E.h
a d-inch spacing each wuay, thus giving an area suUpport oqﬁ,m_.”.._
square inches, and staybolis witl a least diameter _“.;. 1% E;_.., s,
henee with a eross-zectional area of 886 sguare inch, less the

e 0r o et Arer st A1
Tea O _”_._._.U.. _nnuu_.”_.n u_.”_..n._. ”_. ”_. g ._“““_.Nm-v “_HrﬂH”_. 0 e _.r”_m m m 5 .n. aAre
Aareg e ; ,”"_X

inch, the maximum boiler pressure would be equal 1o -

=402 pounds. [t will be noted that the area supported is cyual
to the prodoct of the spacing talen cach way. . th .
The {oregning shows that the pressure for which a fis .m._.._n_% can
be siayed depends an the spacing of the stays m:,n_ their .HEmﬁ.m._
sectional area. Ohwing to the &m.,ﬁn__.n,.. in washing n_:,njpm .,n_ 1
spacing were made smaller and the diameter of ,mr..., gtays _M?HH
inereased, the spacing has to be at Tum.ﬂ. ahout 4 inches M,E Aﬁ :,p
stay diatneter about 1 inch, this giving u distance between stays

of 3 inches.

CALOCULATING STRESSES DESIGNATED OF SPECIFICATION CARD

116. Stresses on Staybolts and Crown m.n.ﬁ_.m.ﬁﬁ_.:m m_._mn._m..
cationn Card Form Moo 4, Rules and ._.zﬁﬂ:_..ﬂmﬁ Tor szj_..wﬁ,:x.h
and Testing of Locomotive Boilers and Their 5..._,_...,_.,:2@.5,#%#?
requires the following caleulations to be Ewao Ei. the H.wu E
entered in the praper spuces on the carnd: ._ he :EHWH”EE .,.a.q,mmm
ot the stavhole at the root of the thread, in powds per Ec,ﬁ.a
inch, at the allowed working pressure; the siress on ?._..,.ﬂm”ua
bolts at reduced section ; the stress an the Q..o”a: stiys Ut Q._q_q_..q,_“..
bur rivets at root of thread or EHE:..WE. section, Lop: Aww ..,n.._:.w
on the crown stays of crown-bar rivets at root of thread o

G 1 . ,
m_j_w,ﬁ“uMMMM.M:M._H,%M“ can all he caleulated from the following
rule:

Rule.—To calrulate the stress on o .:ﬁ,__gm ar @ nwﬁwﬂx m“wm_‘_h
in pounds per squaere inch, of D.m.ﬁ?.fuﬂ,.,,.ﬁ.ﬁ.ﬁ__h awww w.ﬂ_ M“ MM&%H
root of the thread or af the reduced seclion, WE_“ M___wm v .,:.‘ o mmn
pressure by the aren supporied by the staybalt ond digide by
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crass-sectional areq at root of thread Loss the area af telliale hole
A

or by the cross-sectional avea at the reduced seckion,
e . J
117, It is to be tnderstond that {f any part of a crowi stay

15 tound to be smaller in area than the section at the root of the 1
thread, then the lesser area is to he used. With a staybolt, the

il give a stress of 7,200 pounds on an assumed direct hrsce,
(awing to the diagonal position of the actual brace, the m.ﬂ..n_n.w_
an it is more than if the brace were direct, the siress varying
s the length,  Thus, with a stress of 7,200 fa:zﬂw on A ﬁ,_ﬁﬁ.,ﬁ
prace of a length of G0 inches, the stress oh a diagonal brace

area of the telltale hole must be deducted from the Ieast cross-

scetional area,

Examrie—Tind the stress on o slaybelt in pounds per square inchoof
eruss-sectional ared with a spacing of 4 inches by 4 inches, a DLoier

pressure of 20 poonds 10 the souare dnch, and a distncter of 1 ik,
TABLE I
AREA OF BROILER STAYE AT ROOT OF THREAD
12 Threwds Per Tnch, ¥ Thread

Hirz ol stays Area of Stays at Rust nof Thicad
T Detnor 0248 5. in, 0f tellzale
helo g wsed.

* A19
# A9
1 473
14z 2
Ir LS
11 i

Son ol —TFrom Table 1, the area af the stavholt at the roct of the

thread i= 573 sq. i Witk a telltale hole & in, in diarneter, an ares wyoal
te 28 s dn tmst be subiractod, leaving an area of .m.ﬁ..mﬂ. in. ‘Then
4X4x200 u
o =508 N por square inch ol crossosectional area. Aus,

C4m

1n

118. Stresses on Round and Rectangular Braces—The
method of caleulating the stress on round and rectangular hraces
that are placed diagonally can be understood from a study of
Fig. 39 The area supported by the stay {5 found in the same
manner as for a stavholt, namely, cach brace is gssumed 1o sup-
rort the plate haliway to the next one on all of the four sides :
or, if an upper brace, the measurement is made to a point 2 inches
trom the flange of the tube-sheet.  An arca of 36 sguare inches
will be taken ; this multiplied by a builer pressure of 200 pouds

66 inches long will be %Xﬂmﬁﬁ, ot 7,920, pounds.  Dividing

this by the minimum or smallest cross-sectional area of the %m.ni.
cnal hrace, here assumed to be 1% square inches, gives a stress ol

7920+ 6,336, pounds per square inch of crass-sectional area.

1

As this is much less than the 9,000 pounds permiited by the
riles, the brace is amply strong.

_.l. —— dasamed roct Sleg &L

5

Fuu &

The solution of this problem is dependent on the length of
the assumed direct brace. This length can be dound closcly
enaugh by suspending a plumh line as nearly as possible at the
junction a of the center line of the hrace with the shell, m:ﬂ.?g
measuring the distunce to the tube-sheet. The length of the
diagonal brace is measured [rom a Lo the foot at B, =

The caleulation of the stress on a diagonal brace at the back
,:mwm will not differ to any great extent from that at the tishe-
sheet, A slight error will exist owing to the slope of the back
head, hut this error is on the sale side, and docs not have to he
considercd.

. 119, Gusset Stays.— Owing to the abrupt angle c,m the g3
set stays, Fig. 40, their cross-sectional areas, according to the
A, 5. M. E. rules, must be 10 per cenl. greater than En ared
of a diagonal stay under the same stress, bt tie I C.C, rules
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At i = arelo ot it ivets that secure

du nat tequire this extra allowance.  The method of caleulating The tensile stress i mr._a mmﬁHcHﬁmcu._:, n. :w n”..cmﬂ”rn e

the stress is the same as already given for gmmmosm_ liraces. the lirace to the tube-sheet. The combunied a £

gnuare inches, divided into 7,200 will give the tensile stress per
square inch,

120. Shearing Stress on Rivets in Diagonal Braces,
Referring to Fig. 39, a pull of 7,200 pounds on the assumed
direct brace is resisted by two rivets in single shear in the shell, .
The shearing stress on the rivets is not equal to the pull on the _
dizggonal brace, because 720 pounds of the pull iz exerted as g
tengile stress on the rivets, and is'so small as compared with

14" Bl Balr
Ariftad Rale

With diagonal braces of the type shown in Fig. Eh.?m pin 13
in double shear. To determine the shearing stress, in pounds
ner sguate inch of cross-sectional area, divide the stress on the

TABLE 1I
AREA OF RIVET HOLES

_ Sins of Drieen Eivets }..M:HH.H M:.Mgn
it A1
8 M2
i 518
3 AL
cotnmon tensile stresses that it does not have to he considered. H 458
1o determine the shearing stress on these rivets, in potnds per . 1 e
suare inch of cross-sectional arca, divide the cotabined erpss 1k .mww
sectional area of the two rivets into whatever stress 1 Tonaeid o ._wm i 105
be exerted on the assumed dircet hrace, here assumed to he 7,200 1 w{f 110g
pounds,  The stress on an iron rivet in single shear should nat _ 1y L2z7

exceed 500 pounds per square inch; for a steel rivet o stress 14 _ Lyl
of 11,000 pounds per square inch is permitted,  These values - . . i
are obtained by dividing the figures given in Rule 5, Rules and . Lich i sumed to be 7,920 pounds, by the
Instructions for Inspection and Testing of Locomotive Boilers diagunal. heace, il M “m m._.w.,h b T e e e ek
and Their Appurtenances, found in the back of this lezsom, T the nqcmm-mnnmﬁ.ﬁ_ E.fnm,. o iy QM. _”ﬁr“. WM”_ md.ﬁ mﬁ. pin is actually o patt
factor of salety, or 4. Aceording to Rule 6, a higher value may e ey : |

; / i Bule 5 of the foregoing regulations,
be taken when a greater strength of rivel material can be shown, of the brace. According to
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the result of the calewlation must be under 22,008} pounds per
syuare inch.

The area of rivet holes for various sizes of rivets is given in
Table 1I.  The area of the drilled hole s always o be taken, and
ot the cross-sectional area of the rivet befora it 1s driven.  An
nch rivet 1s usually driven into a hole 14 inches in diatmeter;
in driving this rivet it is expatided £ inch, hence the area of the
hole 15 taken instead of the cross-sectional area of the rivet,

121. Tension on Net Section of Plate in Longitudinal Seam
of Lowest Efficiency,—The analysiz of a longitudinal seam,
Tig. 36, to determine the point of lowest chiciency was given
in Arts, 95 to 100, the lowest resistance tn rupture heing found
in the plate between the rivet holes in the third row,

122,  Calculating Efficiency of Weakest Longitudinal Seam.
If the weakest part of the scam is assumed to be the net section
of plate al the outer row of tivets, then its etficieney can he calog-
lated from Rule [, At 84 Huowever, if this assumption is not
to be made, the weakest part of the seam can be caleulated fram
the rule fn Art, 90,
SUMMARY OF RULES
123. The rules given throughont this lesson are here
erranged in a convenient form for reference. .
Lensile strengih of plate = cross-sectional area™cunit of tensile
sirength,
Eiiciency of plate (at outer row of rivits)
pitch—distneter of river hole

-——x 0.

pitch

Shearing ‘stress of rivets = cross-seetional aren>unit of shear-
g ostress,
_— duse wealoest part of joint
Efficiency of joint=—— — ; — =100,
uitimate strength of plate

Efficiency of joint (if equal to effciency of plate)
pitch — dizmeter of rivet hale

N T — 100,
piteh
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Struin on longitudinal scam = radins of hoiler ¢ length =< pres-
SUTE.
Hursting pressure 5 :
(R ayhinal _‘:_nwncwm.o_” Eﬁnu%.d,.msm;ﬁ slrength
s efhorehey ot joint

radins of shell

Sufe working pressure (boiler shell)
miininun thickness of plate X tensile sirength
sclhctency of joint
ruchiug of shell < factor of safety

Safe worldng pressure {firebox)
7, 3003 net drea of me._._oﬂ|
= vertical .H\,W_nr » horizontal pitch

Stress on staybolts (root of thread)
Liiler pressure X area mE%E.E._\._

i - rearl —arey Ttale hole
cruss-sertinnal area, rool of thread —area of 16

Stroess on crown stays (oot of thread )
bofler pressure xarea supported

cruss-sectional area, root of thread

Siress oo diaponal hraces .
boiler prossure < arca supported x(length cﬁ.%x..q,.

length of assumed divect stay

INSPECTION AND TEST-

RULES AND INSTRUCTIONS FOR gt

Hduz_m OF LOCOMOTIVE BOILERS AND THEIR APPURTT
NANCES.

1 by he Intecstats
Agproved by prdecs of the . el
September 12, 3912, Juae 8, 1814, Apell 7.

Crmmecce Commissian, deted Tane 2. 1917

1518, wid Tilr &R, T¥ES.
RESPH S SITTLITY FOR 708 QENERAL, CONSTRUCTION AN

GATH WORELNG TREZSUKE, .

1. The tailvmad company will he .w.m__.l_ H.E."u,,._n.u_mm_‘..__m ,M,._ﬂ,ﬁ.wn_.._w_m.:ﬂ._ﬂ

design and constraction of the _:EE.”::._“ #.__.an.? H_ud_q_mu _._M, ._.M.M“ﬂ;rﬁ, e

safe working pressure lor each locomotive bofler sh @ .mn_n._._._.._nw._
chief mechatical officer of the company or by a competent. o




4 LOCOMOTIVE BOILERS, PART 2

engincer under bis sipervision, after full consideration has hean miveg

ro the general design, workmanship, age, and condition of the builer, and
shall Le determined from the tnininiin thickness of the shell plates, the
lossest tensile sorenpth of the plates, the elficiency of the Tongitadial frint,

the inside diameter of the conrse, and the lowest factor of safety allumed,

FACTUR OF SATETY, iR
2. The lowest factar of safety for lucomotive boilers which were in
service or amder cunstiiction price to Jammary 1, 1912, shall Be 325,
Effcotive Dotober 1, 1919, the lowest factor shall be 3.5,
Effcerive January 1, 1921, the lowest factor shzll Be 3.75.
Elfective Tanuary 1, 1423, the lowest factor shall be 4,

S o) Mazdwnim oMowable stregs on sleys and beocer—Tor loco-
Motves eonstricted after Januarr 1, 1215, the maxitmm allowable slress
per simare inch of el cross-sectiong) ares on frebox and combustion
chamber stays shall be 7,300 ponnds,  The maximuem allowsble stress Ter
sqmare inch of net cross secticnal pres on ronnd, rectangular, ar gusset
Braces shall he 9000 ponnds,

(B3 For locomolives construcied rrior to January 1, 1915, the maxis
muny allawable stress on stays and braces shall mmect {he requirements of
rule Ne 2, except that when new firchox and wrepper shect pre apmnliad
tu such lovamotives they shall he made 14 meet the requitements of rule
Foo 5

TENSILE ZTREENGTH OF MATERIAL,

4, When the tensile strength of steel or wronsht-iron shell mlates is
fot ko, it shall be taken at 50.000 pounds for steel and 95,000 pounds
for wrought {ren,

SHEAR!NG STRENGIH OF WITEDS,

5 The maximum shearing strength of rivets ner ERT

sectiomal area shall be takon as follaws -
Iran tivets in single shears s JED
Iron sivets in doublc Ehenr e com i S T 76,00
Steel rivels in single shear. s L e A0
Steel rivels in donhle shear, oo, e, 5000

are inch of cross-

G A higher shearing strength ey be wsed for rivets when i can he
shown by test that the siver material wsed iz of such mquality as to justify
a higher allowahle shearing sirength,

BULES FOR INSPECTION,
7. The mechanical officer in charge at each point where bofler work
is dene will be held responsible far the inspection and repair af 21l loca.
metive Boflers and their appurtenances under hiz furisdiction. He st

know that all defects disclosed Ty any inspecton are properly tepaired
before the locomotive iz retarned to Felvine,
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r L o 1 ool iy 1 ,I.rm

& The term “inspector” as used in these rules and HEH_.:.MEMF :nﬁnu

. ilrus i ; ITs at.
athetwise specified, will he held to mean the railroad compang’s inspec

IMSPECTION OF INTERIOE OF HOILER, ; :

0. Time of inspection -The interior :m. EVErT _J_.:um_. Hwnﬂ_mr_w”nh”_.uﬂ
otighly inspected belore the boiler 15 pot o inte service and w
sufficient number of ues are removed to allow examination, . .

W, Flues fo be remoeed —All flues of locomaotive lotlers _.:. W,EMJ_H.M
except as otherwise provided, shall he remaoved 2t F.m.ﬂ.. :Em_._ﬁ.d”.__“;m-nﬁ:_.n
vyears for the puarpose of nﬁﬂuﬂ.w ﬂrcﬂm”_m.rpﬁwumﬁn_.ﬂnﬁu _uu.._._.nﬂ._ e
i i the botler and ils brociog. Adler 5 : :
Mwmnﬂcq_uwﬂ_.h hodler musl have the scale _.mem._ﬂx_ atil _”_H.m ﬁ_mﬂ.c_ﬂm”””
cleaned and inspectsd. The vemioval E..n:.mm ﬁ.:. by e a _n._ndw i .rwu.ﬂ..
dar months service, provided mw,.&_ mﬁﬁnmﬁ mm _._M_HF_HHMMH,HMH H._hn_,u et
: fve vears. Portons of calendar mop R
”M_”.”H“M H__._“..A..#:M.w aut o service mist e H._H.E.._.ﬂ._u, u_n_n.f.x_.,nnm_.._.u_.._4 ?Mwnrw._wo.a_“. .n..ﬂ
servive teports and notations of _._e_wﬂ.,mm claimed :nﬁ_._n; u..m_.hd .an el
the Lack of each subsequent _.H._m__._EHEa.H.mH.._,_H._. and an.nu_..,. u. E,UEH. s
for removal of fAues, upon Tormal application ?._ ﬂrw L..w.h .ﬁan 4
he extended, i investization shows that conditions warram ..

11 Method of tmepesfion—The _Emu._..“. Eﬂin.z. ,E. ._.T.m Muﬂwﬂaﬁmﬂm
then be weamined for cracks, pitling, grooving, or ::.wanMHm?ﬂnmm. iy
ing and for damsge where mud has Qu_:.mn‘.m_m E.. T._..u”ﬁ_.wnw_.,m e
edges of plates, 2l aps, seams, and .ﬂ_EEm ,ﬂ:.:m [ e
lilel to develop or whick an exterior mw.u_::.._p::uH Ty L
HEE. he given an especially minute exanunation. .ﬁ EQM bl
baces and stave are taut, that H._:..m. ATE E.n_wn.:u, v_m.n._wqm_ 0 5
that each iz in condition to suppott 113 Ecﬁ;.:o:. of the log ..H _—

12, Repotrs-Any haoiler developing a_...ﬁuxm in hwm.gﬂwﬂp m_hpam 5
talen out of service at once, tharonghly repaired, and repr
satisfactory cotdition before it {5 returned to anﬂﬁnm -

13, Tap-feimd segme—Every hoiler ,:.;.”..T._m. fap-joint _H.HHNF.%..msmM Mﬁmnﬁ
without ﬂ&n..*.n_unr.._m. plates shall he examined with speoial car
prooving or cracks of the edges of the scams. e

14, Pusible plugs—I0 Boilers are equinped with .E.m.:._ ﬂ“hhrﬂ._wﬁﬂﬁmw
shall Be remewved and cleaned of seale at dwwﬂ i every madith,
remaval nmst e noted on the report al inapectict.

INSPECTION OF EXTERION OF HOILKR. __ H
z ; : o .
15, Time of inspeesion—The cxterior of every ?:FM m:w_ “.ﬁmw _En
:ﬂwm.r__. inspecled boiote the boiler is put mto fervice afid. waemts
and g e,
jacleet and the lapsing ate remoror = .
u 16. Lagging to be vesoved —The jacket aml lageing shall .o.a_:..ﬂow_.mm
: : ; inspecti ire
t least onee every five vears and a thorough mspection miade of the en
M_.
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exteriar of the boifler while yader hydrostatic pressure. The Jacket and

E“e.rEu shall also be removed whenover on account of indications of
leaks the United ‘States imgpector or the railroad company’s g pretor
considers it desirable or necessary, The modifcation gprented in rule 16

in the commission's order oF September 20, TN F, on accouent of the war. in |

which' the .n_n;_m Fot temuval of Jacket and lageing was advaoced for g
mericed equivalent to the duration of the war, such advanced period shall
he considered too venrs,

THESTING DOILERS.

17, Tiwe of testing—Fvery loiler, hefore being put intn service o
at feast onee every 12 months thereafter, shall be suljected to pdrostatio
pressure 23 per cent, ahove the worling steam pressure.

I Femevd of doswe cop— The dome cap and throttle standpipe must
D removed at the fime of makitg the hydrosiatic test and the intorios
irface and conmections of the boiler examined ae DEZE._....T._@.. a5 Cni-
ditiens will permit. T case the boiler can be enlersl and thorogghly
speeted withiout removing the throttle standpipe the inspector moay make
the inspecticn by remceving the deme wap ondy, hat the variation from the
rule must be noted in the report of inspection,

13 Witaess af tegt, —When the fest i heing made by the raflroad
Eompany’s inspector, an authorized representative of the company, thor-
onghly Familizr with boiler constrction, ninst personally witness the test
and thoroushly examing the boiler while wnder hydrostatic DrCESUre,

2 Hefaive ond sfeam test—When ol necessary repairs have been
catrpleted, the boiles shall be fired up and the steam prossure ralsed fo
ot less than the allowed working pressure, and the hoiler and zppurte-
iaeces caredully examined, cockes, valves, seams, halts, and rivets must
e tght under thiz pressure and al! defects disclosed must Le repoired:

STAY BT TESTING.
2l Tome of testing pipid bolin—AN stapbolts shall fe tected at leasl
onee cach month,  Staybolts shall also be lested Tmmediately after every
hvdrostatic test,

22 Method of festing rigid bolie—The inspeetor murst iap each bolt
and determioe the hroken bolls [rem the sound dr the wibration of the
shoet, T stoylolt tests are toade when the hailer i filled with water,
there et e aot less than 50 poutls pressure o the hoiler,  Should the
beiler mot be onder pressure the test may be made after draiming all
water fram the bailer, in which case the vibration of the sheet will indi-
cate any mnsaundness,  The latber test i3 prefecalle.

23 Method of festing feaible stovbalie with cope, —Except as pro-

vided i paragraph (8D, all stavbolts H..:,_JW caps over the ouler enpds
shall have the caps removed st lesst omoe overy two (23 yenrs and the
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holts and sleeves examined (or hreskage,  Fach time (he hydtostatic test
is applied (he hammer tost reguired by rules 21 and 22 shall be e
while the Foiter i3 under hondrostolic pressere nat less than the alloged
working pressure,

(5 When all flexible staybolts witk which any boeller is equipped are
provvided with a telltale ‘hole not less than three-sixtesnths 05 ) inch bot
more thatt seven thivty-secomds () inch in diameter, cxtending the
entire length of the balt and into the head aot less than one-thicd (%)
of irs dinmeter, and these hales are protectsd Trow heeoming closed by
rust il cortosion by copper plating or other approved methord, and are
apencd and tested, each time the hwdroslatic test is applied, with an
clectrical or cther instroment appeoved by the Buresn of  Locomotive
Tnspection, that will posicively Indicate when the telitale hoeles are oped
their entire lemgth, the caps will not e required 1o be removed,  When
this tost i3 completed the Bpdrostasic test musl be appliod aml all stay-
biolts rermoved which show leakage throogh the {elltale hale.

The irmer ends of the telligle holes must be kept closed with a fre-
procf porous material that will exclide foreigo matter and permit lealage
of steamm ar water, if the bolt is broken or fractured, into the telltale hole
When this tosr is completed the ends of the tellrale holes shall be closed
with ratesial of 1&._.25 color than that remeved and a record kepe ol
eolors sed,

(e The remaval of Hexible staybelt caps .uE.m crhier tests shall be
reported an the report of nspection Form No. 3, and a proper record
leept in the ofice of the railcoad company of the inspections and tests
made.

{4} Firebox shests must he careiully exmmined at Irast omee every
teonth far moul huen, Boleing, aod indication of lrolken staybolts,

(o) Stavbolt caps shall be removed or any of the above tests made
whenever the United States inspector or the raifroad company's inspector
considers # desitable in ceder to thetouehly determine the condition of
stayholtz ar stayholt sleeves, ‘

2 Method of tesfing Jesihla stophalts sifhont cops—1lexille stay-
btz which do not have caps shall be tested opee ench month, the same
az rigid bults,

Fach time a hydrostatic test is applicd szch staybalt tost shafl he
made while the boifer is ander Byelrostatic pressure not less than the
allowed working pressure and proper notation ol sach iest made on
Torm Wo, 3

95, Troken sfavbolis—Na beiler shall he allawed to remain in service
when there are two adjacent stavbolis hrolen or plusged inoany parct af
the firehos or combistion chamber, nor when three or mare are hrelen
or plusged in 4 circle 4 foet in dameter, nor when five or more are broken
or plugged in the entive hoiler,
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2l Telltple foles—ALl stayholts shorter than 2 fnches applicd afrep
..“_:_vx L 191, except flexible halts, shall have telltale holes three-sixteontlis
inch ia diameter and not less than 13 inches deep in the auter end. T s
holes must be kept open at all times,

27, A staybolts shorter than & inches, coecept flexihle holts and gl
bolts which are hehind irvames and braces, shall be deilled when the
locomiotive is in the shop for heavy repairs, and this work snust be oo
vleted prior to July 1, 1914,

HTEAM GATGRE,

ZR h&.ﬁ%x of gauges. —Every boiler shall have at least one stenm
gange which will correctly indicate the working pressure,  Care mumst be
takeen to locale the gauge so that i will be kept reasonably cool and can
Le eonveniently read by the enginemon,

2. Saphen—Tvery gange shall have a syphon of ample CApaCiEy to
prevent sleam eatering the gauge. The pipe connection shall epter the
heiter direct and shall be maintained sleam tizht Betwesn builer amd ERUEC
The syphon pipe and its commections (o the boiler nist be clesned cach
tima the gpauge iz tested.

30, Time of testing.—Steam ganges shall be tested ar loast once every
thiree months and also when any irregularity is reported.

A Method of testing, —Steam gauges shall be cofnpared with an
avcurate tesl gange ar dead-weight tester and gagges found inaccorate
shall be corrected hefore Being put oo service

32, Badge plater—A metal hadee plate showing the allowed steam
rressure shall he attached to the bedler head in the cah. 1f hailer hesd is
lagzed, the lagwing and Jacket zhall Le cot away so that the plate can
b spen,

33 Bailer swmber—The huilder’s number of the haoiler, if oo,
shall Tre stamped on the dome,  If the huilder's number of the botler can
nal be obtained, an assigned member which shall be used in malking ont
apecification carde shall he staped on dame. :

SAFETY VALVES.

M. Number and copacitv—Every boiler shall be eyuipped with at
least twn safely valves, (he caparity of which shall be sofficfent ty pre-
vent, umder aey cenditions of secvice, an scenmmlation of Pressure more
than & per cent. alove the allowed steam pressire,

33 Fetting of sofery solves—-Safety valves shall be set o nop at
pressures wot excesding & pounds above the werdking sieam pressure,
When setting salely valves two steam ganges 2hall be uzed, oo of which
tust be so located thet it will Be i foll view of the perseal engaped i
seling such valves; and if the pressure indicated Ly the padges varies
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snore tlan 3 pounds they shall be remeved from the da_wﬂ tested, and
corrected before the safety valves are set. Gruges shall in all cases be
rearcil irmmediately beforn the safety valves are st or any n,_uw:r__n :ﬂm;a
i the selting. When sctting safety valves the water level in the botler
shall not be above the highest gange cock.

6. Time of festing—Salety volves shall be tested under steam at
least otice overy three months, and alse when any ircegularity is Teported.

WATKR GLAGLGS AND GAUGE COCKS

17, Mumber and Incotion—Tovety boiler shall be enipped with at
least one water plass and three gauge cocks. The Towrost gange cack and
he lowest reading of the water glass shall be not less than 3 inches alove

. the highest part of the crown-sheet. Tocomotives which are not oo
eruipped with water glasses shall have them applied oo or hefore July 1
192, ;

I8 Waler gloss vafves—All warer plazses shall be aupplied with mz._._:u
walves ar shutoll cocks, one at the upper and aone at the lower connection
o the hoiler, and also a drain cock, =0 comstracted and located that thoey
cun be casily opened and closed by hand,

30, Time of clemwng—The spindles of oll gauge eockes and waler
glass vocles shall be remaved and cocks thoroughly cleaned of scale atud
sediment at least once each month,

40 All warer glasses must be Dlown out and gauze cocks ﬁ“.ﬂw&
hefore cach trip and gange cocks musl he maittained mosuch Eﬁ&:aﬂ
thet they can be casite opened znd closed by hand withoat the aid of a2
wrench or other toul,

41 [Woter aad Hibricebor glass shfalds—AlLD wibular water M.Hmmm»m mm_u
luhricater glasses must be eoipped with a safe and smtable ahickd ,,._.WE,:
will prevent the glass from fiving in case of Breakape, and such shidld
shall be properly maintained.

47 Watpr glass lampr—All water glasses must be ..EvE.u._ma with &
esitabe lamp properly located to enable the engineer to easily seo the
water n the glass, .

. I3 FECTORS,

43, Injectors mmust he kept in paod condition, free from scale ad
sl b tested before each trip,  Toiler checks, delivety pipss, .m.m_”ri water
pipes, tank hose and tank valves mmist be leopt in good condition, free
srom loaks and from [orefpm substanoes that wonld ohatruct the fAvw of
Warcr.

¥1,U8 . PLTGE.

44, TFlue plogs must be provided with a hele through the center not

less than three-fourthe inch in dizmeter. When noe o moere tulses are
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“_._.._. ..._._w...._. - " =

”_E.nm_.,n n”ﬁ. ?u_...,r _....,=mr ﬁ_‘dn plugs misst be tied tngether
| €83 1han five-eightis inch in dianeter
Al Hies repaived ar the frst poinm
made. ’

t by means of 4 pog
Flue plugs must e remayes
where wuch repairs. can prupecly e

=

A s WASHING HRILERS,

45 Tiwe of worhing,-
often as the water .
ezeh fenth,

All hoilers shall 1

ilére ¢ e thoroushlr  wrash
= 5 = bR e -
g .moﬂ:;_.o:r renuire. hat tor less frequemly ehan 1.8
Sl i ioilers shatl e considered as having boen in :
gerviee between washonts unless the dates o

T
- iy
of the days ‘that the hailoe

A5 ﬁ el : z
i vice arg L v_...u..m...n..._.u.. ._m_“_..._.“_.__.unuﬂ_ "L i m”_“_. LE clofts fits| ih
Wl I o ey 3 1 C il Wil i . 5 yl=]

roport of inspection,

400 Plugs to Be romoned, W Faaid
Ty & Wt —Yvnen boders qr T
arch, and water bar plugs must be retnoyed R S
4, Water tubes— Special attention

e must he given the arch and wator

al they are Iree [rom scale amd sediment
.Pn Office vecird - —An necurate record of
on? shiall be Lept fn the office of
inturimalion nist e entered oo th
o) Number of Tocomotive
() Drate of washour, .
an Mﬂn_ﬁ_nnw of Lailer washer or inspector.
; J....u.:n_.: that spindles of gavge cocke and water—plas ;
were remaved and cocks oleaned R, RN
{e) Signature of the hailer inEpentor .:_. f
the spindles and clesned the rocks,

t ¢ all lecomotive beiler whsh-
the railroad compeny, The followine
& day that the bailer is washed - 3

"
fg emplaye who retnosed

. STEAM LEAKS,

{ 49, Leaks ,xxmﬁ% fegaing —If a serious le
W.husmu.u m_ﬂu wﬁEE:wma: miist be made and the
H._...m””m _ﬁ.w. _HE h.HE”_m a 2 ._..wmn___h in the shell or 1o any other defect which may

safety, the hailer must he taken oul of service Ar ol nrww_._:mﬂw.

repaited, and reported ¢ . :
o he in satisfy e g
to service, stisfactory condition hefore it 13 peturned

ak develops under the Tap-
leak located. Tf the leak is

B Leaksy o
s e ﬁ”.”m?a__a «.cn eugimemen—All steam valves, cocks, and joints
ot i e seams shall ho keyt in such reyair that they will ;
L steam 1 [ront of the engincmen, so as *o oboozre :u&q. ﬁ.wnh_“.; ;.
- i = El,
FILINi BEDORTS,

m_.Hu .W.m._.w hikrF Ty PRLE T ‘1
i mwawumﬁ..“_“._.,uw,.#@.m_,.,"_.u:.l.yq_.,_n less than once each manth and within 10
daps s m. n.uvw_nn:.....: @ repnrt ol imspecton, Form Woo 1. elee m Loy &
s, shall be fled with the district inspector of ::._“_.HE:.J:,H m::.u. M :
g Ers 1o

each locomots 4 i
motve uied hy g railcead compatly, and a oopy shall be fled in

the vifice of fhe chist i |
e wocnler mecharic: 1 i

hatdeal officer having charge ol the locomotive, 1

|

d
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32, A copy of the monthly inspection repurt, Form Mo, 1, or aaral
fspecticn repart, Form Mo 3, properly flled out, shall be placed ugcler
glass i a ermspicaons place in the cab of the locumative helore the Tiler

jnspected is put intoe service,

53 Mol less than once each year and within 10 daye aiter hyrdrostatic
and ather required tests have been completed a report of snch iests show
fng groeral condition of the bailer and repairs made shall be submisted
ant Form Mo 3, size & by 9 inchies, and filed with the diatrict inspector of
locomative hoilers, and a vapy shall be filed in the office of the chisf
mechanicz] officer baving charge ol the locnmiative,  The monthly report
will nat be required for the manth in which this report iz filed.

54, {a) Specificaiion card. —A specification card, size § by 10% inches,
Form Mo, 4, contaiming the tesalts of the erlealatinns made in determining
the working pressure and other necessary dala ghall e filed in the office
of the chiel inspector of locomative boflers for each locnmotive hodler
A copy shall be filed in the clfice of the chief mechanical oflicer having
charge of the loonmotive, Every specification card shall he verified L
the aath of the engineer making the caleulations, aned shall be aprroved
Ly the chiel moechanical officer, These specifieation cards shall be filed
s pramptly as thotough examination and acenrale cateutation will permit.
Where accarate drawings of boilers are available, the dota for specifen-
tion card, Form No. 4, ey be talen from the drawings, and such specifi-
cabion cards foust be completed and ferwarded priee 1o July -1, 1412,
Where accurate drawings are not availahle, the reyuired data st il
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flues are removed. Speeification cardd most be forwardsd wwithin e
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completed and specilication cards filed prior to July I, 1913 flues heng
remaved if nocessary to enable the esamination to be made Lelore this
clate,

{01 When any repmirs. o changes ace made which affect the data
ghown o the specification card a corrected card or an alieration reporl
on an approved form, size B by 10% inches, properly certilied fo; piving
details of such changes, shall Le filed within 30 days from the date of
theit completion,  This report ghould cover:

A, Agpolication of mew barrel sheels or daines,

. Application of patches to bareels or domes of boilers or to poriion
af wrapper sheet of crown har boilers whicl is not supported by stavbolts,

. Losgitodingd seam reiniorcernents, .

L. Changes in size or nomber af braces, giving MARIMm SLTESE,

E. luitial application of superheaters, arch or water-har tubes, giving
muteher and dimensions of tubes,

T Changes in number or capacity of safety valves,
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