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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

Thuis, - ._m,mm||.u.mm in.
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