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LOCOMOTIVE BREAKDOWNS

Serial 2510 Edition 1

PROCEDURE IN EVENT OF BREAKDOWNS

1. Tn the event of a hreakdown on a busy line, the most
important {actor is to clear the track in the shortest pozsible
time. The maovement of traffic on a modern railroad is so clozely
coordinated thal even a brief closing of the main track means
the loss of many hundreds of dollazs. Therefore, in the event
of a brealdown employes are expected o make every cffurt to
get the truin into clear on a siding.  Minor dumage that may
cecur in moving the locamotive is not considered ; the clearing
of the track is considered of first importance.  OF course. ]
judgment must be used and, if there {s a strong possibility that
farther damage might nccur and cavse a total failure, the enging
should not he moved. However, even with guite a serfous
brealedown, the locomotive, if moved slowly, can often be run
to a siding with comparative safety.

Breakdowns can be largely: prevented by an inspection at
intermediate stops.  Particular attention shauld he paid to the
vods and lrasses, especially the [ront-end main-rad brasses,
hecause they are comparatively small and hence liable to brealk.
The keyway in the piston rod at the crosshead, the tires, and in
fact all moving parts, should be inspected as [ar as time will
permit.  Inspection is especially important when the speed at
which modern locomalives are run is considered,

Modern Incomaotives are not equipped with tools that will per-
mit of repairs in the cvent of a hreakdown : usually the tonl
equipment compriscs @ wrench, o hammer, and a chisel,
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2. I the breakdown is not too bad, men with the proper
equipment are sent out from the terminal to miake repairs; heavy
breakdowns have to be hasdled by the tool car. In the latter
class are such serivus Breakdowns as broken driving axles,
engine-truck axles, trailing-truck axles. or tender-truck nxles,
Also, the toal car will have to be sent for in the event of such
breakdowns, as Lroken erankping, ar failures ittvolving heayy
work such as the retnoval of some or all of the rods,

The fact that the locomotive is heing put in a cotidition, by
the crew of the ool car, to proceed under steam or to be toowre],
does nof relieve the enginecr, in the absence af the toad fore-
tan, of his responsibility for the care of the locomotive. There-
tore, he should have a knowledae of the correct procedure to he
followed in all cases either for his own guidance or fnr the taol-
car foreman’s and thus avold censure for dataere that gt
otherwise occur while the locomative is being moved.

It is difficalt to lay down the exact procedure (o follow in
many cases of locomotive breakdowns, because the extent of the
damage that actually occurs varies and depends an the speed and
other factors.  The best that can be done n sich cases is to out-
Tine the general principles that should e followred.

The instructions outlined in this test are considered good
practice, but, regardless of this. the rules of the road concerning
breakdowng must always be fallowed,

FAILURES THAT MAY OCCUR

BROEEN OR BEURNED-OFF GRATE BARS

3. To avoid delaving the train when ha grate bars are
broken or butned ofT, provided only one of two of them are
damaged, the opening should he covered, when passible, with
lishplates or pieces of iron that will keep the live fire from fall-
ing into the ash-pan. T such are not available use the tank
cover. Tf the fire must be cleaned before the tertninal is reached,
care st be taken not to disturlh the plates over the hole, O
atriving at the ferminal, the disabled grate should be reported
so that repairs can be made,

LOCOMOTIVE BREEAKDOWNS

BEURET TURE

4. The Federal law prohilits the plugging of a burst tube
unless a plug i applied at each end with a rod connecting the
plugs so that they cannol be hlown out. Therefore, when a
titbe bursts, nothing can he dome, and the lncomotive has to he
towed i, Proper precautions should he taken in cold weather
to drain all purts that contain water,

BROEEN CYLINDER HEAD

5. Ii the iront cvlinder head shonld break, disconnect the
valve gear and secure the valve in mid-position. The main rod
may be lafl up.

In the event of a broken bacl c¥linder hearl, if the guides are
not badly damaged, take down the main rod, block the cross-
head all the way forwards, and secure the valve in mid-position.
This procedure must also be [ollowed, if, when the front cylin-
der head bresks, the cylinder is also damaged.

Ii the guides are badly damaped, the crosshead must be
Blocked securely in such o mander as ta prevent it from maving
i and strilding the front crankpin ar side rod.

BLOCKING OF VALVES

6. When necessary to block a valve, as in the event of a
failure of the valve pear or some other cause, it is generally
considercd the hest practice o sceure the valve in mid-position
or as nearly in mid-position as possible. instead of leaving one
port open stightly for the entry of steam to luhricate the cylin-
der,  With the part open slightly and the main rod up, the
steam in the cylmder acts at times in opposition fo the mave
ment of the piston and sets up undesirable stresses : also, with
the valve blocked to admit steam to one end of the cylinder, the
other end iz comceted to the exhaust passage, from which
stnokebox gases will be drawn during the complete stroke,  This
action will probzbly neutralize whatever lubrication is obtained
from the admission of steamn. [ the cxlinders have heen receiv-
ity proper Iubrication the locomative can be ran o considerably




LOCOMOTIVE BR EAKDOWNS

distance without damage to the ¢
NECessary it can
in the cylinders,

In the absence of a setserew in the crosshead guide, the quick-
est way to secure the valve is to slacken off the nuts on the
bolts of the autside guide, Fig, 1, then drive in a brake-shoe Loy
or a thin wonden wedge between the guide and the crosshead,

vlinder, hut if lubrication is
be applied through the indicator plug openings

and tighten the nus,  [f et
guide and the crosshead,
Letween the two,

ol side play exists berween the
the key or wedge may be driven in
[f desired, the valve can also be secared by
driving a wooden wedge hetween the valve stem and the gland,

The valve can he wasily moved to fts required pusition, after
the eccentric rod has besn ren wved, by maving the lower erid
of the link or the gear connecting-rod, or the valye may e
moved by tapping the crosshead. Tt can be ascertained whether
the valve has been blocked to exclude steam from the cylinder,

LOCOMOTIVE BREAKDOWNKS
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By opening the cylinder cocles and giving the engine steam, The
f:)-'ImrEer cocks should not be removed when the valve is Llncked
m mid-position, because this will increase the amount of digt

that will Be drawn into the evlinder,

FAILURE OF THROTTLE TO CLOSE

7. A failure of the throftle to clase is generally due to the

binding of the parts of the throttle rigging.
the locomotive must e controlled by the rew
brake. Varinus types of thr

In such g case,
erse lever and the
ottle valves are shawn in Hig. 2,

I7ra, 3

FAILURE OF BLOW-OFF COCE TO CLOSE

8. Ti the hlow-off cocle fails to cluse, the mjectors must he
slarted itmmediately and the fire dumped or deadened with wet
coal by rumning the stoker, This must he done (o protect the
firchox sheets becawse the boiler will be quickly emptied of
water.  The proper officials should then be notified and the luco-
motive prepared to be towed in. The evlinders may be habri-
cated if necessary thraugh the indicator plug openings,

.Jn m[lri weather, the boiler, the lank, the lubricators, the
.ecl1ph0n Pipe 1o the steam gauge, the air compressor, the head-
light, the feed-water putnp, and all pipes and FESUTVOIrS that
contain water must he drained,  Also, the c¥linder ecocks :m{i
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the drain cacks in the exhaust passages in the eylinders should
he opened. A tvpe of hlow-off cock in common use is shown
i Figr 3

BROEEN FRAME

9. Two views of a huili-up frame are shown in Fiz. 4 {a).
In a side frame, a break usually vceurs either close ta the eylin-
der or forward of the main driving box and is indicated by a
severe pound, similar to that cavsed by o wedge being duwn, An
mspection is necessary to determine the location, Repardless
oi where the failure occurs, the break will open and close when
the locomotive is working. but this movement is more pro-
nounced when the hreak is forward of the main driving wheel
than when back of it

A broken frame is liable to cause the back c¥linder head to be
Lroken with consequent damage to the guides, and a heavy strain
is thtown an the knuckle-pin jaws: also, the {rame on the other
side is liable to be broken. The best procedure to follow is to
reduce the tonnage to & point where the train can be handled
with & comparatively light throttle, More tennage can be
handled with a break back of the main driving box than in
front af it

It is possible, with the frame hroken back of the main eriving
Loz, to handle more of o train with the haclk sectiom of the side
rods down than up, hecause the hreak will not open and cloge
as with the rods up.  With the vods down, the only strain on
the frame is due to the pull of the train.

A locomotive bed, Fig 4 (%%, has the side frames and cross-
tes as well az the stemn cheats and cvlinders cast in ane piece :
this arrangement is practically immune from the breakage that
accurs with the built-up type of frame,

LOST FRAME EEY

1t The irame keys are nsed to relieve the cvlinder holts
of a shearing stress caused by the thrust of the pistons,  MMod-
ern frame kevs vary from 1 to 2 inches in thickness and if lost
it would be difficull to find a suitable substitite, In this event
the locomntive should be worked as light as conditions will
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permit,  With modern locomotives the frame keys are usually
welded to the frame and there is no possibility of their being

lost. A {tame key is indicated in Fig. 5 hy the black rectangnlar
part at the front of the cylinder.

BN T

Fuis: §

BROEEN VALVE-STEM SETUFFINGEQX STUD
11, When ane of the studs that holds the valvesstem stufl-
ing-hinx agaimst the steam chest breales, the valve-stem pacling
will not be held in positdon properly, and the steam will escape

by the stem, Fowever, as practically all piston vaives ate of
the inside admission type, the steatn {hal escapes is from the
exhaust passages in the eyvlinder saddle, and the loss ol steam
i unimportant, except thal it will ubscure the vision in cold
Weather,
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METALLIC PACEING BLOWN OUT

12, With the high temperature of superheated steam, no
substitute can be used to repack when the metallic packing in
the hack cvlinder head blows out.

The locomotive must cither

Uniler some eonditions
A type of

he run light or with a very light train,
a machinist may be sent out to apply new pacling.
metallic packing in general use {s shown in Fig. 6.
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LEAKY THROTTLE PACEING

13. 11 the throttle packing, Fiz. 7 (o) and (%), is not leak-
ing too badly, tighten the gland nuts as much as possible,  If
this does not entirely stop the leak tic the curtain around it and
proceed.  The packing receives close msprection in the round-
house and there is little liability of its blowing out entirely,

BROKEN VALVE YOEKE

14, A valve yoke, Tig. 8 us used with the slide valves on
the older types of locomntives, 14 broken, will he indicated by
the cogine guing seriously lame, The hreak usually occurs
where the valve stem is welded to the yoke,

It only one side of the yoke is broken, the valve will he mrvedd
propetly whei it is going forwards. bat when the voke is pulling
the valve back, the crack will apen up and the exhaust from the
back end of the eylinder will he delayed as well as the admis-
sion at the front port.  When the valve yoke breaks off entirely
from the valve stem, the valve will he pushed ahead and will
stay there, and lhe back steam port will be uneovered. In this
cvent, the back end of the cylinder will always be full of steam
that will exert a retarding effect on the piston when it is msving
Lackwards and will at this time work in opposition to the steam
that is forcing the piston in the other cylinder.

Nuormally, when the reverse lever is in the conter of the
quadrant, and the main crankpin is on or very near the hack
center, steam will discharge [rom the back cylinder cock,  But
a blow of steam at the back evlinder cock with the main cratikpin
in any other position will identily the side with the broken voke.

SlB—z
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Another test, provided the crankpin on the saspected side is near
either quarter, is to move the reverse lever from one corner of
the quadrant to the other and note whether steam comes out
0f one cylinder cock and then out of the other, If the steam
continues to blow ont of the back vock, the hroken wvalve valke
15 on this side,

15. 1If the valve yoke is not completely brolen off, dis-
connect the valve rod and pull the valve back to cover the potts.
The valve can be held in position by driving a wooden widge
between the valve slem and the gland,

If the valve yoke is comnpletely broken off. the valve can be
moved back by removing the relicf valve, i there is one, and
inserting a stick through the opening. The valve can be pre-
vented from moving ahesd by inserting two wooden blocks,
Fig. 9, between the steam chest and the valve on each side of
the relief-valve apening. The two blocks will keep the valve
square over the ports. A clamp is shown applicd to the valve-
steam keyway to keep the walve from mowing back but such
clamps are seldom gvailable.  Instead (he valve stem can be
held by a wedge. as already explained.

When the valve voke is completely broken off, the valve will
he pushed all the way forwards and the back steam port will he
wide open, In this casc, in the absence of a reliel valve, the
main rod will have to be taken down and the locomotive run in
on ot side hecause it is fnpossible to raise the steam chest and
block the valve without the proper appliances. A frer the main
rodl is taken down, the erosshead must he tnoved forwards to
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the front end of the cylinder and blocked there. Also, the
front cylinder cock should be removed so as to prevent pressure
from building up in front of the piston and moving it should
the blocking drop out.

DEFECTIVE PISTON VALVE

16. About the only failure with a piston valve is in the
packing rings, which hreak frequently owing to the constant
springing action of the steam on the rings.  The exhanst rings
break mmuch more frequently than the steam rings,  With the
titigs gone on one or hoth emds, the escaping steam imposes a
severe drain on the hoiler; the resalt heing a slower speed than
otherwise. Parts of the broken rings will probably fall into
the eylinder, but this very rarely results in any damage, as the
rings wsually break up into small pieces.

REMOVING SIDE RODS

17. Method of Removal— The tetm side rod as here used
refers to the combined sections on one side.  This distinetion is
tmade hecause in sotoe places one section alone is referred 1o
as a side o,

With madern locomotives, the outer portion of the crankpin
Is turned down to a smaller dinmerer than the part on which the
side-rod brass wears.  This portion of the crunkpin is threaded,
and the side rad iz hicld on the i by oonut, a owasher, and 2
cotter key, However, this arrancement caunot be used at the
crankpin on the forward driving wheel, owing 1o the lack of
clearance between the end of the pin and the crosshead.

The front eud of the forward section of side rod is held on
the crankpin by a holt that runs entirely through the pin with
the onter end countersunk in a washer and with a nut on the
inner end. The sections of 2 side rod are connecled together
By knuckle pins that are held in the rods by muts, washers, and
cotter keys,  The side-rod hrasses are solid and are pressed into
the rods, so that keys are not used as when the hrasses were
made in two pietes.  Therefore, to remove a section of a side
rod, all that is necessary is to take out the cotter key and remove
the nut and washer from the end of the crankpin and knuckle

n
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pin, then drive the pin out and work the rod outwards until it
comes off the crankpin, However, the intermediaie side rad
cannot he removed until the main rod is taken off.  The removal
of the intermediate side rod, with four driving wheels con-
nected, requires, on account of the location of the knuclde ping,
the removal of the two other sections of the side rod. See
Fig. 10,

18. With some types of locamotives the inside Tace of the
crosshead or the guide bar is so close to the end of the crankpin
un the forward driving wheel, that even with the pin an the
hottom quarter, the fromt section of the side rod cannot be
removed until the locomotive is raized high enaugh for the rod
to be pulled off underneath the bottom guide  Ilowever, if hoth
side rods and the main rods have {o be taken down. the cross-
heads will be blocked forwards; in this event the [ront sections
ol the side rods can be removed through the guides, with the
crankping near the back dead conter,

Let it be assumed that the front section of the side rod, owing
o a failure of the knuckle pin or the jaw, alone has to be
removed.  To raise the locomative and thus get the hottom gide
high enough to permit the removal of the front end of the rod,
first block hetween the top of the driving box and the frame of
the second driving wheel so that this wheel when raised will
immediately begin tn lift the frame, Next, jack or tun this
wheel up on a wedge, stopping with the front crankpin near the
hottom mquarter; this operatfon raises the frame, the eylinder,
and the guide without lifting the front end of the rad, As
explamed later, the front side rod on the other side st alsa
be retnoved.

However, with some locomotives there is so little elearance
hetween the pedestal binders and the prease cellars that the frant
binder, as the frame is heing raised Ly the second driving wheel,
will strike its grease cellar and begin to raise the front driving
box and wheel before the guoide is raised high enough to permit
the rod to be pulled off ynder it. In such an event, drop the
binder at this wheel, Tf this cannot be conyeniently done, spot
the locomotive with the front crankpin near the hack center,
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then take out the wristpin and bar the crosshead forwards. ‘The
rod can then e removed through the opening made i the guides
by moving the crosshead forwards, IHowever, trouble may be
experienced in removing the wristpin, Tn some cases the pin
catt be easily driven out with a light hammer : in other cases, a
heavy sledge must he nsed.

Sometimes the wristpin can be Toosened by first glacking off
the nut on the key of the front-end brass, then giving the engine
a little stearn and moving the reverse lever forwards and hack-
wards; this thumps the brass on the wrisipin and loosens it.

19. Effect of Removing a Side Rod. —I'lie side rods, in
addition o distributing the thrust of the pistons equally o all
crankpins, alsa perform the important function of keeping the
erankping in their proper rvelation to one another when cither
side is passing the dead ceniers.

To cxplain the forcgoing. Tet it be assumed that the side rod
and the main rod have been removed on one side, that the crank-
pins on the other side are passing their dead centers, and also
that at this instant the main driving wheel slips ahead slightly.
Now, owing to the flexible knackle-pin joints at o and &, Fig, 11,
it fs possible for the main erankpin to slip from its dead center ¢
to d or until the slack has been taken up without carrving the
adjoining wheels with 5. The side rod then buclkles slightly
at the kntckle joints, the resuli heing that the sections of the
side rod do not e in a straight line but [orm an angle at these
joints,  Purther buckling will ocour as the crankpin is turned
to e with the result that the wheels will be turned i the diree-
tion of the arrows, provided the wheels do not lock an the
centers,

If the crankpin £ does not turn off the center. the middle see-
tion of the side rod will he bent or the pin will be braken off,
In case the hack crankpin locks. the back section of side rod
will be stretched or the pin hroken.

It will be noted that the section of the rod under compression
or that is receiving a thrust, such as the section g, causes the
second driver {0 be rotated in the reverse direction to the main
driver, Also, as the section & of the side rod is under COMTes-

Fig, 11

Craaka Cicles”

.
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sion, the first and sceond driving
wheels will be tumed in the re-
verse direction, A section of the
rod under tension or that is sub-
fect toom pull, such as £, causes the
tourth driving wheel to turn in
the same direction as the main
driving wheel,

The whee! in advance of the
main driver rotates in the oppo-
site direction because the main
crankpinis ahove the other cranle-
pin hefore the thrust iz applicd
to it. The angle that the hack
section of side vod makes with the
rear crankpin causcs this pin to
be pulled in the same dircction as
the main crankpin,  The rod can-
nat huckle when passing the cen-
ters with the opposite side rod up,
hecause the crankpins on this side
are on the guarter and, irrespec-
tive of the knuckle joints, any
rotation of one pin independent
of another is impossible o chis
position.  Therefore, the crank-
pins on the side passing the cen-
ter are maintained in their proper
relation to one another by the side
rodl thal i on the gquarter, and
hckling cannot acenr.

20, Although there i1s always
the possibility of buckling with
a side rod removed, yet the rules
of sume railroads permit loco-
matives 1o be run in this con-
ditionr, The reason probahle is
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that the possibility of slipping is remote because the only turn-
ing effart that would cause the crankpins to slip at the cen-
ters was removed when the opposite rod was taken down.
Also, with all of the rods off en one side, the prstonn thrust
is distributed to twice as many driving wheels; thizs lessens
the tendency to slip except at the quarters, and such
slipping will do no harm, However, if a slip starts when
passing the quarter and is continued past the center, the tad
will invariahly buckle; hence care should always be taken to
start without slipping.

Running a locomotive with only one section of a side rod
removed is much more liable to cause buckling than if the whale
side rod is taken down. With only one section removed, the
piston thrust on this side is transmilted to three wheels instend
ol four if a Mikado type of locomotive is considered.  Thus,
the three wheels got more than their share ol the thrist and are
liable to slip.  Should this happen, the mate of the section of
the side rod that has bheen removed will buckle. T.et it he
assumed, for example, that the front section of the side rod on
the left side has heen rvemoved, When the right side is
approaching the iront dead center, the left side is nearing the
top quarter.  If the three drivers on the left side now slip, the
crankpin of the front dover an the richt side in the absence of
the section of side rod on the lefr side will not be compelled to
pass its dead center at the same time as the others on the right
side, This leaves the crankpins on the front drivers behind the
others, and the front section af side rod will huckle with the
vesult that it may be bent, stretched, or broken. Therefore
whenever a section of a side rod is removed, the corresponding
zection un the opposite side must alsn he aken down.

The speed regulations of the road must be observed when g
locomotive is towed without rods; if run too fast, the unbal-
anced driving wheels will hend the rails.

A heavy locomotive cannot be started with the side rods down
and the main rods ap. owing to the main driving wheels slipping
when attempting to start. I another locomotive s used to start
the disabled one, the latter can he kept going but it should not
he stopped before the desired point is reached,
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TAEING DOWN MAIN ROD

21, In the event of a failure that requires the main rod to
be taken down, praceed as follows: Spat the locomotive an the
disabled side in a position =0 that when removing the wrstpin
il does not come in contact with a spoke of a wheel ; alsa, spot
the locomotive so that the main crankpin on the other side is in
a position that will petmit the locomotive to be started alter
the rod has been taken down.,  This crankpin, il the locomotive
is to be started forwards, should be somewhere hetween the

front dead center and the hottom quarter or between the hack
dead center and the top quarter. Next, remove the split key
and the oot or nuts from the wristpin, remove the union linlk,
and drive the pin out, then pry the crosshead [orwards away
from the rod. The front portion of the rod, with an alligator
iype of crosshead, now rests on the hattom guide.

After the front end is diseonnected, remove the eccentric rod
and the eccentric crank that takes the place of washers and nuts
used to hold the main rod on the crankpin with an outside valve
gear. The back end of the main rod can then be pricd off the
crankpin, provided the front end is alse pried outwards at the
same time, thereby preventing the rod Trom hinding vn the pin.
The locomotive should not be towed or run at too high a speed,
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owing to the liability of the rails being bent by the unbalanced
main driving wheel,

Blacks should be wired on the crankpin to prevent the side
rods from working out.  When taking off the cecentric crank,
remove the bolt o, Fig. 12, first.  Tf the draw bolt & is removed
first, the bolt ¢ will bind and cannot be driven ot

BROEEN DRIVING-BOX BRASS

22. A broken driving-hox brass, Fig, 13, will he zenerally
indicated by the heating of the hox, it the trip can be com-
pleted without much difficully.  With the exception of the front
driving hoxes, inspection can be made -'-'I.Ild the break noticed hy

looking at the box from the nppmt eside.  Sometimes the brass
will be lost: 1his s a0 serions I‘-z]{.‘l]\f]ﬂi‘r’rl cven Al raaderate
speeds.  The driving hox then settles on the journal, and the
movement of the journal is almost sure to cause a derailment or
to damage the rads, ylinder heads, and brale rigging.  Sorne-
times, however, the hox stays up,
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The reason why a derailtnent is liahle to occur is that the
journal will mave back and forth in the Lok and it and the wheel
will not be square with the frame.  The effect wonld be the same
a5 1 the shoe and the wedge were lefr vut of the pedestal, thus
giving a to-and-fro movement of the driving box.

With such 4 failure, remove the grease cellar and place
wooden hlocking between the bottom af the driving hox and the
hinder.  Next, jack up the [ratne; the driving hox tises with
the frame but the journal will remain stationary, therehy leav-
iy the crown-lrass space open.  Apply hardwood blocking in
place of the ecrown brass, leaving space for lubrication, and
remove the weight from the driving hox hy blocking hetween
the spring saddle and the frame.  The only weight an the jour-
nal is now that of the driving box and as the blocking is so
applied as to prevent movement of the journal the side rod may
he lefe ap. Semetimes o osmall brass is used instead of the
blacling.  The failure requires assistance tn be sent [or, and
the workmen sent oul to do the work are supplied with jacks
and wedges,

EROEEN MAIN CRANEPIN

23. When a main crankpin breaks, remove the main rod
and the side rod, T ostarting, use great caution to avoid slip-
ping, otherwise the rods will fnvarizbly buckde,  The rales of
the ruad as to whether the side rod an the good side should he
Tefr uw should he ohserved,

BENT OR BROEEN FISTON ROD

24, When the piston rod iz hent, secure the valve in mid-
position, take down the main rod, and Block the cerosshead.
When the piston rod hreaks. the [ront cvlinder head is almost
itrvariably knocked out.  The rod generally breaks close to the
erosshead, and all that has lo be done is to disconnect the valve
gear and seeure the valve in mid-position so as to cover hoth
steam ports to the cylinder ; the main rod may be lelt up.
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BLOCEING CROSSHEAD

25. With modern locomotives, the crosshead can be
hlocked at the end nf its extreme travel in the guides, thereby
britging the piston to the rear end of the cylinder. “There is no
liahility of the rings expanditic into the counterhbore ; the piston
can be pushed against either head withant this happeting,

The crosshead can be secured m position by placing a hlock
of wood on the lower guide hetween the crosshead and the back
cylinder head, and tying the block to the puide,

RAISING A DRIVING WHEEL CLEAR OF RAIL

26. About the only hreakdown that requires the driving
wheel to be carried clear of the rail is a hroken tire, A east
fron wheel center will break down very rapidly i ron on the rail;
a cast-steel center can be run on the rail if the distance to clear
the main track is not too far.

Breakdowns that require a driving wheel to he carried clear
of the rail are handled, if serious cnough, by the wrecking car,
and if not, a machinist and a helper are sent out with the neces-
sary tools, including jacks and wedges.  The work can be done
more quickly and satisfactorily with jacks; ordinarily a 10-ton
and a 73-ton jack will take carc of such breakdowns, A type
of wedge is shown in Fig. 14

When raising a driving wheel with a juck, the crankpin is
placed on the top quarter, the jack {s set under the rod at the
piL, and the wheel is jacked up off the rail Tar enough to provide
sullicient clearance hetween the tire and the rail. When the
driving wheel is inside of the guides, as with a Mikado type
locomotive, it is impossible, owing to the limited space, to apply
the large jack under the crankpin, This jack is placed instead
under the bumper bracket and the frame is rajsed, a beamn being
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first placed under the opposite side to prevent this side from
settling as the other side is being raised. The small jack is then
used to raise the driving wheel, which is now relieved of a
greater portion of the weight.

It is possible In the absence of jucks and wedges to raise a
driving wheel in the {ollowing manner: Oblain a good sound
tie, Tay it lengthwise just outside of the rail, and spike it solid,
Then place a piece of ruil on top of the te if 1t can be obtained
and place the engine in such a position that when moved the
cotmterbalance on the whecl will mount the tie,

Fiz 15

CARRYING A WHEEL CLEAR OFF RAIL

27. The arrangement of the spring rigging of a locomotive
is such thal if necessary the entire weight that is carried by any
certain driving hox can be remnoved anil transforred to the frame
mstead and thenee distribnted to the nther driving boxes,  This
can be done by raising one of the driving wheels and placing
blocking at the proper point,

28, In Fig, 15 is showw a part of the left side frame of 2
lpcomutive and the spring rigeing as viewed from the rght
side. L is assutned that the tire on the middle driver is gone,
thereby making it necessary o remove the weight from this
driver amd carry the wheel center clear of the rail. To do so
the wheel center is first raised by efther a wedge, as shown, or a
juck ; the journal b, as the wheel center rises, carries the driving
box ¢ and the driving-hox saddle f upwards until finally the
topol the box comes i contact with the frame as shown,  This
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is as high as the hox can be raised without ruising the engine.
The driving hox can be held in this pasition by removing the
grease cellar and filling the space hetwern the pedestal hinder e,
the driving box, and the jonrnal, with hlocking.

If the wheel were now run down off the wedge, the weight
ont the hox would come on the pedestal binder e, the holts of
which might break and permit the wheel to come down on the
rail.  To prevent this it is necessary to transfer the weight
(rom the hox to the frame; and this can be done by fitting an
iron block f tightly between the spring saddle and the frame
while the wheel is still up.  When the wheel s lowered, the
driving bos will recede slightly from the spring saddle, and the
entire weight that was formerly on the hox will come an
the {rame above the box, The pedestal binder carries only the
welght of the wheel and the journal, and the hinder and
the binder holts are sufficiently sirong to bear this weight,

It is true that wooden blocking, with the joumal turning, may
soon wear out and permit the wheel w come down, hut if prop-
erly lubricated the locomotive can he run for some distance.
Iron blocking, even if it could be procured, would tuin the
fourtial and a ruined jourtial wonld be expensive, capecially if
it had been recently turned up, If the journal cannot Le run
the desired distance on wooden blocking, aml it is not permis-
sible to use iron Blocking, then the opposite wheel must he
carried clear of the rail and a section of the side rods on each
side should be removed to prevent the wheels from turning. 1t
i5 not advisable {u block under the driving box and rely upon the
grease collar to hald the journal up when the wheel {s not turn-
ing, hecause the cellar lolts will not stand the weight of the
wheel.

EROEEN TIRES

29, When a tire breals, it usually breaks up into scveral
pieces and comes away from the wheel center entirely, A
broken tire is vswdlly caused by ils being shronk on the wheel
center too tightly, thereby subjecting it tn a greater strain than
it is desigmed to bear or the shims may be placed too far apart.
A tive [ailure requires workmen to be sent out with jacks,
wedges, and blocking and whatever other material may be neces-
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sary to do the worl, The wheel is then raised, the grease collar
temaved. and blocking applied hetween the driving box and the
binder and between the spring saddle and the frame. Wooden
blocking should be used under the juurnal ; if the distance to go
is ton far for wooden hlocking to stand, and the use of iron
blocking is prohibited, then the opposite wheel must be swung
and a section of side rods on each side should he removed 10
keep the wheels from tuming, This is especially true with 5
tire braken on a front ar a baclk driving wheel.

If a wedme is used its end should be forced under the wheel
ag far as possible 50 as (o prevent tilting when the wheel starts.
The engineer should be instructed to stop at the instant the
wheel begins to mount the wedpe, then by the time the loco-
motive iz stopped it will stand on the Tevel portion of the wedge,

30. With a rear driving wheel carried clear of the rail [or
& broken tive, the overhang will cause the rear of the locomaotive
to settle badly, This can be prevenied to some extent by block-
ing between the hox and the frame of the wheel ahead of the
idisabled ome and between the trailing box and the frame on the
apposite side.

With a loose tire, or with a tire that is hroken in one place
ad is nol clear of the rail, it will he necessary to send for
workimen with the proper equipment to tighten it or cut it clear
of the wheel.  Tn this caze the loose tire can usually he tight-
ened by heating it with a torch and then applying shims in the
usual way. With the tire partly off it is cut through with 2
burning torch so as o avaid the necessity of removing a side
tod or all of the rods in order tn get the tire clear.  After this
15 done the wheel would have 10 be rafsed and carrvied clear of
the rail as already described,

BROEEN AXLEHS

3. When an axle breaks on a modern locomolive, i is
difficult to say just what damage may be done. This applies
particularly 1o a broken journal on the leading driving wheel
because this wheel is directly inside of the crosshead and the
interference of the moving parts will result in serious damape

T

i
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even when the locomotive 15 moving slowly.  The axle generally
Lreaks through the journal at the hub of the wheel Dreak-
downg of this nature are beyond the capacity of the engine
crew to handle and assistance will have to be sent for.

With the journal of a main driving wheel broken, both main
rods, hoth side rods, and the broken wheel will have to be
cleared away, The hroken end of the axle must be jacked up
to normal position, the cellar removed, and blocking applied
solidly hetween the pedestal hinder and the axle.  This blocking
keeps the opposite wheel true on the rail and prevents derail-
ment.  Blocking tust also be placed between the spring saddle
and the frame, so as to transicr the weight from the driving
hox and the pedestal hinder to the frame, The crossheads
should be blocked securely.  The locomative is then ready to
b pulled to the terminal,

Ti the front or back driving axleés break, the same procedure
as to blocking should be followed, but only the front or rear
sections of side rods need to he removed.  The lncomotive can
Be run in if the crosshead and guides are not damaged,

DISABLED SPRING RIGGING

32. No repairs are ordinarily necessary when the spring
rigeing on one side of a locomotive fails because ol a broken
spring, spring hanger, or equalizer.  The spring rigging is sepa-
rated Into sections as shown in Fig, 16 and, although & break in
one section leaves the other sections unimpaired, vet the other
sections cunmot sustain the weight, hence the frame sefiles down
close to ot on top of the driving hoxes.  Theoretically, the frame
could he raised and the spring rigging blocked in place by tun-
sing & wheel up on a wedge and then prying up and blocking
under an equalizer, hut in practice this cannot be done. It
should be nnted, however, that none of the springs come in con-
tact with a tire, as the heat resalting from the fricHon may
losen it, My running the wheel up on an angle har, enough
tension may be taken out of the rigging to permit the spring
to be pushed out of the way. If the distance to he run is not
ton far, oil-saturated waste will leep the spring {roin cutting,
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RUNNING ON ONE SIDE

33. A locomotive works very rough when tun on one side.
The power impulses are reduced by half and the pulling impulse
is so jerky that it is guestionable, owing to the damage to the
draft rigging, whether it is advisable to attempt to handle any
train at all, or at the most, a few cars. The locomntive has of
necessity to be started In full gear with 2 wide-open throttle to
avoid stopping on a dead center, and this is almost certain to
Lreak even a short train in two, Also, runting a locomotive on
one side throws severe stresses on the machinery and tends to
lnosen the frame holting,  Some railroads require locomotives
riunning on one side ta be run light,

TWO-WHEEL ENGINE TRUCE

34. Broken Journal—A view ol a {wo-wheel engine truck
is shown in Fig. 17. The damage that follows the Lrealding
of a journal on a two-wheel engine truck depends to a great
extent on the speed of the locomotive at the time, The weight
of the front part of the locomotive is transferred to the truck
by the engine and truck cfualizer, and when the journal breaks,
the front of the locomotive scttles down until the frames rest
on the top of the forward driving boxes, Under the most
favorable conditions the truck will be turned more or less out
of its proper position.  In order to put the lncomotive in con-
dition to run, 3 new pair of truck wheels will have to be applied
and this necessitates sending for the tool car. The priocedure
that would be followed when the tool car arrives, regardless
af the position of the truck on the rails, would be as fallows:
The pilot would be removed first, then the truck frame would
Pe chained to the engine [rame and the tie bars would be
removed,  The front of the lacomolive would then be raised
either by jacks or by the derrick car, hut first hlocking should
Le placed over the rear driving hoxes su as to prevent additiona!
weight from being thrown on the springs and spiling their
set, while the front end is being raised.

With the tool car, o chain s placed araund the smokebox o
a large triangular plece of iron is placed under the buffer bearm.
siin—i
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With the pedestals cast integral with the truck, a litt of about
14 feet 3¢ required Before the pedestals will clear the hoxes and
permit the wheels and the hoxes to be romoved from the trock.
When the pedestals are holted to the truck frame, the Tocomn-

tive has only Lo he Tlitted high conough do hring the top of the
hoxes in line with the top of the pedestals, By removing the
[ront pedestal hraces the wheels can be rolled out; then the
hazxes are applicd {0 the new pair of wheels, and the locomotive
iz lowered, thereliv loweting the truck drame on to the wheels.
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The front end of the long truck equalizer, Fig. 18, must be
chained upy to the engine frame so that bath will rise together
when the lncometive is being raised.

' FOUR-WHEEL ENGINE TRUCK

_ 35. Broken Journal—The procedure to be followed when
i a journal breaks on a four-wheel engine trock, Fig 19, does
" not differ essentially {rom that with a similar brealkdown with

a two-wheol truck.  The front of the locomotive is raised by

the derrick car, the truck iz rin out, and o new pair of wheels
is applied, or it frequently happens that the ausiliary carries a
spare truck, which 15 substituted for the disabled one,

BROKEN TRUCKE SPRING OR HANGER

36, If an engine truck spring or hanger that serves to con-
nect the end of a truck spring 1o the equalizers, Fig, 19, breaks,
the trucle frame will setile down somewhat but the szafely
hangers if used will prevent the frame from setiling down on
top of the boxes. [T the springs do not interfere with the
truck, the engine can be run in hut ne doubt the truck journals
will run hot. It may he possible, should the springs interferc,
o relieve some of the weight on the truck by rafsing the second | a1

B
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driving wheel on the disabled side first, hlocking over this
driving bex, and then blocking over the imomt driving hox.
This will permit the spring to be pulled out of the way and will
also prevent overheating,

When a truck equalizer breaks, the truck frame will drop
down on the boxes. The trucle loses some of dts fexibility,
henee the locomotive should he ron carefully, especially over
frogs and around cutves

TYPES OF TRAILING TRUCES

37, A perspective view of a Communwealth trailing truck
is shown in Fig. 20, and in Fig, 21 is shown an Ales truck
manufactured by the Amcrican Locomotive Company. These
trucks arc shown applied fo locomaotives in Figs. 22 and 23,

The principal difference hetween the Aleo and Common-
wealth trucks is that with the former none of the weight is
carried by the truck frame, whereas with the latter the truck
frame hears a porlion of the weight of the hoiler and fratne,
Another difference is that the design of the Commonsealth
truck permits of o vertical movement of the truck boxes inde-
pendent of the truck frame, whereas the fruck hoxes are a part
af the truck frame with the Aleo truck and loth are subject ta
the stressez of rough track,

The frame of the Aleo truck can he made light because it
serves merely to retain the wheels and the boxes in their correct
positions; the weight carricd by the frame of the Commoaon-
wealth truck requires it to he made heavier,

The weight with an Aleo trucl is apolied directly {o the truck
boxes; its connection to the tnaim frame supports no weight,
tut is tnerely a swiveling point. The spring rigging, which is
connected to the locomotive cradle and not 1o the truck frame,
apporiions the proper share of the Toad to the journals:

38, With the Commotwealth truck, the weight of the reaz
end of the boiler and the frame is supported by the truck frame
at three points, none of which are rigid.  The rockers o, Fig. 22,
nne on each side, constitute the two reas points of supnort,. The
fromt end ol the truck Trame Is connected flexibly to a pocleet in
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the locotnotive cradle at 4 point belween the ends of the frame
and forms the third point of support for the rear of the boiler,

The action of the spring rigeing, which is anchared to the
trock frame at the points b, causes the front end of the frock
irame to be thrust upwards in its pocket in the main frame;
similarly the rear end of the truck frame is thrust up against the
rockers, In this manner the truck frame, through these three
poitits of support, s made to carty a portinn of the weight of
the rear end of the boiler and main frame.  Calenlations show
that the thrust at the frout of the frame exceeds the thrust at
the rockers,  Ttisto be understood that an upward thrust always
stupports an enual downward weight,

The spring rigging apportions, according to the location of the
points ¢, the proper share of the load on the three points of
support to the trailing-truck journals and passes the remainder
on to the difvingowheel journals.  The load on the trucle jour-
nals is always less than that on the truck frame,

39. The truck box of an Alco truck, when curving, moves
laterally with respect to the spring seat b, Fig, 23, any movement
of the scat being prevented by the woke o that ties it to the
frame. Az all of the spring rigging is comected to the loco-
motive frame mly, the trailing-truck spring remains in ling with
the other springs when curving,

The spring rigging of the Commonwealth {ruck is housed in
the truck frame and is pulled out of Tine with the other springs
when eurving,  Ilowewer, sofficient play s provided in the
hangers o, Fig. 22, far the cnds of the equalizers ¢ to swivel
ireely when curving withour affecting the back driving springs
to any extent. The equalizers cannot move sidewise in the
truclk frame, therefore the trailing-truck springs always remain
in correct alinement when corving,

LOOSE TRAILING-WHEEL TIRE

A40.  If the tire becomes loose on the wheel center, it will he
safe to proceed with caution, provided the tire is held on by
retaining rings and bolts.  ITowever, both the preliminury steam
valve andd the main steam valve to the Liooster must he shot tight.
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Tn the absence of retaining rings, assistance will have to he
st for Becawse, to tivhten the tire, it will have to be heared so
that new shims can be applied.  With {facilities at hand to do
this work, jacks should he placed at the fromt corners of the
frebox, and the rear of the locomotive raised,

The lrailing wheel can he raised by Blocking inside of the
Lox between the bottom and the journal and then placing a
ivurnal Jjack under the hox,

With a broken tire omoa cast-steel trailing-wheel center, the
engine can he ran in slowly,

BROEEN TRAILING-TRUCK SPRING OR HANGER

41. When a trailing-truck spring or hanger breaks, the
rear of the locomotive will usually settle down enongh Jor the
trailing wheel to cut inte the ash-pam,  Often the ash-pan is
tade with a depression to prevent damage in cases of this kind,

When a 2pting, a spring hanger or an equalizer brealss on a
trailing truck with outside journals, the truck will b tled ap
ot the broken side on account of the frime on this side settling
on top of the driving hoxes and thus relieving the weight on one
side of the truck; the weight on the other side then tilts the
truck.  The truck swill invariably derail il run backwards, espe-
cially through a curve

If desired, the railing wheel toay be held solid ou the rail by
rinning up the hack driving wheel cn the broleen side and hlock-
ing between the radizs bar ol the trailing truck and the main
frame,

EROKEN TRAILING-TRUCK WHEEL, AXLE, OR TIRE

42, It will be necessary tn send for assistance in order ta
have the necessary repairs made when o oruiling-trock wheel or
axle breaks. While wailing Tor help the steawm pipes and the
air pipes to the booster engine should be disconnected because
they are lable to be braken when the track is being raised,
Briefly, this hreakdowt s handled by raising the main frame of
the lncomative and blocking it at such a height that the {railing
truck when chained (o i will be clear of the mils. The proce-
dure when assistance arrives is usoally as fallows : The rear end
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of the engine i3 jucked up, Mocking heing frst pluced over the
farward driving hoxes to prevent the frame from lowering at
the front while it is heing raised at the rear.  The frame can be
raized until its top strikes the spring saddles or the pedestal
binders strike the grease cellars, depending on where the clear-
ance is the least.  The latter ardinarily veeurs first, After the
frame has been jacked up high enough Lo insure that the trailing
trick when chained ro it will have its wheels elear of the rails,
hlocking is placed between the Trount portion of the truck equal-
izers and the frame to take the tension of the spring rigging off
the chains after the truck has heen chained ap; also, blocking is
placed over the top of the back driving boxes to prevent the
possihility of the engine settling.  Next, the trailing truck is
jacled up and chadred directly to the engine frame, although in
somne cases a piece nf rail will have to be placed across the Trame
ta chain the truck to. The slack is taken out of the chains by
driving in wedges,

43, Tn some cases the brazsez ol the trailing truck will
have o be removed hefore the troclk wheels can be raized high
crough to clear the mils,  The trailing ttuck is jacked up high
enongh o permit the remnval nf the brasses, and the frame-is
lowered down to permit of the meximun apphication of hlocking
urider the journal ; the truck [rame is then jacked up as before,
The journals of the back driving wheels will prabably heaf,
owing to the exira weight that has heen thrown on them ;) alse,
the additional weight may loosen the lires on these drivers.

With o Commmuonwealth {rack, the triick equalizers are in the
trick frame; this malkes it impossible to remove the fension
of the spring rimging from the iruck.  Hence, when the truclk
is chained ap, the chaing not only huve to bear the weight of the
trucle hut the tension of the spring rigoing as well,  Blocking
is placed over the hack drivers, as before, to prevent settling.

It maw be poszible. with u partly broken wheel, to open the
tain track by sliding the wheel to the nearest siding.  This cun
e done either by wedging a eross-lic against the broken part of
the wheel, therely keeping it from turning, or by passing a
shott piece nf rail, I available, through the spokes of the wheel.
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BREAEDOWNS OF FOUR-

WHEEL TRAILING TRUCE

44, The frehoxes of mod-
ern locomotive hotlers are o
lirge that their weight i[ car
ried on a two-wheel trailing
truck would result in cxcessive
jpurnal loads: the four-wheel
truck, Tig. 24, was inlrodaced
to leszen the load hy distribuat-
ing it to a greater number of
journals,  The load is carried
om the irame of a four-wheel
truck as with a Commmomwealih
two-wheel trock, A portion of
the load is carried at the front
ettd where the truck is pivoted
to A cross brace at the rear of
the main [rame, the balance of
the load is transierred to the
rear of the trock frame
through a pair of heart-shaped
rockers interposed Lietween the
rear oi the cradle and the
frame, The weight that i on
the truck frame is transferrad
through the spring arrange-
ment, here shown by dash
lings, to the truck boxes and
thence to the journals,

BROKEN TIRE, JOURNAT,
OR WHEEL
45, The weight of locomo-
tives with four-wheel trailing
trucks is such that hreakdowns
affecting the trucks can only he
handled successfully by work-
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e supplied with the proper equipment such as jacles, block-

ing, ete,

A trgek wheel with an outside journal 1s lable to derail i 3=
mate is carried clear of the rail.  Therefore it is generally advis-
able to carry a pair of wheels clear of the rails for breakdowns
that involve only one wheel.  The first step when proceeding
iy do this work such as in the case of 3 broken tire, is to jack
up the rear end of the locomotive taldng core beiore doing so
to block over the forward driving boxes to prevent the framc
[rom seitling at the Front while it is being raised at the rear. A
heavy jack should be placed on cach side under the cotner of
the eradle.  The trock is relievesd] of
a greater portion of its weight as the
frome is Jacked up, also some of the
tension 13 taken out of the spring rig-
ging.  Smaller jacks can then be used
to raize the trock wheels and by Blacl-

g between the binders and the hoxes

the wheels can he carried clear of the

rail.  DBlocking should also be placed

under the back ends of the truck

equalizers, Fig. 23, so as to take the

weight off the truck boxes, as well as

over the back driving boxes fo pre-

vent the rear end of the lncomotive

from sagging down amd causing the truck wheel to come down
o the rail when the heavy jacks are removed.  The blocking
nider the equalizers can be inserted throneh the opening shown
that 15 provided for this porpose in the hottom of the trck
[rame,  Tf more convenient, the ends of the equalizers can he
supported by a long pin placed in the two holes in cach side
frame;

The procedure [or & broken tire on a front wheel {z similar
except that blocldng should be placed under the ends of the
erualizets on sach side of the wheel.

46, A broken wheel can be similarly handled: a broken
irurnal regquives the same treatment except that the end of the
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axle next to the broken jourpal will have to he chained uyp to
the cradle, the ather wheel heing carried by Dlocks over the
Linder as before deseribed, 1L the rear of the truck frame has a
tetidency Lo sag, it will have to be chained up to the cradis hut
this will e seldom neeezsary if the rear ends of the equalizers
are hlocked high ennugh. Dlocking should also be placed over
the hack driving boxes 1o relieve some of the overhanging
welpht front the fruck,

EROKEN TRUCK SEBRING

47, A broken truck spring will cause the truck to derail
for the smne reason thar o derailment ocenrs with a two-wheel
trailing truck for a sumlar breakdown,  The journals are on
the outside of the wheels, and when o spring breaks the loco-
muotive fratme on that side settles down on the driving bosxes and
+elieves the trucle wheels on 1his side of their welght, The over-
hanging weight on the journals on the other side then tilts the
wheels on the side with the broken spring: These wheels can
he held on the rail by jacking up the rear end of the locomotive
as already explained and blocking aver the tops of the rruck

bowxes.

TENDER BREAEDOWNS

48, When a tender-truck axle breales, sssistance will have
to be asked for, and a new truck applied. I a tender-truelk
spring or equalizer breaks, the tender will Tist over on that side,
and cate should be taken to see that it has cnough clearance.
The speed should be reduced with such a failure. When the
tender drawbar or pin fails, the tanlk hose will he Tuptared
she fire will then have to be drawn and the locomotive draven in.
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GAUGES AND SAFETY VALVES

WATER GATGES

1. Water-Registering Devices.—With no means of ascer-
tuining the water level in the boiler, it would he impossible to
Enow whether there is sufficient water in the boiler to protect
the erown shee! or whether the water 12 =0 high us to be carried
to the cvlinders. The crown sheet i= the highest sheet in the
tirebox and 1 therefore the first one to be uncovered when the
water hecomes ton low. With no water on the crown sheet, it
will overheat quickly and the result will he either a bodler explo-
zgtan or o badly damaged crown sheer that will have to be
Tenewed,

The importance of always being able 10 determine the water
level makes it unsafe to rely wholly on one deviee Tor register-
ing the height of the water, hence two are used so that one may
serve us a check on the ather.  One device is known as a water
gauge, vften referred to as the water glass, and the oilier device
iz called the pauge-cock, three of which are commonly used.
However, the modern practice is to use a waler eolumn, which
is a water gauge and gavoe—cocks combined in one device,

The water mauge, when wotling properly, shows the exact
water level in the boiler, whereas the gauge-cocks indicate only
the approximate level,

2. Types of Water Gauges—Waler gauges are of two
tvpes. One bype conststs of a straight tubular glass connected
to brackets an the hack hoiler head that are tapped through the
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sheet into the water space. With the other type, the water in
the boiler 1s connected to o metal compartment in which a strip
of glass is placed so that the water level can be readily observed.
This latter type of water gauge is known as a reflex gauge,
hecause the glass strip reflects the light in such a way as Lo make
the water appear black and the steam while,

8. Ordinary Water Gauge.—A water gauge of the ordi-
nary kind that employs a straight tubular glass to indicate the
witer level is shown connected to the hack beiler head in
Fig, 1 {a). The gauge comsists of two brackets, or fittings,
g and b, serewed fnto the hotler and connected by ihe waler
glass ¢, and the piping showi.,  The steam [rom the hoiler enters
the top of the glass through the opening in the bracket b and
the water enters the bottom of the glass through o stmilar
opeming in the lower hracket . Therelare, practically the same
pressure is exerted on the top of the gauge as at the hottom and
the weight of the water will cause it to wssume the same level
in the glass as in the hoiler as shown by the shaded portion in
gach. The bracket a extends a short distance through the hack
sheet ao that the solid water will enter the glass instead of u
mixture of steam bubbles and water as would be the case were
the brackets flush with the inside of the sheet.  The spindles d
aned ¢ 10 the top and the bolom brackets are nsed to shut off
the discharge of steam and water into the cab should the water
class break, when a new glass is being apphed or when the
accuracy of the water gange 1z being tested.  Under all other
conditions, the spindles should he kept wide open as shown,

4. All water gauges are enclosed by a waler-gauge pro-
tector, or shield, that will permit the water level to be ohserved
and at the same time will prevent injury to the enginemen by
fving glass should the tube hreak. A modern protector, shown
i section in view (&), usnally consists of o round meral shield a
serewed on to the top and bottom braclets, in which two or
three observation slides & and a perforated releasze plate ¢ are
set. Should the water glass bresk, the small perforations in
the release plate permit the steam to escape and rolieve the pro-
tector of pressure. and the shield and the shdes retain the hroken
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narticles of the glass. The glass can be blown out and cleaned,
when its interior becomes dirly and discalored, by opening the
drain cock Delow the bottom bracket, awd then closing the
valve ¢, The steam blows through the upper Lracket, down
through the glass, and out of the drain cock,

The lower bracket o is tapped into the hoiler at such a point
that, with the water at the lowest visilile part of the glazs, there
will be from 3 to 6 inches of water aver the erown sheet, the
actual depth depending on the railroad company’s standard,
Aecording to the Federal law, the depth of water over the high-
est part of the crown sheet with the waler just showing in the
waler glass must not be less than 3 inches.  The gaskets £, that
ave squeezed lightly against the water glass ¢ bw the packing
nuts g, make a steam-light ar water-tight joint where the glassy
enters the hrackets,

. Reflex Water Gauge—The tubular type of water gange
has several disadvantages. The glass s lable 1o breals, and it
is difficult to see the water level in poar light on account af the
similarity in color of the water and the glass, When the tuhi-
lar glass is partly filled, the movement of the water will ordina-
rily indicate the level, bur with the glazs Milled completely, i is oot
altogether evident whether the plass is full or empiy unless the
gauge-cocks are tested. The appearance of the flame of a
lighted toatch when held on the apposite side of the water wlass
will show whether or not the glass contains wuter, hecause the
flame will Took blurred when viewed through water,

6. With the reflex type of gauee, two views of which are
showen in Tie. 2, there is na difficnlty in observing the water
level for the reason that the water appears black as shown in
view (o}, whereas the steam space ahove the water is light. The
canstruction of this type of gauge is shown by the cross-see-
tional view in Fig. 3. The gauge consists of a hollow metal
body o with the water space & closed in front b a thick glass ¢
that sels in the slass seat . Gaskets ¢ oare placed between the
glass seat and the glass, and hetween the glass and the Bady.
The studs f cause the glass seut 4 to draw the glass ¢ up steam-
tight against the body ¢, The face, or the front, of the olass is

e
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smooth, and the back, or the water side, of the elass is Auted or
corrugated ds shown,  These eorrugations veflect the light in
stich a manner that the portion of the cauge filled with water
will appear black, and the part filled with stearm will appear calors
less.  The glass is made very thick and there is very liitledanger
ol breakage, Iowever, the steam, in Tollowing thie movemet
uf the water in the gauge, gradually wears wway the corruga-
tions, especially at the upper end.  When this ocenrs, the gluss
ho longer reflects the light properly, and s Linble to be mislead-
ing because the part of the glass that containg steam will begin
to darléen and will cause the steam
to show dark lile the water. “The
grlass should then be turned end for
et or a new one should be applied.
This type of glass is also lable to
leak in time at the gaskets,

With the exception of the water
glass, the arrangement of the reflex
water ganpe i3 the same as in Fig. 1,
The top or the bottom of the glass
can he cotmected to or shut aff [rom
the boiler by turning the valve handles 7 or 2 of the spindles
in the proper direction. The valve handle 7 is used to open
and eclose the drain valve. h

Fra. 3

¥. Disorders of Water Ganges.—\When the water auge is
in good order, the water will rise and {all freely in the glass
with the movement of the water in the hoiler when the locamo-
tive is in motion. A slugeish movement of the water indicates
that the steam or the water has not free access to the Fange
tlass, and the gauge indication must not be regarded as reliahle,
It should be remembered that disorders in the water gange
always cause the water level to appear higher, and not lower
than the water level in the hoiler,

The water gange must be in the [ollowing condition hefore it
will register the water level correctly: Both the spindles o
and e, Fig. 1, must be opened fully, the openi r1gs in the
brackets o and b must be clear, and the top and the hottom af
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the glass must be unchstructed. 17 the top spindie is closed and
the bottom one open, the water glass will always show full of
water az long as the water in the hoiler is up o the level of the
lwwer bracket ¢, Tn this case there would be no pressure on the
top oi the water in the glass, and the pressure in the boiler,
acting  through the lower bracket, would [oree the water
upwards., With the top spindie partly closed, the pressure of
the stearm on the top of the water in the glass will he less than
nurmal amd the water level will be higher than in the boiler,  TF
the spindle & in the botiom hracket a is closed and the top spin-
dle d is apen, the glass will All with condenzed water through the
hracket &,

8. Any obstruclion in the opening through the water-
gatge brackels ¢ and b s almaost invariably cansed by mud or
scale,  The lower bracket, as it is alwiys i communication with
the water, 13 the one that generally becomes obstructed.

The Federal regulations require the spindles of water gauges
and gauge-cocks (o he removed and the cocks thoroughly cleaned
of seale and sediment at least once cach month,

The water-gauge brackets as well as the gange-cocks should
have a siraight opening through them so that they can be easily
hored out when necessary to clean out the scale,

An obstruction at the top or at the hottom of the gauge glass
that restricls the passage of steam or waler to the glass is gen-
erally caused hy the guskets, Cases have been found in which
the water glass when applied was so short that the rubber gas-
ket partly covered the end of the glass:

9, Testing Water Gauges—It should always be ascer-
tained whether the water gauge 15 In good order before leaving
the terminal, and in making the test cach end of the gauge should
be tested separately. Tt can be determined whether the opening
in the top bracket & TFig, 1, or whether the top or the bottom of
the water glass is obstructed by closing the bottom spindle e
and then opening the drain cock.  Steam should then blow Treely
through the glass and the drain cock; 1€ not, the upper bracket
amed the ends ol the glags should he examined,
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The bottom bracket ¢ can be tested by closing the top spin-
dle d and opening the hottom spindle ¢ and the drain cock.  The
wuter should then escape freely; also after the drain cock is
closed and the spindle ¢ 15 apened, the water should return to its
former level in the glass instantly, A slow return of the waletr
is positive evidence that the opening throush the bracket is
obsittcted.

Adter making the test, the drain cock should he closed, and
Lol ol the valves o and ¢ should be opened anegual amount. Tt
is ftnportant thai these valves be examined s soon as the engine
man gets on the engine at & terminal, hecause they are often
closed while the locomotive is in the roundhouse.

Sometimes the water gauge is tested by metely opening the
drain cock, but such a test is unreliable, because a good flow of
steatn or waler could stll be obinined with one of the spindles
wholly or partly stopped up,  The reflex type of water gauge is
lested in the same way as (he tubular tvpe.

10. Broken Water-Gauge Glasgs. “'he spindles J and ¢,
Tig. 1, in the top and the bottom hrackets should be elosed al
ance, when the gauge glass breaks, to prevent the escape of
water and steam into the cab.  Tn applying o new lubitlar glass,
the glass should be just long enouvh to extend through hoth the
top and the boltom gaskels, in which event the gaskers cannot
squeeze out over the end of the glass and slop it up.  With the
glass in position, the packing nuts at first should be serewed up
very moderately by hand so as to allow the gaskets to soften
with the heat and alio to give the glass a chunce to expand.
When the glass breaks during application, it is generally due to
the fact that the packitg out is too Hghe to permit the glass 1w
expand when heated. The spindle: 4 and ¢ should then he
vpened slightly and, if the gaskets leal, the packing nuts should
he lighlened up a little af o time until the leale stops. The
packing nut at the steam end ol the glass should be a little slacker
than at the water end becanse the glass is hotter at the top and
the gxpansinn is greater, It should be possible to move the glass
vertically with the finger and the thumb after the packing nuts
are screwed up enough to stop leaks.  If the packing nuls are
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serewed up tight with a wrench at first, the glass will almost
invariably break when the steam is turned on, because the glass
cannet expand. A wrench should be wsed carefully and .nnlj-'
when the packing nuts cannot be tightened enough by hand.
However, if the threads on the packing nuts as well as the
threads on the brackets are thoroughly cleaned and oiled slightly,
the nuts can be screwed up by hand withour difficulty. With
the ordinary arrangement of glass, the gusket turns with the
packing nut. To penmit the gasket to turn frecly and not
crowd against the glass, the inside of the nut should be well
cleaned and a little oil should be applied,

11. Repair parts arc seldom available when the glass of a
reflex gauge breaks, but the run can be completed by depending
on the gauge-cocks,

The glass or the gusket of this type of gauge is renewed as
follows: The gauge is first removed from the brackets by
unserewing the packing nuts, shown in Fig. 2. The glass seat d,
Fig, 3, and the glass ¢ are next disconnected {rom the body 2
by utserewing the studs £ All of the old gaskets should be
removed and the parts af the body and the glass seat with which
the gaskets are in contact should be thoroughly cleaned.  When
assembling “the gange alter the defective parts have been
renewed, the studs § should all be tightened uniformly.  After
the gauge is applied and becomes heated, the siuds should again
be tightened up so as to take up any slack cansed by expansion.
A gasket should always he renewed with this type of water gauge
as soon as a leak starts,

GAUGE-COCHES

12, Description—The damage that results when the water
in the hailer hecotmes oo low 12 50 serious that it is not sale to
rely wholly on one device like the water gauge to determine the
water level. Therefore, gauge-cocks are also applied to the hack
boiler head for the putpose of testing the water level in the

“hoiler as well as for checking the accuracy of the water gange.

At Teast three sange-cocks are used, which are placed vne above
the other on the back boiler head an egual distance or about
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3 inches apart.

cocl dripper, which iz a receptacle for catching and carrving the
water from the cocks to a waste pipe,  The exact water level
cantiot be detertnined by the pange-cocks.  TFor example, if the
battom gauge-cock Dlows water, and the next one steam, there
is more than one gange of water and less than two gauges, bt
the amount in excess of one canot be determined.  The water
level hetween the gange-cocks can he told only by the water
ganLe,

Aceording to the Federal law, the bhottom gange-cocl must nog
be lesz than 3 inches above the highest part of the crown sheet.
The same applies to the lowest visible part of the glass o the
water gauge; therefore, the bottom of the glass in the water
gauge and the center of the holiom gauge-cock are in line,

13, A sectional view of the ordinary type of gauge-cock 1s
shown i Iig. 4. The front purt of the cocle is threaded and
is screwed inlo the back bodler head,  The opening a is normally
closed by the spindle &, which can be turned by the handle

shown., When the valve is opened, the steam or the water
discharges through the nipple «.  The steatn is prevented Trem
escaping along the valve stem with the spindle open by the
packing o and the packing nut e

The frequent opening and closing of the gaunge-ondls canses
the end of the spindle and ihe valve seat to wear until finally
the spindle is no longer steem-tight.  The spindle cannot he
rcgrﬂuiid to a steam-tight fit with pressure in the boiler, hecause

The gauge-cocks are placed on a slant so that
they can drain more converdently than otherwise into the range-
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there is no way to shut off the steam when the spindle is
retrved.

14. The sauge-cock shown in section in Fig. 5 is designed
so that it ean he repaired with pressure in the boiler ; therefore,
the pressure does not have to he blows down or the repairs to
the eock delayed until the hoiler i3 without pressure as with the
ordinary type of cock.  The end ¢ of the spindle does not come

P 5

in comntact with its seat &, when the valve iz opened and closed,
bt the joint at this time is made instead by the collar ¢ and the
renewable composition disk d. Therelore, there is no wear on
the end o because this purt is never used except when the disk
iz to be renewed, in whicl event the end o ig screwed {o ils seat
as shown. *The thread at e iscut leit-handed in order to malke
the movement of the valve haudle Feorrespond with the ordinary
gange-vock when the valve is opencd and closed. That 15, a
movement of the spindle handle to the right draws the collar ©
back against the disk @ and closes the gauge-cock, whereas a
movetnent 1o the lefl carries the collar away from the disk and
opens the cock as shown:  In open position, the steam or the
water Trom the boiler passes through the slots fiooone shown,
milled aeross the threads on the stem, then past the collar ¢ and
the disk , and along the fated stem 1o the nipple i

15. 1o renew the disk when it leaks, the spindle handle is
tiurned to the left as far as possible, thereby moving the collar ¢
away from the disk & and bringing the end o of fhe stem in
contact with its seat B, as shown. The discharge of steam
through the nipple 1 then stops.  The coupling out j is next
turned off the honnel k. the packdng nut [ is unloosened and the
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handle f is removed. The packing nut, the bonnet, and the disk
are then slipped off the stem, a new disk is applied, and the parts
are connected up again, The spindle handle should then be
turned to the right as far as possible, which brings the collar ¢
in contact with the disk o, Tt should be noted that, if the spindle
handle is turned too far to the left when trying the water level,
the end @ seats and shuts off the discharge of water or steam.
Thercfare the handle should be turned only enough to cause a
good flow.  One und one-quarter turns of the handle brings the
end a agaitst its seat,

16. Disorders of Gauge-Cocks.—Gauge-cocks are stibject
to practically no disorders if they are properly applied and kept
clear,

somnetimes o gange-cock, when opetied, will blow steam while
the one above it will discharge water, Such 2 eondition is
brought about because the gange-cock dues not project far
enough intg the boiler.  On madern locomotives, the water next
to the back head, especially near an arch tube and bencath a
boiler bracket, is net solid and may he largely steam bubbles.
Unless the gange-cock projects through this Glm of sleam, stearm
will discharge when the cock is opened.

1%. Number and Location of Water Glass and Gauge-
Cocks.—The Federal regulations prescribe that every hoiler
shall be equipped with at least one water gluss and three gauge-
cicks,  The lowest gauge-cock and the Towest reading of the
water glass shall not be less than 3 inches above the highest part
of the crown sheet, According to ancther rule, all 1ubular
water glasses and lubricator glasses muse he equipped with a
safe and suitable shicld, which will prevent the glass from fving
in case of breakage, and such shield shall be properly maintained,

WATER COLUMNS
18. Water Level in Modern Boilers—With the carlier
types of boilers; and the locomaotivie working, the gauge-cocles
indicated the same water level as the water gatge;, or the read-
mgs of the two corresponded.  For exatmple, with the water
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level just reaching the middle gauge-cock, an equal height of
water would be shown by the water gauge, With a mnodern
boiler, unless the locomotive is at rest, o considerable variation
exists between the water lovel as shown by the water gauge, atul
the gavge-cocks, if these devices are applied in the ordinary
matiner.  Therefore, cither the water gauge or the gatge-cocks
are registering incorrectly, and serinus consegiicnces will result
if reliance is placed on the one that is wrong,  The conditions
that cause the gaure-cocks and the water gauge to indicate dii-
ferently are as follows: The modern hailer has a sloping back
head ag shown in Fig. 6, so as {0 make more room in the caly, and
the firebox is equipped with architubes ¢, one shown, and 3 brick
arch b, The brice arch causes the heat of the fire to impinge
om the arch fubes, the door sheel ¢, and the hack end of the
crown sheet o, and this results in o severe agitation of the
water and a rapid circulation through the arch tubes amd up
the door sheet.

19. The sloping back head and the door sheet ¢, in com-
hination with the rapid circulation, 1ift the water at the hack of
the erown sheel [rom 4 fo & inches higher than in any other part
of the buoiler, as shown, when the locomotive is worldng hard.
The water gauge ¢ shows that the water is about 6 inches deep
on the crown sheet, while the top gauge-cocls, if opened, wonld
indicate a depth of water equal to about three gauges. The
gaunge-cock at the top therefore will show about 3 inches more
water in the hoiler than will the water gauge. The water Tevel
in the water gauge 1= not affecled to any great extent when the
water is lifted at the back of the hoiler. The water iz foreed
into the water gauge by its weight, and the weight of the water
in the hoiler at the normal fevel is 2o much in excess of its weight
at the higher level that this latter level docs not taise perceptibily
the water in the gauge,

The following will also explain why the higher water level s
not shown by the water gagge: With the water higher in one
part of the hoiler than in the other, the water gange will fndi-
cate the average height of the water in the boilers The higher
water level is only a small part of the towal level, hence the aver-
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age water level as indicated by the water gauge will be very
slightly more than the normal level.

[onwever, if the rear of the boiler could he walled off from
the remainder of the bailer, the high water level al the rear
would then he indicated by the waler gauge.

20, The gauge-cocks only indicate the water level at the
point where they are lapped into the boiler, and they therefore
show a greater depth of water than really exists when the
water is higher at the back. As shown in Fig, 7, the front of
the erown sheet is unprotected, whereas the two lower gange-
cocks shaw water. The water-gauge glass in this case
chows no water. The crown shest slopes to the rear]
there is less liability then for it uncovering when descending
srades when the rear would be the high point, il level, When
ascending a grade, the front is the high point but being nearer
the renter of the boiler the water 15 not lowered as mueh as
at the front tube shieet, This construction reduces the darmame
with low water as bl a small area of the sheet i3 uncovered:

The conmon understanding has always been that the true
water level can only be determined by the cange-cocks, because
they are tapped directly into the hoiler, and that the water level
as indicated by the water gauge is nareliable on account of the
- disarders to which it is liable. ITowever, when the water lifts
at the bacl end, the correct water level 15 indicated more
accurately by the water gauge The fact thal the gaunge-
cocls have heen relicd upon instead of the water gauge has
resulted in damaged erown ghects,

21, Purpose of Water Column.—The purpose of the warer
calumn is to prevent the high water level in the hack of the
hoiler from heing indicated by the gauge-cocks, or the witer
column serves to give a correcl gauge-cock reading.

An exterior view of a water column is given in Iig, & which
i1 this ease consists of a hollow metal body a, 4% inches in diam-
eter, with a water gauge b and saugescocks ¢ connected fo it
In reality a water column is a special form of witer gauge, with
saigre-cock s attached to i, The water puuge shows the exact
weater level in the interior of the budy g, and hence in the beiler,

Froo 8
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anid the gauge-cocks check the accuracy of the water level as
indicated by the water gange, also to indicate the water level
should the valves § have to be closed owing to failure of the glass.

22, The water column is connected to hrackets d on the
back boiler head and is placed, i possible, midway hetween two
arch tubes. The top of the column is connected to the roof
sheet by the copper pipe ¢ and the bottom is in communication
with the interinr of the hoiler through the pipe f. This pipe
eriters far enough into the water space toextend beyond a crow-
foot or hoiler-lrace foot that may be above it thereby insuring,
as far os poszsible, that water arl not a mixtare of waler and
steam enfers the pipe and (he waler colummn. The pipe, or exten-
sint,  can be Loted out by removing the plug g No valve i3
placed in the pipe ¢, because if one were used, there would be the
passihility sometimes of its being closed.

The water-gauge compartment f, as shown by the part-sec-
tional view of the water column in Fig. 9 {a), 13 connected with
the interior of the column through the openings ¢, the communi-
catinm through which is controlled by the valves & and ¢ on the
epindles j and & Unless each valve is open fully as shown,
stenm ot water will pass by the part { of the spindle and ¢scape
at a warning port e, therehy indicating that a valve is partly
closed.  (OF course, if hoth valves are closed tight, no blow will
peent st either warning port,  The water compartment can be
hlown ont by removing the plug »; and the water column, by
npening the valve o, The openings f# are provided for the gauge-
cocks, A sectional view of the water column is shown in {2).

23, Disorders of Water Columns,—The water-gauge por-
tivm of the water column shown in Fig. D is subject to prac-
tically no disorders, provided the openings g are kept clear.
Some types of water columns have the water gauge comnected to
them by piping instead of the gauge being a part of the column
as shown in Tig. 9. With such a type nf column, unless the
niping and brackets are arranged so that they can drain into
the columm, water pockets will form in them and interfere with
the reading of the water gauge, Sometimes the opening through
the water-gauge hrackets, Fig, 10, is not bored exactly through
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their center, and this will canse condensation to he retained, cven
with the Bracket inclined, A wery stall pocket of waler in the
piping or brackets will seriously affect the operation ol the
water gauge, as it prevents the gauge from receiving full steam
pressure, with the result that a higher water level will be indi-
cated than exists in the Doiler,

24, A, R. A. Recommended Practice—The recommende:d
practice of the American Railway Assocation with respect to
the application of water columns is shown in Fig. 10, The
water column is to be located well foward the center of the
hoiler to alTord pratection and to avuid violent fluctuation of the
water while rounding curves.  The top of the water colump
is to he connected to the boiler on the top center or ina Ineation
not farther to the side than ¥ inches and fwot nearer to the back
head than the haclk-head scom.  The drain pipes may cither be
extended to within 1 inch of the cab floor or deck and discharge
through holes slightly larger than the diameter of the pipes or
Uhew may be arranged to discharge into pipes with fuinel-shaped
rops as shown. The inner end af the hottom spud must not he
closer than 26 inches to the fircbox-deot sheet : if nearer than
this the gauge indivation will be affected by the rapid boiling of
the water next to the sheel and 2 too high water level will he
indicated. This spud must not be located in the radius or
Lnuckle of the hack-head flange or immediately above the arch-
tuhe opening and mmst extend not less than 13 inches through
the back head and beyond any altachment to avoid location
within an eddy or pocket where water may dam up. Alsa, this
spud must be located ina vertical range between 3 inches helow
and 3§ inches above the baclk end of the firechox crown sheet.

Soppetimes it may be found that a water gasge and a water
cplumn do not regizier alike; this may be due to their spuds
Aot extending through the hack sheet the same amuunt or o the
hoiler not heing level on its springs.

The pipe from top of water column to boiler must be of
copper not less than 14 inches inside diameter. The hottom
apid should have a §-nch straight hored port,  The steam pipe
to the water glass is to be not less than 4 inch oulside dinmeter,
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STEAM WHISTLE

23. Purpose and Description,—The purpaose of the whistle
is to give the signals required by the rules. A sectional view of
& whistle is given in Fig, 11. The bowl & is serewed into the
steam dome and the bell & iz connected to
it by the center bolt d and the top nut -
The washer [ completely closes the top oi
the howl with the exception of the circular
slot . The wvalve b, which s opened Ly
the lever 4, serves o admit steam to the hell
of the whistle through the opening g, The
lever §is connected by a rod to the whisthe
lever in the cali

26, Operation —'I'he lever 4, Fig. 11,
is pinned to the whistle hody, therefare the
lever will unseat the valve & when the lower
end is drawn back.  The steam in dizcharg-
g through the opening g against the edge
al the bell & cavses it to vibrate, with the
resuit that the bell will also wibrate and
produce a sound. The valve & is scated hy
the steam pressure when the end of the
lever 4 is released,

Whistles are of two types. the common, or ordinary, type and
the chime type, shown in Fig. 11, The bell of the ordinary type
oi whistle consists of one chamber, whereas the Lell af ihe
chime whistle has several chambers of different lengths.  In
this case, vach chamber emits a differcnt tone, and the sound
is more agreeable than that produeed by the whistle of the
ordinary type:

STEAM GAUGE
2%. Purpose and Description—The steam sauge 15 a
device that shows the pressure that the steam exerts on each
square inch of the interior of the hoiler, Variows tvpes of
steam gauges are used but they all aperate on ihe sume principle.
An exterior view of a steam gauge is shown ia Fiz. 12 (a).
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The gauge iz connected to the boiler by a pipe that is coupled
at ¢. The dial & which is connected by screws to the.‘ case ¢,
is graduated from O to 300 pounds.  The gawge hand 4 15 prv-
oed in the middle to the interior mechanism of the gauge and
moves around the dial in aceordance with the pressure in the
hoiler. The dial is white, and the gange hand and the figures
are black in order to facilitate reading. The dial and the gauge
hand are protected by a glass held in a ring » that screws on to
{he case ¢ and makes a dust-proof joint.

28 The dial, the glass, and the ring are shown removed in
Fig, 12 (&) in arder that the interior parts of the gauge can he
seen,  The gauge tube f is closed at the upper ends and is of
elliptical section as shown by the full lines in view (¥ The

k =i
it} it
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tube iz toade in two parts, with the Jower etcis hrazed to 3
socket g, view (&), that Is secured by two screws to the case ¢
& part a of the socker extends thruough the case as shown, and
it iz to this part that the steam pipe {rom the heiler is attached.
The interior of the tube is connecrad to the steamn pipe through
a passage in the socket. The left end of the tube iz :f{e.xihl}-
conmected hy a screw fo the link & and the other end is flex-
ihly commected by & screw to the link 4,




|
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The link 7 is flexibly connected by a serew to a slotted adjust-
ing slide, which is secured {0 the toothed section & by the two
lack serews shown. The purpose of the slide is to permit the
mner end of the link § to be moved to another position on the
tonothed sector when the gauge iz Leing adjusted.  The sector &
is secured to a spindle [ the ends of which are free to rotate in
the inside movement plate s and the catside movement plate =,
The two mavement plates are connected at the required distance
apart by two movement posts and {he complete movernent is
connected 1o the gange case by serews in the inside movement
plate,

The pinion o that neshes with the tecth in the sector & s alsn
carried on a spindle p, the ends of which tarm in the movement
plates.  The gange hand iz st on the outer end of the spindle,
Cine end of the pinion hair spring g is cotmected fo the movernent
post and the nther end is counceted tu the spindle 0. The spring
resists slightly the action of (he sector in turting the pinion ;
therefore, the spring keeps the piniun in contact with the recth
in the sector and therehy prevents the pinion [rom turniug bhack
and forth on the sector and causing wear,  Tn the absence of the
spring, the mmvement of the engine would catise 1he pinion iq
move on the sector and the sauge hand would vibrate,

The link & is connected by a serew to an eccentric # sa that the
link can be lengthened or shortened when aljusting the gauge
by turning the eccentric.  The eccentric is clamperd in posidon
by the serew shown beneath it The gouge hatd 4, view (d),
is connected toa stud 5 that in turn is pressed nn to the end of

the spindle #.

29, Operation. —The operation of the sleam gauge i= due
totheeffect of pressure on the interior of a tube of clliptical criss-
seetion, as shown by the safid line in Fig, 12 (), which is bent in
the form of a cirele,  Pressure when applied to the inzide of such
i@ tube tends to make its cross-section roundd, as shown by the
dotted line.  But i1 the tube is bent inta the are of 4 circle jis
eross-section cannot become round until the t1he s stradphtene:d
onit; hence pressure applied to the inside of the tibe canses its
free ends to move oulwards, 11 the tube were civenlar in section

instead of elliptical, the application of interior presstire wuu}d
cause no movement of the ends of the ’Euhc. "l_hf:_refnre, in
view (&), both ends of the tube f, which is q?[ elliptical cross-
section, will move outwards when pressure IH_U)LL:I'LCd on the
interior through the passage in the socket . The effect of the
movement of the ends of the tube is to move the luwc:r_end of
the link ¢ and of the link § to the right, therely causing the
toothed sector &, which is pivoted on the spindle [, to move across
the pinion 0. The turning movement imparied by the SE.'CLT;_.'IT’ t:;
the pinion turns the spindle p, and therehy causes the gange hand

Fra: 13

o move forwards an the dial.  When the pressure dEElI'E:lh'f_'S in
the interior of the gauge tube, the ends of the tube move 1_1115'&'5':15,
aid the sector and the pinion are moved in the reverse fhr:actmn.
The gauge hand then moves bacl:warda. in Efccorﬂance 1.?r_1t11 _thu
change in pressure, The scale on the dial of the gauge is o ad-
uuteri so that the position of the pauge hand will indicate the
pressure that acts en the tobe i the gauge,

30. Gauge Pipe——In order tu operate properly, the expan-
sion of the gauge tube should he au:um]_:zlfshed by pressure 0111:'5.-',
and the shape of the tube should not he mﬂucnﬂ:ud_ by {:hangesl in
temperature.  Therefore, the pipe between the boiler connection
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wned the gauge must be so arranged that steam will never get inta
the patge tuhe and cause it to expand.  The entry of hot steam
tor the tube is prevented by bending the pange ]jrfp'f: somewhatl as
shown in Fig. 13, The hent portion of the pipe as well as the
tube in the gauge fills with water that is condensed Trom the
steam.  Therefore, the gauge tube is operated by the pressure
thut the steam exerts on a column of water in the gange pipe
atid in the gauge tuhe, -

The pipe connection at the gauge must be mainiained tight,
otherwise the water will leak oul, and the accuracy of the giﬁge
will be impaired by fhe steam that enters the tiube. ‘The Fanre
should also be placed in 4 reasonably cool part of the cab so
that the acenracy of the gauge will not he aflected biv the heat
The Federal law requires steam gauges to be tested every
3 months and also when any i1'1"r:g{u!arit}r- is reported, ‘

SAFETY VALVES

31. Purpose.—The purpnse of the salety valve is to pre-
vent the steam pressiure in the boiler to which it is attached from
rising abuve a definite point called the working pressure,  Loco-
motives are provided with (weo or three safety valves set to open
at slightly difTerent pressurcs.  Two safes v walves are reguired
by Jaw for the reason that should one vulve fail to opetate,. the
other will apen and relieve the pressure.  The safely valves are
cotmected lo the interior of the main steam dome or awclary
steam dome hy means of & piece of pipe called a safetv-valve
extenston,  Ohne end of the extension is scrowed into thc- dotne,
and the other end is screwed into the safety valve,

Safety valves are cither of the OPEn-pap or muled-pop type,
A mufled-pop safety valve is merely an open-pop safety valve
enclosed within a perforated plate culled a muffler, which lessens
the noise of the steam when the valve apens. .

3. General Design of Safety Valves.—Safetv valves are
desirned to avoid certain objectionable featurcs in operation
which will be more clearly understood Ly considering Fig, 14
and the explanation that follows. The valve a, which will he
assumed to be held to its seat by a spring with o tension of
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100 pounds, has an area that cxeeeds only slightly the area of
the opening through the pipe. When the pressure rises to 100
poutids the valve will unseat, hut very slowly, because the area
pxposed to the pressure when the
valve opens is wvery litle more
than when the valve iz clozed,  Also,
the valve will seat immediately when
the pressure reduces slightly, and
will open again al vnce when the
pressure rises a little. A valve that
upens and closes with a slight differ-
ence in pressure will seat and unseaf
very rapidly as the pressure leeeps
increasing amd the relicf of pressire
will be accompatied by a chattering
or hammering  action  that  will
quickly wear out the valve and ils seat.  Therefore, it is cvident
that such a type of valve would be altogether unsuited for the
purpose of relieving pressure.

T 14

33, Locomotive safety valves are designed to overcome
the alijectionable features of the valve shown in Fig. 14, The
design of these valves iz such as to cause them to open quickly
and Temain open umil the pressure reduces to whatever extent
may be desired, when they close quickly.  In mher words, the
desion iz such as to prevent the slow opening of the valve and
il r-apid seating and unseating, or chattering action, just con-
sidered,

Safety valves that operate quickly during the opening and the
closing movement are zaid to have a pop action, hercs, valves
of this lype, which are universally msed on locomotives, are
referred to as pop safety valves,

The difference hetween the pressure when a safety valve
opens and when 1t closes i3 called the blow-down. Tor exam-
ple, if the walvt opens at 200 pounds and closes at 197 pounds,
the Blow-down 15 3 pounds, Al locomotive safety valves are
desipned so that the blow-down can be changed o any amount
tesirad,
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ASHTON SAFETY VALVES

34, Description.—A sectional view of an Ashton DREn-pop
Et&fﬂ}r Iva!ve in open position i shown in Fig, 15, The base
rig a 18 screwed on to the bottom, or base, b, which is threaded
as shown for the safely-valve comnection in the buoiler. The

oz, 15

Flead ¢ 18 secured ta the base ring by head bolts, not shown, and
nh.e vap 4 is serewed on 1o the top of the head, The valve »
H with gt}iding wings 7 can only move upwards and DPEL agaital

' | the resistance of the spring g, The pressure of the Spring is
- ‘ tranlstmtted to the valve through the lower disk & and the projer
Aemsion ds placed on the spring by the pressure screw 1 and the
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apper disk j.  The chamber & extends entirely around the valve,
arel communicates with the atmosphere through the openings [,
two shown,  Charnber ¥ is in communication with chamber m,
which alsa exlends entirely around the valve, through the narrow
slot » between the base and the base rimg.

A5 shown in Fie. 16, the stearn that enters chamber m
throngh the slot 5 passes by the two pop regulators o to cham-
bier &, which, as already stated, is open Lo the atmosphere through
the openings &, Tig. 15, The extent of the opening between the
twa chambers can be waricd by {urning the pop regulators o,

Fro. 16
Fig. 16, which are held in any desired position by the check-
auts p. The spring chamber is cnanected to the atmosphere
through the openings p, Fig. 15, in the body, and a series of
piorts g in the cap. Any sleam that enters the spring chamber
will therelare not impose additionul weight on the valve.

The satety valve is about 12 inches high, and has a diameter
o1 about 6 inches.  The valve ¢ has a diameter of 23, 3, 34, and
4 inches, depending on the size of the safety valve.

35, Muffled Type. —As shown in Fig. 17, the muffled type
of the Ashiom pop safety valve consists merely of the open-pop
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type enclosed by a dome top 5, with two muffler plates ¢ within
it. The dome top is held in place by the cap d and the [P repn-
lutors o, which are lengthened o as to Lring their upper ends at
the top of the valve, The other parts of the valve are letiered
asin Fig. 15, A perspective view of one of the perforated mui-
fler plates is shown in Fig, 18, The opetings 7, in the head ¢,

Fig, 15, cannot be seen in Iig. 17, as two ol them lie behind the
pop regulators 2.  After the steam passes through these open-
ings and enters the chamber i, it passes through the pﬁ'.r{::_u'u-
tioms 4 in the mufiler plates and through Dpc-ning;-:, not shown, in
the dome top s to the atmosphere. The steam i divided i;1tr:
small streams and escapes with Httle noise,

‘36 Operation.—The operation ol a pop safety valve may
he divided conveniently into Taur phases ; namely, the opening
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of the valve, the holding of the valve open, the closing of the
valve, and the varving of the time the valve is held open, or the
blow-down.

O pening of Palee—¥When the upward pressure of the steam
under the valve ¢, Fig. 15, increases beyond the downward pres-
sure exeried by the spring ¢, the valve moves upwatds and opens
as shown,  When the valve beging to open, it exposes a greater
area to the steam, hence the pressure tnder the valve increases
with the result that it moves up quickly. The increase in the
effective area of the valve also causes it to move upwards farther
than otherwisze and {he steam '
passes up by the valve into cham-
her £ and [rom thence through
the opetings ! toothe atmosphere,
A part of the steant that 15 pass-
ing under the lip 2 on the valve 13
deflected downwards through the
slot # to chumber s, from which it pusses by the pop regula-
tors o, Fig. 16, into chamber & and to the armosphere through
the openings f Fig. 15

Halding the Vafve Open—"The valvd does not seat atd unseat
a5 the pressurc reduces Lut remaing open until the pressure
reduces to o certain amount that can he varied as desired.  That

ITeeie 15

the valve remains open is due mainly to two reasons; namely, a
greater areq 15 exposed to the presstire of the steam when the
valve s open than when it s closed, also the lip of the valve
restricts the [ree passage of the steam from under it.  Besides,
az will be explained farther om, the steam that passes through
the slot & to chiamber s acts 1o keep the valve unseated to a
degree determined hy the opening by the pop regulators.  The
vesult s that Dor oo time the upward pressure exerted on the
valve by the steam cxceeds the downward pressure exerted by
the spring, hence the valve will open wide and will remain open
until the pressure decreases to such an extent as to cause it to
remain closed, when it will finally scat.

Clostng of Valve —As the pressure of the steam beneath the
valve hegins lo decrease, it will hegin tn move downwards.
However, the downward movement §s not uniform bt increases
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as the valve approaches closer to its seat. The reason for this
is that the opening between the valve and its seat lessens as the
valve moves downwards, hence less steam escapes, and the pres-
sure of the steam against the area of the valve outside of its
seat begins to decrease. . The decrease in the pressure againse
this part of the valve finally becones so promounced that the
valve seats quickly with a pop action,

Therefore, while an incresse in the efective ared canses ihe
valve to open quickly, the reverze, or o decrease, in the effective
atea causes it to close quickly.

Varving the Blowe-Dozn.—The blow-down or the extent that
the pressure reduces before the valve seats can be varied by
turning the pop regulators so as o decrease or inerease the
outlet [rom chamber s, Fig, 160 The Blow-down is increased
when the pop regulutors are turned down and the escape uf
sleam trom chamber s Is reduced. because more steatn has now
to pass wikler the valve ¢, Fig. 15, and the steam will not escape
with the same freedom as hefore. The steamn will therefore
exert a greater pressure under the valve and the boiler prezsure
will accordingly reduce more ur the blow-dewn will increase
beture the valve will seat,

An opposite ellect accurs when the pop regulatory are
serewed up and the outlet from chamber 15 inerensed,  In
this event more of the steam will he diverted to the slot 5 and
& corresponding lesser guantity of steam will pass under the
valve e, With the steam escaping with more Trecdom, Tess
pressure will be maintaired under the valve and it will seat with
a less reduction in pressure. The length of time the valve
remains open during the blow-dewn depends on how rapidly
the water is being evaporated, but the extent of the Blow-down
depends on the adjustment of the pop regulators.

The chamber e or a similar chamber in ather types ol pop
safety valves is commonly known as a keddfing chamber, from
which the escape of the stearn can he varied at will.

LOWCODCYTIVE APPEIANCES

CONSOLIDATED SAFETY VALVE

37, Description.
npen-pop salety valve is given in Fig, 19,
o to the base b, which is threaded as shown for the safety-valve
connection,  The downward pressure of the spring ¢ is trans-
mitted to the walve, or Teather, o through the lower spring

A sectional view of a Consolidated
The case a 15 screwed

Fio. 1%

washer ¢ and the spindle [ and the required tension iz placed on
the spring by the compression serew g, which bears against the
upper spring washer i,  The locknut § prevents the compression
serew from moving aiter it has been adjusted. When the
valve o lifts, the steam escapes to the atmosphere through the
openings §in Lhe case.  The apenings & in the top of the case,
of which there are ten, permit any steam that enters around the
spring to escape.  The adjusiing ring I which is used to regulate
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the blow-down, iz threaded on to the hase ¥ and is held from
lllitning by the ring pin w. A series of slots are cut around the
ring, ated the ring pin, when screwed in all the way, fits into one
of these slots. A hole # is drilled through the adjusting ring
atid a hole g is drilled through the valve. These hales prevent
water from collecting and freezing in severe weather when the

Fra, 20

boiler is cold. A drip hole p is also drilled from the outside of
the valve into chamber g. The vulve is threaded as shown so
that should the valve sticle when necessary to remove it for
repairs, a stud can be screwed in and the valve lilted out.

38, Muffled-Pop Safety Valve—A scctional view ol the
Consolidated mufilet-pop safety valve {s shown in Tig. 200 The
only difference between the open-pop and the muffled-pop type
is the addition to the latter of an inside mulller shell @ and an

¥
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autside mufler shell . The inside mufiler shell iz placed around
the case ¢ and is held in position by a lip d on the outside shell b
wher it is screwed on to the case.  The outside muffler is further
secured to the case by the lneking screw e,

The steam instead of discharging through the openings j to
the atmosphere, as with the open-pop valve, passes through the
series of narrow slots shown in the inside and outside muftlers
{o the atmosphere,  The slots divide the steam into fine streams
and thereby deaden the noize.  Tn all other respects, the opera-
tion of the mullled-pop iype of safety valve is similar to the
open-pop type,

39. Operation.—\When the pressure of the steam under the
valve o, Fig, 19, exceeds the tension of the spring ¢, the valve
lifts and the steam escapes into the adjusting ring [ and thence
through the openings f to the almos-
phere. A greater area is exposed to
the action of the steam when the valve
bepins 1o rize, hence it will lift quickly.
When the pressure reduces, the valve
moves downwards, and as the pressure
on the puter edge of the valve redoces
as the opening between the valve and
the seat lessens, the valve will seat
quickly with a pop action. The wings
on the valve cause it to move upwards vertically and they also

Fra. 1

serve 1o raide the valve to @ frue seatl,
E=]

40. Varying the Blow-Down—The blow-down can be
varied by removing the ring pin i, Fig 19, and turming the
adjusting ring { with a pointed fool. The thread on the ring
is right-handed and the blow-down is decreased by turning the
adjusting ring downwards nn its buse and increased by turning
the ring upwards. The ring should be moved only four or
five notches at a time. The reason why the blow-down is
decreased by turning the adjusting ring dow iz that the stemn
can then escape more frecly from under the valve, The outer
portion of the valve will then be subjected to less pressure, aml

R—i
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the valve will seat when the pressute is reduced tn a Tesser
degree, . A

When the ring is tumed upwards, the passage of steam by
f:hf: edge uf the valve iz restricted and a higher pressure is main-
tained under rthe valve. Accordingly, the valve does not sead
until the pressure has blown down to a greater extent {han
when the ritg was lower, .

41. Safety-Valve Extension—A perspeciive view of o
safety-valve extension is shown in Fig, 21, The lower end of
the extension s screwed into the boiler and the safety valve is
serewed on to the upper end.

CAPACITY QF BAFETY VALVE

42. Definition.—The capacity of a safely valve is the
number of pounds of steam that it will discharge in one hour,
and this depends on the area of the discharge opening, the steam
[ressire, and the lift of the valve. AL 200 pounds gauge pres-
sure a safety valve with a valve 3% inches in diameter will dis-
charge about 12,000 pounds of steam per hour.

It requires 1 pound of water to make 1 pound of steam,
hence the discharge of steam at the safety valves miay b con-
;idg—cd m pounds of water instead of pounds of steam, ii
lesired,

43. Capacity and Boiler Evaporation.—The Federal resu-
lations require that every boiler shall be equipped with at ]»;:st
two safery valves, the capacity of which shall be sufficien; o
prevent, under any conditioms of service, an accumulation of
pressure of more than 5 per cent. above the allowed steam
pressure,

The foregoing shows that the capacity of the safery valves
must be such as to discharge the steam faster than it is being
evaporated. A locomotive boiler will evapnrate from £ 1o 1.5
ponds of water per hour [or cach square foot af .}]f‘-:.tl'iﬂaf st -
face. A modern locomotive has ordinarily about 4,000 équurt
feet of heating surface, hence the evaporation will be 400052
or 32,000 pounds of water, if 8 pounds is assumed to he f_‘.vapi..ll
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rated ior cach square foot per hour. ‘Three 3i-inch sajety
wnlves with a combined capacity of 36,000 pounds of steam per
hour will easily leeep the boiler pressure within the bmit pre-
seribed by law.

44, Setting Safety Valves—1he Federal regiilations pre-
seribe that safely valves shall be ser to pop al pressures not
exceeding 6 pounds above the working steant pressure and also
that the water level in the boiler shall nat be above the highest
sauge-cock when setting the valves. The steam pressure the
hoiler is designed to carty is indicated on a metal hadge plate
attached o the builer head.

With a locomntive equipped with three salety valves and a
hoiler pressure of 200 pounds, the valves are usually set as fol-
lows: The thind valve is set for 203 pounds, with a pop, or
hlow-back, of 5 pounds before it seats; the second valve 13 set
for 202 pounds with a Llow-back ot & popinds ; and the hrst valve
is set for 200 pounds with a blow back of 3 pouds.

45. Waste at Safety Valves—VWhen Lhe capacity of a
safety valve is known, it is a simple matict to caleulate Lhe
amount of coal that is wasted for each minute that the valve is
open. A 3-inch safely valve has a capacity of 12,000 pounds
of stemn per hour, or 200 pounds per minute,  One pound of
enal will evaporate about 7 pounds of water and it thereiore
tequires nearly 30 pounds of coal to evaporate 200 pounds of
water, or the amount that is escaping through the safety valve
each mitle,

BLOW-OFF VALVES

46, Purpose—Haoilers are provided with hlow-off valves
for the purpose of cleaning out the mud and the scale that seltles
in the water legs, and they are located just above the mud-ring
it the water legs of the boiler.  Generally, there is a blow-oif
valve on each side of the boiler and also one in the throat sheet
at the front of the firebox, A surface hluw-off valve is one
that opens into the hoiler at about the level of the top gauge-
encle, Tts purpose is to skim off the scum from the surface of
the water in cases of foaming. Blow-off valves are usually i
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the gate type, that is, when the main valve is opened there is an
unobstructed passage for the discharge of the water. Blow-off
valves of the globe tvpe are no longer in general use becatise their
design is such that the water cannot blow straight through therm.
Therefore, this type of valve would check the flow of muddy
water with the liability of Toreign material accumulating near
the valve and under the valve seat.

47. Description.—An exterior view of the Okadee blow-
off valve, which is of the gate type, is shown in Fig, 22 (4),
and in view (&) iz shown how the valve is connected to the

boiler. The valve is cotmected to the boiler sheet hy studs that
pass through a flange on the valve, and a steam-tight joint
between the valve and the sheet is made by the ball-faced bronze
ting a.

The blow-off valve with a part of the budy broken away and
with the disk valve ¢ partly open iz shown in Fig, 23 (o). The
disk valve is shown removed in view (&)}, In view {a), the
stem & is earried within the stem hushing ¢, which is screwed into
the body o, A ring gasket ¢ prevents leakage of steam along the
slem,

A spring f placed between the collar on the bushing and the
uperating handle ¢ pulls the stem outwards and keeps the ring
cashet against its seat at all times.  The disk cariter &, in which
the bronze disk valve ¢ s inserted, is placed on the inmer end
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af the stem b and i3 operated by it.  The disk valve seats against

the tnner end of the hexagon nue §, which is serewed into the

hody . In order to make the juint absolutely steam-tight the

disk valve is ground inte its seat on the nut,

The disk valve, view (8). is made in fwo parts and the
spring j keeps each part against i seat wher the valve 15 assems
Bled in the disk carrier. The opening & permits a balance of
pressure on the inner disk, and alsn assists the spring to hold

the outer, or top, disk 1o its seat.

Fii 23

48. Operation—\When the shaft & Fig. 23 (o), 13 turned
by the operating handle g, the disk carrier £ lifts the disk o
away [rom its seat and permits the water in the interior of the
body and in the boiler to discharge to the atmosphere through the
opening in the hexagon nut . This opening is threaded so that
a pipe can be coupled to it i desired. The top of the body is
shaped so as to accommuodate the disk carrier when it is moved
upwards, The valve can be remnoved for grinding inlo its seat
on the hexagon nut by remnoving this nut.  Afler the stem bush-
ing has been removed, the disk carrier can be lifted out throtgh
the opening made by the removal of the hexagon nut.
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FPRESSURE IN PIFES

49, The internal pressure i a pipe is obtained Ly mualti-
plying its inside area in square inches by the pressure in pounds
per sgquare inch,  The pressure in pounds per square inch inoa
pipe 15 found by dividing the internal pressure in the pipe in
pounds by the number of square inches in the interior oi the
pipe.

Witha pipe 1 inch in diameter and snother 1inch fn diameter,
hith connected to a hoiler careving a pressure o1 200 poutds to
the square inch, the prossure in the small pipe in pounds per
square inch will be exactly the same as in the farege one. The
internal area of the small pipe may he only & square inch so that
the pressure in iv will be 100 pounds, but this pressure acting
onan area of 3 osquare inch 15 exactly the sne as a pressure
o 200 pounds exerted on | aquare inch,

The caleulated internal pressure in a pipe does not gorrespord
to the pressure that tends fo burst the pipe. The pressure
that tends tn burst a pipe is [ound by multiplving the dameter
of the pipe in inches by its length in inches and by the pressure
in pounds per square inch,  For cxample, the pressure that acts
tiy burst a pipe 1 inch in diameter and 1 inch long connected to
i hoiler carrying a pressure of 200 pounds iz 200 poands,
whereas a pipe of a diameter of § inch, and a length of 1 inch
usider the smme hoiler pressure has a pressure that acts to burst
it of 50 pounds. This is why the wall of a small pipe can be
made ‘thinner than the wall uf & larger pipe as well as why o
emall pipe made of material of the same thickness as a larme
pipe can withstand a much higher pressure. The forcgoing
cxplains why the copper pipe Lo the steam gauge as well as {he
water-gauge gluss, nn account of their small diamcter, can
sately withstand high beiler pressure

LOCOMOQTIVE AIR WHISTLLES
M) Tt takes about 1200 pounds of conl 4o prodiuce the
steam required for the operation of the steam whistle for one
hour; the air consumption ol a quadruplex type of air whistle
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for the same time reguires only about 185 pounds Of.CL‘h’ll.
Therefore, the air whistle iz the more ccr}nomirfu.l; also, it has
o ronch mare agreeahle tone than the steam whi 5?]19.. .

The air whistle as used in steam-railroad service is uswally

msde up of Iour nuits of the shape shown in g, 24, two of
shese beine curved projectors that point ahead and two slraight
' ) projectors that point to the rear. A
seelional view ol one unit is givetl
i Fig, 25; it comprizes a body 2
with a horn, o cover 5, and a dia-
phragm 2 with a pear-shaped por-

tion Tiveled to it

Air eaters the unit at the point shown, deflects the diaphragm.
and permits air to pass oul through the horn. The escape of
air increases with the deflection of the diaphragm until Onailly
the air is dischurging aster than it is entering ; the diaphragm
then moves in the opposite direction and the discharge of air
stops,  The pressurc un the diaphtagm inmediately builds up
Hoain and the dinphragni is again deflected.  The [oreguing
actions ocenr so rapidly that the colatm of air confined within
the horn is set in vibration thul is communicated to the sur-
ronnding air and produces sound.  The bell-shaped ends of the
horns serve to magnify the sound produced,
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FIRE-DMOORS

FRANKELIN AUTOMATIC FIRE-DOOR

al. Advantages of Automatic Fire-Doors.—The automatic
fire-door has several advantages over the hand-uperated door,
It not only relieves the fireman Irom the labor of swinging a
hand-operated door, but, owing to its more rapid action, the
admission o cold air through the door s decreased, resulting
i a more nearly uniform Grebox temperature and less fAuctua-
tion in steam pressure, and preventing damage o sheels and
flues. Tiis estimated that an awtomatic fire-door is open only
cne-third as Iong ag a hand-operated door when the engine is
operating.  As the automatic door cannat he hlown open, pos-
sible injury to the crew is prevénted in the event of a burst flue
or a crown-sheet failure,

52. Principal Parts.—A Iront view of the Franklin Mo, 8
atitomatic. fire-door is shown in Fig, 260 The operatling cylin-
der o is bolied to the top of the door frame b and Turnishes the
power by which the left-hand and deht-hand door plates ¢ and
¢ are swung onbwards and upwards, away from cach other, to
apen the fire-door. An adjustable foot pedal 4 transmits the
pressure of the fool o an operating valve ¢ by which air is
admitted to the aperating cylinder @ to canse the door to open.
A lever f and a tocker arm § are provided to open the door Ly
hand. The door may be held open to the extent desired hy
hooking the lever §in oue of the nolches in'the latch 5. The
door plates swing on the [ulerum pinsg & and are protected from
the heat of the furnace by inside ballle plates that are held in
position by bolts and nuts @

OPERATION OF FIRE-DOOR

S, Automatic Operation.—The operation af the fire-doar
will be considered in conmection with Fig. 27, Alr is admitted
through the strainer valve ¢, needle valve e, and pipe ¢, to the
chamber ¢,. When the foot of the operator presses on the

LOCOMOTIVE APPLIANCES
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tread o, the arm o, rises and unseats the valve 2a. A5 the lower
rart of the valve stem is a snug Gt in its ruide, the connection
between the exhaust ports ey, View {a). and the port e,
view (&), is closed when the valve moves upwards.  Air then
passes through the passage e, and the pipe o, to the nperating
eylinder.  The piston o, in the operating cylinder is forced out-
wards by the air pressure, and its movement is communicated
to the Tink a,, which iz attached to (he lett-hand door plate. As
the piston continues tn move forwards, the door plates, con-
nected by intermoshing gear-teeth, rotate on the [uleram [t
until they have aucovered the apening in the door frame.

34 When the dours ate fully opened, the link a,, Fig
27 {c), forms a straight line hetween the piston pit @, and the
link Dolt ¢, Thus, the pull exerted by the piston has il mreat-
est effect at the beginning of mintinn and rapidly decreases as
the doors open, elininating all passihility ni slam or shock,
Should the momentum of the door plates he such as to CAVEY
the doors heyond the Dull-open position, the piston would be
pulled hack against the air pressure in the cvlinder,  This would
act as a cushion and bting the doors to rest withount auy: jar or
noise, When the foot of the operator is removed from the
tread, the valve ¢, 15 seated by the spring just above it, thus
cutting off admissinn of air to the eylinder through the pipe e,
The upper part of the valve, which is smaller than ils guide,
then connects the passage e with the exhaust porls 2oy, and the
afr in the cylinder escapes to the exhanst. The welght of the
donts immediately causes them to cloge, at the same time retnrn-
ing the piston to ils starting nesition at the TeTt-Tand end of the
evlinder. The door is cushioned wheii closing, owing to {le
fact that, in the clused position, the door plates are nearly hal-
anced and, as the door plates cluse very rapidly near this posi-
tion, there is sufficient pressure remaining in the cylinder (the
exhaust from which is restricted 1 to slow un the minyement and
allow the door plates to come together without slamming,

33, Manual Operation— The door is operated by hand T
means of the operating lever f and the rocker-arm i Fig. 27
These parts do not move while the door s Living operated by
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air. The operatimg lever can be pulled Lackwards, owing to
the slot in the rocker-arm, far encugh to clear the fop ni the
fatch g. Pushing the lever dowrwards then canses the rocker
i engage with the lug §, on the door plate and open the door.
The latch has two notehes to engage the hand lever,  The first,
o smoke, noteh holds the door open about 8 inches at the
hottom to allow the admission of air to the Grebox while the
enpine is standing at stationz.  The hottom notch is so loated
that the door is held wide open when the hand lever is set in
that notch.

56. Lubrication of Cylinder.— To msure satisfactory oper-
ation, the evlinder should be ofled vach trip through the oil cup
provided at the top. The cup should be kept filled with clean
ool waste, The donr-plate fulerum pins should also be ailed
at least once a day through the oil holes on the front of the
cylinder. Engine or car oil should never be used Lor ubricating
eylinders.  The strainer valve in the pipe line is provided with
a cleaner plug. Tt should be inspecled occasionally and when
necessary cleaned and refilled with new mutiress hair.

5%. Failure of Door to Close~ TFailure of the door to
close is probably dee to the valve e, Fig, 27, hang stuck of
held open hy dirt on the valve seat. A little kerosene oil run
thtough the valve will generally <lean the seat and allow the
door tn open freelv. 10 this does not overcome the difficulty,
thie valve should be removed and cleaned. A slow movement
of the doar plates with a blow of air at the open end of the
operating cylinder ig an indication of leakage of the pecldng
tings on the piston in the operating exlindet.

SHOEMAEER FIRE-DOOI

58, Opening Door. A perspective view of the Shoemaker
fire-doot is shown in Fig. 28 and a sectional view in Tig. 29.
The operation of thre door in opening s as [ollows: When the
valve g, Tig, 29, 15 opened, air [rom Lhe soufee of alr supply
passes through the pipe D to the chamber ¢ in the foot-valve
alove the font-valve stem, The air also passes to chamber d
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“The foot-lever  is pivoted to the foat-valve at & so that when

Lietween the two pistons ¢ and £ by wav of pipe g the check-
F I by way of pipe.g; {he pedal step is depressed the other end of the lever moves

valve i, which opens upwards, and passage &. A constant pres-

T ! |.|!J e ._
Qi

B

Upwards and unseats the foot-valve stem [, as shown in Fig. 30.
The compressed air in chamber ¢ then passes thromgh the

stre is maintained in chambers ¢ and o as long as the valve g is ; W he
i ports o in the fonl-valve slem into the intenor passage s, Thenes

DpEn.
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out through the ports o into the pipe #. The air unseats the
checle-valve 5 and enters chamber » and when the piston ¢ has
Leen moved down far enough the air also passes through pas-

T, di
sage g inlo chamber ». The reazon why the pistons move down
i+ as follows: The air in chambers ¢ and @ exerts a downeard
pressure on the pistons e and §oand the air in chamber J alsa
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| cxerts an upward pressure on piston e Ilowever, the combined

Srea of the pistons exposed to the downward pressure of air
exceails the area of the piston exposed to the upward pressure

weith the tesult that both of the pistons and the piston Tad w are
forced downwards, The downward thrust of the paston rod is
1;1'a.ﬂbI]"lltiL5(1 through the connecting lever 2 to the levers o and x,
whu_h are piveted at v and 2, anel the daors turn on thelr pivot
points o and B and open as shown.

59. The doers are prevented from banging during the

] latter part of the opening tnovement by an air cushion in chani-

her o, Fiz, 29, that acts to arrest gradually the dewnward move-
mient of the pistons,  As the piston e moves down, the air in the
Jarge chamber vnder the piston is gradually cotmprossed dnto the
small chamber d, until with the large piston at the end of its

‘stroke, the entire volume of air in the large chamhber under

pislon ¢ has heen compressed into the small chamber o
Chwing to the increase in the volume of the air, and ulhu to the

Fact that the checlevalve & seats and traps the air in chamber d,

the pressire hetween the two pistons increases, and their down-
ward movement and also the opening movement of the doors

Jare arrested gradnally and with an absence of shock.

60. Closing Door.—As soon as the pedal step is released,
the pressure in chamber ¢, Fig. 29, forces the foot-valve stem
downwards tn closed position. The air now ecscapes from
chatmber r, through passage g, the pipe #, and around and

hrough the fnor-valve stem [, as shown By the atrows to the

exhanst ports ¢ In the foot-valve, The pressure in chamher
agninst the larger aren of piston e forces both pistons £ and 7
upwards, and 1]15! movement transmitted by the piston rod o
throtgh the connecting lever  to the levers g2 and x causes the
doors to close.  The piston when maoving upwards Inally closes
port g and the air that remains in chamber + escapes slowly
Lhruugh a small hole drilled vertically through the checkevalve s,
which is now seated. The gradual inerease in pressure in
chamber » coshions the upward movement of the piston and
Prevents the slarmming of the doors when closing,
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: When the doors are not heing operated, the area of -piston ¢
in chamber d is so much greater than the area of piston f that
the doors are positively held in closed position.

1. Cracking Fire-Door—It is frequently necessary to
parthy apen, or crack, the fire-door at terminals to reduce smoke

m —— R
(TI i o .
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Fie. 31

za well az to prevent the locomative from popping.  The doars
can be held open by turning the peteock ¢, Fig. 2.{3, ong-guarier
tirn to the right and then pulling the cracker lever w, Fig. 31,
1o the Teft uneil the doors are opened the required amount.
The petcock when turned prevents the air in passage ¢ from
entering chamber @ and permits the air in this chamher to
exhanst througl the peteock to the atmosphere, as shown by

 the arrows.
1o force the pistons ¢ and [ upwards and close the doors
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Therefore, there is then no pressure in chamber d

The lower end of the cracker lever sets in a recess in the
upper fire-door and s held in position by a screw a that passes

\{hrotgh the cover-plate and the cracker lever into the door ring.
“The recess in the door and the end oi the cracker.lever are so
shaped that while the doot can be opened and closed during

anemal operation without moving the lever, yet a movement of

e Jever to the left will open the door

The dnors when eracked are about balanced and there is no
fendency for them to npen wider or to close. Tt 15 only neces-
sary to turn the petevcle one-quarter tum to the lefl, when it iz
desired to close the door.

s, Manual Operation.— It will be necessary in operate
the door by hand in the absence of air pressure of in the event
ol any of the pipes breaking off. To do o, disconnect the
piston rod u, Fig, 29, from the conmerting lever o by removing
the pin o, so that the pistons will not be removed when operat-
ing the doors hy the handle &

DISORDERS AND MAINTENANCE

3. Tailure to Close Fully.—1[ the doors do not clase
fully, the trouble is due to the hole through the checlevalve 5,
Fig, 29, heing closed by dirt, therelsy trapping the air in cham-
ber » and preventing the piston £ from completing its up stroke,
ot the cylinder end of port i is stopped up. The checle-valve can
be taken out by removing its valve cap.

G4, Slamming When Opening and Closing.—Ii the door
slams when opening, the trouble is due to dirt on the seat of the
check-valve B, Fig. 29, or the cup leathers on the pistons may
he leuking. The checle-valve can be taken out by removing the
valve cap ahove it.  If the door slams when closing, the check-
valve @ 15 oither held off its seat Ly dirt, the valve cap leaks, or
the check-valve has heen lost. When removing the valve caps,
the lead gaskets under them should he reapplied and the caps
should Lie drawn down air-tight,

i
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63. Blow at Exhaust Ports.—A constant blow at the
exhaust ports o, Fig, 29, when the door is not being operated
indicates that the foot-valve stem iz held [rom its scat by dirt,
The valve can be tuken out by removing the cap nut above it

66. Oiling.—The air eylinder should he niled each trip hy
remavityr the oil plugs 7 and ¢, Fig, 28, and pouring in a mod-
crate amount of light valve oil.  The air eylinder should also
bie flushed oecasionally with signal ail. Al working joints of
the door mechanistn should be oiled when necessary.

GOLLMAR LOCOMOTIVE BEELL RINGER
63. Purpose—A bell ringer is a device that is attached to
the hell Tar the purpose of ringinge i, Bell ringers are operated
iy air pressure and are wholly automatic in operation when onee
started,  They not only relieve the enginemen of the duty of
ringing the hell hy means of a hell rope, but they also insure
that the bell is rung continnously when necessary,

68. Operation.—In Fig, 32 is zhown the bell ringer g
Bolted at the lower end to a pad cast on the bell frame and con-
niected at the upper end lo the cranle & ol the Lell, The hell
ringer is started and gtopped by turning the ar supply on ot aff
Bv means of a valve in the cab. With the parts of the ringer
at the lower end of their sitoke as shown in Fig. 33, the air
enters the interior of the hollow valve ¢ through the ports 5 and
f, and then passes throngh the openings w in the valve agains
the lower end of the piston 4. The piston and the parts con-
nected o it arc forced upwards, and as the crank 4 hegins to
tmove upwards i an are the ball-shaped end of the comnecting-
roel £ turns in the end of the piston d, and the rod finally assumes
the position shown in view (&) The apward movement of the
piston o and the valve stem o does not at first move the valve ¢
which therefore remains in the position shown in (a) and per-
mits the air 1o enter the cylinder of the hell ringer,  ITowever.
as the plston and the walve stem continge lo move upwards, the
head of the ster fnallv comes 0 contact with the valve. which

L cises the ringer to make an upward stroke,

i )
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i accordingly pulled upwards into the position shown 1o
wiew (P21, This position of the walve blanks port § and apens
port 2, thereby shutting off the air from the evlinder and a.lln:.-v—
ing the air in il to cscape throteh the exhaust port. . "Hw
weiaht af the bell now returns the parts to the positions 5110“}1
i view {(a}.  The fnregoing shows that the pressure ol _the aft
and the weight of

ihe hell catiges it to make a downward stroke.

1l

b
W
,

69. Regulation.—II the bell ringer is not properly regu-

Tated the hell will either swing too high and turn aver, or it will

= not swing high enough.  If the bell swings ton high the gov-
'!- erncr balt [, Fig, 33 (4}, should be turned out, therchy permt-
= ting the crank-box £ and the sleeve j to move o on the
connecting-rod ¢ and reducing the upward mavement o the
bell-crank . If the bell does not swing high enough, the gov-
ernor holt should he screwod in. This raises the crank-box
dnd the slesve on the connecting-rod, and the hell will swing

higher,

70. Leaky Packing Rings.— Leuky packing rings =, Fig.
33 (), will cause a blow at the exhanst port 7, and will have
mnre or less tendency fo malee Lhe upward movement o the
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piston o slow. A leak into the cylinder past the rings irom
pussage g, view {#], in excess of what can escape freely at the
exchaust port ¥ will cause the hell to retain tiled with the valve
4t the upper end of the stroke. A leak by the packing rings an
the piston o will be indicated by air escaping where the piston
rod passes through the cylinder head. Such a leak will cause
the piston to make a slow up stroke,

LI
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%¥1. Transportation Devices Corporation’s Bell Ringer.
With the bell ringer shown in Fig. 34, the bell remains stationary
and the clapper is cansed to strike one side of it rapidly. How-
ever, if operated by a cord, the bell swings In the usual manmer.
The hell ringer is placed on the inside of the hell with the clap-
per suspended from it as shown. The right-hand trunnion is
ported for the passage of air, and the arrangement nf the air
eotipling on the end of the trunnion is such as to permit it to turn
in the coupling, as when the hell is rung by hand, without
imposing a strain on the pipe. At this time the upper air pipe
moves with the yole.

A sectinnal view of the hell ringer is shown in Fig. 35, Air
enters through the stem and, passing through a passage a into
eavity b, forces the piston 2 to the right, {herehy swinging the
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clapper slightly 1o the left. The continued movement of the
piston in this direction finally opens port ¢ and permits air to
fow through the piston to the end chamber , therehy exposing
the entire area of the piston to air pressure.  This area 15, of
course, greater than the arca exposed in cavity &, so that the
piston is moved to the left, therely causing the clapper 1o mave

Fig, 23

o the right and strike the helll  The continued movement of
the piston to the leit first cots off the passage of air through
port ¢, and next connects this port and chamber J to the atmos-
phere at AT, This action cauwses the air that is always present
i chamber B to move the piston to the right, bat this movement
does not cause the clapper to swing far enough to the left to
strike the hell.  The el is only struck when the piston maoves
to the left, thereby swinging the clapper to the right.

LOCOMOTIVE APTLIANCES

Fia. 35

SANDERS

EING SANDIER

72, General Arrangement.
I'he general arrangement of
the King air-operated sander
as applied to the left side ofa
Mileado type of locomative is
shown i Fig. 36, The sand in
the sand box e is free to tun
through the pipes b and ¢ into
the sander traps o and e
Owing to the shape of the
sunder traps, the sand is re-
tained in them until the air is
turned into the pipes § and g,
which are connected to sanid
traps on the other side of the
focomotive. The sand is hlown
ont of the traps and carried to
the rails through the sand-
delivery pipes & and 7 The
arrangement of the sand
pipes, sander traps, sand deliv-
ery pipes, and air pipes on the
Teft side of the locomotive is
duplicated on the right side,
and in addition two lines of
air piping on this side extend
to the operating valve in the
cab.

The sand pipe b, the sander
irap d, and the sand-delivery
pipe &, with a similar arrange-
ment on the other side, are the
twa co-ahesd sanders, because
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they are used to sand the rails when the locomative is running
forwards, The parts g. ¢ and { with similar parts on the
opposite side, constitute the back-up sanders, because they are
used to sand the rails when tunning backowards.,  The operating
valve in the cab is arranged so that the go-abead and back-up
sarders can be operated separately.

%3, Sander Trap.—A scctional view of the King sander
trap is shown in Fig, 37. The pipe from the sand Lox is con-

nected to g, the sand-delivery pipe is connecled to &, and the
air pipe is shown at ¢, The purpose of the adjustment serew o
with a locknut ¢ is to limit the air pressure admitled to the
sander trap to suit the prade of sand and the amount required
during operation. Provided there is no change made in the
main-reservoir pressure, the adjustment screw and the locknut
can he spot-welded in place after heing properly set.  The air
euters the sander through the ports F and g, The sand that Sows
by gravity from the sand box into the lowest port of the trap
is agitated v the hlast of air that passes throngh the port
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while the sand is drawn out of the trap into the sand pipe by

the siphoning action of the air that blows through the port g
“The trap can be cleancd out by removing the plug f.

+4. A view of the operating valve used to control the flow
of air to the sander trap with the valve body a partly cut away

| i shown in Fig. 38 The valve disk b, here shown Ipartl}'
| broken away, is made with a stem to which the handle ¢ 15 con-

Fro, 32

tiweter], hence o movement ot the Liandle will cavse a rotation of
tha wvalve disk. The valve can he removed by taking off the
cover o, which is held to the body @ by thiee serews o, onie show,
The valve disk is held against its seat by the spring f. The pipe
from the air supply is connecter at g the pipe to the go-ahead
sanders 1s eonnected at fr, and the pipe to the back-up sanders
15 connected at 4. A port j in the valve seat commumicates with
4 passage shown by dash lines, thal terminates in the pgrt k.
When port § is uncovercd by the rotation of the valve r]1|.-=,kl b,
the air in chamber | passes to the go-abead sanders. A similar
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arrangement of passage and ports on the other side of the valve
seat is used to convey the air to the back-up sanders. A warn-
ing port s 15 drilled into each outlet passage, through which
small amount of air discharges when the samders are heing
operated.

95, The position of the valve disk a in relation to the ports
iramd ¢ for different positions of the handle is shown in Fig. 39
In view (o) the valve disk bas been rotated by the handle until
port & has been uncovercd, therehy allowing the air fo pass
through an mterior passage to port o and to the pipe that leads
to the back-up sanders. In view (1) is shown the posilion of
the valve disk with the handle in mid-position and both sanders
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are commected Lo the pipes g, b, ¢, and d Tead aver the hodler o
the sanders on the other side of the locomotive,

7%, Sander Trap—A sectional view of the sander trap 13

ghown in Iig. 41. The sand thal iz always ires to pass to the
sander irap from the sand box through the pipe & les in the
?:-tra,p antil Blown vut into the sand-delivery pipe g by a blast of
air {rom the sanding nozzle i A copper pipe i that 15 known
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inoperative.  The valve disk now covers both ports band . In
view {¢) the valve disk uncovers port ¢ and permits air to pass
through an interior passage to port ¢ and to the pipe that leads
te: the go-ahead sanders,

s the cleaning pipe extends up into the sand pipe and iz screwed
intn the upper end of the cored passage i The pipe is closed
at the top, and has drilled through it at an upwatd angle a series

* of hales #, which are arranged around the pipe gpirally. The
lower end of the passage j 15 closed by the plug i. "The open-
g w1 in the passage §1s directly above the center of the pipe g.

- The plugs #, o, and p are wsed when it hecomes necessary o
‘lean out the trap,

CRAHAM-WHITE SANDER

v6. Description. — The general arrangement of the
Graham-White sander on the vight side of the locomotive is
shown in Fig, 40.  With the exception of the pipes g, b, ¢, and
o, which lead hack to the enginesr’s valve in the cub, the arrangu-
ment on the left side ol the locomotive is similar 1o that on the
right side. The parts that make up the go-ahead sander com-
prise the pipe g, the sander trap f, and the sand-lelivery pipe i
and the back-up sander is made up of similar parts, & ¢, and .
Fach sander requires two air pipes, hence the four pipes that

¥8. Operating Valve. An exterior view of the outside
face of the operating valve is shown in Fig, 42 {a); the valve
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as viewed {tom the front is shown in (2, and as seen irom
the inside in {¢). The valve handic ¢ is pivoted at f, and
the Tugs or wings g and b serve to depress the valve stems { and
i, which are connected Lo and operate valves in the interior of
the operating valve,  These valves can he removed by taking
off the cap nuts kand {, A globe valve, not shown, is placed in
the pipe s that connects to the main reservoir, so that the
stpply of air can be cut off should it be necessary to make emer-
gency repairs to the valve

The pipes connected to the front leg of the valves at g and d
lead to the go-ahead sanders, and those connected at b and ¢
lead tothe back-up sanders. It will be noted that the air piping
in the piping arrangement of the sander and in the view of the
sander trap are lettered to correspond with the lettering on the
operating valve.

79, Normal Position.—In normal position of the operat-
ing valve, as shown In section in Fig. 43 (a], the handle stands
vertical and both valves a and B are held closed by the springs
shown, as well as by the pressure of the air in chamber e, which
1s n communication with the main reservoir,

80. Cleaning Position.In cleaning position of the brake
valve, Fig, 43 (b)), a blast of air is admitted tn the sander for

-
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\he purpose of loosening the sand in the sand pipe and also for

aning the sand-delivery pipe, preliminary to the opertion

' of sanding and after sanding has heen completed,  Therefore,
" he cleaning operation always occurs hefare and after each

ding operation,  When the handle is drawn backwards so

. tn operale the back-up sanders, the valve s unscated and
. ';-he. air passes above it to the chambers @ and e, Chamber d is

et

i
TFro. A2

\ connected by a pipe to the sunding noesle ki, Fig, 41, and cham-

ber ¢, Fig, 43 (), is connected to the passage j aud the cleaning
pipe 4, Fig. 41. The air passes from passage i through port m
and clears any obstraction oul of the sand-delivery pipe g. The
air also 17»353:53 to the cleaning pipe 7, in which the arrangement
i the hales & iz such as to canse a swirling downward Dblast of
air throtgh the sand pipe ¢ and therehy msure the deliveryrnf
1he sand from the sand box to the trap.  The air that is passing
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' tarily passes irom chamber 4 to the cleaning pipe before the
valve seats, similarly to the action that ocours when the handle

. + - Zia
is being moved to sanding position.

through the sander nozzle & beging to blow the sand our of the
trap and through the sand-delivery pipe 7.

81. Sanding Position, —The operating valve is shown i
sanding position in Fig. 43 (c). The movement of the valve
handle from cleaning to sanding position causes the part £ o
the valve tu close the opening ¢ through which the air discharges

Fig, 44

Corriainatian Lever

in cleaning position. The air now passes from chamber o inta
the pipe that is connected to the sander nogzle in the sander traf
and blows the sand ont of the trap into the sund-delivery pipe.
and thence to the rail.  If the hutten on top of the handle s
released i sanding position, the part g o1 the latch will slip up
biehind the lug F on the valve and the handle will rermain in this
pusition and cannnt he muved to normal position srain until the
hutton is pressed down, When the handle s being rernrned
from the sanding to the cleaning position, a blast of air momern=

i When the handle of the engincer’s valve is moved forwards,
2 posahead sanders are operated in the same manner as the
-l safders.
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The amount of sand delivered to the rails can be regulated
by adjusting the sanding nozele i the trap. 1f a greaters
quantity of sand is required, back off the nozzle-and dghten the
jam nut.  1f a less quantity is desired, back off the jam out and
insert the nozzle decper into the trap. '

\ work Trecly.

il move the valve horriza-
zally and at the same time
ave a slight vertical move-
Cpent in the slots. This ATTUNTEIIENE
erinits the valve to he moved with-
ut any tendency to Lift it from ils
sent, owing tothe slight arc desirihed
iy the end of the rocker.

POWER REVERSE GEARS

CENERAL REMARKS

®2 Power reverse gears were first applied to the Mallet
type of locomotive, hut their employment is now general owing
(o the increased size of all classes of Incomotives. DPower
reVErSe PERrs arc 5o arranged that the movement of a valve

84, The valve has o3z inch lead

vontrolled by a small lever in the cab results in the admissivi st each enid when in central positan,
of air 1o a cylinder in which it acts on a piston connected o % tfich exhaust lap and a B
{he reach rod of the valve gear. The movement of the piston valve travel of 1} inches. The put-
is transtitted back to the valve and causes it to cut off the | pose of the Lol s 1 increase i gtas
admmissiot of air to the eylinder and at the same time hold the D hility of the gear against muvement

arising from the varving pull of the
valve gear.  With lead, the valve will
Sopen the port wider fneoa lesser
movement of the piston. The puar-
‘pose of the exhausl lap is To arzest
‘the movement of the piston by trap-
ping air in the cylinder in cases
here the pull on the piston 13 not
SENCELTIVE,

valve gear in the desired position, Therefore, the movement
imparted by the valve through the reverse lever is always inl
the appnsite direction to the movement imparted through the

piston,

TYPE T, FRAWELIN POWER REVERSE GEAR

83, Description—A sectinnal view of the Tranklin type Ed
power reverse gear s shown in Fig. 44, The upper end of thel
combination lever is connected to the reverse lever ; the lower:
el is connected by means of the connecting-rod and the trunks " The trank piston a, Fig, H, s hol-
arm {o the piston tronk,  Between the ends, the lever is cone low and s construction is such that
sected to the rocker-urm that serves (o actuale the valve, | & space caists between the end of
The rocker-shaft operates air-tight where it passes throught
the valve chest, Tt will be evident from the arrangement of th
parts that a forward movemcnt of the reverse lever and of thel
npper end of the comhination lever with the lower end held
fxed will move the valve to the right. A forward movernedt
of the piston and of the lower end of the combination lever with
ik -3
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i

e upper end statiomary will canse the valve fo move to the
oit.  Asshown by the detail in Fig. 45, the forks of the rocler-
arm carTy Lwo trunnion pins § on which the {runmion blocks ¢
These blocks make a neat shiding it in the slots a
in the valve, s0 that wheit the rocker-arm is moved the hiocks

Fr1a, 413

she trunk snd the ol

b lomer 5 A series of hales, one shown, are drilled through
| the bull ring ¢ fnto this space. so, should ¢ither cup packing leak,
"'_-:hfi air gmr eECApe through the vent port to the atmnsphere
Cinstend of passing to the other side of the piston. The proper
Operafion of the gear requires the pressure on ofie zide of the
| Piston to he Migher thun on the other side; hence, withoul the
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holes in the hull ring, a leaky packing cup would cause an
equality of pressure.  Also, the holes prevent the air that Wil
leak by one packing cup from getting between the other packing
cap and the cylinder wall, therehy preventing lo some extent
the pressure in the cylinder from forcing the cup packin

against the wall and impairing the effectivencss of the packing
in retaining pressure, '

83. Operation.—Either one of the conditions shown in
Figs. 46 and 47 exists when the power reverse gear is holding
the locomotive valve gear at cut-off. 17 the valve gear is exert-
it much of a pull on the piston of the reverse gear, the valve
will move to the pogidon shown in Figo 46, That s, the fos-
ard moveinent of the piston seling on the lower end of the
combination lever after the reverse lever has been latched, will
carry the wvalve far caough to the left far port & in the valve
to open the purt o to the front end of the cylinder, thereby

fopping the piston.

tionl shown in Fig. 47, : .
eor to the left, and the air trapped in the front end of the

LOCOMOTIVE APPLIANCES 6

As it ddid not require full main-reservair
& r # £ ie

pessure to move the pis ¢ S ;

A of the cylinder exceeds that in the hack end. With a lr—.ssa_lr

sull on the reverse-gear piston, the valve will assume the posl

7 1n this case the valve has not moved so

wlinder by the exhaust lap is compressed by the piston until it

stops auy further movement, In any event, the valve s never
[ o

' -._.
. —

L ———

i

i central position when the revetse gear is Holdi

ng the salve

S lEear at eut-off,

L desited to lenpthen the cu-off for forward gear., The forw

The valve is always displaced from mid-position an amont
that will depend on the pull the valve gear exerts on the trunlk
FISLOTL

B8, The derailed operati
Teverse lever is moved is as Tollows: Lel 1

g nf the pear, Fig, 44, when the
b assumed that ibis
atd
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combination lever backwards because the lower end of the lever
fulerums for the instant on the end of the conuecting rod.
The backward movement of the lever draws the upper end of
the racker in the same dircction : the lower end moves forwards
anel draws the valve with it, The valve rst opens the poit to
the back end of the exlinder fur the admission of air and nexe
apens the Troal end of the evlinder fn the exhaust.  When suffi-
clent air escapes from the [ront end of the exlinder, the air in
the back end nioves the piston and the lawer end of the comnbi-
natinn lever forwards.  Such a moverment would, were the
vpper end of the combiuatinn lever held statiomary, move the
valve 1o the et and shut off the admizsion of air, Tt with (his
el of the combination Tever being still moved Torwards by the
reverse lever the effect 15 o hold the valve practically stationary
and ju a position to admit air o the cylinder:  In ather words,
the Forward movement of the crosshead throws the valve baclk-
wards at the sume rate thal the rovetse Tever thrusty it Torwards,
and =0 the entire aclion is smoolh and contingons, the combined
effect heing to hold the valve in the position just stated,  But
with the reverse lever Iatched and the apper end of the combi-
nation lever stationary, the forward movement of the piston will
then muve the valve back, closing fivst the front cml of the
cvlinder o the exhaust and next the admission of alr to the
back end of the eylinder. Tt is possible, if the pull on the
reverse gear is not too much, that the air trapped o the Front
end of the eylinder will arrest the movement of the Piston,
CHherwise, the pizton will he moved forwards hy the pull of the
valve reur until stopped by the admission of air as shown in
Fig. 46, 10 the pull on the piston is excessive, the valve may be
moved far enough to the left to open the hack end at the cylin-
der o the exhanst,  In this event, the total air pressure would
e exerted on the front end of the piston to hold it in position.

8%, When the reverse lever is moved toward the back
aorner, the valve opens the part to the Tront end of the cylinder
for the admission of air and later opens the back end of the
eylinder to the exhaust, The miston moves to the left g5 soon

movernent of the reverse lever draws the unpper end- of the

vl
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wu sufficient difference in pressure is established on it to gver-
come the resistance of the valve gear, and ig stopped at the cut-
off indicated v the reverse lever as already described.

#%. Reverse-Lever Movement Limited in Absence of
Cross-Head Movement.—The reverse lever has only 2 Timited
movement when the piston and erosshead of the power reverst
gear are statinnary, hecause the lenzth of the valve is such that
o smmall movernent cither way from mid-position brings the el
i the walve up against the wall of the valve chest.  The effect
of thus limiting the travel of the valve Is to vestrict the move-
ment nf the reverse lever unless the crusshead maves at the
same time: and, s the crosshead cannot move unless air pres:
cure is present to pperate the pistun, a Tailure to move Lhe
ceveras Tever the full sweep of the quadrant is an indication that
there is no operating pressure present and the enging st ot
b mmovedd. '

DISORTERS

20, Failure to Obtain Reguired Cut-Off.— Ly u {ailure to
ohtain the required cut-ofl is meant that the positinn of the
reverse-gear piston and the loecnmative valve gear docs not
correspond to the position of the reverse lever,  This conditio
iz hroughe ahout By a fuilare to maintain the mear without Jost
motion. T.ost motion may occur at the reverse lever, al the
pin connections at the top aned hottom of the combination Tever,
and at the crosshead-pin connection. The trunnion blecks or
the sluts in the slide valve may he worn or lost totion may exist
where the rocker passes through the valve-chest gland. The
lust motion is multiplied by the ratio of the comhbination lever
with the result that the position of the piston will vary consider-
ably from that indivated by the reverse lever TFor example,
i fhe lost mntion in the various connections tatals 3 inchand the
ratin of the lever is 4 1o |, that is, the total length of the lever
is four times lomger than the shurl portion, the piston will be
43¢1, ar 2, inches frum the center of the evlinder with the
Teverse lover on center, and the valve gear will nol he in 1uid-
gear,  The sdme difference will exist for all cut-ofts.
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o0, Lost motion in the various connections of the reverse
gear when moving the reverse lever foward the corner, cilses
the piston to miove nearer to the end of the cylinder than it
should, therehy giving a longer cut-off than desired.
drawing the reverse lever up, Iost motion causes the piston to
miove nearer to the center of the evlinder and the cut-oif will
be shorter than it should be.  When a movement of the reverse
lever less than the number of notches of Jost 'mation is desired,
the piston of the reverse gear can be made to assumc a position
that corresponds to the position of the reverse lever if nperated
as Tollows: Move the lever in the reguired direction the number
of notches of lost motion plus two notches mure, this latter tu
get the valve shifted. Then move the lever the teverse
direction while the piston is still moving, the difference hetween
{he above number nl notches and the number of notches of
movement desired.

To obtain the desived cut-off for a movement o1 the lever in
excess of the nowches of lost motion, plice the reverse lever
ihe number uf notches of Jost motion short of the desired cut-
off, when either dropping the lever down or drawing it up

91. Creeping.— The term ereeping is applied to the move
ment of the piston of the reverse gear with the eagine in malion
and the reverse lever latched, The act of creeping is started
Ly air leaking from the cylinder past the valve or the piston-tod
racking or by air leaking from one end of the exlinder to the
ather owing to defective piston packing, but the extent of the
creeping movement depends entirely on the amount of losst
motion in the gear cotinections,

The reason is as folows: When the movement of the piston
is finully arrested during a shift of the reverse lever, all of the
slack in the gear comnections has already heen taken up so that,
in the event of a leak a slight movement of the crosshead canses
the valve to open the port to replenizh the air that is heing lost.
Hrwever, the movement of the crosshead in the reverse dires-
tion to bring the valve back to its former position will be greater
hecanse the slack in this direction Is out and has first to be laken
up before the valve starts 1o move,  Therefore, creeping 15 4

When

povement first in one direction and then in the other, the greater
movement being in the direction in which the most slack exists,
The action of the reverse gear when creeping 1s to shorten the
cut-olf to a greater cxtent than to lengthen it

- parts being directly connected.
| ate the geat sn that it 73 slower in action than the reverse-laver
| type ol gear.
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If Tost motion i= kept out of the gear connections, the amoun

“that air leakage causes the gear in creep iz scarcely perceptible.
The creeping of the gear can then be said to be due principally
o 2 dailure to keew lost motion out of the gear connections.

FRANELIN PRECISION FOWER REVEREE GEAR

02, Description.—The Precision power reverse gear was
introduced by the Franldin Railwsy Supply Co,; Ine., to over-
come the effect of the development in service af Inst motion
i1 the various connections of the gear just deseribed.  The rods,
levers, and pins heretolore used to comnect the riston to the
walve have been eliminated with the Precisinon guar, these two
A hand wheel 12 used to oper-

A typical arrangement of the gear 35 shown i Fig, 48, ihe
Tand wheel and indicatnr are shown in Tig, 49, and a sectinnal
view of the reverse mear proper is shown in Tig. 500 A sce-

| tional view of the valve and its seat and a top view of the valve

stat are shown i Fig, 31, The indicator is fastened to the
boiler head, und its screw shaft is threaded for the purpose of
casing the indicator block, the top of which is arrow-shaped

Bt o Fig. 49, and flush with the top uf the plate having the

der iz 10 inches fn dlameter and iz 24 inches long.

cut-off marks, 1o move along the plate and thuy designate the
oing of cut-ntf when the hand wheel is turned. A 1§-inch lefr-
TBangd triple thread is uzed on the serew with six threads per inch
and with } inch lead. With a lefi-hand thread, the indicator
“hlocle s caused to move Torwards when the hand wheel is turned
A6 the right and backwards when tnrned to the leit.  The cglin-
_ The air
DPassage to the front end af the cvlinder heging at the rear port
I the valve seat and is cored throvgh a boss along the eylinder
wall: 1he front port leads direetly to the back end of the cylin-
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der.  Two cup packing rings a, Fig, 30, held in position by two
followers and a bull ring and pressed outwards by two expander
tings, serve to make the piston air-tight.  Should the packing
cups leak, the air will pass inta the groove around the bull ring,
and into holes, ol which there are six through the ring and the .
piston, thence into the core of the piston trunk and out through :
the small tapped hole at the front. The hole thus serves as a
tell-tale [or leakage.

B frenr bl
el i e

orer She Sieave (B 7

)
i
1

)
I
I
R !
A I
PRI |
L Y
I e _/I 11
el Lol
T Eront S o fwering
o Cynator :

&

Ton Yew of e Sest
fes

LA

T 5l

93, The adjusting screw in the piston has o 13-inch triple
Acrme thread; right- ar left-hand, three threads per inch and
1inch lead. A lefe-hand screw is used when an outward move-
ment of the piston is required to place the valve gear in [orward
gear ; a right-hand serew is employed when an inward movement
is necessary.  The hack end of the trink tube b, Fig. 50, that
iz serewerd intn the piston head and is packed with grease pre- S
vents the escape of air that may leak along the adjusting serew
From the back end.  The adjusting screw 15 square o section and .
has a eliding connection in the screw-shall sleeve; this permits
the serew toobe turned and moved lonsitudinally, thos moving
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the valve. The iront end of the sctew-shaft slecyve turns within

o husling, The serew-shaft thrist hearing d permits the sleeve

to be turmed easily, notwithstanding the air prossure against it
The ball race next to the sléeve tums with it and the race that
;s mext to the packing remains stationary with respect to it.

04, A valve operating arm and cap ¢ secured to the shaft
of the adjusting screw hy four through bolts is used to connect
the serew to the valve: this connection is made by the upper
portion of the arm that extemds up inta a slnt n the valve. Two
hronze bearing rings §, one on each side of the integral collar

an Lhe adjusting screw, mate against steel Learing tings that

hear against the shonlders of the valve uperating arm. These
rings are lubricated by filling the oil hole in the arm with oil
when assembling the. gear.

The valve when central on its seat is g inch shorter than the
dimension between the outside edges of the inlel ports in the
walve seal, so that the valve has each inlet port open oy inch
lead when in mid-position ; the exhaust lap is 4 inch.

95, Operation.—Tt will be assumed that the power reverse
pear is in the position shown in Fig, 30 and that it is desired o
place the locomotive valve gear in forward ent-off,  Tn central
position as shown, the valve has each inlet porl open g inch,
s that there is pressure on both sides of the piston.

The indicator screw shaft is left-hand, hence turning the
hand wheel to the right causes the indicator block to move for-
wards, With the adjusting screw left-hand, the wvalve will
move backwards and the port to the back end of the ¢ylinder
will apen wider; as the movement of the valve continues, the
ather port will apen to the exhausl. The increase 11 PICSstire
behing (he piston in combination with the decrease in pressure
in Front causes the piston to move {orwards.  Such a movement
would carry the valve in the same direction and canse the port
1o close were it not that thie valve is being drawn backwards by
Tirning the adjusting serew hy the Tand wheel.

96, The piston cannot be moved fovwards any faster than
the valve is heing moved hackwards, so that the valve is prac-
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tically stationary with respect to ils seat and the port remains
open during the rotation of the hand wheel.  However, as soon
as the wheel 1s stopped, the forward movement of the piston
will cause the valve to cluse the port and the piston will continue
to mave in this direction until stopped by the admission of air
through the port leading to the front end of the cylinder. It
the pull of the valve gear is enouigh, the valve may be pulled Tar
enongh forwards to connect the back end of the cylinder to the
exhaust.  In this event the total air pressure would be exerted
in front of the piston to keep it from moving forwards,

It requires nincteen turns of the hand wheel to move the
piston from one cnd of the cylinder to the ather, each ton aof
the wheel causing the piston to move 1 inch. The indicator
hiock moves anly half as {ast as the piston, owing to the hand-
wheel screw shalt having twice as many threads per inch as
the adjusting serew.

ALCO REVERSE GEAR

97%. Description—A sectiomal view of the cylinder of the
type (7 Alco reverse rear, manufactured by the American Loco-
motive Company, is shown in Fig, 5320 In this view the reverse
cylinder valve body cap is shown removed. A scclional view
of the reverse oylinder valve body as well as a view ol the valve
erid its seat is shown in Tig. 53, Tn the latter view the valve
stetn 15 shown in place in the seat.

The valve body is secured to its seat on the cylinder by studs,
and has air passages thal register with air passages that lead
to the front and back end of the cylinder.  Also, the valve hody
has an exhaust passage as well as two air-supply passages, the
one not used being plugged. A gasket serves to make an air-
tight joint Detween the valve body and its scat on the oylinder.
The gear is controlled by a fat rotary valve g, movement to
which is imparted by the valve stem b and the valve arm e, the
latter being connected to the upper end of the Moating lever d.
As showr in the other views, the Inwer end of the Hoating lever
is connected to the crosshead by the fAoating-lever rod ; between
the ends the foating lever is connected by tneans of a rod to the
reverse lever. The arrangement is such that a movement of

Fevarns Cylinder
Vaive Bogiy
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the reverse lever will canse a rotation of the valve in one direc-
tion, whereas the crosshead movement that results from the
action of the reverse lever, will ratate the valve in the opposite
direction.  The lead of the valve shonld not he Tess than 4 inch
and the exhaust lap not less than Y inch.

98, Operation.—The operation of the Alco gear is similar
to that of those previously described, so that a detailed deserip-
tion is nnnecessary.  WWith pressure in hoth ends of the eylinder,
a forward movement of the reverse lever acts on the foating
lever and, thromgh the medium of the valve arm, rotates the
valve stern and the rotary valve,  The valve, Fig. 54, first opens
port a to the huck end nf the cylinder Far the admission of air:
next the valve opens the front end af the exlinder to the exhaust
through the exhaust cavity in the valve and port B, The air
will continue to pass 1o the back end of the evlinder and exhanst
from the front eud until the required difference in pressures is
established on the piston to start it moving.,  The movement
imparted to the lower eml of the floating lever with the cross-
head moving forwards would canse the valve, in the ahsence of
the reverse-lever movement, to close port o [or the admission
of uir to the cylinder.  However, with the reverse lever maving
forwards the wvalve remains practically stationary mtil the
reverse lover s latched: then the crosshead movement will
rotate the valve sa as to stop the admission of air to the hack
end of the eylinder.  The position finally assumed by the valve
will depend nn the pull on the reach rad. With a moderate pull
the piston will be stopped owing to the exhaust lap of the valve
trapping air in the front end of the cylinder. With o heavy

pull the forward movement of the crosshead may cause the.

valve to be rotated enough to open the port to the front end of
the cylinder for the admission of air.

99. Moving the reverse lever toward the back corner of
the quadrant admits air to the Tront end of the cylinder and
starts the exhaust from the back end.  When a sufficient differ-
ence in pressures has heen formed on the piston to overcome
the resistance of the valve gear, the piston moves hack and
places the valve gear at a cut-off corresponding to the position

LOCOMOTIVE ATTLIANCES
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of the reverse lever. The piston will be stopped and held in
position as already explained,

Stops on the valve hody permit a very limited movement of
the reverse lever when there is no air pressure on the gear.
This feature warns the enginernan ot to move the engine until
the air is turned o,

100. Testing Packing Cups.—Ta test the front pistoa
packing cup place a wooden binclk between the crosshead and
the front eylinder head of such a length as to block the cross-
head about 3 inches ahead of central position,  Then move the
reverse lever back slowly unlil the walve arm is ngainst the
stop: this operation drains the air from the back end of the
cvlinder and leaves full main-reservoir pressure in the [ront end,
A blow of air at the exhaust port now indicates that the front
cup or follower studs are defective.  To vest the aother cup
transfer the block to the other side of the crosshead and maove
the lever in the reverse direction,

FRANELIN STEAM GRATE SHAKER

ARRANGEMENT ARND QPERATION

101, General Arrangement.—The general arrangement of
the Frankln steatn grate shaker is shown in Fig. 55 The
piston in the operating cylinder transmits through the operating
lever a partial turning movement in either direction to the cross-
shaft on which the power levers are connected.  When the con-
necting latches are thrown in and the lever Tncks throwm back,
the back-and-Torth movement of the power levers with the grate
shaker in operation wAill impart a similer movement to the [ul-
crum levers with the result that the grates will open and close.
The power levers are fitted tightly on the square scetion of the
cross-shaft: the fulerum levers turn on the round portion of
the shaft, The operating c¥linder and the shaft brackets are
comnceted securely to the bucle boiler head by means of studs
atl nts,

LOCOMOTIVE APPLIANCES
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A forward movement of the handle of the operating valve
admits steam to the top of the cylinder and exhausts it from
the hottom : a bacloward movement of the handle reverses the
flow of the stesm. Aflter each movement of the operating-
valve handle, the slide valve in the operating valve iz returned
to mid-position by the reach rod.  This position of the valve
shuts off the steam to the oylinder and also arrests the move-
ment of the piston, when nearing the end of its stroke, with a
cushion of steam,

Fie, 56

1092, Valve Operating Arrangement.—The arrangement
of the parts for operating the valve is shown in Fig. 56. The
hated lever turns freely on the valve rocker-shait so that the
lever if moved [orwards or n the direction of the arrow u.-:i]l
depress the left end of the Hoating lever. The right end of
this lever [ulerums momentarily on the reach rod, so that the
crank will be pulled down, thereby turning the rocloer-shaft,

LOCOMOTIVE APPLIANCES a

and moving the valve to the right.  The movement of the piston

that follows the admission of steam to the cylinder now turns

 the ecross-shaft: the shaft clamp then pushes the reach rod
apwards.  As the mavement of the hand lever has stopped, the

)

—

left end af the fAnating lever Tulermms on it and the valve will
be moved to the left to mid-position.  The grates are now ope ;
they can be closed and tilted in the other direction by moving
the hand lever backwards. The action of the cross-shaft and

the teach rod then centers the valve as before,  The operatinn




4] LOCOMOTIVE APPLIANCES

of the hand lever merely causes the valve to open the port; the
valve is eansed to close the port by the action of the reach rod.
A il movement of the hand lever cavses the piston to make
a complete siroke; less than a full movement results i a partial
mowvement of Lhe piston, Ti the foregoing respects, the opera-
tion of the grate shaker resamnbles that nf the power reverse
R

103, The stroke nf the hand lever and hence the move-
mment of the piston can be limited by turning a knob, Fig. 5Z,
which in turn revolves a small cylinder o studded with bosses &
that so limit the movement of the lever as to allow dumping
shaking, ar stitring, or permit the hand lever fo be locied in
central position, thn holding the grates level. The arramge-
mient is. 011er‘1f:c d by pulling out the kuob against the resistance
of & spring, and then turying the knob until the position corres
spanding to the intended operation is at the top. Adter oper-
ating the grate shaker, the hand lever is returned to el -posiion
and the knob to lock position as shown, so that the lever cannot
be accidentally moved,




