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Locomotive Breakdown

Questions

Answered and Illustrated

Bring nearly 400 questions that were asked by enginemen during a series of
vears, answered by Mr. Wallace through the columns of the *“Brother-
hood of Loc ive Fi ‘s Magazine."" ‘They coveralmost
every possible ¢ Breakdown™ and include many difficult
problems, all of which are answered in a clear-cut
manner in simple terms easily comprehended by
railway men.

Valuable Pointers, Rules, and Tables

With N umerous Engravings



PREFACE

The questions with answers thercto which are here
given in compact book form were asked through the
“Brotherhood of Locomotive Firemen's Magazine” by
members of the brotherhood, and were answered through
its columns by Mr. W. G. Wallace.

They have been collected together, carefully revised,
and edited by him, for publication in this form.

These questions were the outcome of “snags” met, or
problems encountered in the daily work of practical men;
they cover a wide range of subjects, and in preparing
them in compact form to go between the covers of a
book great care was bestowed upon *he index. FEach
question and answer has been given a number, and by
reference to the index, which is alphabetically arranged.

-the questions and their answers may be readily found

by their numbers through the system of cross-indexing
which has been employved wherever possible.

No expense has been spared in using diagrams and
cuts to illustrate answers when a clearer understanding
of the subject seemed possible by so doing.

Mr. W. G. Wallace needs no introduction by us to the
great army of locomotive enginemen and firemen. For
many vears he has been a writer for the “Brotherhood
of Locomotive Firemen’s Magazine” and other technical
publications, is author of a valuable treatise on locomo-
tive running, and for over a quarter of a century has
been actively engaged in the motive power department

of railways. As an acknowledged authority on questions
relating to locomotive running he is widely known.

He desires to take this opportunity to express publicly,
through us, his thanks to the Editor “Brotherhood of
Locomotive Firemen's Magazine” for according him
permission to have published in book form the questions
and answers which appeared in that publication. He also
wishes to express the hope that in this more convenient
form they may prove of practical benefit to many who
otherwise might never have seen them.

RamLway PUBLICATIONS SOCIETY.
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LOCOMOTIVE BREAKDOWN
QUESTIONS

1. Cross-Feep or LusricaTor.—“Is it possible for a
lubricator to cross-feed and allow all the oil to go to
one steam chest ?”

Answer.—It is possible for some lubricators to cross-
feed, although it does not happen frequently. With
choke or oil pipe stopped up on some lubricators the
equalizing tube becomes filled with water, and the oil, in-
stead of being forced through the choke plug by or with
the steam from the equalizing tube, rises through the
water to the top of the equalizing tube in the condensing
chamber and is carried over to the equalizing tube on the
opposite side and through the choke plug to the oil pipe
on the side that has the equalizing tube open, thereby
cross-feeding.

This can usually be detected by the sluggish manner
in which the oil rises through the water on the defective

side of the lubricator.

2. By-Pass VaLve on Lusricators.—“What advan-
tage has the hy-pass valve, that is, in speaking of lubrica-
tors? Explain how it is operated.”

Answer—The advantage of a by-pass valve on a lu-
bricator is that it takes the place of a hand oi'er, and
in case the feed valve is stopped up or the glass breaks,
the valves and cylinders can be lubricated without shut-
ting off steam. When the by-pass valve is opened the
oil will flow directly from the oil reservoir through the
by-pass valve to the oil pipe. They can be regulated to

J



10 LOCOMOTIVE BREAKDOWN QUESTIONS

feed the same as the feed valves when necessary, but it
would not be a sight-feed lubricator when the by-pass
valves are being used.

3. Motion or Maixn PiNn.—“Please describe the mo-
tion of the main pin on a locomotive as it moves along ?”
Answer.—The motion is like this: (See illustration.)
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4. Positions or EccenTric Rops 1N RELATION TO
LLink Brock.—“What are the positions of the eccen-
tric rods in relation to the link block in full forward and
full backward motion ?”

Answer—Nearly opposite the link block in both mo-
tions. _

5. FronT-ENp AprriaNcEs.—“Name what adjust-
ments can be made to the different appliances in the front

end of a locomotive and the effect of changing each on
the fire.

Answer.—The Master Mechanics’ standard front-end
arrangement consists of a diaphragm, petticoat pipe,
exhaust nozzle, and netting. The adjustments are to
raise and lower petticoat pipe and diaphragm, and in-
crease or decrease the diameter of the nozzle. The dia-
phragm is an apron extending downward from above
the top rows of flues and usually forward to or in front
of the exhaust pipe, and is for the purpose of equaliz-
ing the draft on the fire. Raising the diaphragm causes
the fre to burn most in the back end of the box, and
lowering it causes the fire to burn most at the front

LOCOMOTIVE BREAKDOWN QUESTIONS 11

end of the firebox. If you get it in position to burn the
fire evenly on ‘the grate surface and utilize the heating
surface of the flues, you have done all you can with it.
The petticoat is for the purpose of regulating the draft
on the fire; it is usually made in two pieces, the lower
part having the flare is called the pipe, and the straight
part, or top, is the sleeve. Now, vou can see if this pipe
and sleeve extended from the base of the stack to the
bottom of the smokebox, that there would be very little
if any, draft on the fire, but by moving the top part or

. sleeve down and the hottom part or the pipe up above
- the top of the nozzle, the draft is increased within certain

limits. Therefore, raising the pipe or lowering the sleeve
increases the draft, and raising the sleeve and lowering
the pipe decreases the draft. The nozzle, petticoat pipe
and stack are in the same relation to the front-end ar-
rangement as the tubes and nozzles are in the injector.
Both are induced currents, only one is for water and the
other for steam and gases. Decreasing the diameter of
the nozzle tip will sometimes increase the draft on the
fire, but as it also increases the back pressure in the cyl-
inders, nozzles should be bushed or reduced only as a last
resort.

6. RapraL Stavep CrowN SHEETS—“What are the
advantages of radial stay crown sheets?”

Answer.—When crown bars are used to support crown
sheet, the crown sheet is made more flat than with radial
stays, and the crown bars take up water space, and,
where muddy water is used, help to collect mud on the
crown sheet. When radial stays are used the crown sheet
may be given considerable curvature and the stays
placed as near right angles as possible. The advantage
is that less mud will accumulate on the crown sheet with
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radial stays than with crown bars, as the wash of the
water from the curved surface washes the mud from the
crown sheet. Radial stays take up less room and they
are much cheaper, give better chance to wash out boiler,
and are more favorable for inspection.

7. MaNNER oF SecurixG Firerox Sueers.— ‘How
are tHe inside and outside sheets of the firebox secured
at the bottom?”

Answer—The inside and outside sheets are riveted
to the mud ring at the bottom of the firebox. This is of
wrought iron and shaped to conform to the firebox. Long
rivets are used and they pass through the ring and both
sheets and are riveted over.

8. Mup v LEG or Firesox.—“What would be the
effect if the leg of the firebox became filled with mud?”

Answer.—The water would not come in contact with
the inside sheet and it would become burned or over-
heated. Heat would cause it to bulge and crack and the
staybolts would pull through the sheet, necessitating
patches or half side sheets on the firebox.

9. OVERHEATING oF FirErox SHEETS.— “What would
be the result if the firebox sheets became overheated ?”

Answer.—If the firebox sheets became overheated the
metal would become soft and the pressure would force
the sheets from the staybolts or pull the flues through
the flue sheet. This is an important part of the engi-
neer’s duty to keep the crown sheet wet. The results
to you will cause you to look for a position elsewhere
if you don't.

. 10. PosrtioN or BorLer CuECKs.—“Why are boiler
checks placed so far away from the firebox ?”

LOCOMOTIVE BREAKDOWN QUESTIONS 13

Answer.—DBecause it is a convenient place on the
boiler to attach them and they are less liable to be
knocked off, and introducing the cold feed water as far
as possible from the firehox gives the advantage of in-
creasing its temperature before it comes in contact with
the heated sheets of the firebox.

11. Cast Stee. Woeer CeNTERS.—“Why do they
cut cast steel wheel centers on the rim and put in filling
pieces?”

Answer—To prevent the rim from breaking. The
cuts are placed in the rim near the counterbalance and
prevent the unequal contraction of the metal from erack-
ing or breaking the rim of wheel. Owing to the large
amount of metal in the counterbalance and the pin hub,
and the small amount in the rim of the wheel, by using
filling pieces the liability of fracture at rim is lessened.

12. Sizeé or NozzrLe Ties—“What size nozzle tip
would you recommend to be placed on a passenger en-
gine with 20-inch cvlinders and 26-inch stroke, a ‘Jack
Wilson high pressure’ valve, and 200 pounds of steam
pressure ?” :

Answer—Use as large a nozzle tip as possible consist-
ent with steam making and quality of coal used. Would
recommend a nozzle tip 54 inches in diameter. d2creasing
or increasing the size to meet the requirements.

13. LeEap Axp CrearanNce—“What lead should tH‘e

- valves have and what inside clearance?”

Answer—Opinions differ as to lead and clearance.
Clearance may be zero or -inch, and valves may be set
according to the ideas of best practice; it depends on the
design of valve gear, length of eccentric rods or radius
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Boier RiveTing MacHINE
The boiler shell, suspended by chains from overhead travelers, is raised or lowered
ssrequired. The sheets pass between the lixed die, which forms rivet head on inside
of shell, and the movable die, which finishes other end of rivet by hydraulic power on
the outside.

LocosoT

T »
; frames in place;

Boiler and cylinders assemblec driving wheels in place,

LOCOMOTIVE BREAKDOWN QUESTIONS 15

1 BoiLer As SExT To ERECTING SHOP,
i Riveting finished, stay-bolts screwed in, dome mounted, and tube sheets inserted.

LaGGING A Bonek X
Strips of magnesia are used for the purpose, fastened by cleats to wire hoops encir-
cling the shell. Cylinders are lagged with cement.  Quiside the lagging, is fastened
& protective sheet-iron jacket,
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of link, etc. Valve set 3-32-inch blind in forward motion
and line and line, or 1-16-inch blind in back motion, or so
valve would have about 3-16-inch or 7-32-inch lead at
s-inch or 6-inch cut-off, will give very satisfactory ser-
vice. Lead increases as the lever is hooked up towards
the center and serves to retard the piston instead of ac-
celerating it. Wait until the piston is past the center,
then get the port open and admit steam to push it along.
Excessive lead is often too much of a good thing.

14. Errect oF CHANGING BAack MotioNn Eccexn-
trRic.— “What effect would changing the back motion
eccentric so the valve would show 1-16-inch blind instead
of line and line, have on the forward motion ?”

Answer—By setting the eccentrics in back motion
blind it reduces the amount of lead in the forward motion
as the lever is hooked up for short cut-off. With both
motions set the same and given lead in full gear, the lead
would increase in proportion to the radius of the link as
the link block was brought toward the center of the link.
Setting the back motion blind reduces the lead when
hooked up.

15. BrokeNn Back MorioNn Eccentric—“Tf you
were running an engine on a busy piece of track and
broke the back motion eccentric, what could you do to
facilitate clearing the track for other trains®”

Answer.—The engine can be run in forward motion
by securing the bottom of the link stationary and work-
ing engine in full gear. Sometimes this is readily ac-
complished by bolting the back motion eccentric rod to
the forward motion eccentric strap, using a long bolt and
filling in the space between both rods with a block or
large nut. This will hold the bottom of the link slightly

LOCOMOTIVE BREAKDOWN QUESTIONS 17

- back of its original position when the back motion eccen-
tric rod was coupled to the strap of the back motion ec-
- centric, but it is a convenient and positive fastening.
~ There should be a block placed between the bottom of
-‘_*7 the link block and the bottom of the link to prevent the
engine from being reversed while running under the

- above conditions.

16, FAILURE T0 OBSERVE PROPER PRECAUTION WITH
\ -_BROKF.N EccenTric.—"In the event of not disconnecting

when the back motion eccentric was broken, what would
be the effect if the lever was not left at full stroke?”

Answer—Consequent damage to the valve gear, re-
sulting in trouble for yourself and expense to your em-
ployer. If the eccentric was broken it would run hot and
break or pound the strap to pieces. Then the back end
"_.of the eccentric rod would fall down and strike the ties,
and the pressure of the valve would cause the link to
~ tip and slide over the link block, because there would be
no fastening for the hottom of the link. Do not take
 chances on breeding trouble. If the back motion eccen-
tric rod was fastened to the forward motion strap the en-
gine would be slightly lame as you hook lever up toward
the center, and if the lever was put in back gear the dis-
“abled side would work in forward motion and the good
side would be working in back motion. Thus the reason
_ :m;c blocking between the bottom of the link block and the

ink.

17. CyLINDER PACKING RINGS.—“What keeps the
_ cylmder packing rings steam tight when snap packing
nngs are used? Why can not steam go through the
~ one joint in the first ring, then go around and go through
- Next joint until it went clear through?"
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Answer—Cylinder packing rings are turned slightly
larger in diameter than the cylinder, and when the ring
is placed in the piston it has a slip fit in the groove and
the steam that enters the joint will go under the ring
and balance the pressure on the outside of the ring and
usually overcome it if the ring is in fair condition. You
have the spring in the ring and the steam pressure that
goes through the joint, tending to force the ring out-
ward or against the cylinder walls, and, the cylinder
walls being colder than the steam, the steam is condensed
and the condensation helps to keep the packing rings
tight. Of course, when the ring becomes worn it loses
its set or spring, and if the cylinder is worn out of round,
or cut, the space between the rings and cylinder walls is
so great that the steam will blow through.

18. ExpansioN vs. VALVE wiTHOUT OUTSIDE OR IN-
sipE Lap.—"“Would there be any expansion if a valve
without any outside or inside lap was used and the re-
verse lever hooked up to the 6-inch notch, or where the
engine cuts off steam at 6 inches with a valve having a
lap?” '

Answer—The advantage of lap on a valve is that
steam may be used expansively, The lap of the valve
closes the port at the point of cut-off and the steam ex-
pands in the cylinder until the port is opened for the ex-
haust. If we used a valve that had no lap the outside and
inside edges would register with the edges of the steam
ports, and the least movement of the valve would give
steam admission at one end of the cylinder and exhaust
at the other. You could not use steam expansively with
a valve without lap. In this case you would have the
eccentric set at right angles to the pin. When lap is

LOCOMOTIVE BREAKDOWN QUESTIONS 19

“added to the valve and the engines given lead, the eccen-
tric is advanced that amount from right angle.

19.—Expansion Axp Cur-Orr.—"“How is expansion
increased as the reverse lever is hooked toward the cen-
ter, and does the valve travel slower in relation to the

~ piston with a 6-inch cut-off than it would at full stroke ?”

———

Answer—In speaking of expansion, we mean the
work done by the expansive force of steam pushing the
piston to near the end of the stroke, if the steam is cut
off or the port closed by the valve. If the lever is hooked
toward the center the steam is cut off earlier in the
stroke. The stroke of the piston is constant and can not

- be changed, say 26 inches or 28 inches, and when the

lever is in full gear steam is admitted to the cylinder

~ nearly its full stroke, but by hooking the reverse lever up

the travel of the valve is shortened and the port is closed,
cutting off the steam when the piston has made only a
portion of its stroke. Therefore, the shorter the cut-off
the greater the expansion, as the steam confined in the

- cylinder will expand until the piston reaches the part of

its stroke where the port is opened for steam to escape,
or what is known as the opening of exhaust. The valve

- must travel over its seat at full stroke twice the lap and
'~ twice the width at port opening. At six inches cut-off it

would travel twice the lap and port opening, but as
the port would not be full open it would not travel as far
or as fast as it would at full stroke. When at full gear
the link block would be nearly opposite the eccentric rod
and the rod would control its movement, but at short
cut-off it receives its motion from near the center of the
link and both eccentric rods. Look this over when you
are under an engine, and have the lever moved from full
gear to 6-inch notch; it will help you to understand it.

o N
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20. Eouavrizine TuBes oF LuBRICATORS.—“Please
explain the use of the equalizing tubes in a lubricator,
and if all lubricators are supplied with them. Some
lubricators do not seem to have any on the outside.”

Answer—The use of the equalizing tube in a lubri-
cator is to equalize the pressure of steam on the water in
the sight-feed glass. The steam enters the condensing
chamber and condenses, forming water, and the oil is
floated on the water in the oil reservoir of the lubricator
and fills the oil pipes leading to the sight-feed glasses
with oil. When the feed valves are open, we have the
pressure of the steam and the weight of the water to
force the oil through the nipple in the sight-feed glass.
When vou have an equalizing tube that is stopped up or
an enlarged choke plug, you have this condition, and
when the throttle is closed the oil is forced through the
feed valve nipple in a stream. The equalizing tube is
connected to the cavity above the sight-feed glass and
steam exerts a pressure on top of the water in the glass.
This, therefore, equalizes the pressure in the lubricator,
and we have the weight of the water in height in the
condensing chamber to force the oil out of the nipple, and
the buoyancy of the oil causes it to rise to the surface of
the water in the sight-feed glass, when it is carried into
the oil pipe by the steam that came in on top of the
water from the equalizing tube. which forces a small jet
of steam and the oil through the choke plug. On some
lubricators the equalizing tubes are inside of the con-
densing chamber, and on others they are on the outside.

21. Cuaxcing LExcrH oF EccENTric Rop.—“What
effect would bhe produced upon the lap and lead by chang-
ing the length of eccentric rod?”

e 2

Aol .-._-
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Answer—None. As lap is the amount of valve that
extends over the outside edges of the steam ports when

.~ the valye is in the center of its seat, changing the length
of the eccentric rods would not affect the lap. ILead
~ is the amount of opening of the steam port when the pis-

ton is at the beginning of its stroke. An engine is given
lead by advancing the eccentric toward the pin, and
changing the length of the eccentric rod would not
change the lead. Changing the length of the eccentric
rods would only cause the valve to travel a greater or less
distance on either side of a line drawn through the center
of the valve and the center of its seat.

22, VALVE MotioN FOR OUTSIDE AND INSIDE ApMIs-
stoN VaLves—“What is the difference in valve motion
for outside and inside admission valves?”

Answer.—No difference in the valve gear, only in the
position of the eccentrics in relation to main pin. In an
engine with an indirect rocker (one with a valve arm
ahove the rocker box and the link arm below the rocker
box) and outside admission, the eccentrics are set at
right angles to the pin and advance towards the pin the
amount of lap and lead. Now, if vou change the cylin-
ders on this engine and use an inside admission valve, you
would only need to change the position of the eccentrics.
You would set the eccentric at right angles to the pin,
and instead of advancing them towards the pin the
amount of lap and lead, you would advance them away
from the pin that amount. In case it is desired to employ
a direct rocker (one with the valve arm and the link arm
both below the rocker box), then the eccentric would be
at right angles to the pin and advance the amount of lap
and lead towards the pin in the same position as they
were for outside admission valve with an indirect rocker.

J



