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Locomotive Breakdown

Questions

Answered and Illustrated

Being nearly 400 questions that were asked by engincmen during a scries of

years, answered by Mr. Wallace through the columns of the "Brother-

hood of Locomotive Firemen's Magazine." They cover almost

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 Numerous Engravings



PREFACE

The questions with answers thereto which are here

given in compact book form were asked through the

-Brotherhood of Locomotive Firemen's Magazme" 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 m prepanr^

them in compact form to go between the covers of a

book great care was bestowed upon *be mdex. Each

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-mdexmg

which has been employed wherever possible.

No expense has been spared in using diagrams and

cuts to illustrate answers when a clearer understandmg

of the subject seemed possible by so doing.

Mr. W. G. Wallace needs no introduction by us to the

ereat army of locomotive enginemen and firemen. For

many years 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 ha.

been actively engaged in the motive power department



Supplement to Zbc Brt ot 1Railroa6ing.

?8o8°8o8o8o8

24^4

Ckoss-Skction at Front FtUK-SHEET and Cylindrical Ring and Boiler unijer Dome.

END AND CROSS-SECTIONAL VIEWS OF "PRAIRIE" TYPE. BALANCED-COMPOUND LOCOMOTIVE
Paris >rc numbered to correspuod exactly wilU those listed on preceding plate showing side view of same engine.

I



r

i

been acnveiy cu^t*j^»>» -^ 1—f"^^



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,

tlirough 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
Jierwise might never have seen them.

Railway Publications SocietYo
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LOCOMOTIVE BREAKDOWN
QUESTIONS

1. Cross-Feed of Lubricator.—"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 Lubricators.—"What advan-

tage has the by-pass valve, that is, in speaking of lubrica-

tors? Explain how it is operated."

Anszuer.—The advantage of a by-pass valve on a lu-

bricator is that it takes the place of a hand oiler, 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

9



10 LOCOMOTIVE BREAKDOWN QUESTIONS

feed the same as the feed valves when necessary, but it

v^ould not be a sight-feed lubricator when the by-pass

valves are being used.

3. Motion of Main Pin.—"Please describe the mo-

tion of the main pin on a locomotive as it moves along ?"

Answer.—The motion is like this: (See illustration.)

4. Positions of Eccentric Rods in Relation to

Link Block.—''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-End Appliances.—"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 fire to burn most in the back end of the box, and

lowering it causes the fire to burn most at the front
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end of the firebox. If you get it in position to burn the

fire evenly on the grate surface and utiHze 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, you 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 bottom 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, pettidoat 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. Radial Stayed Crow^n Sheets.—''What are the

advantnges of radial stay crown sheets?"

Ansii'er.—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 muddv 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 Securing Firebox Sheets.—"How
are the inside and outside sheets of the firebox secured

at the bottom?"

Anszrer.—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. Mud in Leg of Firebox.—"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 Firebox Sheets.—"What would

be the result if the firebox sheets became overheated?"

Auszver.—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. Position of Boiler Checks.—^"Why are boiler

checks placed so far away from the firebox ?"
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Answer.—Because it is a convenient place on the

boiler to attach them and thev are less liable to be

knocked off, and introducing the cold feed water as far

as possible from the firebox gives the advantage of in-

creasing its temperature before it comes in contact with

the heated sheets of the firebox.

11. Cast Steel Wheel Centers.—"Why do they

cut cast steel wheel centers on the rim and put in filling

pieces?"

Anszi'cr.—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 crack-

ing or leaking 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. Size of Nozzle Tips.—"What size nozzle tip

would you recommend to be placed on a passenger en-

gine with 20-inch cylinders and 26-inch stroke, a 'J^^k

Wilson high pressure' valve, and 200 pounds of steam

pressure?"

Anszver.—Use as large a nozzle tip as possible consist-

ent with steam making and quality of coal used. Would

recommend a nozzle tip 5^ inches in diameter, decreasing

or increasing the size to meet the requirements.

13. Lead and Clearance.—"What lead should the

valves have and what inside clearance?"

Anszver.—Opinions differ as to lead and clearance.

Clearance may be zero or 34-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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Boiler Riveting ]\rACHiNE
The boiler shell, suspended by chains from overhead travelers, is raised or lowered

as required. The sheets pass between the fixed 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.

Erecting a Locomotive.
Boiler a cylinders assembled ; frames in place ; driving wheels in place.
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Boiler as Sent to Erecting Shop.
Riveting finished, stay-bolts screwed in, dome mounted, and tube sheets inserted.
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of link, etc. Valve set 3-32-inch blind in forward motion

and line and line, or i-16-inch blind in back motion, or so

valve would have about 3-16-inch or 7-32-inch lead at

5-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. Effect of Changing Back Motion Eccen-
tric.—"What effect would changing the back motion

eccentric so the valve would show i-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. Broken Back Motion Eccentric.—"If 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
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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

the link block and the bottom of the link to prevent the

engine from being reversed while running under the

above conditions.

1 6. Failure to Observe Proper Precaution with
Broken Eccentric.—'Tn 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?"

Anszver.—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 bottom 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

for blocking between the bottom of the link block and the

link.

17. Cylinder Packing Rings.—"What keeps the

cylinder packing rings steam tight when snap packing

rings 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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Anszver.—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

ti^ht. 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.

i8. Expansion vs. Valve without Outside or In-

SIDE 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 ?"

/Insiver.—The advantac^c 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-

hiust. 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 t'Ms case you would have the

eccentric set at right angles to the pin. When lap is
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added to the valve and the engines given lead, the eccen-

tric is advanced that amount! from right angle.

19.

—

Expansion and Cut-Off.—"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?"

Anszver.—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 ©f 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.
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20. Equalizing Tubes of Lubricators.—"Please

explain the use of the equaUzing 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 you 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. Changing Length of Eccentric Rod.—"What

effect would be produced upon the lap and lead by chang-

ing the length of eccentric rod ?"
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Anszver.—None. As lap is the amount of valve that

extends over the outside edges of the steam ports when
the valve is in the center of its seat, changing the length

of the eccentric rods would not affect the lap. Lead
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 Admis-

sion 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

above 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 you change the cylin-

ders on this engine and use an inside admission valv{^ 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.
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23. Direct Motion Valve Gear.^—^"What is direct

motion valve gear ?"

Anszver,—^Usually termed in locomotive practice, "di-

rect motion," when the valve rod moves in the same di-

rection as the eccentric rod. When the valve rod moves

in the opposite direction to that of the eccentric rod, we
have "indirect" valve motion.

24. Position of Eccentric with Direct and In-

direct Valve Gear.—"Why do eccentrics occupy the

position that they do with either direct or indirect valve

gear ?"

Answer.—^To admit and exhaust steam to and from

the cylinders at the proper time and exert a pressure on

the piston which is transmitted to the pin, causing it to

give a rotative force on the wheel when the crank pin is

above or below the center.

25. Relative Motion of Main Piston and Valve
for Inside and Outside Admission Valve.—"What
is relative motion of main piston and valve for inside

admission valve and outside admission valve?"

Outside Admistlon Valve Inside Admiaalon Valve

Answer.—The answer to this question is herewith il-

lustrated. The arrows indicate the motion of valve and

J
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piston in each case.. Note that with the outside admission

the valve moves in the same direction as the piston while

opening the port for admission, and with the inside ad-

mission the valve moves in the opposite direction to the

piston while opening the port for admission.

26. Balance Slide Valve.—"What is a balance

slide valve, how is it balanced and why?"

Answer.—A balance slide valve is a valve provided

with strips or rings that surround a portion of the area

of the back of the valve to relieve it of pressure, and

these strips or rings form a steam tight joint between

the part of the valve and the underside of the steam-

chest cover. Note the plain ''D" slide valve in sketch,

Fig. I. You have steam-chest pressure forcing the valve

^U V —t^-*

Fig. ». PUJn "D" Slide Valve Fig. 2. BaUncc Valve.

to its seat at all times when the throttle is open, and the

exhaust steam and the steam pressure in the cylinder

when the valve has just closed the steam port or cut-off

the steam forcing it up from its seat. The area of the

valve being the same on both top and bottom of the valve

and the steam-chest pressure being the greater, friction

is produced that absorbs power. To reduce the friction

and lessen the power required to move the valve back and

forth over its seat for the admission and exhaust of the

steam to and from the cylinder, strips or rings are em-

ployed to keep the pressure from a certain portion of the
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back of the valve, as shown in sketch, Fig. 2, and a hole

or holes are made in the back of the valve to allow any

leakage of steam past the strips or rings to escape to the

exhaust cavity, thus relieving this part of the valve from

steam-chest pressure. The valves are balanced to in-

crease the efficiency of the engine, reduce the cost of

lubrication, and to make the engine easy to handle.

27. Kerosene for Cleaning Cylinders and
Valves.—"Is it good to give an engine kerosene into the

relief valves when drifting, for cleaning out cylinders

and valves ?"

Answer.—If balance strips are stuck in the valve, or

a packing ring gummed up in the piston, a slushing of

kerosene oil will sometimes loosen them up, but it should

be immediately followed by a liberal allowance of valve

oil. A solution of lye would do equally as well as kero-

sene for this purpose, but would not recommend either.

Good dry steam and valve oil are the best things to put in

a cylinder or steam chest. If graphite is used, feed it in

with the oil or water, but do not use a low grade of oil

in your steam-chests or cylinders, as it burns and causes

trouble and does not lubricate at high temperature.

Keeping the throttle cracked sufficiently open to hold the

relief valve shut when drifting, and the use of dry steam

and valve oil, will obviate the necessity of using anything

else in the steam-chests and cylinders.

28. Piston Valve.—What is a piston valve ?"

Answer.—A piston valve is a valve composed of two

pistons connected together, properly fitted with rings that

form the edge of the valve for the opening and closing

of the steam and exhaust ports.

29. Lifting and Nonlifting Injectors,—''What is



LOCOMOTIVE BREAKDOWN QUESTIONS 25

Diagram of Slide-Valve Engine.

Showing positions of piston, valve, piston-crank (Oa), and valve-crank (Ob) at each
quarter-turn during one complete revolution of driver. At the start (A), port at left is
about to admit steam, port at right about to be connected with exhaust, and piston
about to begin outward stroke. All parts move in direction of arrows and have returned
to original position in E.
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the difference between a lifting and a nonlifting injec-

tor?"

Answer.—A lifting injector is placed as high or

higher than the level of the water in the tender and

raises the water to the injector, then forces it into the

boiler. This class of injector is most commonly used on

locomotives. The nonlifting injector must be placed be-

low the level of the bottom of the water space in the

tender so that water will flow to it by its own weight,

after which the injector will force the water into the

boiler.

30. Leak between Injector and Tank.—"Will an

injector work with a leak between the injector and tank?

Why? Will it prime?"

Answer.—A nonlifting injector will work if there is

a leak between the injector and tender, providing there

is a sufficient supply of water flowing into the injector

feed pipe. A lifting injector will not work if there

is very much of a leak, as the air enters the pipe and pre-

vents the injector from forming the necessary Viacuum

required to raise the water to the injector. It will not

prime. Even if it does prime the injector will not work

to its full capacity. Close the overflow and put on the

heater. This will show where the leaks exist, and have

them made tight if possible.

31. Exhaust Strongest from One Side of Stack.
—''What does it indicate when the exhaust issues strong-

est from one side of the stack?"

Answer.—If the engine has been in service and the

exhaust has filled it evenly, the indications are that the

petticoat pipe is loose or tipped, directing the exhaust

to one side of the stack. If the engine has recently
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passed through the shops, it may be that either the petti-

coat pipe, exhaust pipe, nozzle tip, or stack are not in Hne

with one another.

32. Leaky Steam Pipe Joint inside of Smoke-
box.—"What is the effect of leaky steam pipe joint in-

side of smokebox?"

Answer.—The exhaust steam passing up through the

stack expels the smoke and gases from the front end,

producing a partial vacuum in the front end. Air to

supply this vacuum must be taken through the ashpan,

grates, hollow staybolts, combustion tubes, and firedoor.

If the steam-pipe joints leak, or the joint under the ex-

haust pipe, or if the steam from the blower pipe, exhaust

pipe from the air pump or steam turbine for electric

lighting are not directed up through the stack, but strike

the flare of the petticoat pipe, or are tipped so that the

leak or steam will destroy the partial vacuum, the engine

will not steam and the fire will not burn brightly but will

burn with a smoky dull red color.
«

33. Leaky Check and Injector Throttle Valves.
—"Will injector prime if checks leak bad or are stuck

up, or if throttle valve leaks bad ?" ,

Anszver.—If the check leaks bad and there is no line

check in the branch pipe, the steam and hot water will

flow back into the injector and prevent a vacuum being

formed to raise the water to the injector. If the throttle

leaks bad you will have the same trouble. Sometimes

injectors have been started when throttle or checks were

leaking, by throwing cold water on the check or injectors,

thus condensing the steam so that they would prime and

bring water up to the injector.
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34. Leaky Primer Valves.—"Will the injector

prime if the primer valves leak? Will this prevent its

working?'*

Answer.—No. The primer valve leaking will only

cause the injector to prime when not wanted, but would

not interfere with the working of the injector when

steam was turned on to force water into the boiler. To
prevent waste of water, close water valve or tank valve.

35. Operation of Sight-Feed Lubricator.—De-

scribe the manner in which a sight-feed lubricator ope-

rates?"

Answer.—Steam is condensed into water and flows

down into the reservoir. As the water is heavier than the

oil, the oil rises and flows into the pipe leading to the

feed valves of the lubricator. The water in the condens-

ing chamber being higher than the oil in the oil cup gives

the oil below the condensing chamber the pressure equal

to the height of the water above the cup. Steam pressure

is also on top of the water tending to force the oil out of

the feed valve nipples when feeds are open. Steam also

passes through the equalizing tubes to the chambers

abo^^e the sight-feed glasses and is held back by the

chokers, thus equalizing the pressure on the top of the

water in the sight-feed glass and the oil in the cup.

Therefore, when the feed valves are opened, the pressure

of the height of the water in the condenser and the buoy-

ancy of the oil are all that forces the drop of oil up through

the sight-feed glass . When the oil reaches the surface of

the water in the chamber above the sight-feed glass it is

opposite the hole in the choke plug and it is carried into

the oil pipe leading to the steam chest by the steam that

flows through the choke plug. This is why the oil will
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feed so fast when the hole in the choke plug is worn too

large or the equalizing pipe is stopped up.

36. Effect of Draft on Working of Lubricator.
—"Does the draft from an open cab window affect the

working of the lubricator? Why?"

Answer.—The cold air striking the lubricator will cool

it and- chill the oil, which retards its flow. If the feed

valves are open to feed the proper number of drops, then

closing the window allowing the lubricator to get warm,

the oil will feed faster, thus causing an irregularity of

feed.

37. Irregularity of Feed of Lubricator.—''What

else might cause irregularity of feed?"

Answer.—Dirt in the lubricator, choke plugs worn too

large, equalizing tubes stopped up, or insufficient area

of steam pipe to supply steam to the lubricator. Some-

times this occurs when pipes are tapped to a fountain

that is too small in its main opening to supply the boiler

attachments, such as injectors, air pumps, blower, smoke

consumers, etc.

38. Cleaning Chokers of Lubricators.—"How
would you clean out chokers ?"

Answers.—Disconnect the oil pipe and run a small

wire through them, or by draining the lubricator and

opening feed valves and drain cock and then opening the

throttle the steam will flow from the steam chest to the

lubricator and may blow the obstruction into the sight-

feed glass. It may be necessary to remove the choker

and clean it out, but care should be exercised not to en-

large the hole in it.
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39. Cleaning Sight-Feeds of Lubricator.—''If

sight-feeds get stopped up, how would you clean them

out?"

Answer.—You can clean the sight-feeds out by re-

moving the regulating valve and blowing steam through

the nozzle or nipple, or by running a fine wire or broom-

straw through it, or by draining the oil out of the cup,

closing the water valve that regulates the opening be-

tween the condenser and the oil cup. Leave the drain

cock at the bottom of the oil cup open. Open feed valves

and steam valve, and the steam will flow down through

the equalizing tubes into the sight-feed glasses, forcing

the water and obstructions into the oil cup and out at

the drain cock. Close the drain cock, shut the feed

valves until the glasses become filled with water and the

feed will work all right. Sometimes a small piece of soap

put into the lubricator with the oil and then blowing the

lubricator out in the above manner will improve its work-

ing.

40. Closing Lubricator When Waiting on Sid-

ing.—''Which is the better practice, to close the feed

valves or water valve on a lubricator when waiting on a

siding?"

Answer.—The feed valves always. The water valve

may not be tight. It is always best to leave the water

valve open except when filling the lubricator.

41. Filling Lubricator with Cold Oil.—"Will

any bad results ensue from filling a lubricator full with

cold oil ?"

Answer.—The answer to this question is usually

*'Yes, for when the oil is heated it expands and may

cause the lubricator to bulge or burst." This is not cor-
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rect, as the lubricators are all tested before they leave

the factory under a pressure of 500 or 600 pounds, and

there is also a partition extending down from the top

of the cup that will trap a small amount of air, thus pro-

viding an expansion chamber for the oil when it becomes

heated. You see many lubricators filled until they over-

flow and no bad results come from it. Therefore, would

say that no bad results would come from filling the cup

too full.

42. Increasing Power of an Engine.—"Is there

any possible way of getting more power out of an engine

than that at which she is rated?"

Answer.—Increase the pressure or increase the num-

ber of revolutions per minute, or allow a longer cut-oflF.

Any and all of the above will increase the horse-power

of the engine.

43. Cylinder Clearance and Blocking.—"With

the kind of a guide yoke w^hich bolts on top of the top

guide and under the lower guide, there is nothing at the

back end to prevent the piston coming so far back as

to allow the packing rings to get caught in the counter-

bt)re. How would you block to prevent the piston com-

ing too far back?"

Answer.—An engine that would allow the packing

rings to get caught in the counterbore of the cylinder

would have excessive cvlinder clearance. All the room ;

there is between the piston and the cylinder head when\

the piston is at the end of the stroke is called "cylinder

clearance." In blocking the crosshead at either end of

the stroke you would have, the thickness of the piston

or follower up the groove for the packing ring, and then

have almost the width of the ring additional to move



32 LOCOMOTIVE BREAKDOWN QUESTIONS

back or ahead before the ring would get caught in the

counterbore, which rarely, if ever, occurs. Even if it

should, no damage would result, as it would be discov-

ered when repairs were being made. So block her clear

back and get ready to go in on one side.

44. Handling Heavy Main Rods in Break-

downs.—"It puzzles me how I could handle a main rod

on our largest locomotives in case it was necessary to

take one down on the road. In some breakdowns, such

as broken guides or crossheads, how would it be to let

it down on the ground then pick it up and put it on the

pilot. It would be so heavy that a man could not lift it."

Answer.—Get the train crew to help you handle the

rod ; call on the section men if you need them. There is

always a way to bring in the broken parts, and Aiey are

necessary sometimes in order to get the engine in ser-

vice. You would tie up the engine if you brought her in

without the main rod
;
you can always get help.

45. Keying Up a Draw Strap.—-'They say you

have to loosen the strap bolts before you key up a draw

strap. Please explain how I may know if it is the draw

strap by looking at it, and if it is correct to loosen the

bolt. Do they use drawstraps on the back end of the

main rod, or just on the front end?"

Answer.—A draw strap is used on the forward end of

main rods on some classes of engines, and the key goes

through the main rod and strap instead of being placed

between the end of the rod and the brass. The bolt is a

good slip fit in the rod, but the bolt-hole in the strap is

slotted and you have to loosen the bolt before you can

drive the key. With this arrangement in keying the

front end of the rod it is shortened instead of lengthened.
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Observe the construction in sketch. Men have reported

front end rod brasses filed when this kind of strap is

used, because they were not familiar with it and did not

loosen the bolt before trying to drive the key.

Draw-Strap for Forward End of Main Rod.

46. Clamping Valve, with Main Rod and Piston

Working.—''W^hen clamping a valve with one port

slightly open to lubricate cylinder in case where the main

rod is left up and piston allowed to move in the cylinder,

would you advise taking out cylinder cock in opposite

end from the end where port is left open, or in other

words , would you advise both cylinder cocks taken out ?

I have seen instructions to take out cylinder cock in

the end that the port is left open, but it seems to me that

when the piston moves towards the open port it would go

against atmospheric and steam pressure and the partial

vacuum at the other end of the cylinder causing a great

resistance . Wherever both cocks were removed the

vacuum would be less. How much would you leave the

port open, judging from the flow of steam from the

cylinder cock? How much resistance would the piston

work against, and is there any danger of cutting the
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cylinder? Would you feed oil any faster on the dis-

abled side ?"

Answer.—Take out the cylinder cock at the end of the

cyclinder that you left the port open. The port opening

need not be more than the thickness of a piece of tin.

Judging from the steam escaping, move the valve until

YOU get steam to show at cylinder cock so it can be seen

two or three feet away from the cock. All you want is

Just enough steam to keep the cylinder from cutting and

to carry the oil into the cylinder. To do this, feed the oil

a little faster on the disabled side than on the working

side, and when running, shut off ; oil may be admitted

through the oil pipe at lubricator or through the air inlet

valve on steam chest. It is not necessary to take out the

other cylinder cock. As to the resistance and vacuum on

each side of the piston, it would all depend on the speed

and condition of the cylinder packing rings. There is no

danger of cutting cylinder if engine is properly handled.

However, you will be responsible for consequential dam-

age, but if you follow instructions you will be safe in

handling the engine in the above manner.

47. Keying Siderods on Six-Vv''heel Connected
Engine.—"Keying up siderods on a six-wheel connected

engine and two keys for front and back pin, would you

drive both keys for each pin or just one, and if so which

one would you drive?"

Ansiver.^—EtiovQ keying siderods see that the wedges

are properly set up. Then place the engine on a straight

track on d^^ad center on the side to be keyed. Key main
^*" or middle connection brass first. If necessary to

Jack off all other keys in the siderods, do so. When you

get the main pin or middle connection brasses keyed,
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then key the back end brasses first, then the front end

brasses last. Use both keys to get rods the proper

length, then try rods on the other dead center. If you

can move the rods easily on both centers you will have

Nthem the right length and properly keyed. Tighten up

.set-screws and you will have no further trouble.

48. Indirect Motion Engine.—''What is an indirect

motion engine?'*

Answer.—A direct motion engine is one so designed

that the valve rod moves in directly the same direction

as the eccentric rod, and the indirect motion is a motion

where tb«i valve rod moves in the directly opposite direc-

tion from that of the eccentric rod.

49. Lining Up a Stationary Engine.—"How
would you proceed to line up a stationary engine?"

Answer.—Remove the cylinder head, piston and rod,

stuffing-box gland, cross-head and connecting rod, and

turn the crank to the lower quarter. First place a level

on the shaft and level it, if need be, by raising or lower-

ing the outboard bearing, as the case may require. Fasten

one end of a stout cord or, better still, a fine wire to some

object beyond the crank and pass the other end of wire

through the stuffing-box and cylinder and fasten to some

object as before. With a pair of inside calipers take the

distance between the walls of cylinder and the wire at

each end of the cylinder and also at one or more inter-

mediate points, for the purpose of bringing the wire into

the exact center of the cylinder. When the wire oc-

cupies a perfectly central position throughout the length

of the cylinder, turn the crank around until the crank

pin just touches the under side of the wire. When the

pin occupies this position the distance from the wire to
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the inside of the shoulder or collar on pin should be the

same on both sides of the wire. If it is not, equalize the

distance by moving the outboard bearing slightly, as the

case may require. Now turn crank around and bring pin

up to the wire at the opposite center ; again measure the

distance from the wire to the inside of the collar or

shoulder as before, which should be the same as at op-

posite end. If engine is fitted with locomotive guide

bars, or a single bar-guide, the distance from the wire

to the guide should be taken with the calipers at each end

of the stroke, equalizing the distance of bar from wire

by slightly moving the guides as the case may require.

Should shaft be much out of line, requiring considerable

movement of outboard bearing, it would be advisable to

remove the quarter boxes and scrape them to an even

bearing, otherwise the shaft in its new position will be

liable to bear very heavily at the ends of the quarter

boxes only and cause excessive heating. Replace all

the parts removed and make the necessary adjustments

with the crank on the dead center. Turn engine to

opposite dead center and make sure that the crank passes

the dead center easily.

50. Function of Ball Valve with Michigan Lu-

bricator.—"What is the function of the ball valve in the

oil pipe next to the steam chest on a Michigan lubricator,

and where is its station when the throttle is open?"

Anszuer.—The Michigan lubricator is equipped with

a steam-chest plug and ball valve. If the ball is per-

fectly round you will notice that near the seat for the ball

there is a small hole the size of the ordinary choke plug.

The position of the ball when the throttle is closed is on

its seat, then the small hole serves as a choker and
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answers the same purpose as it did in the lubricator.

Just as soon as the throttle is opened, and the steam

chest pressure is greater than the oil pipe pressure, the

ball leaves its seat and allows the full size opening of the

oil pipe or plug for communication between the steam

chest and lubricator, i. e., removes the choke plug feature

when the steam -chest pressure is greatest and restores

the choker when the lubricator pressure is the greater

(throttle closed).

51. Steam Gauge with Two Pointers.—"We
have some locomotives equipped with the Crosby steam

gauge, which has two hands or pointers. What is the

object of the larger one?"

Answer.—These gauges have an opening in the dial

for the large figures so that the longer pointer may be in

a vertical position on the dial and the figures shown

through the opening denote the pressure which the boiler

is permitted to carry in service, expressed distinctly and

without reference to the other figures on the dial. The

pressure is always easier determined by the position of

the long pointer. The dial also has a circle of small

figures denoting the pressures to which the gauge is ad-

justed, the same as on an ordinary dial. The large and

small figures have respectively a large and small index

;

one is a check upon the other, as each should always in-

dicate the same pressure, and the large figures shown at

the top and the long index make it a very desirable feat-

ure, especially at night.

52. Broken-off Check Valve.—''Can a broken-oflF

check valve be repaired and engine brought in under

steam? Explain in detail."

Answer.—That depends on the style of check valve

used and its position in line with the highest point of
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crown sheet. With a check valve that had a check in-

side of the boiler shell, it would be easy, but with the or-

dinary check, screwed or flanged to boiler, it would be

more difficult. However, if you could keep water enough

on the crown sheet to fire up with, or fill the boiler from

a hose or water supply, or by being towed after plugging

the check, or if flanged the check could be removed and a

blind gasket inserted between the check and the boiler,

you might be able to accomplish results when check

valve was broken ofif an engine. But usually in a case

of this kind the engine is damaged to such an extent

:hat it would not always be advisable to consume the

time necessary to put her in shape to bring her in under

her own steam. If the line is busy, get the engine towed

to the shops and have the repairs made without delaying

other trains.

53. Proper Register of Steam Gauge.—"How can

you tell if the steam gauge is registering properly?"

Anszi'er.—By comparing it with the test gauge or with

the pop valve when it opens ; also by the working of the

engine, the sound of the exhaust and the whistle ; the

steam escaping from the open gauge cock, or the pressure

shown on the air gauge. If the air-pump cylinders are

same size, steam and air end, you can not get more air

than you had steam, but would get less the amount of

friction of piston in air pump and weight of same. If

your steam gauge was fast, or indicated more pressure

than you had on the boiler, you would notice it by the

engine not handling her train properly. If the gauge

was slow and did not show as much steam as was being

carried on the boiler, and pop valves did not open at thf

maximum pressure, the engine would be more slippery.



40 LOCOMOTIVE BREAKDOWN QUESTIONS

54. Temperature of Firebox vs. Steam Pressure.—"What is the temperature of the firebox when the

steam gauge registers 200 pounds."

Answer.—Steam at 200 pounds is at a temperature of

387.8 degrees Fahr., and if a boiler was allowed 220

pounds of steam the fire could be drawn and the boiler

have 200 pounds of steam with a very much lower fire-

box temperature. Recent tests on a testing plant at St.

Louis gave firebox temperature, ranging from 1,427 to

2,112 degrees Fahr. and smokebox temperatures from

561 to 726 degrees Fahr. Firing light and often and

closing the door after each shovelful of coal has been

placed in the firebox when the engine is working, will

maintain a more uniform temperature. Leaving the door

open while you put in four or five shovelfuls of coal will

reduce the temperature possibly below the above figures.

Try and keep the door shut as much as you can ; it saves

coal and flues.

55. Position of Saddle Pin.—^"Why is the saddle

pin placed back of the center of the link, instead of in the

center?"

Answer.—This is to equalize the cut-off. Please note

that if you place the engine at mid, or half stroke, and

use a tram equal to the length of the main rod, or the

distance from the center of the crosshead pin to the wheel If

center, and describe an arc to that radius on wheel and

tire, you would find that the tram point would mark the

tire forward of a perpendicular line drawn through the

center of the axle, and the shorter the main rod the

farther away from the perpendicular line the tram point

would be, showing that the difference would increase*

with a short main rod and decrease with a long main
E
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rod. Now, if yon move the engine from half stroke to

forward center and back to half stroke, you would not

move half the circumference of the wheel, but only the

difference measured on the tire between the two marks

made by the tram, and while you move the engine from

half stroke to back center and to half stroke again, the

engine would move a greater distance than on the first

half of the stroke. This is due to the angularity of the

main rod. Therefore, it is necessary to locate a position

for the saddle pin so that equal portions of steam may be

admitted alternately into the cylinder, and the cut-off be

equal when the crank pin is at half stroke. This is

usually accomplished by locating the point of suspension

of the link back of the center, and is for the purpose of

securing equality of cut-off and overcoming the angular-

ity of the main rod and the inequality in the motion of

the piston at half stroke.

56. Wide vs. Narrow Firebox.—''How does the

wide firebox type of boiler, with wide firebox projecting

out each side behind the wheels, differ from the narrow

firebox sitting between the w^heels, and what advantage

has the wide firebox over the narrow firebox ?"

Answer.—The wide firebox differs from the narrow

firebox in height, width and length, necessarily shallow

on account of being placed above instead of between the

frames, and permits a larger ratio of grate area to heat-

ing surface of boiler, with a corresponding decrease in

rate of combustion or coal burned per hour per square

foot of grate surface, and admits of a larger water space

between the inside and outside sheets of the firebox.

57. Broken Tire or Axle on Four-Wheel Switch

Engine.—'Tiow 'would you block up for a broken tire

or axle on a four-wheel switch engine ?"
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Answer.—If back tire or axle, block it same as for

back tire on consolidated, and block on top of driving

box of good wheel on disabled side, chaining across to

tender frame. If front tire or axle breaks, block up on

top of back boxes, raise wheel or axle of broken tire and

chain across to car to hold good flange against the rail.

If necessary, a car or truck may be used to support front

end of engine to get her to the shop.

58. Indirect Motion Engine.—''With an indirect

motion engine, doesn't the back-up eccentric always lead

the pin a quarter of a turn less the lap and lead ?"

Answer.—With an indirect motion the back motion

eccentric leads the pin when the engine is running ahead,

and follows the pin when backing up. It is proper to

say, with this motion, that either eccentric follows the pin

in either direction that the engine is running. (See

Fig- I-)

59. Direct Motion Engine.—''With a direct motion

valve gear, doesn't the go-ahead eccentric lead the main

pin about a quarter of a turn?"

Answer.—A direct motion gear, inside admission

valve, the eccentrics are set the same as in Fig. I. Note

Fig. 3, which shows the arrangement with the inside ad-

mission valve and direct rocker.

Fig. 5 shows the position of eccentrics if an outside ad-

mission valve were used with a direct rocker.

Fig. 7 brings you back to the starting point, only with

a piston instead of a slide valve.

60. Broken Axle or Back Tire on Consolidated

Engine.—"How would you block up for a broken axle

or back tire on a consolidated engine?"

Answer.—^When the back driving axle breaks, if no

other damage is done, remove both sections of side rods,
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jack the broken end of the journal up level and secure it

by blocking between the bottom of the box and pedestal

brace. If the firebox extends over the frame and the

springs are between the pedestal jaws and under the top

frame rail, pry up the back end of the spring as high as

possible and block it there. Disconnect the front end of

back equalizer if necessary to do so. If the springs and

equalizers are above the frame, the block should be placed

between the top of the frame and the spring saddle. The
object in either case is to relieve the box of the weight it

carries. If the second and third drivers have blind tires,

chain around the tailpiece of the engine frame on the dis-

abled side and across to the opposite side to front cor-

ner of tender frame, using wedges to hold it as tight as

possible, and this will crowd engine over against flanged

driver. Cut out the driver brake, run carefully, especially

around curves and through frogs and switches. With a

broken tire, handle in the same manner, with the excep-

tion of taking down back sections of siderods, which may
be left up if they are not damaged to warrant their

removal.

6i. Friction of Valve and Slip of Link.—"Why
is it that when an engine is working hard the lever pulls

toward the corner of the quadrant for three exhausts and

toward the center with one exhaust? I have noticed

on any engine that I have been on that there is one ex-

haust which, if you catch just right, the lever hooks up

easily, and the other three you can hardly pull the lever

back. We have three 20x26-inch cylinder engines that

are almost impossible to hook up unless you get them just

right. We do not have piston valves, but I understand

they are not afifected that way. Will you please explain ?"

Answer.—The reason that the lever pulls forward for
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three exhausts and back on one exhaust is due to the fric-

tion of the valve and the sHp of the Hnk on the Hnk block.

The valve moving hard over its seat at slow speed and a

well opened throttle cause increased friction between

the Hnk and the link block. If the pull on the lever was

constant in the forward direction the lever would not

rattle when the valves got dry. As it is, the pull is for-

ward while making three-quarters of a revolution, or for

three exhausts, and backward for one exhaust. Get out

on the running board and note that the tumbling shaft

arms lift up when left side is passing back center run-

ning ahead, and pulling forward while passing top quar-

ter forward center and bottom quarter left side. Tight-

ening up or placing more tension on the counterbalance

spring and more efficient lubrication on valves will par-

tially overcome this trouble. The reason that this is not

as noticeable on piston-valve engines is due to the fact

that a piston valve is more perfectly balanced than a slide

valve.

62. Lubricator Siphons into Boiler.—"How does

oil from a lubricator siphon into a boiler when a boiler

is allowed to cool and the lubricator throttle is not shut

off? What is cause?''

Answer.—When a boiler is in service it contains water

and steam at a temperature in proporttion to the pres-

sure. The steam and water occupy space. When al-

lowed to cool the steam is condensed, and the water,

losing its heat, also occupies less space. When this

occurs a vacuum is formed in the boiler. Atmospheric

pressure surrounding the boiler trying to get in and

destroy the vacuum is the cause of the oil siphoning out

of the lubricator, and this occurs only when the lubrica-

tor is not perfectly tight in all joints. A very slight leak
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at filling plug, around the gaskets of the oil glass, or

packing nut on the feed valve, will admit air enough to

destroy the vacuum and allow atmospheric pressure on

top of the oil in the cup. The vacuum in the boiler will

,
tend to draw the oil up through the steam pipe above

water valve when it is open, and as this passage or pipe

extends nearly to the bottom of the oil cup it affords an

easy passage for the oil to siphon into the boiler. If the

oil cup was absolutely airtight, oil would not siphon out.

This is why it only takes place occasionally on certain

engines when the lubricators are not absolutely tight.

*63. Tractive Force or Drawbar Pull.—"Give a

formula for figuring the tractive force or drawbar pull

of any class of engine ?"

Answer.—^The tractive power or drawbar pull of a

locomotive at slow speed may be ascertained by assuming

that 85 per cent of the boiler pressure will equal the cyl-

inder pressure, or, as it is termed, M. E. P. (mean effec-

C'XSXP
tive pressure), and using the formula • =

D
T. C^ means that the diameter of the cylinder should be

multiplied by itself, or squared. 5' represents the stroke

of the piston in inches, and P the mean effective pressure

in pounds per square inch in the cylinder, which is usual-

ly figured at 85 per cent of the boiler pressure. D equals

the diameter of the driving wheel in inches, and placed

under the line means that when the diameter of the

cylinder is multiplied by itself, or squared, then multi-

plied by the number of inches of the stroke of piston, and

then by the number of pounds mean effective pressure in

the cylinder, and divided by D, or the diameter of the
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driving wheel in inches, this will give T = tractive power

or drawbar pull of the engine, and is worked out in the

following manner

:

Example : A locomotive with 20x26-inch cylinders

;

diameter of driving wheel, 56 inches ; boiler pressure, 200

pounds.

0=120X20
20

400

S= 26

2400

800

10400

85% of boiler pressure =P.
200

•85

1000

1600

17000

Now we have a pressure of 170 pounds for P.

10400

170

728000

10400

Diam. of driver 56)1768000(31571

t68
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88

56

320

280

400

392

80

56

4
Tractive force or drawbar pull = 31,571 pounds.

For a two-cylinder compound take two-thirds of the

boiler pressure and consider the high-pressure cylinder

0x^X2-3 P '

only. Use this formula: = T,

D
For a four-cylinder compound use this formula

:

0x^X2-3 P 0x^X1-4^
-^ \- = T, or drawbar pull.

D D
High pressure Low pressure

cylinders. cylinders.

Work out for high and low pressure cylinders the

same as you did for the simple engine and add the

quotients.

64. Inside or Outside Admission Valve.—"How
can you tell by looking at a piston valve engine whether

it is inside or outside admission ?"

Answer.—By the position of the rocker arm. For in-

stance, if you had a piston valve engine on forward cen-
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ter, with the lever either in forward or full backward

motion, if it was inside admission the valve and rod

would have to move forward to open the front steam port,

and if it was outside admission the valve would have to

move back to open the port to admit steam to the cylin-

der. After you have given this a few minutes' study a,

glance will enable you to determine which are the insider

and outside admission valves.

65. Headlight Oil in Lubricator.—"B claims that

by putting headlight oil in the lubricator it benefits the

lubrication of the valves. A can not see in what way it

does, and B says that the engine handles better when the

valve oil is mixed with a certain per cent of headlight

oil and fed through the lubricator."

Answer.—^Valve oil will stand a temperature of about

650 degrees of heat, headlight oil only about 300 degrees

before burning. Therefore, the kerosene oil should not

be mixed with valve oil and used for lubricating valves

or cylinders, as it may burn and cause the strips and

rings to gum. Mixing valve oil with kerosene reduces

the consistency of the valve oil, and it is not advisable to

use it for valves and cylinders.

66. Tractive Power of a Locomotive.—''Would

there be any difference in the power of an engine by in-

creasing the length of the stroke one inch, thereby in-

creasing the leverage and diminishing the cylinder dia-

meter a corresponding amount so as to leave the number

of cubic inches in the cylinder the same, or vice versa?

The cylinder dimensions are 22x26 inches, driving

wheels 76 inches in diameter, and M. E. P. 175 pounds."

Answer.—The formula = T is usually

D
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employed to determine the tractive power of a locomo-

tive, and the object of this department is to furnish in-

formation if possible that will enable the readers to solve

problems of this nature. Would suggest that you figure

this out. The practice will be beneficial.

6j. Length of Main Rod.—''What is the correct

way to determine the length of a main rod?"

Answer.—If guides and cross-head are up and main

driving box set properly in jaw, place the cross-head in

exact center of guides and use a square, measuring from

center of main driving box. When adjusting a

main rod to the proper length you should always

notice whether the key in the back end is in front of

or behind the crank pin. When in front, you lengthen

the rod as the brass wears and the key is driven down,

and when behind the crank pin the rod is shortened. Di-

vide your clearance accordingly and always consider the

space occupied by the piston rod in the back end of the

cylinder, which should have i -32-inch more clearance

than the front end to equalize the exhaust. Therefore to

get the correct length of a main rod, place the cross-head

I -32-inch ahead of center of travel and measure to center

of the axle and you have it.

68. Engine Drifting with Reverse Lever in

Center of Quadrant.—^"While engine is drifting with

reverse lever in the center notch of the quadrant, do the

rocker arms stand perfectly still, or do they move for-

ward and back a small amount ? Explain in detail."

Answer.—^You understand that the lead is increased as

the lever is hooked up toward the center of the quadrant.

Lead is the opening of the steam port when the piston is

at the beginning of its stroke. Now, in order to get any
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opening of the steam port, the valve must first travel a

distance equal to the lap. Therefore the valve and rocker

arm would have to travel a distance of twice the lap plus

twice the lead with lever in center notch while drifting.

69. Right Go-Ahead Eccentric Slipped.—"If the

go-ahead eccentric on the right side is slipped, by follow-

ing these directions will it be properly set? By placing

the engine on top quarter and putting the reverse lever in

extreme forward corner, then take out bolt on top of

link clevis, put reverse lever in back corner, and drive ec-

centric back so as to put in bolt?"

Answer.—This method is not accurate enough to

recommend your wasting any time trying to prove it.

Why not place engine on forward center with lever in

full gear forward and move eccentric until steam shows

at front cylinder cock? This will require less time and

there is no chance for a mistake. In case you want to

set the eccentric by the position of the link, place engine

on forward center, hook reverse lever in the center notch,

then tie a nut to a piece of string and fasten it to the

eccentric-rod bolt at the top of the link, and move the

eccentric on the axle until the string is plumb with both

the eccentric-rod bolts. This will be more satisfactory

than the directions given in the question.

70. Piston Travel.—"Is the distance from the cen-

ter of the rod pin to the center of the axle half of the

piston travel?"

Answer.—Correct—always.

71. Cross-head Travel and Main Rod Angular-
ity.—"Does the cross-head travel farther when the main

pin travels from one center to the quarter, than it does
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when the pin travels from that quarter to the opposite

center?"

Answer.—If you will take a compass and make a cir-

cle to represent the crankpin circle, then draw a straight

line through its center, extending the horizontal line a

sufficient distance to represent the length of the main

rod, then extend the compass points in proportion to the

length of the main rod and describe an arc through the

center of the crank-pin circle, you will find that the arc

thus described will intersect the crank-pin circle in front

of a vertical line drawn through the center of the crank-

pin circle. The shorter the main rod the greater the

distance will be from the vertical line. Now, if you mean

when the main pin is on the quarter, that is, with the

center of main pin and center of axle in a vertical line,

the cross-head w^ill travel farther from that quarter to

forward center and back to the same vertical position

than it would if the pin moved from the quarter to the

back center and back to quarter. Look up the angular-

ity of the main rod and it will help to make this clear to

you,

y2. Principle of the Injector.—"Describe as

plainly as possible the principle upon which an injector

works."

Anszver.—Tlie principle upon which an injector works

is a principle of induced currents. A current of any kind

has a tendency to induce a movement in the same direc-

tion of any body with which it may come in contact. A
blower or any steam jet acts on the same principle.

With a non-lifting injector the steam does not raise the

water to the injector, as the water flows to it and is

forced into the boiler by the steam imparting a portion



LOCOMOTIVE BREAKDOWN QUESTIONS 53

of its heat and velocity to the water and givins^ it a suf-

ficient momentum to force it into the boiler. The steam

entering the injector at a high temperature with great

velocity strikes the cold water and is condensed, but im-

parts a large portion of the velocity to the water, suffi-

cient for it to raise check valves and enter boiler at a ;

high pressure. A lifting injector, so called because the

injector is usually set above the level of the water in

the supply tank, must raise the water to the injector, as

well as force it into the boiler. When the steam valve

is open slightly on a lever injector, or the lifting valve,

if the injector is of that type, the steam is permitted to

flow out of the nozzle, directing it to pass out of the over-

flow pipe to the atmosphere, carrying with it the air

from the supply pipe, thus creating a partial vacuum in

the pipe between the injector and the water. Then the

atmospheric pressure on the surface of the water in

the tank forces it into the supply pipe and out of the

overflow pipe, thus priming the injector. Then when

the steam valve is open, steam enters the injector in a

much larger volume and, coming in contact with the

water that is flowing through the injector, increases the

velocity of the water which is forced into the condensing

tube and out of the injector at the delivery nozzle with

sufficient force to enter the branch pipe, lift the check,

and enter the boiler. The steam and water flow through

the injector and pipe at a high speed, forming a vacuum

in the injector supply pipe and connections. Hence the

importance of keeping them tight and free from leaks.

73. Circulation of Water in Boiler.—"What is

meant by the circulation of water in a boiler?"

Answer.—A free movement of the water so that it

may come in contact with the heating surface, and after
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being converted into steam be immediately replaced by

a fresh supply. Proper circulation of the water is essen-

tial to the efficient operation of a boiler, as it tends to

keep all its parts at a nearly uniform temperature and

prevents overheating, as is the case when the boiler is

filled with mud or scale. The mud does not circulate and

can not carry away the heat and the sheets are burned.

When a boiler is filled with cold water the water is dense,

and there is little, if any, circulation, but as soon as a

fire is built in the firebox or furnace, the sheets become

heated and the heat is immediately absorbed by the water

coming in contact with them. As the water rises in tem-

perature it becomes lighter and rises to the surface, and

the cooler water, being heavier, flows down in the space,

between the flues and boiler shell, promoting the circu-

lation. The rapidity with which heat may be absorbed

from the heating surface depends on the eflFectiveness

of the circulation in the boiler. A poor circulation will

result in a poor steamer.

74. Operation of Sight-Feed Lubricator.—"De-

scribe as plainly and completely as possible the operation

of the sight-feed lubricator."

Answer.—We will assume that we have an ordinary

sight-feed lubricator with a condensing chamber on top

of the oil reservoir, a partition between the condensing

chamber and the oil reservoir, a pipe or passage leading

from the base of the condensing chamber to near the bot-

tom of the oil reservoir, a pipe or passage for oil extend-

ing from or near the underside of the partition downward
to near the bottom of the oil cup and branching out to

the feed valves under the sight-feed glasses. When the

cup is filled with oil and the valves opened, steam enters
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the condensing chamber and condenses. The water flows

down the pipe and, being heavier than the oil, the oil is

floated to the top of the oil reservoir and fills the passage

to the sight-feed valves with oil. Now we have a pres-

sure on the oil equal to the pressure of steam in the cup

•and the weight of the water in the pipe and condensing

chamber, forcing the oil through or to the sight-feed

•nipples. (This would occur if the equalizing tube on a

lubricator was stopped up and the glass was broken.)

It does not matter whether the equalizing tubes are in-

side of the condensing chamber or outside, the principle

is the same ; the equalizing tubes extend from near the

top of the condensing chamber to the top of the cham-

ber above the sight-feed glass and exert a pressure down-

ward on the water in the glass ; hence are called equaliz-

ing tubes, because they equalize the pressure in the lubri-

cator. The choke plug is a small opening which only al-

lows a small amount of steam to escape into the oil pipe

leading to the steam chest, but it carries any water that

may accumulate above the level of the choke plug into

the oil pipe. Now you will readily understand why
they are called equalizing tubes ; when the feed valve is

open a drop of oil will form in the nipple of the sight-

feed glass and, on account of its being lighter than the

water, it rises to the top of the water in the chamber

above the sight-feed glass and is carried through the

choke plug, forced into the oil pipe and to the steam

chest by the steam from the equalizing tube when the

pressure at the lubricator end of the pipe is greater than

the pressure at the steam chest end of the pipe.

75. Blows in Main Valve and Cylinder Pack-

ing.—**How can a blow in the main valve be located and

how can a blow in cylinder packing be determined?"
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Answer.—Place the engine on the center, on the side

you wish to test. Plumb the rocker arm and this will

place the valve central on its seat. Open cylinder cocks

and throttle. If steam blows out of one or both cylinder

cocks when the valve is covering the ports, it indicates

that the valve is blowing. In case you find that the

valve is tight and you want to test the cylinder pack-

ing, place the lever in full gear, either forward or back.

This will open either the front or back port leadinr; to the

cylinder ; close the cylinder cocks and block open the

cylinder cock at the end of the cylinder opposite to the

end where the port is open, set the brake and pen the

throttle, and if steam blows out of the open cylinder

cock, the cylinder packing on that side will, as a rule,

be found to be leaking. The sound of the steam escap-

ing through the exhaust nozzle and stack will also assist

in locating a cylinder packing blow. Taking off the

front cylinder head and admitting steam to the back of

the cylinder is a dead sure way to locate a cylinder pack-

ing blow.

76. Slipped Eccentric.—"How would you detect a

slipped eccentric?"

Answer.—By the irregular sound of the exhaust.

When an eccentric is slipped its position is changed on

the shaft and if it slips toward the pin admission occurs

too early, and if away from the pin admission will be

delayed. When you slip an eccentric you will have no

trouble in detecting it.

yy. Purpose of the Link.—"What is the purpose of

the link?

Anszver.—The purpose of the link is for reversing

the engine and varying the rate of expansion or cut-off.
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The amount of travel communicated to the valve depends

on the distance the link block is from the center of the

link. By moving the link up or down on the link block,

the travel of the valve will either be increased or de-

creased. On account of the ease with which it may be

handled on engines, which of necessity have to run back-

ward or forward, it is considered the most desirable for

an engine requiring a reversing gear.

78. Height of Smoke-stack.—''Why is it that on

our small locomotives they have such long smoke-stacks

and on the large ones so short a stack? I claim that on

our small locomotives, having a long exhaust pipe, the

steam from the exhaust would not expand and fill the

smoke-stack if it was only from 24 to 26 inches long, and

on the large locomotives we have short exhaust pipes

and short smoke-stacks. I claim that the reason for

this is due to the. large boiler and that the steam from the

exhaust pipe exhausts into a petticoat pipe and expands,

and thence to the smoke-stack."

Answer.—The reason for the small engine having a

long stack and a large engine having a small stack is that

the height of stack is governed by the limit of tunnels,

bridges, roundhouses, etc. Experiments have shown that

there is nothing to compensate for length of stack in

promoting efficiency of the front end, consequently as

long a stack as can be used is desirable. The arrange-

ment of the front end is usually based on formulae on

which the diameter of front end is a factor, so that the

larger the boiler the higher the nozzle. The short stack

on large engines is so made only to give proper clear-

ance and is compensated for as much as possible by use

of petticoat pipes.
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79. Working Steam Expansively.—"What is meant

by working steam expansively?"

Answer.—^Working steam expansively is the work

done by the expansive force of the steam ; after the valve

has closed the port at a certain part of the stroke, then the

steam thus confined in the cylinder forces the piston to

the end of the stroke by its expansive force. Expanding

in volume the pressure becomes less. To make it clear'

to you, there are four terms used in speaking of the ac-

tion of steam in the cylinder. When the valve closes

the port it is known as "cut-off," and the cut-off is regu-

lated by the position of the reverse lever. Then the ex-

pansion of the steam thus confined in the cylinder forces

the piston to the end of its stroke. This is called "expan-

sion," When the valve opens the port for the escape of

steam, this is called "exhaust," and the steam that does<

not get out of the exhaust port while the valve is open

is confined in the cylinder and compressed by the piston

on its return stroke. There you have admission, ex-

pansion, exhaust, and compression.

80. Balance Slide Valve—"What is the balance

slide valve, how is it balanced, and why ? For what rea-

son is a hole drilled through the top of the valve?"

Answer.—A balance slide valve is balanced by strips

or rings placed in the back of the valve that fit to the bal-

ance plate. The area of the valve inside of the rings or

strips is not subject to pressure for the reason that the,,

rings or strips make a steam-tight fit and prevent the

steam from exerting a downward pressure from that

part of the valve. They are balanced to reduce the fric--

tion of the valve on its seat and lessen the wear on the

valve gear and increase the efficiency of the engine. The
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hole drilled in the top of the valve is for the escape of any

steam that might leak past the strips or rings. If the hole

was not there for the escape of this steam and the strips

or rings should leak, a pressure would be accumulated

on the back of the valve and the balance feature would

be lost.

8i. Inside and Outside Admission Valve.—What

is meant by inside and outside admission valve?"

Anszver.—A valve that is surrounded by steam, the

outside edges of the valve uncovering the ports for ad-

mission, is known as an outside admission valve. Where

the admission valve is usually made hollow in the

center or in the form cf a spool, and the inside edges of

the valve uncover the ports for admission, then it is

termed an inside admission valve.

82. Relative Motion of Piston and Valve.—
"What is the relative motion of main piston and valve

for inside admission valve and for outside admission

valve?"

Answer.—^The motion is just reversed for the reason

that with an outside admission valve, to open the front

port, the valve and rod would have to move back to

uncover the port, where if it was an inside admission the

valve would have to be moved forward to uncover the

port.

83. Valve Motion for Outside and Inside Admis-

sion Valves.—"What is the difference in the valve mo-

tion for an outside admission valve and an inside admis-

sion valve?"

Answer.—There need be no difference other than in-

stead of advancing the eccentrics toward the pin, as is
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the case with an outside admission valve, they should be

advanced away from the pin to the same angle where the

indirect rocker is employed. The motion can be ar-^

ranged either in the application of a direct rocker or

changing the position of the eccentrics on the shaft.

84. Direct and Indirect Valve Motion Gear.—"What is a direct motion valve gear and what is an

indirect motion valve gear?"

Anszver.—A direct motion valve as applied to a loco-
'

motive is one where the valve rod will travel in the same 1

direction as the eccentric rod, or both moving forward at

the same time. Both arms of the rocker shaft turned
|

either down or up. An indirect motion valve gear is a

gear where the valve rod travels in the opposite direction

from that of the eccentric rod. I

85. Injector and Lubricator Questions.—If it is

necessary to take down the tank hose, how can the water

be prevented from flowing out of the tank that has the

siphon connection instead of the old style tank valve?"

Answer.—Put the heater on and force the water out

of the siphon pipe, if they are not equipped with vent

cocks or plugs for this purpose. Usually there is a plug

in the siphon that should be removed to prevent water

running out when hose is taken down, or there is a cock

there that should be turned open. This will admit air to

the pipe and prevent the water from siphoning out of the

tank.

"A. If the lubricator feeds faster when the throttle

is closed than open, where is the trouble?"

Answer.—Choke plugs worn too large or equalizing

pipe stopped up.
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"B. What is the use of an equalizing pipe in the lubri-

cator?"

Answer.—The equalizing tube in a lubricator is for the

purpose of placing a pressure on top of the water in the

sight feed glass and chamber. The oil rising through

the water by reason of its buoyancy does not rise very

fast on account of the equalizing tube holding the pressure

equal. When the tube is stopped up the pressure of

steam and water in the body of the cup would force

the oil through the nipple and sight feed glass into the

chamber at the top of the glass, and there would be no

pressure from the equalizing tube to force the oil through

the choker and into the oil pipe to the steam chest.

"C. What would be the effect if the equalizing pipe

became loose or broken?"

Answer.—If pipes were loose or broken, the benefit

of the condensing chamber would be lost.

"D. Can you explain why, when an engine is worked

slowly, with full throttle, the valves become dry, when

the lubricator is apparently ,'reding properly?"

Answer.—Sometimes the valve on steam pipe to lubri-

cator is not opened fully ; steam pipe to lubricator too

small, or if tapped from steam turret on boiler head the

area of main valve on opening may be less than the com-

bined area of the valves for the other attachments, which

would prevent sufficient pressure at lubricator to work it

properly at all times. When the throttle is wide open,

and engine working slow, the steam chest pressure being

the greatest, oil is often held in suspension in the pipes

until the throttle is closed and steam chest pressure re-

duced. Avoid pockets and abrupt bends in oil pipes.

"E. What should you do in such a case?"
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Answer.—Have the defect remedied at the shop if pos-

sible. To get in, would partly close throttle at frequent

intervals and let the oil into the chests and cylinders. By

partly closing the throttle and dropping the lever down

for a revolution or two, the oil held in suspension in the

pipes will readily go to the valve seats and cylinders.

"F. What should be done in case the combining tube

of an injector became obstructed?"

Anszver.—^Close the main valve on boilerhead and

take the steam valve or throttle out of the injector and

use a wire to remove the obstruction. In most cases

this can be done very quickly.

86. Point of Cut-Off.—*'Lap of valve is i Inch,

travel of valve is 5 inches, no lead, stroke of piston is

24 inches ; at what part of stroke will the steam be cut

off?"

Answer.—This depends entirely on the position of the

reverse lever. Place the engine so that the piston is at

any desired part of the stroke and move the reverse lever

to bring the valve in position to just close the port or cut

off the admission of steam to the cylinders, and you will

get the part of the stroke at which steam will be cut off

with the lever in that position. For instance, in case you

desired to make your quadrant at a certain notch, say

5 inches, you would move the crosshead back 5 inches

from the end of the stroke, then move the lever so the

port would be closed for admission, this would give you

a 5-inch cut-off with the lever in that position, and the

position for the lever to obtain other cut-offs at different

parts of the stroke could be determined in the same man-

ner.
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87. Tractive Power and Horsepower.—"When the

tractive power is known on a simple engine, can the

horsepower be found by using the same rule as with a

compound ?"

Answer.—Yes. Multiply the tractive power by the

speed in miles per hour and divide by 375.

88. Back-Set of Rocker Arm.—"Why is a stand-

ard rocker arm back-set?"

Answer.—A straight line engine is so called by reason

of the wheel center and cylinder center being on a hori-

zontal line, which is called the center line of motion, and

a straight rocker is used for a rocker arm with no back-

set. If the center of lower rocker arm is below a line

drawn through the center of the axle and the center of

the cylinder, there must be back-set in the rocker so that

it will travel an equal distance each side of a vertical

Irne drawn at right angles to the line of motion. Plumb

the top arm of the rocker, then draw a line from center of

axle to center of lower rocker arm and give it back-set

enough to bring center line of lower rocker arm at

right angles to the line of motion.

89. Automatic Drain Valve.—''How does the au-

tomatic drain valve in the Moran steam heat or flexible

joint operate?"

Answer.—The automatic drain in this joint consists

of a small steel ball which is held from its seat by a

spring with a tension sufficient to resist a pressure ov.

about 15 pounds per square inch. When the steam pres-'

sure exceeds this amount the ball is forced to its seat

and prevents the escape of steam or water. When the

steam is shut off or the pressure falls below the resist-

ance of the spring, the ball is forced upward from its
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seat and all condensation escapes, thus preventing freez-

ing or bursting of joints if the pipe is properly located,

viz. : at the lowest point in the piping system.

90. Engine Out of Tram.—"What is meant by en-

gine out of tram?"

Answer.—^When the distance between any two wheel

centers on one side of the engine is not equal to the dis-

tance between the wheel centers of the corresponding

wheels on the other side, or when the axles are not

square with a line drawn through the center of the cyl-

inders.

91. By-Pass Valve.—"What is a by-pass valve?"

Answer.—A by-pass valve is used on a simple piston

valve engine, and is for the purpose of relieving the corA

pression when it becomes higher than the initial prei'

sure. It is located in a cage that extends over the port

leading to the cylinder and leads to the steam chamber

between the heads of the piston valve. The by-pass valve

is held to its seat by the pressure in the steam chamber

forcing it to closed position. Now, if from any cause,

the pressure in the cylinder should be increased above

that in the steam chamber, the by-pass valve would be

forced from its seat and the steam would be forced back

into the steam chamber, thus relieving the cylinder head

and piston from an excessive pressure that would cause

the cylinder head or piston to break. The piston valve

working in a bushing can not lift to relieve excessive

compression the same as a slide valve. Hence the neces-

sity of the by-pass valve or relief valves in cylinder heads

of piston valve engines.

92. Steam Heat Reducing Valve.—"How does the

steam heat reducing valve control the pressure?"
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Avsivcr.—Similarly in manner to the operation of the

aTr-pnmp governor. The valve controlling the opening

in the regulating or reducing valve is forced from its seat

and held in open position by the pressure put on it by a

spring above the diaphragm. The more tension put on

the spring the higher the pressure will be in the trainline

before closing. When the steam pressure on the other

side of the diaphragm exceeds the strength of the spring

it is forced upward, thus preventing further flow of steam

from the boiler to the heating system, until the pressure

is reduced. Ascertain the kind of valve used on the line

where you are employed, and if you are unable to get one

to take apart so you can trace the steam through it, write

to the manufacturers for a descriptive circular, which will

be gladly furnished. They want you to know how to

handle their appliances and always grant requests for

information.

93. DiSCOXNEtTING FOR BrOKEN StEAM ChEST.—"How w^ould you disconnect for a broken steam

chestr
Anszver.—This all depends on the style of chest and

the extent of breakage. If the walls of the chest were

broken so they could be drawn together, would slack off

nuts on steam chest studs and drive wedges or nails be-

tween the studs or chest to bring the parts together.

Then tighten nuts on studs and proceed. If this could

not be done, would disconnect valve rod and remove

chest, blocking over the steam ports leading to the steam

chest and put the cover on blocks, bolting it down hard

on the wooden blocks by.tightening the nuts on the steam

chest studs. Would not take down main rod, as lubricant

could be introduced through the admission ports to the

cylinder. If studs were all gone and the cover broken,
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would prepare to be towed in. Do not try to put in blind

gasket in steam pipe joint, as it is impracticable to do

so out on the road.

94. Leaky Throttle or Dry Pipe.—"How can you

distinguish between a leaky throttle and dry pipe?"

• Answer.—A leaky throttle or dry pipe will be indicated

by steam escaping from the cylinder cocks when the

throttle is closed. If steam escapes you should be sure

that the steam valve to the lubricator is closed before de-

ciding that the throttle is leaking. If the throttle is leak-

ing there will be a constant flow of dry steam from the

cylinder cocks, and if the dry pipe is leaking more or

less water will be mixed with the steam. Much de-

pends on the position of the dry pipe in the boiler. If

it should be up near the boiler shell and the leak on the

upper side of the pipe, the boiler should be well filled

with water before the wet steam would show at the

cylinder cocks. Test for the leaky throttle first with the

steam valve of the lubricator closed. If dry steam is

shown, increase the height of the water level in the

boiler until the dry pipe is covered with water, and if

dry steam still appears report throttle ; if wet, report dry

pipe. If dry pipe is not submerged, the location of leak

can not be determined.

95. Priming and Foaming.—"What is the differ-

ence between priming and foaming in a boiler?"

Answer.—Priming is caused by filling the boiler too

full of water (think of priming a pump). Foaming is

caused by the impurities of the water or by foreign sub-

stances, such as oil, soap, or anything that will cause

water to foam.
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96. Test for Low Water.—"Kindly answer if the

test for low water is safe, when water comes in water

glass if you close top water cock, bottom one remaining

open. Explain fully why we close top cock and how

we can know how much water is in boiler when out of

sight in the glass and can not be found in gauge cocks.

Also say if there is any safe way of knowing when water

is too low?"

Anszver.—Much depends on the distance the bottom

water glass is above the highest point of the crown

sheet. Would not recommend it as safe practice to let

your water get so low as to require this method of ascer-

taining its level in the boiler. If you can not get water

when you have one or two gauges you have no assurance

that you will be able to get it after it is out of sight in the

glass, and it is better practice to work the engine so you

can maintain maximum boiler pressure and water level

than to trade water for steam and get the worst of the

bargain. Engineers sometimes get into trouble taking

chances on low water, and safety is the first consider-

ation, always. (Don't do it.) There is no safe way of

knowing where the water is if you can not determine

the level by the gauge cock or water glass. The reason

that water shows in the glass when top cock is closed

is, because at the time the top cock is closed the glass is

full of steam at a temperature corresponding to the pres-

sure in the boiler. Closing the cock shuts ofif communi-

cation with the boiler at the top end of the glass, and the

pressure of the steam in the boiler will force water into

the bottom water glass cock providing the water is above

the opening ; the steam in the water glass is condensing,

due to its exposure to a lower temperature, and the water

is forced up into the glass.
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Cylinders and Saddle of a Vauclain Compound Locomotive.

A-High-pressure cylinder; B-Low-pressure cylinder ; C-Valve chamber; V-Piston

valve ; R-High-pressure piston ; Q-Low-pressure piston ; E-Steam pipe for left side of

engine, branches in saddle,endingin chambers g I, surrounding valve bush ; kh and'/z'-

Steam-chest ends of passages ivx and ji leading respectively to front and back end* of

high and low-pressure cylinders; S-Passage leading to exhaust pipe P. Steam enters

through g and I, filling both ends of steam chest ; passes through kot h to high-pres-

sure cylinder, and throughy and / to low-pressure cylinder; thence through exhaust

passage S.
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97. Broken Side Rod on Baldwin Balance Com-
pound Locomotive.—"We have a few of the Baldwin

Balance Compound Locomotives ; they are the four-

wheel connected. The high pressure rods are connected

to the front drivers and the low pressure rods are con-

nected to the back drivers, the eccentrics are on the back

axle. Now if we were to break a side rod, what are we
to do to ofet the engine in? This question has come up

and there is considerable discussion orl the matter."

Anszver.—The Baldwin Locomotive Company recom-

mend that in a case of this kind, where the high pressure

cylinders are connected to the front axle and the low

pressure cylinders to the second driving axle, the eccen-

trics being on the second axle, if the side rod breaks

on an engine of this type the high pressure pistons should

be removed and the engine run in with the low pres-

sure cylinders. Under these conditions she will run

as a single expansion engine ; the high pressure cylinders

merely serve as steam chests for the low pressure cylin-

ders.

98. Relation Between Valve and Link.—*'Will

you kindly explain the relation between the valve and

the link? Does the valve travel as far when the lever is

hooked up as in full stroke? How is the supply of steam

cut off? Some claim it is cut off in the exhaust cavity."

Answer.—The forward motion eccentric is connected

to the top of the link and the back motion eccentric to

the bottom of the link, and the eccentrics are set on the

axle in position to admit steam to the cylinders and cause

the engine to move in either direction. The link block be-

ing connected to the lower rocker arm remains stationary

in respect to the rocker, but the link can be raised or
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lowered by the reverse lever, tumbling shaft, link hang-

ers, etc. Now, when the lever is in full gear, either in

forward or back motion, the eccentric rod is opposite the

link block and moves with the eccentric rod. The move-

ment given the rocker is transmitted to the valve. This

gives full travel of the valve with the lever in full gear,

and steam is admitted during the stroke of the piston.

The travel of the valve to open the steam port fully can-

not be less than twice the width of the steam ports and

twice the lap of the valve. If we had an engine with

steam ports i^ inches and lap on the valve of y% inch,

to get full port opening we would have to give the valve

a travel of (i^+%)X2 = 5 inches, but most locomo-

tives have a slight overtravel. The supply of steam is

cut off by the valve closing the port when the piston is

at a certain portion of its stroke. In that event the port

is not fully opened. We will say that steam was cut off

by the valve closing the port when the piston had moved

7 inches of the stroke and wc would have a maximum

port opening of % inch ; of course the lever would be

hooked up to give this cut-off and we would have a valve

travel of port opening plus the lap of the valve X 2=21/4

inches. When the lever was hooked up it raised the link

on the link block nearer the center of the link, and in.

stead of the forward motion eccentric imparting its mo-

tion to the rocker arm it received its motion from both

eccentrics or a compound motion which decreased the

travel of the valve. The outside edge of the steam ports

and the edge of the valve cut off the admission, but the

inside edge of the steam port and the edge of the exhaust

cavity of the valve cut off the exhaust. Possibly this is

what brought up the discussion.
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99. Angularity of Main Rod.—Please explain

what is meant by the term 'angularity of the main rod.'
"

Answer.—The reader understands that when the crank

pin is on the forward center the crosshead has reached

its extreme travel forward, and when the pin is on the

back center the crosshead has reached its extreme back

travel. If you place the crosshead in mid-stroke, the dis-

tance from the center of the wrist pin in the crosshead to

the center of the axle is the length of the main rod. Now,

if you would draw a circle around the axle representing

the crank pin circle, and with a radius equal to the length

of the main rod describe an arc, you would find that it

would pass through the center of the axle and intersect

the crank pin circle in front of a line drawn vertically

through the center of the axle. This also applies to the

outside diameter of the wheel, and measuring the dis-

tance that the wheel travels from the middle position of

the crosshead to forward center and back to middle posi-

tion, we find that it is much less than from middle posi-

tion to back center and forward to middle position, due to

the angularity -of the main rod. This angularity in-

creases with a short and decreases v, ith a long main rod,

hence the term, "angularity of the main rod."

100. Determining Size of Exhaust Nozzle.—
"Will you please state how the size of the exhaust noz-

zle is determined? What would be the proper size nozzle

for a 17x24 inch cylinder locomotive?"

Answer.—Practically determined by running as large

a nozzle tip as is consistent with steam making with the

quality of fuel used. We do not know of any rule that

would be applicable to all engines and classes of service,

but you can usually figure that the nozzle tip should con-
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tain as many square inches of area as the cylinder is in

diameter, and the alterations will be slight if the engine

is properly drafted and boiler in good condition. Do not

bush the nozzle until you have failed to get steam by all

other means. A locomotive having cylinders 17 inches

in diameter should run a nozzle tip with an area of

17 inches = 4^^, inches diameter

18 inches = 4% inches diameter

19 inches == 5 inches diameter

20 inches = 5^ inches diameter

21 inches :— 5^ inches diameter

22 inches = 5 5-16 inches diameter

With fairly good coal and liberal heating surface of

boiler.

loi. Heating Surface of a Boiler.—"Will you

please publish the rule showing how to find the square

inches or feet of a fire-box and door and the flues of a

locomotive ?"

Answer.—We presume you mean the heating surface

of a boiler. This is intended to include the surfaces in

the boiler and firebox that are exposed to the heat of

the fire and generated gases on one side and have water

on the other. The total heating surface in a locomo-

tive boiler is the crown sheet, side sheets, flue sheet

and back or door sheet. The area of the front flue sheet

is usually neglected in figuring the heating surface.

Multiply the length of the sides and ends of the firebox

by the height in inches and multiply the length of the

crown sheet by its width in inches. Add the product to-

gether and subtract the combined area of the fire-door

and the area of the flues in the flue sheet and divide by
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144. This will give you the area in square feet of direct

heating surface of the firebox. The heating surface of

the flues is called the "indirect" heating surface. Mul-

tiply the circumference of one tube in inches by its length

in inches and multiply that product by the total number

of flues, and divide the product by 144, which will give

you the heating surface in square feet of the flues. This,

added to the heating surface of the firebox, will give the

total heating surface. A flue 2 inches in diameter will

have a circumference of 2 multiplied by 3.1416 equals

6.2832 inches. If 16 feet long, 16 feet equals 192 inches.

Then 6.2832 multiplied by 192 equals 1,206.3744 square

inches, the heating surface of one flue. Now multiply

this by the number of flues and divide by 144 and you

have the square feet of heating surface of flues. Always

figure the outside diameter of flues, as that is the area

that is exposed to the water, and it should be assumed

that the grate is on the level with the bottom of the fire-

box. If the grate is above the lower edge of the firebox

this height should be deducted from the heating surface.

102. Filling Boiler of Dead Engine.—"How
would you fill a boiler if a live engine was near at hand,

and plenty of water was in tender of dead engine ?"

Answer.—If the engine was equipped with a pump

the proper thing to do would be to tow the dead engine

up and down the track until the water was pumped into

the boiler. If the engine had no pump, would either get

her to a hose connection with water tank or city pres-

sure and fill the boiler through the blow-off pipe on the

dome, or if you could get the live engine on an adjacent

track, so that the branch pipe could be disconnected from

the check on dead engine and the branch pipe from live
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engine be coupled up to check of the dead one, working

the injector would fill the boiler of the dead engine.

Having heard how to fill the boiler of a dead engine

by towing her, we took a 2ix26-inch piston-valve engine

and a I7x24-inch slide-valve engine and plugged up cyl-

inder cocks, relief or air valves, overflow pipes to injec-

tors and the whistle valve, then opened injector throttle

and engine throttle and placed the lever in direction

that engine was moving, but with the tanks full of water

we could not obtain sufficient vacuum to pull the water

from the tender through the feed, injector, and branch

pipes to the boiler, therefore, could not recommend even

giving it a trial. Better get ready to be towed to a ter-

minal than to waste time on theories, unless you know
they will work out a successful termination of your diffi-

culty.

When experimenting with these two engines, on ac-

count of the speed limit in the yard, we could not make
more than eight or ten miles per hour, which was the

possible cause of failure to fill the boiler. Boilers have

been filled in this manner when a speed of from twelve

to twenty-five miles per hour was attainable in distances

of from six to ten miles. The delays to traffic, trains

and engine crews, and the expense incurred, would more

than offset the advantage unless it was an isolated case.

103. Disconnecting Engine.—"What else could be

done on one of the most important passenger trains while

ascending a grade about 75 miles out on a trip? I first

broke piston valve, and before I could make a stop broke

both the eccentric straps, blades and link hanger on

that side, and knocked oflf the Macintosh blow-off cock:

the boiler was so full of mud that the blow-oflf cock did

not leak. When the broken eccentrics were removed
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I could not move the valve, and the back port was open,

so took down the main rod and blocked the cross-head

forward. Took the train io8 miles on one side, and made
eight stops for stations and railway crossings, arriving

240 minutes late at terminal. Something happened so that

the back cylinder head was broken when I got in. I

thought that I did fine, but the 'Old Man' can not see it

that way. Will you please give me all the information

you can on this?"

Answer.—Not being on the engine at time of the fail-

ure, but judging from the above, it would appear that the

eccentric strap or link hanger broke first, which allowed

the valve to move beyond its full travel, and the valve

got stuck in the bushing or a broken ring got into the

port, which would prevent its being moved back. Then

with the back port open the main rod certainly had to

be taken down. This is often a difficult piece of work

on the track with the tool equipment usually found on

locomotives at the present time, and much depends upon

the condition of the rod bolts. Cases of this kind have

come under the observation of the writer, where, with

the help of the section gang and train crew, more than

an hour was consumed, and, he has seen the bolt sheared

so that it required drilling out when the engine arrived at

shop.

After you were ready to go on one side time could not

be made, and in starting the train minutes were lost that

could not be made up. While the time consumed taking

down the rod, size of engine, weight of train and schedule

of same are not given, we are of the opinion that the work

performed by the engine crew in this case is more

creditable than otherwise. Master mechanics sometimes

escape being placed in embarrassing positions by not be-
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ing on the ground and having a finger in the pie in a

serious delay Hke this.

The proper thing to have done would have been to fur-

nish another eilgine, but if none was available it was no
fault of the crew. That you did as well as stated shows

that you met the emergency when it came up the best

you could with conditions against you, and we cannot

criticise your work.

The reason that the Macintosh blow-off cock did not

leak was not on account of mud, but because the check

valve there for that purpose found its seat- and pre-

vented the water from escaping from the boiler, when the

part of the blow-off cock outside the boiler sliell was

broken off. The back cylinder head being broken could

not have shown much of a leak until after you arrived

at the terminal, and it is not an uncommon thing to find

cylinder heads cracked on inspection in roundhouse.

104. Pound from Loose Pedestal Brace.—" A book

by MacBain states that a' loose pedestal brace will pound

on one center only, but gives no explanation. We created

the cause and watched for effects, and believe the pound

is in the back center. Will you say if this is right and

the reason that the pound is only on one center?"

Answer.—An engine with a loose pedestal bolt will

pound most when passing the forward center. When
the engine is running ahead and the main pin is passing

the back center, the pound due to the driving box

taking up the lost motion is minimized to almost nothing,

on account of the jaw or shoe that the box is to come
in contact with moving away from it, or in the same

direction as the box when it takes up the lost motion

;

and the pound or blow that the box strikes the shoe and

which is transmitted to jaw and frame is not as intense as
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when the pin is passing the forward center. With the

driving box moving in the opposite direction from the

wedge, the difference in the pound on front and back

centers is similar to the difference between a head-end col-

Hsion with two trains running in opposite directions and

a rear-end collision with two trains running in the same

direction at different speeds, or just as it is easier to row
a boat with the current than against it.

105. Defective Lubricator.—"I filled the lubricator

and turned the steam on and opened the condensing valve.

The oil ran to the top of the condensing chamber and

leaked out at the joint that connects the steam pipe to

the chamber, also at the union and globe valve between

the lubricator and the steam box on the boiler head.

All of these joints were leaking. Please say what was

the trouble with the lubricator."

Anszver.—As no particular make of lubricator is given,

we will assume that it is a Nathan lubricator or one of

similar construction. Such being the case it is evident

that the partition separating the oil reservoir from the

condensing chamber had a crack or a sand hole in it or

the plug was loose or leaked ; or the pipe leading from

the opening of the w^ater valve that extends down to

near the bottom of the oil cup was split. Either of

the above defects would allow the oil to rise to the top

of the condensing chamber, and, if the leakage was

greater than could escape through the choke plugs, the oil

would naturally rise to the top of the condensing cham-

ber and leak out at the joints as stated.

106. Valve Travel and Throw of Eccentric.—"Is

not the travel of the valve on a locomotive the same as

the throw of the eccentric ?"
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Answer.—When the upper and lower rocker arms

are of equal length, or if a direct motion engine, with the

valve arm and link arm the same length, the valve travel

will equal the throw of the eccentric when in full gear.

It is the practice to increase or decrease the travel of the

valve, by having the valve arm longer than the link arm
to increase the travel, and the valve arm shorter than the

link arm to decrease it. The difference between the

travel of the valve and throw of the eccentric will be in

proportion to their lengths.

107. Length of Cylinder.—"I noticed that when the

bushing was removed from the cylinder of a 20x26-inch

engine, the bushing was 34 inches long. Now, I

would like to know why this engine was called a 20x26-

inch cylinder engine, when the cylinder is 34 inches

long?'*

Answer.—The length of the cylinder is usually stated

as the stroke of the piston, although the real length of

the cylinder is the distance between the cylinder heads.

This engine having a 26-inch stroke, possibly had a piston

head 5 or 514 inches thick, with at least 34 -inch clearance

at each end of the stroke, or a total clearance of 5^ inch,

and the front and back heads extend into the cylinder,

to take up the balance of the space between the ends of

the bushing. It is correct to term this engine as a 20x26-

inch cylinder.

The writer was recentiv verv much interested to ob-

serve several enginemen trying to determine the length

of the cylinder on some heavy engines that were going

over the road, by taking measurements outside of the

cylinder casings ; the proper method would have been to

measure the distance from the center of the axle to the
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center of the crank pin and multiply this by two, which

would have given the correct length of stroke.

io8. Testing Steam Pipe Joints.—"What is the

most accurate method of testing steam pipe joints for

leaks when an engine fails for steam and you have rea-

son to think that they are leaking?"

Answer.—A leaking steam pipe is usually indicated

by the pressure running up to the blow-off point as

soon as the throttle is closed, and instead of having

a bright fire when the engine is working it will burn

a dull red or smoky fire, with the pointer going over to

the fireman's side of the" cab. A very good way to make

this test is to remove the petticoat or draft pipe if the

front end is so equipped. Place a board and a piece of

sheet rubber over the nozzle tip with the rubber between

the board and the nozzle to insure a tight joint, set a jack

on this and place a bar lengthwise in the smokebox under

the stack and tighten the jack until sufficient pressure is

put on the board to hold water. Then connect the boiler

to the water system in the roundhouse, open the throttle,

fill the boiler with water and put on pressure on the pipes,

thereby obtaining the desired water pressure on the

pipes and joints, as well as the joint at the base of the

exhaust pipe. If leaks exist the joint or pipe will be

detected by the water running out of the leak. A sure

thing v/hen done right.

109. Leaky Steam Pipe Joints.—"Am firing a

switch engine that is giving all kinds of trouble with

leaky steam pipe joints. The engine has been taken in

and joints reground, but they will not stay tight. Will

you please say why?"

Answer.—If the joints are ground to a fit and properly
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tightened they should remain tight. Road engines in

double header service when subjected to rough usage fre-

quently give trouble of this nature, due to the stress and

shocks caused by the leading engine tending to loosen the

frames from the cylinders or the cylinders from the

smokebox. A switch engine doing most or all of the

work from the front end is subject to the same conditions

as the second engine in the double-header service. A
loose cylinder of a cylinder saddle that is not securely

bolted to the smokebox will soon work the joints loose.

If such is the case, remove the cause by reaming out the

holes and applying new bolts that will fit and hold the

parts rigid. A boiler that is fast or stuck in the expan-

sion buckles or plates is also liable to give trouble. If

the mud ring is on top of the frames, a few drops of oil

occasionally on the expansion plates or knees may relieve

it and prevent the mud ring from leaking.

no. Keying Rods.—"In posting for a mechanical

examination one of our firemen had in his possession a

clipping from a railway publication, which stated that a

rod should never be keyed up on the center, even with a

pin perfectly round, because, unless the valve has no lead,

there will be a pressure one way or the other on the pin

and the engineer is pretty sure to either key too much

or too little, according to whether the pressure is with

or against the key. Too much means a hot bearing, and

too little a pound ; this, of course, on the supposition that

the rod is keyed up when the engine is hot. With the pin

on the quarter and ports covered, the conditions are al-

ways the same, even for a new pin and for a worn pin,

there is no question as to the quarter being the proper

position. I failed to agree with the brother and we de-

cided to refer the question to you for a reply."
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Answer.—Would say in reply to the above that the

throttle should be ground in, but, if it was desired to

key up the rod, the engine should be placed on the center

on that side to key all brasses except the front end of

the main rod. Relieve the pressure in the cylinder, by

opening cylinder cocks or placing a packing hook or iron,

under the air valve, raising it from its seat to allow thej

pressure to escape, then drive the keys to bring brass to

brass, if the rod can be shaken on the pin ; if not, drive

the key up until you can shake the rod and the pin will

run cool if the brass is filed square and it is properly

lubricated. The least wear on the pin is when the engine

is on the center, therefore, its largest diameter ; and, if

the brass will not pinch the pin at its largest diameter it

will not pound or run hot when the brass is pushing or

pulling on the small diameter.

The correct answer to the question is : To key the

rod on the largest diameter of the pin, but care should

be taken to observe that tightening the set screws on the

key does not pull the key down. If the brasses are

filed open, see that the brass is loose on the pin before

you get up in the cab.

III., Obstructed Flow of Steam to Injector

Throttles.—''I am firing a ten-wheel engine, cylinders

21x26 inches. Everything goes all right until it is neces-

sary to put the second injector at work to keep water

in the boiler. Then trouble begins ; neither one will work

satisfactorily and both throw water on the ground, but

one injector will work at a time on either side. Injectors

have been changed and repaired, with the same results.

The main steam valve to the turret or combination valve

is wide open and the other boiler attachments such as
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blower, lubricator, and air-pump work all right. What is

the trouble?"

Answer.—It is evident that the trouble is not in the

injectors, as they will work all right when only one is

used at a time. The reason for this is that they do not

get a sufficient quantity of steam to force the water into

the boiler. This may be caused by some obstruction in

>\\v.sr«ai

Fig. t. Fig. 2.

Obstructed Flow of Steam to Injector Throttle.

the steam pipe leading from the dome to the combination

valve or turret. A rivet, stud, or nut may have been

dropped into the steam pipe, which would obstruct the

flow of the steam from the boiler to the injector throttles,

or the area of the opening leading from the boiler to the

main valve is not large enough to equal the combined

area of the valves for the other boiler attachments. This

trouble sometimes occurs from the use of a combination

valve that was designed for safety in case of accident.

The two illustrations show valves of the same exterior
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appearance. Note the one with the single valve, Fig. i,

which is fast to the stem, and can be opened wide open by

raising it % inch from its seat for every inch of diameter,

and if then given a turn or two will do no harm. But the

,other, Fig. 2, with the double valve, should only be

opened to about middle position, as shown in the cut.

Should this valve be opened the same as the other it is

obvious that the spring under the lower valve would

force it to its seat and reduce the flow of the steam, if it

did not shut it off entirely, so that both injectors would

not work al the same time, because there would not be

enough steam to do the business. The effect of the re-

striction would not be as apparent on the action of the

blower, air-pump, and lubricator, although if they g^t a

liberal supply of steam to the turret they will work much
better.

112. Sound Waves.—**What makes the sound from

the bell ?"

Anszver.—The sound of the bell is caused by the heavy

iron clapper striking the rim of the bell near its mouth,

setting the molecules of the bell metal vibrating as a mass.

This mass vibration is transmitted to the ear by the vi-

brations of the air, as they leave the bell in waves of

sound similar to the waves of water, caused by dropping

a stone or other substance into a body of water that is

perfectly, still. The wave is produced by the force with

which the object strikes the water and its displacement

sending the water waves out from where they were first

formed or vibrated. As they expand they become less

and less until the wave is lost or is imperceptible. Figure

the sound waves from the bell being carried by the vi-

brations of the air in the same manner until they are lost.
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113. Locomotive Whistles.—''What 'makes the

whistle on a locomotive sound? Is it the steam cutting

on the edge of the whistle bell or not ?"

Answer.—Yes, the bell of the whistie should come

directly over the circular opening in the cup so that the

steam escaping through the circular opening will strike

the thin edges of the bell. This gives the bell of the

whistle a vibrating motion and generates a deep sound,

the tone being dependent on the length of the bell or bar-

rel of the whistle. If a long barrel is used on the whistle

the vibrations will be longer, and it will be termed a

coarse, or bull whistle. By placing a block inside the

barrel, or reducing its length, the whistle will be more

shrill or ear splitting as the vibrations are shorter. The

chime whistle consists of a bell with three compartments

of different lengths which produce three distinct tones

pitched to the first, third and fifth tones of the musical

scale, which gives an agreeable musical chord by the vi-

brations of each blending together.

114. Equalizing Valve Travel.—"In running over

the slide valves on a locomotive in full gear to get the

full travel of the valve, say, the travel of the valve should

be 5 inches, and it showed up in the forward gear 4^
Inches travel and in the back gear ^%. inches, how

would you adjust the eccentric blades to make it show up

5 inches in both gears? Suppose the valve travel lines

would not be equal distance from the port opening lines,

how should they be adjusted to make it equal on both

ends ?"

Answer.—The question is just a little mixed. If the

valve travel in forward motion should be 5 inches and the

back motion gave the valve J4 i^ich less travel, would look
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for the trouble in the back motion ecceni; *c as not having

the same throw as the forward motion eccentric. If this

question is correct the back motion eccentric on that side

of the engine was not bored out properly. Measure the

least distance between the bore and the outside face and

I the greatest distance between the bore and the outside

face of the eccentric. The difference will be the throw of

the eccentric and equal to the travel of the valve if the)

rocker arms are same length. Measure them and see if all

the eccentrics have the same throw. If not, change them,

and the travel of the valve will be the same in both mo-

tions. Now with the eccentrics all the same throw and

advanced toward the pin the amount of lap of the valve

plus the lead, the eccentrics are all right. We will now
assume that the conditions are as above stated, and in

running the valves over we find that valve closes the

steam port or cuts off the admission of steam in the for-

ward end of the cylinder when the piston has moved
back 4^ inches, and cuts oft* or closes the steam port

leading to the back end of the cylinder when the piston

has moved ahead 5^4 inches in the forward motion, and

we desire to have the valve cut off the steam at 5 inches

in each end of the cylinder. Move the engine until the

piston has moved back from the center 5 inches, then

adjust the eccentric blade to bring the valve line and line

with the edge of the steam port. This should give you

a 5-inch cut-off at each end of the cylinder. Remember
that the eccentric is to give the valve the travel, and the

eccentric rods or blades are made adjustable to equalize

the travel of the valve to the same distance each side of

a line drawn through the center of its seat. Lengthen or

shorten tJiem as the case mav require, to give equal travel

each side of the center line.
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115. Lining Wedges.—"When it becomes necessary

to line down a wedge, why is the liner put behind the

wedge and nothing put behind the shoe? Should not

both shoe and wedge be lined up and wheels trammed?

Does the shoe not wear as fast as the wedge, and if not,

why not?"

Anszver.—The reason for lining down a wedge is

usually because it is pushed up so far that it strikes the

frame and can not be s'et up any further to keep the box

from pounding, and by making it thicker, placing a lining

on the back of the wedge, it fills up the space between the

box and jaw, and can again be adjusted to take up the

wear. Wheels are trammed only for the purpose of keep-

ing each pair of wheels square with the frame after the

engine has left the shop. It is not necessary to tram

all wheels when the wedge is lined up, if the engine is

running true. If the liners were put in between the shoe

and jaw it would be necessary to tram the wheels to in-

sure a good job. As a rule, where the engine is running

ahead, or doing the greatest amount of work in the for-

w^ard motion, the shoe will wear faster than the wedge.

116. Water Splitting in a Boiler.—"What caused

this? Several years ago I was firing one of the old

Roger engines on the P., F. W. & C. We were running

down a slight grade, using some steam, lever in second

notch from center. Engineer was pumping her up, get-

ting ready for the big hill ahead of us. We had three

gauge cocks, but no water glass. On trying the lower

cock he found dry steam, and, without closing it, he

opened the upper gauge cock and found solid water.

He called my attention to it, and while we were talking

the conditions were reversed, viz., water at the lower,

and dry steam at the upper cock. Neither of us had ever

J
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heard of such a thing before. It changed three times

while we were looking at it. Then he closed them and

nothing happened. We tried it repeatedly afterwards at

same place, but never saw it again. The boiler had

been washed out only a couple of days before and we had

good water. Please explain."

Anszver.—This might come under the head of what is

termed "water splitting in a boiler." The writer has

heard of water being so light in some instances that the

steam would get under it and hold it in suspension, but

it is only in rare cases. There is no better way to deter-

mine the water level in a boiler than wath the ordinary

gauge cock wnth a free opening to the inside of the

boiler, although sometimes they are located behind a

crowfoot or a brace that interferes wath their proper

working. If such was the case and a hole drilled through

the brace in the boiler, it might become stopped up op-

posite the gauge cock and the steam would leak down
between the boiler head and the brace on the inside,

which w^ould perhaps cause a flutter of steam and water

to show at the gauge cock w^hen open. In a bad-water

locality, on account of bubbles in the water, we might

get a condition of this kind occasionally, but where good

water is used we are unable to explain it. If we could

give you a good, clear explanation of this case it would

be difficult to determine at any time if the crown sheet

was scorched on account of low^ water.

117. Temperature and Pounds Pressure.—''Will

the temperature of steam be greater at 200 pounds than

'^t 100 pounds pressure?"

Ansi^'cr.—The temperature of saturated steam, or

steam that is in contact with the water from which it is

generated, at atmospheric pressure is 212° Fahrenheit
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At 100 pounds pressure per square inch the temperature

is 337.8°, at 200 pounds pressure per square inch it is

387.8°. Steam in a locomotive boiler is saturated steam,

and the temperature depends on the pressure.

118. Front Head of Cylinder.—"Please inform me
which is the front head of a cylinder, or in what quarter

would a locomotive be standing if the piston rod was all

the way out of the cylinder on the right side ?"

Anszver.—The front cylinder head on a locomotive is

the head nearest the pilot, and the back head is the one

next the crank pin. To avoid mistakes they could be

specified as the front cylinder head and the crank cylinder

head. This term is used at times in stationary practice,

and they are called back cylinder head and crank cylinder

head ; but on locomotives they are known as front and

back heads. Thus, when the piston is all the way out

of the back cylinder head on the right side, the engine

would be on the right back center, as the right side leads

the left one-quarter of a turn or revolution. The left side

would be on the lower quarter, with the pistom on the

right side on the back center.

119. Maximum Temperature of Water.—"Will

the maximum temperature of water exceed 212° Fahren-

heit? For instance, will the temperature be greater at

200 pounds steam pressure than at 100 pounds pressure?"

Anszver,—Yes. When water is placed in an open ves-

sel over a flame or fire, the molecules of the water that

are in contact with the parts of the vessel absorb the heat,

and as they are heated they become lighter and rise to

the surface and the air contained in the water is driven

off. Continued application of the heat causes the mole-

cules to rise more rapidly through the body of water,
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overcoming the pressure on Its surface and escaping: in

the form of gas or steam. At sea level the pressure of

the atmosphere is 14.7 pounds per square inch, and water

will begin to boil at a temperature of 212° Fahrenheit.

^
If the pressure on the surface of the water is increased,

jit will require a higher temperature to reach the boiling

point, and if the pressure is decreased, water will boil at

a lower temperature. If you could get up high enough

on a mountain where the atmospheric pressure is light,

potatoes will not cook in an open vessel. The rule is:

All increase of pressure on the surface of a liquid raises

the temperature at which it boils, and a decrease of pres-

sure lowers the temperature at which it boils.

120. Back Motion Eccentric Strap Broken.-—
"If the back motion eccentric strap was broken and the

blade was coupled to the forward motion blade with a

long bolt, could the engine be run backwards with its

nwn steam, and vice versa? Explain W'hat action this

trouble has on the valve."

Ansu^er.—If the back motion eccentric strap was

broken and the blade was connected to the forward mo-

tion strap by a long bolt, as you state, if the blade was

the same length and the engine was reversed, or the

lever put in the back motion, the disabled side would

be working steam in the forward motion while the other

side would be working it in the back motion. In order

to get the engine to back under these conditions, it would

be necessary to slip the forward motion eccentric around

to the position opposite that of the back-up. That would

be the only way you could work steam in both motions

in both directions, using both sides of the engine.

121. Temperature of Sheets vs. Temperature of
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Water against Them.—"Will the temperature of

the sheets exceed the temperature of the water con-

stantly against them? If so, how much?"

Anszver.—The temperature of steam or water in a

boiler at 200 pounds pressure is 387.8° Fahrenheit, while

the temperature of the firebox, when the engine is work-

ing, is from 2,500° to 3,500°. It is admitted that the

water does not come in contact with the sheets at all times,

but as the heat is absorbed by the water a thin layer of

steam prevents the water from coming in contact with

them at times, and the result is cracked and burned fire-

box sheets. The water does not carry the heat away fast

enough and the sheets will not absorb it without dam-

age, hence the reason for larger bridges in flue sheets,

and wider water space around fireboxes on high-pressure

engines.

122. By-Pass Valve on L. P. Side of Schenectady
Compound Broken.—"How would you locate a broken

by-pass valve on low-pressure side of a Schenectady com-

pound, and how remedy it ?"

Answer.—To locate a defective by-pass valve on the

low-pressure side of a Schenectady two-cylinder com-

pound, place engine on upper quarter on low-pressure

side, reverse the lever in forward motion. Close separate

exhaust valve by placing three-way cock in compound

position and admit steam to cylinder. If blow occurs

from exhaust, defect would be in forward by-pass valve.

If blow occurs with lever in back motion, engine in same

position, defect would be in back by-pass valve.

123. By-Pass Valve on H. P. Side of Schenectady

Compound Broken,—"How would you locate a broken
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by-pass valve on high-pressure side of a Schenectady

compound, and how remedy it?"

Answer.—To locate a defective by-pass valve on high-

pressure side, follow the same course as with low-pres-

sure side, except that in this case open the separate ex-

haust valve by placing the three-way cock in simple po-

sition. A blow from a broken by-pass valve can be

easily distinguished from other blows on account of its

being a very strong one and only occurring during one

stroke of the piston. For example: If the blow occurs

during the forward stroke, the defect would be in the

forward valve. The best way to remedy it is to remove

the by-pass valve casing from the side of the cylinder

and cover both openings with a thin copper or sheet-iron

gasket and replace the casing.

124. By-Pass and Main Piston Valves.—"How
would you tell a broken by-pass valve from the main

piston valve?'*

Answer.—To distinguish between broken piston valve

and defective by-pass valve, w^ould place engine on quar-

ter on defective side, and if by moving reverse lever

steam could be prevented from blowing into exhaust port,

would conclude that there was nothing wrong with the

valve. In this case the reverse lever would be at or very

near center of quadrant, this depending upon whether or

not the valve had exhaust clearance.

125. Eccentric Straps Broken Off of Flanges—
"What could be done if forward or back motion eccentric

strap should break off of the flange on both sides ?"

Answer.—This is rather an unusual occurrence, and

the safest thing to do in a case of that kind would be to

take the engine down on that side or handle it the same
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as you would a broken strap, although if it was the ec-

centric strap next to the box that was broken and in

your judgment you could bring your train into the ter-

minal without further delay or consequential damage,

it would be exercising good judgment on your part to

do so ; but to give an answer to this question the only safe

thing to do would be to take her down on that side.

126. Course of Steam from Boiler to Stack.—
"Will you trace the steam in the locomotive from the

dome to the stack and give me the exact names of all the

pipes and passages the steam goes through ?"

Answer.—Steam is generated by the water absorbing

the heat from the flues and firebox sheets, rises through

the water to the dome, and while the throttle is opened

enters the throttle box or steam pipe and is carried

through the dry pipe to the "nigger-head" where it

branches into the steam pipes leading to each steam

chest, through a passage known as the live steam passage,

to the steam chest, surrounding the valve if an outside

admission, or filling the chamber between the ends of the

pist®n valve if an inside admission. When the port is

opened by the valve it enters the steam port leading to

the cylinder, exerting a pressure on the piston to the end

of its stroke. When the valve uncovers the port for ex-

haust, the steam in the cylinder escapes through the port

which it entered and into the exhaust cavity, thence

through the exhaust passages into the exhaust pipe,

through the nozzle tip and up through the stack to the

atmosphere.

127. Position of Saddle Pin Relative to Link.—
"Why is a link block not put in the center of a link?

As I understand, it is not."
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Anszver.—We presume that you refer to the saddle

pin which is set back of the center of the link. You
understand that the length of the main rod is the distance

from the center of the axle to the center of the crosshead

pin when the crosshead is in the middle of its stroke.

Then with a radius equal to the length of the main

rod, if you describe an arc, it will intersect the tire or

circumference of the wheel forward of a vertical line

drawn through the center of the axle, indicating that

the wheel travels farther while the crosshead travels

from the half stroke to back center and to half strol-e,

than it does from half stroke to forward center and back

to half stroke. This is due to the angularity of the main

rod, and increases as the length of the main rod de-

creases, i. e., the difference is greater with a short main

rod than a long one.. The imperfections thus introduced

by the main rod are imparted to the valve motion. To

overcome it and obtain an equality of cut-off for both

ends of the cylinder, the saddle pin is set back of the

center of the link. The amount is usually determined by

the result of experiment on the different motions.

128. Changing Eccentric of Direct Motion En-

gine.—''Will a direct motion stationary engine with a

valve having lap and lead run if the eccentric has moved

exactly half way around on the shaft?" In your answer

to this question you claim that the engine will not run.

I claim that an engine, with the valve having a very

small amount of lap and lead, will run if the eccentric

has moved just half way around on the shaft, although

the valve will be badly out of square and the engine will

be working against herself to a certain extent, but if the

engine is helped off the center and once given a start
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she will run the same as an engine will run with a valve

having a larger amount of lead. I have experimented

with a small engine in the way described and know that

the engine will run with the valve having a small amount

of lap and lead.

Answer.—The eccentric is advanced away from the

pin the amount of lap and lead. This gives the lead open-

ing on the valve having lap and lead, and by turning the

eccentric half way around the shaft the back of the steam

port is open and steam would be admitted behind the

piston and the engine would not run, but if the eccentric

was changed, advancing away from the pin, the amount

of lap and lead, the engine would run in the opposite di-

rection. The following rule generally applies: When
the valve rod and eccentric rod move in the same di-

rection, the eccentric is set ahead of the pin and the angle

between the pin and the eccentric is 90 degrees plus the

angle of advance, which would be the lap and lead.

This rule holds good for the engine to run in either direc-

tion. You do not state how much lap and lead this engine

had when you made the experiment, and if any we are in-

clined to think that the engine running at all was due to

the momentum of the fly-wheel after you had started the

engine and caused her to work, as you mentioned, against

herself.

129. Number of Steam Admissions per Revolu-

tion.—"I was asking two engineers the other day how

many times steam was admitted to the cylinder at one

revolution of the wheels (one side), and they argued me

that steam was admitted four times. Now, I say twice.

The valve opens just before the beginning of the stroke

and admits steam to the piston and drives it over to the
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other end, and while doing so the arch of the valve

opens the exhaust from the other end of the cylinder.

Now, the crank is about its forward center and the

body of the eccentric has moved the strap, rod, link,

rocker-arms and valve stem to their forward radius,

which has again opened the admission to the cylinder

and drives the piston back to back center. Are not the

eccentrics attached to the axle? Then how are they go-

ing to admit steam four times on one revolution of the

wheels ?"

Answer.—Steam is admitted to the cylinder at each

end of its stroke or twice to each revolution of the wheel.

The eccentric attached to the axle makes one revolution

when the wheel makes a revolution, and through the

rocker-arm connections the eccentric rod moves the valve

forward and back from the center of the valve seat, ad-

mitting steam to the front and back port leading to the

cylinder. When the steam has followed the piston to

the end of its stroke the valve opens the port to allow it

to escape through the exhaust cavity and pipe to the

atmosphere. Therefore, you are right.

130. Disconnecting a Consolidated Engine.—
''An engineer running a consolidated engine with eccen-

trics not on the same axle as the wheels with the main

pin, broke the main pin on the left side. He disconnected

the valve stem on that side and took down all the side

rods on both sides and succeeded in taking the engine

20 miles to the terminal. When the hostler took the en-

gine to put her in the house she was further damaged.

In your opinion did the engineer disconnect her properly,

and should the engineer or hostler be held responsible

for the consequent damage?"
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Answer.—It is our opinion that the engine was not

properly disconnected by the engineer. By taking down

all the side rods it left the wheels and axle that controlled

the valve gear for the admission and exhaust of steam

to the cylinders independent of the position of the piston

or the main wheels. The reason for taking down side

rods on opposite sides is that if one side was on the quar-

ter the other side would be on the center, and the wheel

connected by one side rod only would be liable to break

the pin or start to revolve in the opposite direction. But

in this case, where the engine was only working steam

on one side, if all the side rods on that side were left

up, should she stop on the center she would have to be

pinched or moved until all the pins were above or below

the axle a sufficient distance to insure their revolving in

the right direction. Therefore, there would be no dan-

ger from leaving the rods up on that side to come in. It

looks to us that the engineer was not only in big luck to

reach the terminal under the above conditions but put

the company to additional expense and set a trap that

caught the hostler.

131. Boiler Sheets.—"Will you kindly illustrate

the outside sheets of a boiler and show which sheet is

called the throat sheet?"

In the illustration herewith, i represents the smoke-

box and extension front ; 2 the first ring of the boiler

;

5 the second ring, or slope sheet if on an incline forming

a wagon top ; 4 is the third ring or dome sheet. These

parts form the barrel of the boiler. Sheet 5 is the sheet

that connects the underside of the barrel of the boiler

to the outside shell of the fire box and is usually termed

the throat sheet ; 6 is the outside sheet of the firebox ;

7 is the back boiler sheet, or head ; and 8 is the roof sheet.
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The firebox consists of a back sheet, flue sheet, two side

sheets and a crown sheet. The front flue sheet is next

to the smokebox. The lower edges of the inside and out-

side shells of the firebox are riveted to an iron ring called

the "mud ring."

132. A Pound in the Trailer.—*'On several of our

E2A class engines equipped with trailers we found a

pound or kick in the trailer. I contend that there can not

be any lost motion in the trailer box that would cause

a pound of this kind, while some of the men say it is

the frame thumping on the trailer box, due to weak

springs. Others claim it is the right back driving box,

and three of the four engines that I have in mind all

pound on the right side."

Answer.—The only pound that could come from the

trailer would be, as you say, the box striking the frame

or pedestal brace or the pedestal sti iking the spring, due

to the spring not being heavy enough to carry the weight.

The writer has in mind several engines that had to re-

ceive new springs to overcome this trouble on a similar

class of engine. It would be well to make an exami-

nation and ascertain just where the striking occurs.

The marks will be shown where the parts strike and a

remedy will be suggested.

133. Grease Lubrication.—''On the latest type of

engine w« had for pin lubricant the grease in cup in-

stead of oil. Some of the engineers contend that two or
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three turns of the compression plug is sufficient. Others

say to screw down on them until you see the grease show

up around the collar of the pin. I would like to hear

from you on this question."

Answer.—If the brass has been taken down it is good

practice to screw down on the plug until the grease

shows up at the collar, that you may be sure that the pin

is properly lubricated in starting out, but if the brass has

not been reduced or taken down the pressure exerted by

one or two turns of the plug is sufficient to lubricate the

pin for lOO or 200 miles, and less grease will be wasted

and the cup wnll not require filling so often. Best results

are obtained when the plugs are screwed down just be-

fore leaving a terminal, as the stored-up energy will feed

the grease to the pin and a turn of the plug will force

out a piece of the grease through a ^ or ^-inch hole

about 6 or 8 inches long. If the plugs are screwed

down several hours before starting on the trip the energy

of the grease in the cup is expanded before it is needed.

One or two turns of the plug before leaving will give

you better service. x

134. Transmission Bar vs. Long Valve Stem.—
"We have a class of engine on our division with short

eccentric rods in connection with the transmission bar.

The division that we terminate with have a Pacific type

of locomotive and are equipped with short eccentric rods

and long valve stems. I have listened to many argu-

ments on the speed of the two different types of engines.

A says that an engine with a long valve stem can acquire

the same speed that an engine with the transmission bar

can, and B says that she can't. Now, who is right?"

Answer.—If the valve gear, valves, size of steam ports
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and passages, length of eccentric rods, etc., are identically

the same, and the only difference is that one engine has

a transmission bar and the other has not, with valves

set the same on both engines and the same distribution

of steam, it is our opinion that one would run equally as

,

fast as the other. The valve gear simply gives the valve

its movement for the admission and exhaust of steam

to and from the cylinders, and on like engines the only

difference would be the friction of the gear in this case.

135. The Allen Ported Valve.—"Describe an

Allen ported valve and the advantage claimed for same."

Anszver,—An Allen ported valve is similar to the plain

*'D" valve, but it has a supplementary steam port or pas-

sage above the exhaust cavity; see illustration. Its ad-

vantages are to admit steam to the same cylinder steam

port from both sides of the valve at the same time which

will permit a smaller amount of lead opening than by the

*"'D" valve. The Allen valve will give twice as much

opening for the admission of steam at a short cut-off as

the ordinary valve, and is very desirable for high speed

service. It opens the steam port at admission and closes

it at exhaust at twice the rate of the "D" valve.

136. The By-Pass Valve.—"What is a by-pass valve

and what are its uses?"

Answer,—^A by-pass valve is used on a simple engine

having piston valves, is used to prevent excessive pres-
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sure in cylinders due to compression or other causes, and

is constructed so that the valve is between the steam

cavity and the cylinder steam port. When the throttle

is opened the steam in the chamber holds the by-pass

valve to its seat, but when the steam or pressure in the

cylinder is greater than that in the steam chamber, the

excessive pressure unseats the valve and establishes com-

munication between the cylinder and the steam chamber,

relieving the pressure and preventing damage to cyl-

inder heads. They are used on piston-valve engines be-

cause the piston valve can not lift from its seat as the

slide valve does under like conditions.

137. Formation of Scale on Flues.—"We are us-

ing water from an artesian well in a stationary boiler

but a large quantity of scale forms on the flues. Will you

please publish a preparation which will prevent the flues

from scaling, or one which can be used to clean them?

If kerosene oil is used will it make them leak?"

Answer.^Soddi-dish. is the most universal "cure-all
;"

used judiciously and frequently, and blowing out of the

boiler, may prevent the formation of scale on flues. If

you are unable to obtain treated water for boiler use,

an analysis of the water should be made, then a com-

pound can be prepared to prevent the formation of scale.

Kerosene should not cause flues to leak.

138. Keying Side Rods on Six-Wheel Connected
Engine.—"Why should the side rods of a six-wheel

connected engine be keyed up from the main connection

firstr
Answer.—To insure free movement of the brasses

on the pins and the main connection being keyed prop-

erly. If the front and back ends of side rods were keyed
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Up first and the main connection last, there would be

more liability of putting strain on either front or back

section of rods. Should you attempt to key the main con-

nection up, brass to brass, and to have brasses free on

pins, you would have to go over them again. Solid end

rods are displacing straps and keys on modern engines.

139. Broken Stem of Intercepting Valve.—"If

you break the stem off the intercepting valve on a two-

cylinder Schenectady compound, what would you do?"

Anszver.—A break in the intercepting valve means

running the engine simple, after valve has been blocked

to allow this. This can easily be done by clamping the

stem or rod, but if not, remove the* head and insert a

block to hold the valve in place and replace the head.

140. Broken Driving Spring or Hanger on Sche-

nectady Compound.—'Tf you break a driving spring

hanger or a spring on a Schenectady compound, what

would you do?"

Answer.—The boiler, frames, truck, and driving

wheels are the same on a compound as on a simple en-

gine, the only difference being in the arrangement of

the cylinders, pistons, crossheads and valves. A break-

down of this nature should be handled in a similar man-

ner. In order to answer this question correctly would

require description of spring rigging, and type of engine.

141. Broken Engine Truck Equalizer on Con-

solidated Engine.—" If you broke the long equalizer

of engine truck on a consolidated engine what would

you do ?"

Ansivcr.—Remove loose or broken pieces and block

between driving box and frame, both sides, so as to carry

the frame rigidly on the front boxes.



102 LOCOMOTIVE BREAKDOWN QUESTIONS

142. Broken Hanger at Back End of Long Equa-
lizer.—'Tf you broke hanger at back end of long equa-

lizer what would you do"

Answer.—Remove the broken hanger and chain back

end of long truck equalizer to cross-equalizer.

143. Broken Tire on Consolidated Engine.—"If

you broke a tire on same class engine how would you

fix it up to bring engine in?"

Answer.—If it was a front tire, would run broken

wheel up on a w^dge to bring it to about its normal posi-

tion, remove the oil cellar and fit a block in its place,

using a piece of a tie, leaving it about flush with the

bottom of the driving box, and then fill in the space be-

tween the bottom of the driving box and block and

pedestal brace, with another block. Put some well oiled

packing in space around the journal to lubricate it, then

put an iron block between the top of the frame and the

spring saddle so as to take the weight off the box ; then

cut out the driver brake. If a main tire, would block

up in same manner, but if found that the spring would

not carry the load would block ends of equalizers next

to the broken wheel instead of blocking between the

frame and the spring saddle.

144. Broken Eccentric Strap, Forward Gear.—
*'If you break an eccentric strap, the forward gear, how
would you disconnect?"

Answer.—li going to back up to terminal, would use

long bolt to secure back end of forward motion eccentric

rod to the back motion strap and use both sides. Would
block link to prevent a possibility of reversing the en-

gine while under these conditions. If was going ahead

would remove broken strap and rod, also link hanger
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and let link ride on link block. Would disconnect valve

stem and clamp it, leaving one port open sufficient to let

enough steam into cylinder to pr.-^vent damage, and pro-

ceed in the usual manner withoiit taking down main rod.

145. Wilson High Pressure Balanced Valve.—
"W^e have a class of engine here called the *E.2.A' that

are equipped with the Wilson valve instead of the Rich-

ardson, and they have a sharp, quick exhaust, not like the

other locomotives, caused by the valve having a separate

exhaust cavity. Would like to hear from you on this."

Answer.—^The sharp, quick sound of the exhaust in

this case is caused by the double exhaust port in the valve

letting the steam out at two port openings instead of one.

146. Leaky Check and Injector Steam Valves.
—"How may it be determined whether the check valves

or steam valve are leaking on an injector?''

Answer.—If the steam valve leaks it will show steam

only at the overflow or wastepipe of the injector, but if

the check valve is stuck open or is leaking, water will

come out with the steam, indicating that the leak is in the

check. Open the frost cock on the branch pipe and the

temperature will indicate that it is the check that is giving

the trouble. Steam valves are located above the water

level and the check valves below the water level in a

boiler.

147. Freezing of Injector Waste Pipe.—"Explain

how you would prevent the waste-pipe from freezing

either while the injector was working or shut off."

Answer.—Open the overflow valve occasionally to

prevent the pipe from freezing. This will allow steam to

go through it and keep it warm.
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148. Number of Exhausts During a Revolution.
—"How often does the ordinary locomotive exhaust

steam during a revolution of the driving wheels, and at

what points does the exhaust take place?"

Answer.—A locomotive takes steam at each end of

each cylinder once every revolution of its drivers, and

therefore has four exhausts, which take place when the

piston is nearly at the end of its stroke. The two ex-

hausts for the right side take place when the crosshead

is near the front and back centers, and the two exhausts

on the left side take place when the crosshead on the

right side is at near half or quarter stroke.

149. Position of Eccentric Relative to Crank
Pin.—''What position on the shaft should the eccentric

be relative to the crank pin with a direct motion engine

and with an indirect motion?"

Answer.—With a direct motion engine, inside admis-

sion, eccentrics are set at right angles to the pin, and ad-

vance toward the pin the amount of lap and lead of the

valve. Direct motion with outside admission eccentrics

are set at right angles to the pin and advance away

from the pin the amount of lap and lead of the valve.

With an indirect motion engine, outside admission, ec-

centrics are set at right angles to the pin and advance

toward the pin the amount of lap and lead of the valve.

Indirect motion, inside admission, eccentrics are set at

right angles to the pin and advance away from the pin

the amount of lap and lead of the valve.

150. Miles Run to a Pint of Oil.—"How many
miles should an engine run to one pint of valve oil ; en-

gine oil ; and how would you oil an engine to effect the

greatest economy?"
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Answer.—Just how many miles an engine should run

to a pint of valve oil or engine oil depends on the class

of engine and the class of service, and how many of the

bearings are lubricated with oil, and if the driving boxes

are equipped with grease cellars and grease used on the

pins.

The proper way to determine a fair amount of oil to

use in your service would be to check up the performance

sheet and strive to keep above the average. By doing

so you will, as a rule, have sufficient oil to keep the bear-

ings cool. To oil an engine with economy it is necessary

to first provide yourself with suitable oilers and large

cans to hold the supply for the trip. Keep them clean

and free from leaks, see that you get the amount of oil

you are charged with, and if the engine is of a type that

you can oil without moving, place the engine so that the

crossheads are opposite each other—as near the back

cylinder heads as possible. This will usually enable you

to reach the shoes, wedges, driving boxes, eccentrics,

etc., on both sides. If you can not do this, oil one side

at a time. Place engine on forward center right side

and hook lever clear back. Commence at the right back

driving box, oiling shoe and wedge, also the main oil

pocket in the driving box. Get the oil well over toward

the inside of the box, but do not disturb the sponging on

top of the driving box. This to insure oil getting to the

part of the driving journal that is most exposed to dirt

and ashes at the ash pit. The hub of the wheel protects

the outside of the box, and the bearing gets dry on the

inside first. Then go forward to the next and oil in the

same manner. Oil eccentrics, link motion, rocker boxes

and back end of valve stem. Open feeders on guides,

but do not fill guide cups so full that they will run over.
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Oil swabs on pistons and valve stems; oil engine truck,

and go to the left side, oiling back to the driving boxes.

Then move engine to forward center on left side, leaving

lever in full forward gear. This will give you a chance

to oil back motion eccentric rod where it connects to

the bottom of the link if you were unable to reach it

before, and when you oil back to the back wedge on the

.left side you are through. Then fill the lubricator and

feed the oil to air pump, valves and cylinders to get the

best results, keeping the w^ater at its proper level in the

boiler all the time, and the throttle slightly cracked open

to prevent vacuum being formed in the cylinders while

drifting. This will insure a good oil record to those

who practice it. Shut off all feeders on guide cups,

valve and piston rods on arrival at terminal.

151. Effect of Temperature on Lubricating

Qualities of Oil.—'*At what temperature does engine

oil lose its lubricating qualities? Valve oil?"

Answer.—When its temperature is increased above

the flashing or burning point, and the nearer the tem-

perature the oil is to the burning point the less are its

lubricating qualities. Engine oil usually burns at a tem-

perature of 380 to 400 degrees F. and valve oil at 680 to

700 degrees F.

152. Miles Run per Ton of Coal, and Pounds of

Coal per igo-Ton Mile.—"On monthly coal report

what is meant by miles run per ton of coal, and what by

pounds of coal used per 100-ton mile?"

Answer.—The monthly coal report made up in this

form is for the purpose of showing the amount of coal

used by each engine and the miles run per month and per

ton of coal. By dividing the number of miles made by
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the number of tons of coal used you get the miles run

per ton. Thus : If the engine made 3,000 miles and con-"

sumed 150 tons of coal, 3,000 divided by 150 would equal

20 miles per ton of coal. This would not be a fair com-

parison, as the engine making the largest number of

miles per ton of coal would possibly have the lighter

train, and, consequently, would be earning less revenue

for the company than an engine with a heavier train

and a very much heavier coal consumption. Hence the

ton mile basis in which each engine is given credit for the

number of tons hauled one mile or 100-ton mile. Where
this system is used engines are, or should be, grouped

that are in similar service; passenger trains on opposite

runs ; freight trains on opposite runs, such as time

freight, stock, locals, and rounds or miscellaneous ser-

vice. This makes all engines in the same group and class

of service comparable with each other, and also the en-

ginemen. In making a comparison between engines or

men the time or speed should not be overlooked. While

one engine or crew may show up poorly on the per-

formance sheet, they may have made up more time than

the engine holding a better record. A slow train crew

may cause an increased coal consumption per 100-ton

mile, and a fast crew would decrease it.

To find the pounds of coal used per 100-ton mile, mul-

tiply the coal in pounds by 100 and divide by the tons

multiplied by the number of miles hauled. Example:

A 600-ton train is hauled over a 200-mile division, and

12 tons of coal are used. To find the number of pounds

of coal used per 100-ton mile: 12 tons = 24,000 pounds

;

24,000 pounds X 100-ton mile = 2,400,000 ; 600 tons x 200

miles := 120,000.
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120,000)2,400,000(20 pounds of coal used per 100-ton

2 400 00 mile.

153. General Form of Locomotive Boiler.—"De-

scribe the general form of a locomotive boiler and ex-

plain the use of the cylindrical part of the boiler?"

Anszver.—A locomotive boiler is cylindrical in form,

with a rectangular shaped firebox at the back end and the

smokebox at the other end, with flues through the cylin-

drical part which are surrounded by water. The cylin-

drical part is used for the smokebox, the front flue sheet,

and to secure the throat or slope sheet or wagon top to

the firebox end, and to provide a place for the dry pipe

and flues.

154. Engine Supports.—''At what pomt is an en-

gine supported in working order?"

Answer.—Supported on the rails first. The frame and

the boiler resting upon it is supported at the engine

truck center in front and at the fulcrums. of the equal-

izers, and from these points of suspension the weight

is transferred through the equalizers and springs to the

spring saddles which rest directly on the driving boxes.

155. Setting a Slipped Eccentric.—"How would

you set a slipped eccentric?"

Answer.—If the forward motion eccentric was slipped,

would place engine on forward center on that side, put

the lever in full gear back motion and make a mark on

the valve stem even with the gland, then put the lever

in full gear forward and move forward motion eccentric

until the mark on the valve stem showed in same position

a-s when it was made. This is simply setting the slipped
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eccentric by the good eccentric. You can obtain quite

good results by placing the engine on forward center,

lever in full gear forward, open the cylinder cocks and

move the eccentric until steam shows at the forward

cylinder cock. This will get you in and is much quicker.

The same method can be employed in setting a back mo-

tion eccentric that has slipped.

156. Number of Exhausts to a Revolution.—
*'How often does the ordinary locomotive exhaust steam

during a revolution of the driving wheels, and at what

point does the' exhaust take place?"

Answer.—Each cvlinder has steam admitted at each

end to push the piston from one end of the cylinder to

the other and back in order to complete one revolution

of the drivers. Therefore, there will be two strokes of

the piston and two exhausts from each cylinder for each

revolution of the drivers, or four exhausts in all. Ex-

haust taking place when the piston is nearly at the end of

its stroke, frequently the exhaust port opens for the re-

lease of steam at from 75 to 85 per cent of the stroke

of the piston, depending on the exhaust edges of the

valve. If the valve has inside clearance the exhaust

will be earlier, and if inside lap the exhaust will be

later. Have a talk with the valve setter and ask him to

show you the valve motion card showing the opening

and closing of the exhaust on the class of engine you

desire to know about. If the valve is line and line inside,

locate a center on the valve stem between the port marks,

and by using a tram to the center mark you will find Vne

point of stroke the exhaust opens at, also when the

mark comes back to the tram point it will indicate the

point at which the exhaust closes. When the valve ig



110 LOCOMOTIVE BREAKDOWN QUESTIONS

line and line inside and placed central on its seat 'the

exhaust ports are closed, and the mark made in the center

between the port marks will show the position the valve

is in and just when the port opens if a tram is used.

157. Valve Gear.—''Name the different parts of the

engine that operate and control the valve motion?"

Answer.—.Briefly, the parts are the eccentrics, eccen-

tric straps, eccentric rods, link, link saddle, link hanger,

tumbling shaft with link arms and reach-rod arm, reach

rod, reverse lever, link block, rocker-link arm and valve

arm of rocker^ and valve rod.

158. Cars Not Properly Heated, While Gauge
Shows Required Pressure.—"If the steam heat gauge

showed the required pressure and the cars were not

being heated properly, how would you proceed to locate

the trouble?

Answer.—Close the shut-off valve on train line and

uncouple steam heat hose between engine and train, then

open the shut-off valve and pressure regulating valve,

and in this manner determine that the steam was being

furnished back of the engine. Would then couple up

steam heat hose and open all valves through to rear end

of train. This will show that the steam is or is not ob-

structed in the main steam heat pipe. Next close valve

on rear end of last car, but not tightly, leaving it open

sufficiently to take care of the condensation. Then open

all valves to radiators in the coaches and the drip valves

to let out the condensed steam or water, thereby getting

a CiTculation through the heating pipes or coils. If this

will not heat the cars the chances are that there is not

radiation enough in the pipes to raise the temperature.

It's not the pressure shown on the gauge on the engine
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that keeps the cars comfortahle. but the circulation of

the steam in the pipes, and when cars are not provided

with automatic drips, trainmen sometimes allow the pipes

to fill with water and the cars get cold. When the en-

gine piping is under the tender there is little or no trouble

with it, but if it is on top of tender there is danger of

the tender being flushed at water stations, or an accumu-

lation of snow melting and surrounding the pipe with

water, which will condense the steam very rapidly. Keep
the back of the tank clean and the steam pipe dry.

159. Steam Heat Valve Inoperative.—"In the

event of the steam heat reducing valve being out of

order, how would you heat the train until repairs could

be made?"

Ansiver.—If you have a Mason regulating valve and it

becomes inoperative, the cause is probably dirt or grit

around the piston D in or above the dash pot. For

quick repair remove the dash pot and clean the piston,

replacing same. Then if steam does not get to train

pipe after this treatment, take out the piston and place a

small block in it of sufficient thickness to raise the steam

valve from its seat when the dash pot casing is screwed

into place. This will raise the steam valve from its seat

and allow the steam to flow directly through the valve

to the train pipe. Of course, when the valve is removed

the pressure must be regulated by the globe valve next

to the boiler attachment. If the engine is equipped with

a Gold pressure regulating valve and it should fail to al-

low steam to go through into the train pipe, take out

the bottom plug or cap, remove the spring and valve and

steam will flow through the regulator the same as it did

with the Mason valve. In each of the above types of

valve it would be proper to relax the tension of the regu-
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lating valve spring. If the valves are kept clean they

will give very little trouble. Do not pound the side of

a regulating valve, as it often springs the case and pre-

vents proper operation and repair. You have failed to

mention the kind of valve that gave you the trouble,

but in any case make repair quickly if you can, and if

unable to repair get the valve out and the steam back into

the train. Keep the cars comfortable and get in on time.

Report the valve for repairs at the terminal.

Allowing the train to get cold, sometimes makes the

passengers "hot," and frozen pipes are expensive.

i6o. Changing Diameter of Eccentrics.—"If

the outside diameter of an eccentric was turned down

% inch, or made % inch smaller, what difference would

it make in the motion and valves of the engine?"

Answer.—In case a new eccentric strap was applied

that was bored out to fit the eccentric cam or sheave thus

reduced in diameter % inch, it would make no difference

to the valve motion. It is the throw of the eccentric, or

the distance its center is from the center of the axle that

governs the travel of the valve, and not the outside dia-

meter. Just figure the throw of the eccentric the same as

you would a crank on any axle, and take a case where

the center of the eccentric would be bored out 2j4

inches from the center of the axle or the true center of

the eccentric cam or sheave. This distance is called the

radius of the eccentric, and the throw of the eccentric

would equal twice this distance of the radius, or 5 inches

regardless of the outside diameter of the eccentric.

161. Types of Locomotives.—"Will you kindly give

me the names of the decapod engine with a trailer? The
.\., T. & S. F. road has such engines ; five pairs of drivers,
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two-wheel truck and one pair of trailers. Also the new

engines of the B. & O. with six pairs of drivers and

two sets of cylinders. Three pairs of drivers connect

v/ith each set of cylinders. One pair of cylinders is in the

usual place and the other pair is between the third and

fourth pair of drivers."

Answer.—The first mentioned engine is designated

as Compound Santa Fe tyj^e, and was built for heavy

freight service by the Baldwin Locomotive Works and is

listed in their class as "14, 32-58

—

}i—F. 70." The

number ''14" indicates the total number of wheels under

the locomotive. Thirty-two divided by 2 equals 16, and

16 plus 3 equals 19; 58 divided by 2 equals 29, and 29

plus 3 equals 32, which indicates the diameter of the

high and low pressure cylinders ; the addition of the frac-

tion 34 indicates that there is a truck placed at each

end of the locomotive. The letter 'T" indicates the

number of driving wheels ; that is, "B" means the engine

has one pair of drivers ; "C" two pairs, "D" three pairs,

"E" four pairs, and "F" five pairs. The letter "A" is

used for ia special class of engine with one pair of drivers,

and the No. "70" indicates that this is the seventieth en-

gine of its class that has been built. The B. & O. engine

referred to is a Mallet type articulated compound; the

rear s'rs. drivers are driven by the high-pressure cyl-

inders ; the low-pressure cylinders are in front of the

forward drivers. The front cylinders and drivers are

constructed on the principle of a truck, and the frame

is jointed between the front and back drivers, which

allows the forward part of the frame to slide either to

the right or left under the front end of the boiler. The

steam from the high pressure cylinders is conducted to
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the steam chests of the low-pressure cyHnders by means

of a pipe with flexible joints.

162. Position of Reverse Lever and Point of

Cut-off.—"A simple Baldwin 10-wheel engine when in

proper condition had no back-set in the tumbling shaft,

and the link-hanger pin was set in the center of the

link saddle. Engine was doing good work but met with

hard usage and the tumbling shaft was sprung so that

it had at least an inch or more back-set, so that when

the reverse lever was on the center she had about two

or three notches in the forward motion. Now, instead

of squaring the tumbling shaft, the shopman shortened

the reach rod enough to cause the reverse lever to stand

in the center of the quadrant when the link block was

in the center of the link. Please say w^hat effect that had

on the valve motion. She became loggy after that time

and would not run. What was the cause of it ?"

Answer.—^As the position of the link block in the link

would regulate the cut-off, and the purpose of the tumb-

ling shaft is to raise or lower the links on the block to

cut off steam at the desired point of stroke, we do not

think that this was the cause of the engine getting loggy.

Perhaps this was due to a choked nozzle. The position

of the reverse lever should not affect the working of the

engine providing the cut-off was the same.

163. The Lubricator.—"Does the lubricator feed oil

to the cylinders of the locomotive, and does it also feed

a small amount of the steam with the oil? Will it feed

oil to the cylinders at all times? With an engine de-

scending a heavy grade with lever in back motion, will

the lubricator feed oil to the cylinders to prevent exces-

sive wear."
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Anszver.—When a drop of oil rises through the water

in the sight feed glass and reaches the top of the water,

it is carried through the choke plug with the steam that

comes down through the equalizing tube and is mixed

with the oil, forming oil and water in the oil pipe leading

to the steam chest when the lubricator pressure is greater

than the steam chest pressure. If the steam chest pres-

sure Is the greater, the oil and water is then held in the

pipe in suspension until the steam chest pressure is re-

duced by closing the throttle or by the fluctuations of

pressure, caused by the valve opening the ports for the

admission of steam to the cylinders. Then the oil and

water is carried to the valve seats and cylinder walls,

lubricating them. In descending a heavy grade with

engine reversed to prevent excessive wear of cylinders,

a water jet or what is termed the "water brake," would

be more effective than a lubricator.

164. Testing for Valve Blows in a Vauclain
Four-Cylinder Compound.—"How would you test for

a valve blow in a Vauclain four-cylinder compound?

There are eight packing rings : I can get the high-pres-

sure valve rings, but how would you test for the low-

pressure packing rings?"

Answer.—It is very difficult to distinguish the differ-

ence in blows, as there are several different defects about

the Vauclain compound that will produce the same

effect on the valve motion or the sound of the exhaust,

and care should be taken not to mistake two light ex-

hausts on one side for two heavy exhausts on the other.

One loud exhaust with the Vauclain compound may be

caused by either rings Nos. /, 2, 3, 6, 7 ov 8 being brok-

en. Rings Nos. i ov 8 broken, gives more port opening
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at the end of the high-pressure cylinder that the ring

is broken on. This goes to the opposite end of the low-

pressure cylinder and produces a heavy exhaust. If

rings Nos. 3 or 6 are broken, the volume of steam ad-

mitted to the low-pressure cylinder is increased with the

same effect. Rings NoSo 2 or J being broken will give

Testing for Valve Blows in a Vauclain Four-Cylinder Compound.

one heavy exhaust on that side of the engine, as the

steam will blow past the ring from the live steam-way

directly into the hollow of the valve, when the steam

port at the opposite end of the valve is open. If there is

a heavy exhaust from the front end on the right side

it may be caused by rings Nos. 8 or 2 being broken, thus

increasing the pressure in the low-pressure cylinder, and

you get a heavy exhaust. The illustration and method

of making standing tests, taken from their report is as

follows: Place engine on bottom quarter on side to be
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tested; block the drivers or set brakes, and remove both

indicator plugs on high-pressure cylinder. If engine is

not equipped with plugs, remove pops or water relief

valves on the cylinder heads
;
give the engine steam and

be sure that the throttle is open sufficiently to set pack-

ing rings out against bushing. If ports can be covered,

this shows rings i and 8 are in good order. In testing

for high-pressure packing blow, put the reverse lever in

forward motion, which will open front port to the high-

pressure cylinder ; close the starting valve and have the

indicator plug or pop out at the back end of the high-

pressure cylinder. When steam blows out of the indi-

cator plug, the high-pressure packing may be blowing or^

ring No. / be broken. To determine which this is, re-

place the indicator plug in back end and remove the

front one, put the reverse lever in the back motion and

make same test. If it is the high-pressure packing that

is blowing, it will show ; if it is ring No, / it will not

show. To test for low-pressure packing, put the reverse

lever in forward motion with all indicator plugs in ex-

cept the one in the back end of low-pressure cylinder.

Open the starting valve, which will admit steam to back

end of high-pressure cylinder, hollow of valve and front

end xA low-pressure cylinder. If low-pressure packing

blows, you will note it at the back of the indicator plug.

In this same position, if rings Nos. ? and 4 or 5 and 6

are broken, steam will blow through the stack. The blow

will be light in either case, as the steam, to produce it,

must come through the starting valve.

165. Disconnecting a Vauclain Compound or

Tandem.—"How would you cover ports and hold valve

in position when disconnecting a Vauclain compound,

and how with a tandem?"
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Answer.—Cover ports same as with a simple engine,

by placing the valve in the center of its seat and clamp

securely. Employ the same method with a tandem.

i66. Blocking Cross-Head.—"At which end of the

guides would you block cross-head, and why?"

Answer.—Back end, as less damage would result in

case it got loose. The front head would be the only one

knocked out, and is less expensive to replace.

167. Broken High-Pressure Cylinder Head.—"Is

it practical to try to clamp a board over the high-pres-

sure cylinder head, using live steam in the low-pressure

cylinder on a Vauclain compound?"

Anszver.—No. In case of a broken high-pressure

cylinder head, block the valve central on that side, cover

the ports, disconnect the main rod and block the cross-

head, same as with a simple engine. Run in with the

other side.

168. Centers of Cylinders and Centers of Driv-

ing Axles.—"Should the centers of the cvlinders and the

centers of the driving axles be on a line. If not, why
not ?"

Answer.—When possible, yes. An engine with cen-

ters of cylinders and centers of axles on a horizontal line

is called a straight-line engine, and a straight rocker

arm can be used (one with no back-set). When the cen-

ter of the cylinder is above the center of the axle, it pro-

duces irregularities that require more care in putting up

main rods the correct length, finding travel point to get

pir on dead center, position of eccentrics on shaft, etc.

169. Blocking Links.—"T have a book where it

says that in the event of a tumbling shaft arm broken
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you should block up one link by putting block above link

block, and if necessary to back up you must reverse the

block to lower end of the link. I am satisfied that the

information in regard to blocking for the reverse motion

is incorrect and that you should simply substitute a long-

I er block between the top of the link and the link block.

Please advise which is correct."

Answer.—When the link is blocked on account of a

broken reach-rod, link hanger or saddle pin, there should

be a block placed between the top of the link and the link

block, in position to insure the handling of the train in

forward motion, and a block between the link block and

the bottom of the link, allowing enough space between

the blocks for the slip of the link on the link block. Then

when it is desired to block the link for the back motion

the blocks should be reversed, placing the long block on

top of the link block and the short one at the bottom of

the link. This is, very likely, what was intended to be

understood by reversing the block in the book referred

to, and is correct.

170. ' Types of Piston Valves.—''Explain the prin-

cipal difference in the two radically different types of

piston valves."

Answer.—There are several kinds of piston valves used

on simple engines. One is the solid valve without rings,

and with outside admission, as in Fig. i, and the other

is the hollow piston valve with rings in the ends of the

spool, as shown in Fig.. 2, and internal admission. Note

that the internal admission valve admits steam from the
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inside of the spool, and the outside admission valve ad-

mits steam from the outside ends of the valve when port

is opened.

Fig. f . Solid Piston Valve without rings, and outside a<ftnistion

^^^^^^^

^fg. 2. Hollow Piston Valve, with rings In ends of spool, and int«mal admialaa

171. Precautions Necessary When Valves are

Faced, etc.—"What precautions should be taken if any

work or rep'airs have been done, such as valves faced,

rod brasses filed, etc?"

Answer.—W^hen the valves have been faced it is advis-

able to run the engine a short distance with lever in full

gear and lubricator feeding freely, before coupling onto

train. If the opportunity presents itself, also a little gra-

phite introduced to the steam chests or valve seats will

help to form a skin on the valves and seats and prevent

cutting on the start. Use oil enough and as long a cut-
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off or valve travel as is possible for the first few miles. If

there are no stops or drifting places, close the throttle

for an instant and drop lever in full gear occasionally.

This will allow oil that may be held in the oil pipes to

get down into the steam chests and onto the valve seats.

After the seats are smoothed up, cut the lubricator feeds

down to regular supply. Use dry steam always to get

best results. If brasses have been filed on main rods,

see that they are properly keyed and the set-screws

are tight, back ends free on pins when on center, and

front ends free when on quarter. If side rods, have them

free when passing centers. Keep bearings properly lu-

bricated and no trouble should be experienced.

172. Broken Eccentric Strap.—"Will you kindly

explain the following : I fire a passenger run and on one

of our outgoing trips something let go just as we shut

off. Drifting to our next stop we got down and found

the right forward motion eccentric strap broken, leaving

the eccentric and front part of the strap riding on the

shaft. We took the broken strap and rod off, and as we

were getting ready to go on one side another engine

came and took our train, and we were ordered back to

the shop. The engineer intended to back in, using both

sides in back motion. I said it was impossible and risky,

so he took my advice, which w^as to disconnect valve

stem and leave the good eccentric up and block the link

on top of the link block. Some of the boys have criti-

cised the method and wanted to know why I blocked the

link and what prevented it from turning over, and why

T disconnected the valve stem. T thought the block in

the link would make a positive fulcrum point on the

link block. I could not explain the why or the action.



122 LOCOMOTIVE BREAKDOWN QUESTIONS

What kept the link from turning over, or would it turn

over?"

Answer.—Your advice to the engineer was bad. Had
he disconnected the broken strap from the eccentric rod

and removed one of the bolts that hold the backward

motion eccentric in the strap and substituted a longer one,

and bolted the back end of the forward motion eccentric

rod to the backward motion strap, he could have put the

lever in the back notch and backed up to the shop. The

back motion eccentric rod would be almost in line with

the link block, and the forward motion eccentric rod

being bolted to the back-up strap would hold the top of

the link in position and prevent it from turning over.

It is advisable to block the link on disabled side under

above circumstances, to prevent the engineer from re-

versing the engine in case an emergency should arise,

and he might forget and try to reverse the engine. This

would have been quicker and much easier. When you

disconnected the valve rod and took off the forward

motion eccentric strap and rod, the weight of the back-up

eccentric held the bottom of the link down and prevented

it from turning over, so that there was only the work of

moving the rocker arm required of it when the valve

stem was disconnected. If the valve stem had remained

connected to the valve yoke, the friction of the valve

would have been greater and overcome the weight of the

back motion eccentric which held the bottom of the link

down with the valve stem disconnected, but would have

caused the link to turn over if the valve rod was not dis-

connected.

173. Cost of Locomotives.—"Would you please give

me the cost of locomotives, commencing with the small

standard and up to the heavy modern engine ?"
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Answer.—Much depends on the specifications, and the

following figures are only approximate. It's similar to

the cost of a suit of clothes. Material and workmanship

must be considered, as well as the appliances of equip-

ment, such as air brakes, number of pumps, etc.

:

Standard 8-wheel, 17-in. cylinder $ 8,000 and up

Light switching 8,000 and up

Heavy switching 11,000 and up

lo-wheel 14,000 and up

Consolidated 16,000 and up

Atlantic type, wide firebox 17,000 and up

Compounds, heavy 18,000 and up

174. Loss OF Heat in Working Injector.—"Is

there any heat lost in the steam used to work an in-

jector?"

Anszver.—There is no transmission of power without

some loss. Heat being the power to generate the steam

to work the injector, there is loss due to radiation from

the pipes and from the friction of the steam and water

passing through them at high velocity. The heat is used

to lift and force the water into the boiler, and the amount

of steam that is condensed by the water or heat imparted

to the water which raises its temperature is the useful

energy. The balance is the loss.

175. Broken Eccentric.—"Would it work, if the

back-up eccentric broke while running ahead, to take

one bolt out of the good eccentric blade and bolt the

eccentric blade of the broken eccentric to it, and proceed

without disconnecting, or vice versa?"

Answer.—Yes. That Is all right for forward motion,

but the link should be blocked, so that there would be no

possibility of reversing the engine. In case you were
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backing up and broke the forward motion eccentric the

same thing could be done with the forward motion blade,

but not if you were running ahead. In either of the

above breakdowns, when the back end of the blade is

bolted to the strap of the good eccentric, the blade only

serves to hold the link in position and prevent it tipping

or turning over, but the link should be blocked to pre-

vent reversing, and the good eccentric would govern the

movement of the valve while in that position. If the for-

ward motion eccentric would break while running ahead

and the back one on that side could not be substituted,

and the eccentric could be moved on the shaft, the back

motion eccentric could be moved to correspond with the

position of the forward motion eccentric, and by discon-

necting the link hanger and blocking the link the train

could be taken in in forward motion.

176. Proportionate Area of Safety Valve to

Grate Area.—"Will you please work out in full the

following examples. With i square inch of valve area to

3 square feet of grate area, what size safety valves should

be used on a boiler having a firebox 116 inches long and

89 inches wide?"

Answer.—A firebox 116x89 inches would have a grate

area of 89 times 116^10,324 square inches, or 71.69

square feet. One square foot contains 144 square inches,

and 3 square feet=3Xi44, or 432 square inches. Divid-

ing 10,324 by 432 gives 23.9 square inches of safety

valve area. Therefore, with i square inch of valve area

to 3 square feet of grate area we would require safety

valves that would give an opening of 23.9 square inches.

A 3^4 -inch safety valve would have an area of 8.2958

square inches, and three 3i/4-inch safety valves would be

ample, as per the above question. It is customary to
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base the area of the safety valve opening on the evapora-

tion of water per hour or minute, rather than on the size

of the grate area.

177. Finding Stroke of Piston.—"What stroke of

piston should be given to a locomotive with a cyUnder

diameter of 17 inches ; weight o 1 drivers, 85,000 pounds

;

diameter of drivers, 56 inches ; and a boiler pressure of

180 pounds per square inch?"

Anszi^er.—The tractive power not being given, we will

base it on the tractive weight. Allowing a ratio of 4.5

to I, or, 85,000 pounds, the weight on drivers, divided

by 4.5=18,880, or 18,880 pounds tractive power. Then

from the formula for getting the tractive power, which is

OXSXP
T =

,

D
to get the stroke of the piston we will work the example

the other way, or deduce the following formula obtained

from the above:

Taking size of cylinder and driver with same pressure,

which is 85 per cent of boiler pressure, we have,

56X18.S80

S=-
17^X85% of 180

56X18,880=1,057,280.

172=289,

85% of 180=153.

Then 153X289=44,217, and 1,057,280-7-44,217=

23.9-f-, or 24-inch stroke of piston for above engine.

178. Stress on Staybolts.—''What stress per square

inch of section will be put upon the staybolts of a firebox

working under a pressure of 175 pounds steam per square
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inch. The staybolts to be i inch in diameter and spaced

4^ inches from center to center.

Ansiver.—Each staybolt will have a stress of 175

pounds per square inch of sheet in proportion tu the

spacing of bolts, or the distance between centers. To
find the stress per square inch on staybolt, use the forni-

4.5^X175
ula . Taking the staybolt to be i inch at

•7854

the root of the thread and neglecting the area of the

bolt where screwed into the sheet

:

4.5

4.5

225
180
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A staybolt i inch in diameter has a cross section of

.7854 square inches. Now, by dividing 3,543.75 by .7854

we have the answer, 4,512 pounds.

179. Classification of Locomotives.—"I have read

a short paper by Mr. Louis Hurtubise, C. E. of the C. P.

R. He names type 2 of the third series the Atlantic type.

In this type the main rods are connected to the rear

drivers. We have some of this type running out of Tuc-

son, and some with the main rods connected to the front

drivers, like the American type, which I believe are

known as Pacific type. Am I right in my belief ?"

Answer.—^The classification list by Mr. Hurtubise,

shown in the Locomotive Firemen's Magazine, is no

doubt suitable for the C. P. R., in designating the vari-

ous types of engines on that line, but does not mention

the Pacific type you speak of. A Pacific type engine con-

sists of an engine with a four-wheel truck, six drivers

and one pair of trailers under the firebox, and is fre-

quently designated as a 4-6-2 type. The one you saw is no

doubt a Baldwin balanced compound, called the Atlantic

type, with the main rod connected to the pin on front

driver. The manner of designating the type of engine

by the number of wheels is meeting with general favor,

calling an American engine a 4-4-0, a ten-wheeler a

4-6-0, a Mogul a 2-6-0, an Atlantic type a 4-4-2, and the

Pacific Type a 4-6-2 type, etc.

Note:—See "Four Cylinder Balanced Compounds," a

pamphlet issued by Railway Publications Society, Chi-

cago. Price, 15c, postpaid.

180. Burned or Broken Grate.—"How would you

manage with a burned or broken grate ? How if entirely

gone, with deep ashpan?"
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Anszver.—If a grate was broken you might be able to

block up under it so as to bring in your train. But it is

usually better with a grate burned, broken or entirely

gone, to place angle bars across the space to keep coal

from falling through into the ashpan. Keep the ashpan

clean and you will be reasonably free from grate trou-

bles.

i8i. Grease Cellars on Driving Boxes.—'With

an engine equipped with grease cellars on driving boxes,

how would you know there was sufficient grease in the

cellar to make the trip, and if it needed packing out on

the road, how would you proceed to pack it?"

Answer.—If you will observe closely you will find

that there are two indicators that are attached to the

follower plate and extend through the bottom of the

cellar, and are for the purpose of indicating the amount

of lubricant in the lubricator or grease cellar, and also

to show that the grease is being fed to the journal, front

and back. When the top part of the ring on the indi-

cator is flush with the bottom of the cellar, it is then

time to have it repacked. Examine this before you

leave the terminal, but do not get uneasy, as they only

have to be repacked every 30,000 to 50,000 miles. If you

need to pack a cellar out on the road you can easily ac-

complish it by removing the end plate on the cellar,

which is held in place by two small bolts. Then insert

hooks in the eyes of the indicators and pull them down
as far as you can ; secure them in that position and you

will find that the follower plate will be flush with the

lower edge of the opening in the end of the cellar. A
cake of lubricant or grease should be about one inch

thick and two and one-half or three inches wide, and cut
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in length to fit inside of cellar. Place the first cake to

one side of the cellar on top of the follower plate, and

the second to the opposite side, then fill the space in the

middle with a third piece, put on the end plate, release

the indicators and the spring will force the grease up to

the journal and you are ready to go.

If you anticipate a job of this kind, have the cakes

of lubricant ready, firmly packed, of the right size and

free from dirt.

182. Testing for Broken By-Pass Valve.—"If a

by-pass valve was broken, how would you test for it?'*

Answer.—The piston valve can not raise from its seat

to relieve the pressure in the cylinder when the valve

has covered the port, hence the necessity of a means of

relieving the pressure. The by-pass valve is placed

between the live-steam chamber and the admission port,

and located in a case that is bolted to the cylinder cast-

ing. When steam is admitted into the steam charriber

between the pistons of a piston valve, if inside admis-

sion type, the by-pass valve is held to its seat by the pres-

sure in the steam chamber. But when the pressure in

the cylinder is greater than that in the steam chamber,

the by-pass valve is raised from its seat and permits the

steam to flow from the cylinder into the steam chamber,

relieving the pressure in the cylinder in this manner in-

stead of allowing it to escape to the atmosphere, as it

would if a relief valve was used on the cylinder head.

To test for a broken by-pass valve, place the rocker

arm plumb. This should cover the ports. Then open

the cylinder cocks and the throttle. Steam will flow

past the broken valve and out of the cylinder cock at the

end of the cylinder the broken by-pass valve is on. If
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blow will prevent your handling train properly to terminal,

take off by-pass valve case and insert blind gasket be-

tween by-pass valve case and cylinder casting. In some
cases you may be able to block the valve in position by re-

moving cap.

183. Broken Driver or Trailer Spring, Hanger
OR Equalizer.—"How would you proceed to block up

for a broken driver spring, spring hanger or equalizer

on a class D engine ; how for a broken trailer spring or

hanger? The class D is a Northwestern type."

Answer.—For a broken front driving spring, run front

driver up on a wedge, then pry up the front end of the

equalizer nearest to the broken spring until it is in about

normal position and place a block either between the

front end of the equalizer and the lower bar of the frame,

or between the back end of the equalizer and the top rail

of frame. This gives the use of the main driver and

trailer springs. Now run the front driver off the w^edge

and the back driver up on the wedge, and block between

the top of the front driving box and the frame so the

front driver will carry its load, remove or secure broken

parts.

If equalizer broke between the front and back drivers,

raise up engine with jacks or in any other manner, and

block between lower hanger pins and the bottom of the

top rail of the frame.

When a trailer spring breaks it allows the end of the

cross equalizer nearest the end of the broken spring to

drop into the safety hanger. First jack up the end of the

cross equalizer into position and place a block in the U-
shaped safety hanger to hold it until you are ready to re-

move it. Now raise the back end of the engine frame

so she will ride level, remove the broken spring and take
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a tie or a piece of rail and place it over the trailer box

and chain front end to the cross equalizer, and the back

end to the frame and hanger pin, remove the block from

the safety hanger under the cross equalizer and let the

^ usual load come on the trailer box.

If a front hanger on a trailer spring should break,

raise the back end of the engine on the disabled side so

as to relieve the trailer spring, then jack up the end of

the cross equalizer next to the broken hanger, pry down
the front end of the trailer spring and securely chain

the end of the spring to the end of the cross equalizer.

If a back hanger on trailer spring is broken, raise the

back end of the engine and also jack up the end of the

cross equalizer to relieve the spring, then pry the back

end of the spring down and chain it so it will not work

off the hanger pin.

184. Guides and Cross-head Not in Line—"What

would be the result if guides and cross-head were not

in line?"

Anszver.—Excessive wear on sides of cross-head and

guides, unequal wear in cylinders and cylinder packing-

rings, difficulty in keeping piston rod packing from blow-

ing and wearing out rapidly, and trouble with main rod

^ brasses, especially in the front end of main rod.

185. Superheated Steam.—''What is superheated

steam ?"

Answer.—Superheated steam is steam heated to a tem-

perature above that due to its pressure. The temper-

ature of steam in contact with water depends on the pres-

sure under which it is generated, as shown in steam
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tables, while superheated steam is at a higher temper-

ature.

i86. Method of Superheating Steam.—''How is

steam superheated, and what benefits are derived from

it?"

Answer.—Steam is superheated by passing through a

system of pipes or coils that are placed in the smokebox

for this purpose, and the steam in passing from the boil-

er to the cylinders absorbs the heat from the smoke and

gases as they are drawn through the flues and stack,

thus increasing its temperature. Superheated steam

therefore gives a higher efficiency of the engine, as there

is less loss of heat by condensation when it comes in con-

tact with the walls of the cylinders. There are many

types of superheaters, and the usual benefit derived from

their use is claimed to be about 13 per cent higher effi-

ciency.

187. Disconnecting Compound Locomotives.—'*In

case it was necessary to disconnect on one side of a

Vauclain compound locomotive, how would you cover

the ports and hold valve in position? How with a tan-

dem?"

Answer.—With a Vauclain compound would place

the valve in the center of its seat, covering all ports for

admission, and clamp it in that position. With a tandem

would employ the same methods as with a simple engine.

188. Lap and Lead.—"'Will you kindly inform me

what lap and lead is, and what is the idea of it. What is

it for? I am not in touch with railroad men, and the

book I have does not make it clear to me."
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Answer.—Lap is the amount of the edge of the valve

that extends over the admission edges of the steam ports

when the valve is in the center of its seat or mid travel,

and is for the purpose of working steam expansively.

If a valve had no lap, steam would follow the piston

the full length of its stroke or, in other words, the cyl-

inders would be filled with steam at chest pressure twice

every revolution of the drivers. By having lap on the

valve the admission of steam can be cut off at any desired

portion of the stroke of the piston, and the object of it

is to effect economy in the use of steam. Lead is the

amount of port opening of the valve when the piston is

at the beginning of its stroke, or on the dead center, and

serves to cushion the piston and reciprocating parts at

the end of each stroke in the absence of compression or

back pressure, and the amount of lead depends entirely

on the position of the eccentric on the shaft in relation

to the crank pin. It -hastens every function of the valve

in proportion to the amount given, while lap can only

be increased or reduced by substituting a wider valve or

planing the edges of the old one to reduce its width.

189. Deflection of a Coil Spring.—"How do you

find the deflection of a steel coil spring i inch by 4 inches

by 8 inches?"

Answer.—In asking this question the number of coils

or turns in the spring should be specified rather than the

height of spring, in order to get the deflection. There-

fore, we will take the spring shown in the illustration,

measuring i inch by 4 inches by 8 inches and having

6 coils. We have (from Kent) W as the safe or work-

Sd^
ing load for the spring ^ 3927

D



136 LOCOMOTIVE BREAKDOWN QUESTIONS

S = ultimate tensile strength per square inch of ma-

terial. In this case we will take it at 60,000 pounds.

d:=diameter of bar in inches, which is i inch.

D = diameter of spring from center to center of bar.

Now the strength, or working load, is obtained by us-

60,000 X I

ing the formula. Thus, W = .3927 x = 7^54
pounds. 3

This load would apply to a spring of the above di-

mensions with any number of coils.

Now to get the deflection (from Kent).

D'xW
E r= deflection for one coil or turn =

d*xC
D = diameter of spring from center to center of bat

W = imposed load.

d = diameter of bar in sixteenths of an inch.

C = a constant whose value is 30*for round steel.

3' X 7,854

Substituting, we now have: = .108 inch.

16* X 30

This is the deflection for one coil, and as there are six

coils shown in this spring, .108x6 gives us a deflection

of .648 inch with a load of 7,854 pounds.

190. Radius Bar.—''Will you give me the proper

name for what I call the tongue of an engine truck to ?

consolidated locomotive?"

Answer.—^This class of engine has what is called a

pony or Bissell truck, and the tongue you refer to is a

V-shaped frame. Its proper name is a radius bar.

191. Fitting Driving Boxes.—''How would you fit

a driving box on an engine weighing 200,000 pounds?
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Deflection of Coil Spring.
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Our superintendent of motive power claims to bore them

I -64-inch larger than the journal and let them go without

fitting."

Answer.—It is common practice to file out the crown

of the brass about 3 inches wide and file or scrape to a

good bearing on the sides. The weight on the box will

soon bring the bearing down on the crown. We have seen

brasses bored out i -64-inch larger than the journal and

holes bored in the brass for babbitt and then bored out,

leaving the babbitt spots higher than the brass, and they

run good withoujfc fitting the brass to the Journal. Your
superintendent no doubt is successful in employing this

method, and if the engines are properly broken in and

run good he is saving expense of fitting. This is not

the general practice.

192. Squaring Valves.—"Do you think it proper

to run over the full travel of the valves on a locomotive

in the forward and back gear and divide the valve travel

between the two gears with the reach rod. Then adjust

the eccentric rods so that they will divide up on each

side of the port openings equally without putting up the

main rod. Will she be square on the dead center?"

Answer.—We presume you mean will she be square

when hooked up at short travel of valve or cut-off, and

would say hardly on all classes of engines. It's usually

close work to get them square with the main rod up, and

would not recommend this system.

193. Piston-Valve Chamber.—*T would like to

know the proper name for the valve cylinder on a piston-

valve engine. All I have ever heard it called was a steam

chest. Is this proper?"
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Anszvcr.—Hardly. The proper name is piston-valve

chamber. It would not look well to report steam chest

leaking on a piston-valve engine, but it would be correct

to report front or back head on right or left piston-valve

chamber leaking. Therefore it is not customary to call

it the steam chest. If it was a slide-valve engine and the

chest was broken a new chest could be applied. With a

piston-valve engine, and the valve-chamber broken, it

would have to be patched or a new casting made, which

usually consists of a cylinder and valve chamber with

ports for the admission and exhaust of steam. The

valve chamber is bored out large enough to insert a bush-

ing, which is called a valve-chamber bushing.

194. Dimensions of Ports in Piston-Valve En-

gines.—"How do you get the dimensions of the ports

in a piston-valve engine?"

Answer.—The accompanying sketch shows an end

End and partial side view of Piston-Valve Chamber, Bushing and Cylindo
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and part of a side view of a piston-valve chamber, bush-

ing and cylinder. In speaking of the width of the ports

they are measured for width the same as in the slide-

valve engine. Taking the width of the full lines shown

in the bushing as the width, the dotted lines show where

the chamber is cored out to allow the steam to flow into

the port leading to the cylinder. The bridges in the

bushing are to keep the rings in the piston valve from

entering the ports when the valve passes over them and

the width of the port openings in the bushings. To get

the length of the port, measure the shortest distance be-

tween the valve chamber and the cylinder, as shown in

the sketch. This will give the width and length of ports.

195. Wear of Cross-head Gibbs.—"There is a

Brooks six-wheel connected piston-valve engine in

switching service that has come under my observation.

She has double guides, main pins are on the back driv-

ing wheels, and the eccentrics are on the middle axle.

She has worn out nearly three cross-head gibbs in one

year and five months' service. The first one that was

put on was said to be soft brass, and the next one ap-

plied only lasted about six months. The one now in use

is nearly worn out and is babbitted. The trouble is all

on the left side and the machinists say that the guides are

in perfect line. Will you please say why they wear out

so fast on that side of the engine?"

Answer.—It would be difiicult to say just what is the

cause of the cross-head gibbs wearing faster on the left

than on the right side of this engine, unless it was due

to the difference in the metal of the gibb, or less oil was

used on that side than on the other. If the engine has

the sand box filled from the left side daily or the sand
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box is leaking, allowing sand to get down on the guides

and between the wearing surfaces, that would cause

excessive wear on that side. Cultivate the art of seeing

t'hings and you may locate it. We are unable to say why
there should be a great difference in the wearing of the

gibbs if they are of equal bearing surface and properly

lubricated.

196. Pressure on Flat and Cone-shaped Sur-

faces.—''If I take a piece of pipe, any length or size,

and screw an ordinary cap on each end, my argument

with a friend was that if one of them was a flat surface

inside and the other was cone-shaped, as per sketch, the

pressure would be considerably less on the cone-shaped

end with, any given pressure inside the pipe than it

would on the other end, which had a flat surface inside.

I claim that the pressure will follow the angularity of

0)

Na 6'

5
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^/^yy^/r//^///////////////yy///^^

Pipt with Flat and Cone-shaped Caps

the surface given to pressure. Please state the difference

in pressures, and oblige?"

Anszver.—There would be no difference in the pres-

sure exerted on each cap, tending to force them from the

pipe or to strip the threads, as the pressure is equal.

This brings to mind a valve that was made with a

back to it like the angle shown by the fine lines at the

cone-shaped cap, in order to reduce the pressure on the
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back of the valve, but it was found that the pressure on

the valve seat was the same as on the valve with the flat

back. Theoretically, we will take the above cut for an

example and let the diameter of the cylinder or pipe be

20 inches, drawn to a scale of i inch equals i foot. Let

the interval pressure be 14.15 pounds per square inch

tending to force the caps from the pipe or cylinder, rep-

resented by a line a b drawn to a scale of 12 pounds

to the inch, or i pound per inch of scale of the drawing.

Then the pressure on cap (i) equals the area of a 20-

inch circle multiplied by 14.15, which equals 4,445

pounds. Let cap (2) be a 45° cone. Then the area of

the cone will equal 444.5 square inches. Now the effec-

tive pressure on this area tending to remove the cap must

be one-half the resultant of two forces, each equal to a b,

acting perpendicular to the surface of the cone, or at

right angles to each other, 2s a b and a c, which equals

the sine of the angle of 45^ multiplied by 14.15 pounds

equals 10 pounds. Then 444.5 (area of cone in square

inches) multiplied by 10 pounds equals 4,445 pounds,

same as on cap (i). There is no difference.

197. Sling-Stayed Boiler.—"What is meant by a

sling-stayed boiler?"

Answer.—A boiler that is built with crown bars, as

shown in sketch. Note that the ends of the crown bars

rest on the side sheets, and that the bars are also sup-

ported between the ends by sling stays that are fastened

to the crown bars and dome, or roof sheet of the boiler,

which in turn hold the crown bolts that pass through,

the crown sheet and are riveted over. This is a sling-

stay and crown-bar boiler. If the bolts were severe(^
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and riveted into the crown sheet and dome sheet it would

not be necessary to use the crown bar, and the boiler

would then be called a radial-stayed boiler.

Sling-stay and Crown-bar Boiler. Illustrating Question No. 197.

198. Leaky Mud Rings in Winter and Summer.—"Why do mud rings leak worse in winter than in sum-

mer ?"

Answer.—On account of the greater differences in tem-

perature, causing greater expansion and contraction. If

a wide firebox, it is often due to lack of proper lubrica-

tion of the expansion pads or braces, and the unequal

expansion of the frame and boiler, producing a strain on

the mud ring and throat sheets when the expansion pads

are dry or not properly oiled.

199. Throttle and Cut-off.—"What would you ad-

vise for best results in pulling a train, a certain stroke

and a full throttle, or a little more stroke and less throt-
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tie? I find I can keep them hot the easier with more

stroke and less throttle."

Answer.—Would advise that the engine be worked

where she will do the best. A short cut-off and a full

throttle will not, as a rule, always prove as satisfactory

with a high-pressure engine at slow speed as with the

low pressures and small engines of years ago. It's as

necessary for an engineer to have an ear for the sound

of the exhaust and to manipulate the throttle and reverse

lever to obtain work from the engine, as it to have good

eye-sight for the safety and handling of the train.

200. Petticoat Pipe Down.—"What would you do

if you were out on the road and the exhaust nozzle came

down?"

Answer.—We presume you mean a petticoat pipe in-

stead of a nozzle. If we could not put it in place, would

reduce train, get into terminal and report it, but if at

an outside point would try and put it where it belonged,

after the fire was drawn. It's almost impossible to adjust

a pipe in the front end of an engine with a fire in the box,

unless the adjustment can be made from the outside.

201. Friction—"Upon what does the amount of

friction depend?"

Anszver.—Friction is the resistance that a body meets

with from the surface on which it moves, and depends

on the pressure between the surfaces and the condition

of same. A body moving over a smooth surface will

produce less friction than when moving over a rough

surface, and friction is greater between soft bodies than

hard ones. It is proportional to the perpendicular pres-

sure between two surfaces in contact.
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202. Oil and Frictional Surfaces.—''What is the

effect of introducing oil between frictional surfaces?"

A^iswer.—Reduction of friction, less wear on the bear-

ings, and separating the metals of same by placing a

film of oil between them. If we had a hea^y box to slide

on a platform and could not move it, the reason would'

be that the friction was greater than the power. If wej

had a layer of grease or film of oil between the surfaces

in contact it could be moved more easily. This would be

sliding friction. Then if we put rollers under it we

could roll it easier than we could slide it. This would

be rolling friction, and the film of oil introduced between

two bearings acts as rollers in reducing the friction and

keeping the metals apart.

203. Abuse of Engines.—''What would you con-

sider abuse of engines?"

Anszver.—Slipping engine when taking her from the

roundhouse track without opening the cylinder cocks to

let the water out of the cylinders : slipping her at any

time and catching her on sand at any time without clos-

ing the throttle ; reversing engine with brake set ; sliding

drivers and flattening tires
;
poor pumping, knocking the

steam pressure down by too much injector, and pulling

out of stations without having fire in proper condition

;

working engine harder than necessary to handle train

and make time; working water and wet steam through

valves and cylinders ; imperfect lubrication ; firing en-

gine without getting coal on forward section of grates,

causing flues to leak ; failure to tighten a nut or drive a

key where needed, and not reporting necessary work on

arrival at terminals, all go toward the abuse of an engine.

204. Horse Power of Engine.—"What is the horse
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power of a I7x24-inch cylinder? Will you please give

the answer worked out?"

PALN
Answer.—The formula is • = horse power.

33,000

As the pressure or number of strokes are not given we

will assume them to be as follows, and proceed with the

example

:

P=:Mean effective pressure per square inch on the

piston, 100 pounds.

y4=Area of the piston in square inches.

L=Length of stroke in feet, 2 feet.

A/^^Number of revolutions per minute, 200.

17

17

119

17

289

. -7854

1 156

1445

2312

2023

226.9806

,100

oo^nR nf\r\r\— J Area of piston multiplied^^uyo.uuJU—
^ ^jy pounds pressure.

A— ( Length of stroke in
T"

( feet for every revolution.
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90792.2400

Divided 200

by-
33000) 18158448.0000(550.256 = horse power.

165000

165844

165000

84480

66000

184800

165000

198000

198000

o

This for a I7x24-inch cylinder, or one engine. If you

are figuring for a locomotive the horse power would be

2 tirnes 550.25 H. P., or 1,100.50 horse power, as per

the above example.

205. Direct vs. Indirect Valve Motion.—"There

is a great difference of opinion as to whether a certain

class of our engines are direct or indirect valve motion.

They have inside admission piston valves with a transmis-

sion bar, and the go-ahead eccentrics following the pins,

same as in ordinary indirect engines. Please advise what

they are, direct or indirect engines."

Answer.—Fig. i shows, an inside admission piston

valve with an indirect rocker. You will observe that the
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position of the eccentrics on the shaft or axle is directly

opposite to the position that they would be in if this was

an outside admission valve. Instead of being advanced

toward the pin the amount of lap and lead, they are ad-

vanced away from the pin. The internal or external ad-

'.f^^V^r^'J^yZ'^L'ii

Fig. J

Fifir.2

Fig. 3

mission valves make this change of position af the ec-

centrics necessary with an indirect rocker. This illustra-

tion is a view of an indirect motion or rocker, because
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the valve is traveling in one direction and the eccentric

is traveling in the opposite direction. Fig. 2 shows the

same kind of a valve with inside admission, but with a

direct motion or rocker, and the eccentric and valve both

,
move in the same di^ction. In this illustration the ec-

I centrics are placed on the shaft in the same position as

if you had an indirect rocker with an outside admission

valve.

The front steam port must be opened to admit steam

to the cylinder in both illustrations. If your engine is

put up as shown in Fig. 2 you have a direct motion en-

gine. Fig. 3 shows an indirect rocker on the left and

a direct rocker on the right, or a rocker with a link arm
and the valve arm opposite each other is a direct rocker.

206. Troublesome Boiler Checks.—''I am firing

an eight-wheel wagon-top boiler engine equipped with

No. 8 Monitor injectors on both sides. The boiler checks

are in the barrel of the boiler and set about level with the

center of same. The injectors are on a level with the

top of the tank and they work in good shape until the

tank is one-half empty and less. Then every time the

injector on either side is shut off the boiler checks stick

up, and they give no trouble at any other time when

the tank is over half full of water. Both checks have

been ground in, examined and pronounced all right and

give no sign of leaking when injectors are not In use.

What is the trouble?"

Answer.—From the description given of the action of

the checks, it is the opinion of experts that the trouble

is from sediment deposited on the valve and interior of

the cage and passage to boiler through check, and that

the check valve may be fitted too close to allow any de-

posit without interfering with the free action of the
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check. The height of water in the tank would in no

way influence the boiler check if in proper condition,

possibly the valve and seat may be battered sufficiently to

cause too tight a fit for free action of the valve. This

case would require a personal examination in order to

render a definite conclusion, and we would recommend
that the check be made sufficiently loose so that the valve

would find its seat readily at all times when the injector

was shut off.

207. Injector Worked by Air Pressure.—"Can an

injector be worked on a boiler with air pressure on it in-

stead of steam? If not, why not? I have consulted sev-

eral different engineers about it and they vary in opinion."

Anszuer.—No, it can not. The injector is an instru-

ment that will force water into a boiler against a pres-

sure equal to that of the steam that is used in its opera-

tion. Steam in forcing water through the injector and

into a boiler gives up heat and imparts a velocity to the

water, and starts it with a momentum sufficient to over-

come a pressure even higher than the original pressure

of steam. A great deal of the velocity of the steam is

given up to the water, and gives the water sufficient en-

ergy to open the check valve and enter the boiler. As the

steam condenses in imparting its heat and velocity to

the water the pipe is solid full of water. When the water*

will not condense the steam or is too high a temperature

(too hot) the injector will not work. Therefore, the

reason that the injector will not work with air pressure

is that the mixture of air and water would make bubbles

and it would not be a solid body of water to absorb the

velocity or mix with the air, as you could not have air

and water occupying the same space at the same time.

Our experience has been when reversing an engine and
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opening the throttle to prevent striking the rear end of

a preceding train, that the injector always broke on ac-

count of the air mixing with the steam.

208. Per Cent of Heat Used.—''Will you kindly

give me the per cent of heat used and the per cent of

heat that escapes from the stack of a locomotive while

working ?"

Answer.—In order to make this clear we will have to

take an example and work out the answer. Conditions

vary so much that the answer will only be approximately

correct for this specific case.

We will assume that we have an engine with 22x27-

inch cylinders; driving wheels 56 inches in diameter,

with a boiler pressure of 175 pounds, and running at a

speed of 12 miles per hour. Allowing a mean effective

pressure in the cylinders of 78 per cent of the boiler

pressure we would obtain a tractive power of 33,000

pounds, or the locomotive would develop one horse-

miles per ton of coal at 12 miles per hour, she

be equal to 1,056 horse-power. If the engine run 15

miles per ton of ccal at 12 miles per hour she

would -burn twenty-six and six-tenths (26.6) pounds of

coal per minute. Now all the energy that we are to

get from the engine is stored in the coal, and is called

heat units. The mechanical equivalent of a heat unit,

expressed British thermal unit (B. T. U.), when changed

to work is equal to 778 foot-pounds of work. Then, fig-

uring that one pound of coal contains 11,660 B. T. U., or

heat units, we would have stored in twenty-six and six-

tenths (26.6) pounds of coal 7,320 horse-power if all the

heat units could be converted into work. But as they

can not we will have the difference between the energy
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taken from or liberated from the coal by combustion and

the energy delivered to the drawbar to overcome the

train resistance, which would be 7,320 and 1,056 horse-

power, respectively, or about fourteen and four-tenths

( 144) per cent of the heat in the coal used.

209. Temperature.—''How was the degree of tem-

perature first found and determined?'*

Answer.—Dr. Joule, of England, found by tests and

a series of careful experiments that a British thermal heat

unit was equal to 778 foot-pounds of work. A British

thermal heat unit is a quantity of heat that will raise the

temperature of one pound of water one degree, or from

62 degrees to 63 degrees Fahrenheit. The Fahrenheit

thermometer is the kind generally used in this country,

and is an instrument used for measuring temperature.

It consists of a thin glass tube, at one end of which there

is a bulb filled with mercury. Upon being heated, the

mercury expands in proportion to its temperature. The

Fahrenheit thermometer is graduated to show the degrees

of heat, as follows

:

Take the glass tube and surround it with melting ice

at a temperature of 32° and mark the tube at the height

of the mercury. Then surround the tube with a tempera-

ture of boiling water at sea level, which is 212°, the mer-

cury expanding in the tube and rising higher than when

it was at the temperature of melting ice. Now mark

the tube where the mercury stands at the temperature of

boiling water and divide the distance into 180 parts

called degrees, as shown by the height of the mercury in

the tube on a Fahrenheit thermometer.

210. Broken Piston Valve.—*T wish to ask how
to get at it to bring in a piston-valve engine with a pis-
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ton valve on one side broken and nothing to do it with,

only the tool equipment that is necessary to get an en-

gine over the road."

Answer.—First get the good side on the eighth or

. quarter so you can start engine when you get ready to

/
go. Then disconnect valve rod from rocker arm, and if

you can place the valve in position desired over the ports

and secure it there, handle the case the same as you

would a broken slide-valve engine, leaving the back

port slightly open about the thickness of a piece of tin,

and remove the valve from the back cylinder cock; this

to prevent taking down the main rod. If you can clamp

the valve rod in this position and it will hold the valve in

place, steam will be admitted to the cylinder and will

take oil with it to lubricate the cylinder while running in

with main rod up, and if you at any time get stuck on the

center on the good side, by replacing the valve in the

cylinder cock steam will be admitted to the back end of

the cylinder on the disabled side to move engine off the

center on the good side and save pinching. If the valve

is broken so that you can not do this you will have to

take off the valve-chamber head and place the broken

pieces' so they will cover the ports, block them securely

and replace the head. If the valve is so badly broken

that this can not be done, the only way out of the diffi-

culty will be to remove the broken valve entirely from the

valve chamber and cut a piece of post or telegraph pole

to fit the valve chamber, blocking the admission of steam

to the cylinder and preventing it from escaping through

the exhaust ports to the s:tack. Get into the section

house if you can not get thj saw and axe out of the ca-

boose, or borrow the tools fiom a farmer if near one.
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211. By-Pass Valve.—''What is a by-pass valve and

what are its uses ?"

Answer.—A by-pass valve is a valve used to relieve

compression or excessive pressure in the cylinders. When
the valve closes the port at the time of exhaust closure

the steam that did not get out while the port was open

is compressed by the piston as it completes its stroke and

is called compression. The piston moving toward the

cylinder head compresses the steam into the clearance

space and often at a higher pressure than that in the

steam chest with a slide valve. When the compression

is great enough to lift the valve from its seat the pressure

is relieved, but with a piston valve the valve can not lift

from its seat and the by-pass valve is used to relieve the

pressure and prevent breaking the cylinder heads.

There are many kinds, but they are all used for the

same purpose and usually connect the steam ports to the

cylinder with the steam chamber between the pistons of

the piston valve, the valve being held to its seat by the

pressure of steam in the chamber, and when the com-

pression exceeds this the valve is forced from its seat

and the steam escapes back into the steam chamber. This

also prevents the waste of the steam as would be the case

if it was allowed to escape to the atmosphere through a

pop or compression valve in the cylinder head.

212. Lap and Lead.—"What effect would be pro-

duced upon the lap and lead of an engine by changing

the length of the eccentric blades?"

Answer.—Lap is the amount of valve that extends

over the outside edges of the steam ports when the valve

is in the center of its seat. If the valve edges extended

over the edges of the ports one inch the valve would be
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termed as having one inch lap. Lead is the amount of

opening of the steam port when the piston is at the be-

ginning of its stroke, and is governed by the position of

the eccentric in relation to the pin. Advancing the ec-

centric toward the pin increases the lead of the valve,

outside admission and indirect rocker. Now, changing

the length of the eccentric blade would not change the

lap or lead of the valve. The distance that the valve-

would travel over its seat would remain the same, but

shortening the blade would cause it to travel too far for-

ward or work too much steam in the back end of the

cylinder, and lengthening the blade would cause it to

travel too far back or work too much steam in the for-

ward end of the cylinder, but would have no eiYect on

the lap or lead.

213. Keying Brasses.—"What is the necessity for

keeping brasses keyed up properly?"

. Answer.—To prevent th„i from pounding when pass-

ing centers, and prevent excessive wear on pins and

brasses and to keep them from getting loose in the rod

straps. A brass that needs keying will often pound itself

hot and make trouble for the engineer and work for the

machinist, where if it was properly keyed it would run

Gool. Here is where an oimce of prevention is worth a

pound of cure.

214. Using Water on a Hot Pin.—"What is the

objection to using water on a hot pin where grease is

used?"

Answer.—There is no real objection to using water on

a pin if the grease is of a soft nature, that is, fed to the

pin with a plunger in the grease cup, but if a hard grease

is used and is forced through the hole in the strap and
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brass by pressure produced by screwing down the plug,

the water will wash off the grease from around the col-

lar of the pin and the grease will not stay between the

brass and pin as well when water is used. This grease is

similar to a bar of yellow soap, and is made of caustic

soda or lye, valve oil and tallow. When the pin is ruii

in water, grease is washed off or made into a suds that

has not sufficient consistency to keep the metals apart.

You will notice that on a trip in a hard rainstorm the

grease will work out faster and the pin run hotter than

when the weather is dry.

215. Broken Safety Valve Spring.—"What could

be done if a safety valve spring should break ?"

Anszuer.—^Remove the cap, if there is one, on the pop

and screw down the adjusting screw as far as it will go.

If the jamb nut prevents the screw from going down far

enough, split the nut and screw it down far enough to

hold the valve solid to its seat. This broken pop valve

spring will render the valve inoperative, but the others

will relieve the pressure until you arrive at a terminal.

This is one reason why two or more valves are used.

216. Stuck Wedge.—"If a wedge was stuck, in what

manner would you proceed to get it down ?"

Answer.—Loosen the jamb nut on the wedge bolt on

top of the pedestal or binder brace and pull down on

the wedge bolt. If the driving box was hot, would cool

it off first. If the wedge did not come down easily

would run driver over a good sized nut. By cooling off

the box and putting a tension on the wedge bolt and,

oiling the wedge good, the box will often get loose in

running to the next stop. There is no such thing as a

stuck wedge. It's the box that sticks on account of the
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wedge being set up too tight. Lack of oil between the ^

box and the face of the wedge, or the expansion of the

box from heating causes the box to stick.

217. Effect of Lap and Lead on Position of Ec-

centric.—"How do the lap and lead of the valve af-

fect the position of the eccentric?'

Ansiver.—When a valye is used that has no lap or lead

the position of the eccentric is at right angles to the pin,

or 90 degrees. Now, assuming that the top and bottom

rocker arms are of equal length, and you add one inch to

the edge of the valve, giving the valve one inch lap, if

your engine stood on the forward center with the valve

that had no lap and the eccentric set at right angles id

the pin, when you put in the valve that had one inch

lap you would have to move the eccentric toward the

pin the amount of lap of the valve to bring it to its

former position, and if you gave the valve lead, also ad-

vance it the amount of lead as well. This would push

the lower rocker arm forward and bring the top arm

back, which would bring the valve in position to open

the steam port the amount of lead. Hence, the »ule,

"set the eccentrics at right angles to the pin and then ad-

vance them toward the pin the amount of lap and lead.'*

218. Length of Smokebox.—"What should the

length of a locomotive smokebox be ? This is one of the

questions in the list for promotion."

Answer.—^We are unable to give you formula for

length of smokebox in proportion to diameter of boiler

shell. There are two general types, the short smoke-

box and the extended front end. Herewith are given the

length of front ends or smokeboxes and diameter of

boiler shell on some of the locomotive boilers of recent

design

:
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Diameter of Shell Length of Smokebox

70 inches 69 inches

82 inches 73 inches

yy inches 66 inches

70 inches lOi inches

60 inches 54 inches

74 inches 52 inches

Much depends on the size of the boiler and the class

of engine. In order to keep the length of smokebox

within reasonable limits, flues have been increased in

length.

This question would apply more to boiler design than

to promotion of a fireman to the position of engineer.

219. Course of Steam from Boiler to Stack^
"Answer to Question 7 (Examination Questions for Pro-

motion and Their Answers) is not quite clear to me. If

steam comes, or exhausts, through the cylinder saddle

it certainly has to go through the cylinder saddle before

doing its work. A blue print I have says, 'Steam passes

through the throttle, stand pipe, dry pipe, steam pipe,

cylinder saddle, and admission ports to the cylinder.'

The answer to Question 7 reads : 'Steam passes through

the dome, by the throttle valve, through the dry pipe

and steam pipes, and into the steam chest.' Why not

say, 'Steam pipes, cylinder saddle, steam chest, and ad-

mission ports,' or vice versa, 'thence to the cylinder?'

"How many openings in cylinder saddle? Name and

give use of each."

Answer.—The answer to a question does not always

give every detail sufficiently clear to a student to enable

him to understand it without further effort or. study on

his part. We will try to explain this mere fully, and



LOCOMOTIVE BREAKDOWN QUESTIONS 159

would suggest that you examine a locomotive that is in

the shop for repairs, with flues out of boiler and covers

of steam chests and cylinder heads removed.

'JWJJJW///////////l̂ ///;/,^
Fig. 1. Longitudinal Section of Cylinder.

Steam is generated at or near the heating surfaces of

the boiler and rises into the dome. When the throttle

valve is open steam enters the stand pipe, and follows,

through it, to the dry pipe to the ''nigger head," or tee,

in the smokebox. It then enters the steam pipes and is

conducted to the cylinder saddle, thence through the

passage A A (see illustration) to the steam chest. If the

valve is now in the center of its seat it can go no farther,

but when the port is uncovered by the valve, steam is

admitted to the end of the cylinder nearest the opened

admission port, shown as B B, and exerts a pressure on

the piston nearly equal to that of the steam chest pres-

sure while the port is open. This pressure is exerted on

the piston and transmitted to the piston rod and connect-

ing rod to the crank pin, and produces a rotative eflFect

on the wheel In proportion to the pressure and the posi-

tion of the crank pin above or below a line drawn through
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Fig. 3. Cross-Section of Cylinder and Saddle.
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the center of the main driving axle and cyHnder. If the

steam is cut off before the piston has reached the end of

its stroke, the valve having closed the port, the steam

confined in the cylinder forces the piston to the comple-

tion of its stroke by its expansive force acting like a

spring. This - is the expansion of the steam in the

cylinder. When it has pushed the piston to the end of

its stroke, it escapes through the admission port which it

entered, passes under the valve, over the bridge, and into

the exhaust passage C, through the cylinder saddle again,

into the exhaust pipe and out through the nozzle tip,

through the petticoat or draft pipe and out of the stack.

There are usually five openings in the cylinder saddle

to the steam chest, as shown in the illustrations. Fig. i

shows a sectional view if the cylinder was cut in two

and lengthwise through its center. Fig. 2 is a view look-

ing down on the valve seat and cylinder saddle. Fig. 3

is an end view showing its construction, and the dotted

lines represent lines that can not be seen. Ports A A are

to admit steam to the steam chest when the throttle is

open. Ports B B admit steam to the cylinders alternately

when they are uncovered by the valve. Ports B B and C
exhaust the steam from the cylinder when the exhaust

cavity of the valve extends over the bridge between ports

B and C. Opening D in the cylinder saddle is to con-

nect with the steam pipes to the steam passage for the

purpose of supplying steam to the steam chest, and

opening E is to allow the steam to escape from the cylin-

der through ports B and C to the exhaust.

220. Difference in Amount of Water Used by

Engines of Same Class.—'Tn two engines having same

size boilers, doing the same work, carrying same steam

pressure and run by the same engineer, one of these
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boilers used two-thirds more water than the other boilers

on all of the same class of engines. Can you enlighten

me in regard to cause?"

Anszver.—Can not give you the real cause of this en-

gine using two-thirds more water than the others of the

same class, and think that your figure is a little high.

The class of service is not stated. Assuming that all

boilers of engines of this class are in the same condition

and free from course mud or scale, and that the water

is evaporated into steam ; that the valve and cylinder

packing are in the same comparable condition, it may be

that the nozzle or exhaust passages are restricted, causing

back pressure in the cylinders and the engine is worked

harder to handle the same tonnage and make the time.

There may have been a change in the cylinder heads or

pistons when the engine went through the shop for re-

pairs. If the cylinder heads are of different pattern they

may be thinner and increase the cylinder clearance, there-

by using more steam. The same increase in cylinder

clearance would occur if the pistons were substituted by

others that were not so clear. Measure the distance be-

tween the front of the follower and the back of the

spider, and compare it with other engines of the same

class. If the engine is in service where she is worked

at short cut-off, the increased clearance would give you

an increased water and coal consumption. Then, again,

the exhaust cavity of the valve may have been cut out

or enlarged, giving the engine or valve exhaust clearance

which would allow the steam to escape from the cylinder

too soon and before it had expanded in the cylinder to

the proper portion of its stroke, thereby losing on the

expansion and compression. It is hard to tell just what is I
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the trouble in this case, but some one in the locomotive

department should ''get busy."

221. Temperatures of Steam at Different Pres-

sures.—"What is the rule for figuring the temperature

of steam in a locomotive boiler when it is at different

pressures?"

Ans-iver.—There are several formulas or- rules to de-

termine the temperature of steam at various pressures,

when a steam table, giving temperatures and pressures,

is not available. One of these is given worked out be-

low, and gives an error of less than i^ degrees in nearly

all cases for pressures of over lOO pounds.

t = temperature in degrees Fahr.

p z= gauge pressure in pounds per square inch.

(p—lOO)

then t = I4X\P+I98 minus

A

I

Taking 200 pounds we have p = 200.

The square root of 200 is 14.15; this multiplied by 14

=: 198.1, and 198.1 plus 198=^396.1; pressure minus

100, divided by 11 = 9.1 for 200 minus 100 = 100, which

divided ,by 11^=9.1); then 396.1 minus 9.1 == 387 de-

grees, the temperature of steam at 200 pounds pressure.

222. Circulation in a Boiler.—''What is meant by

circulation in a boiler"?

Anszver.—The free movement of the water so that it

may come in contact with the heating surface, and after

being converted into steam a fresh supply taking the

place of that evaporated. As the water absorbs the heat

it becomes lighter and rises to the surface, the cold water,

being heavier, taking its place. The circulation depends

on the condition of the boiler, which should be free from
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scale or mud and the flues should be spaced to allow free

movement of the water.

223. Blocking for Broken Reverse Lever or

Reach Rod.—"In blocking a broken reverse lever or

reach rod is it good practice to block on top of both links,

or to simply block one link at a cut-off where engine will

handle train? If both links were blocked would not the

slip of the link-block cause the wooden blocks to be

pounded to pieces and possibly damage the link motion ?"

Answer.—In a case of broken reverse lever or reach

rod it may be possible to block the tumbling shaft arm

in the running board, if not, sometimes it may be ad-

visable to place a bar of iron or wood across the top of

the frame under the link arms to hold the links in posi-

tion to give the required cut-off, but the blocking and

arms should be securely fastened. When blocking the

links to hold them in position it is better to block only

one link. Even if working in full gear a small block

should be placed between link block and top of link to

prevent damage by an increased travel of the valve.

Blocking one link will answer the purpose. If both

links were blocked solid there would be no chance for the

link to slip on the link block and damage would result

to the link motion.

224. Effect of Changing Length of Eccentric

Rods.—"I notice in your answer to Question: 'What
effect would changing the length of the eccentric rods

have on the lap and lead of the valve?' you say that

lead would' be affected by changing the length of

these rods, but the lap would not be changed. Now,

we read in many of our mechanical books that lead

is the amount of port opening at the beginning of the
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stroke, and is brought about only by the angular

advance of the eccentric on the shaft ; that lap is the

part of the valve that extends over the steam port

when the valve is in middle position ; that it delays

admission and enables us to secure an early cut-off.

Now, your answer admits that lead is secured not only

by the angular advance, but also by the changing of

_ength of the eccentric rods, a point with which I fully

agree, but it is not clear to me why the lap is not also

changed, as is not admission delayed and cut-off hast-

ened at one end ? For an example : Suppose the go-

ahead eccentric rod on an indirect valve motion outside

admission was lengthened, this would shorten the for-

ward travel of the valve and lengthen the backward

travel, measuring from a line drawn through the center

of the exhaust port, and now the center line of travel has

been moved back an amount equal to the change of the

length of the eccentric rod, both rocker arms being same

length, and such change would cause steam to appear too

early at the front end of the cylinder and too late at the

back end, and the cut-off would be late at the front end

and early at the back end. Now, would this not be vir-

tually increasing the lead at one end and the lap at the

other?"

Anszver.—According to the answer to Question,

you are correct in stating that the lap is changed as well

as the lead when the eccentric rod is lengthened or

shortened, or that lead would be increased on one end

and lap at the other. The answer states that the lap of

the valve is a fixed amount and never varies, and chang-

ing the length of the eccentric rod would have no effect

on it ; that is true. Now, the lead is obtained by advanc-

ing the eccentric toward the pin from an angle of 90
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degrees, the amount of lap and the amount of lead.

Therefore, the lead being given by the advance of the ec-

centric when the eccentric is keyed to the axle is as fixed

a quantity as the lap of the valve (neglecting the wear

on the valve gear), and, generally speaking of lead, it

means the lead opening at each end of the stroke in the

motion which the engine is moving, and by lengthening

or shortening the eccentric rod you would not change

the lead any more than you would change the lap of the

valve, although, as you state, you would have too much
opening at one end of the valve and not enough at the

other. The same results would be obtained by lengthen-

ing or shortening the valve rod if it was made adjust-

able, but you could not increase the lead on the engine

by changing the length of the eccentric or valve rod.

We would say that changing the length of the eccentric

rod does not afifect the lap or lead of the valve.

225. Wagon-Top Boiler.—"Describe a wagon-top

boiler."

Answer.—A wagon-top boiler has a shell over the

crown sheet much larger than the cylindrical part of the

boiler, with the dome located over the firebox and crown

sheet supported by crown bars. The large part tapers off

to the boiler shell ahead of the throat sheet. An extended

wagon-top boiler has the high part or wagon-top ex-

tended farther forward, usually to the first ring of the

boiler shell, and the dome is placed ahead of the crown

sheet. The extended wagon-top type gives increased

steam space in the boiler.

226. Part of Boiler under Greatest Pressure.
—"What part of a locomotive boiler has the greatest:

pressure?"
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Answer.—The bottom part : steam is expansive and

exerts the pressure evenly in all directions ; the bottom

part, having to support the weight of the water as well

as the steam, has the greatest pressure.

22y. Form of Locomotive Boiler.—"Describe the

general form of a locomotive boiler."

Ansz<uer.—A locomotive boiler is cylindrical in form,

with a smokebox at one end and a firebox at the other.

The firebox consists of a flue-sheet, side sheets, crown

sheet and back sheet. The side sheets, flue and back

sheets are secured to the boiler shell by a mud ring and

stay-bolts. The crown sheet is supported by crown bars

or radial stays. Flues or tubes run through this cylin-

drical part and are secured to the front and back flue

sheets. These parts are surrounded by water from which

steam is generated. Boilers are provided with steam

domes to insure dry steam being used as much as possi-

ble, and also to provide a place for throttle valve, pop

valves, whistle, etc. There are several kinds of locomo-

tive boilers : the straight boiler, Bellpaire, wagon-top,

extended wagon-top and wide firebox types.

228., Pull on Fire-Door.—''What causes a pull on

the fire-door?"

Answer.—Dampers closed, ashpan full of cinders,

grates without sufficient openings for admission of air,

too heavy a fire and badly clinkered fire, or insufficient

opening of dampers in ashpan, all tend to produce a pull

on the firebox door. The exhaust steam passing up

through the stack expelling the smoke and gases from the

smokebox creates a partial vacuum in front end to stack.

The air supply should come up through the grates and

fire. When the supply is insufficient the pull on the door

results.
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229. Saturated Steam.—''What is meant by satur-

ated steam?"

Answer.—Steam in contact with the water from which

it is generated is called saturated steam. Locomotives

use saturated steam unless they are equipped with a

''superheater," which is an appliance for heating steam

on its way to the cylinders to a higher temperature than

it had while confined in the boiler with the water from

which it was generated.

230. Broken Cylinder Head on Schenectady
Compound.—"If you blew out high-pressure cylinder

head on a Schenectady compound how would you dis-

connect? If a low-pressure cylinder head, how would

you disconnect?"

Answer.—The instructions of the American Locomo-

tive Company are : "Should the high-pressure side be-

come disabled, disconnect, block, cover the ports and

open separate exhaust valve same as when running sim-

ple. Should the low-pressure side become disabled, block,

cover the ports and open separate exhaust valve." In

case the engine should be without air for the operation

of separate exhaust valve a block, preferably of wood,

about three inches thick, should be used, inserted in the

valve cylinder by removal of the head and the head again

replaced over the block.

231. Broken By-Pass Valve.—"If you broke a by-

pass valve on a high-pressure cylinder what would you

do? What if on a low-pressure side?"

Answer.—Take oflF the valve body and insert a blind

gasket between it and the cylinder.

232. Blocking. Crosshead in Disconnecting.—
"Why is it necessary to block the crosshead in discon-
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necting? Why couldn't you, and wouldn't it be easier to,

leave one port open a little and let a little steam in one

end to hold piston to end of cylinder?''

Anszver.—The reason a crosshead is blocked is to pre-

vent further damage to the engine, and, if the style of

engine will permit, it should always be blocked at the

back end of the guides, although some engines require

that they be blocked forward so that the crank pin will

clear crosshead. It is much more up to date not to dis-

connect the main rod, but to leave it up wherever pos-

sible. First, get the engine on the quarter on the good

side so you can start when ready. Then disconnect the

valve rod on the disabled side and move the valve until

a very little steam is seen escaping from the front cylin-

der cock. Clamp valve rod, take out front cylinder cock

valve and open the feed on the lubricator on disabled

side so it will feed a little faster than on the working side,

and you are ready to go. The opening of the port need

not be any more than the thickness of tin or Russia

iron, and in case you stop in the center on the good side

you can move the valve on the disabled side to admit

steam to get the engine off the center. If you have to

run a long distance shut off, oil may be admitted to the

cylinder through the oil pipe at lubricator, or through

air inlet valves on the steam chest.

233. Taking off Opposite Side Rods in Discon-

necting.—"Why do you have to remove the opposite

side rods to disconnect, and what harm does it do the

boxes if you do not take the opposite rods off?"

Anszver.—If an engine is using steam in both cylin-

ders and one side rod is bent, broken or for any cause is

removed, the opposite rod on the other side should come
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down, for the reason that with both main rods, by using

steam on both sides, when one side is on the center the

other side is on the quarter. Now imagine a ten-wheel

engine with the back section of side rod removed on the

right side and engine standing on the quarter on the

right side. The left side is on the center and all rods in

a straight line with the center of the axle. When the

throttle is opened steam is admitted to the cylinders. The
right side being on the quarter, it will exert the greatest

rotative force on that side and turn the wheels in the di-

rection of the motion. The back wheel on the left side

having the side rod up, and pulling on a straight line,

may be undecided which way to go, whether in the direc-

tion of the others or in the opposite direction. The rod

on the left side is liable to be bent or broken, or the

pin broken or pulled out from the wheel center. This

is the reason for taking down the opposite side rod when
working steam on both sides of the engine. In case a

main pin should break, or any other failure should occur

which would require all side rods and main rod on that

side to be taken down, you can safely leave up all side

rods on the working side of the engine without causing

further damage, for the reason that the power is applied

to that side of the engine only, and the pin must be either

above or below the center to enable the engine to move,

and thev will all be sure to move in one direction. No
harm will result to the driving boxes and the wheels will

trail all right on the dead side. This may be a little devia-

tion from general practice, but it will work and save I

taking down all the side rods, and gives you three wheels

instead of one to bring engine to shop.

234. Engine Pounding When Shut Off.—"If an

engine pounded when shut oflF and did not when working
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steam, what would you do to avoid damage to the en-

gine, and what would you report?"

Answer.—Work a little steam to form a cushion and

prevent pounding until stopped. Then examine travel

of cross-head on guides and see if the length of the

main rod had been changed in the shop. If it had, would

change liners in rod brasses to lengthen or shorten as the

case required. Main rods get longer as the keys are

driven. If we found the main rod to be of the right

length would take off cylinder head and possibly find

broken follower bolt or loose spider. If not, look for

a sprung piston rod, and if piston rod was sprung would

take down on that side to prevent damage to the cylinder.

235. Covering Ports When Engine Having Lead

IS ON Center.—"Can the ports of an engine having lead

be covered by the valve when the engine is on center?"

Answer.—;If the valves are set with lead in both for-

ward and back motions the ports could not be covered

on the side that is on center, as lead is the amount of

opening of the steam port when the piston is at the be-

ginning of its stroke, and the lead is increased as the

lever is notched toward the center. With both motions

set with lead it would be impossible to cover the ports

when on center, as the lead would be the same with lever

in either forward or back motion and would increase as

the lever was drawn to the center of the quadrant.

236. Broken Steam Chest on Two-Cylinder

Schenectady Compound.—''What should be done if

right-hand steam chest breaks on one of the two-cylinder

Schenectady compounds?"

Answer.—In case a low-pressure steam chest is brok-

en use the high-pressure side as a simple engine. To
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Valve Arrangement of Schenectady Compound Locomotive.

M-Intercepting valve controlling passage mn leading from chamber I to chamber

G ; N-Emergency exhaust valve controlling opening from I to emergency exhaust pas-

sage c; O-Reducing valve admitting live steam to G and regulating its pressure there;

E-5maIi steam pipe leading to chamber L ending in passage surrounding one end of

bushing of M; ^-Chamber also surrounding intercepting valve bushing and opening

into G; G Chamber dividing into R and S leading respectively to back and front ends

of low-pressure steam chest; F-Exhaust passage leading below G and behiud I to ex-

haust pipeP; 6-Small pipe leading to operating valve in cab.
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do this you will have to take out the intercepting valve

and block the reducing valve in closed position, so that

when the intercepting valve is replaced no steam can get

to the low-pressure side when intercepting valve is in

simple position.

237. Broken Steam and Exhaust Rings with
Inside Admission Piston Valves.—*'On engines hav-

ing inside admission piston valves, what would be the

effect if a piece of the steam ring on one end should break

out? What would be the effect if an exhaust ring on

one end should break?"

Answer.—With a piston valve the inside and outside

edges of the valve rings are considered the same as

the steam and exhaust edges of the slide valve. If the

steam or inside ring of an inside admission piston valve

was broken steam would be admitted to the port at that

end of the cylinder too soon and would flow into that

end of the cylinder during a longer period of the stroke,

i. e., the broken ring in that end of the valve would not

cut off the steam or close the port as soon as it should

if the ring is all right. Therefore, it would admit the

steam too soon and cut it off too late. The effect would

be that too much steam would be admitted to that end of

the cylinder. If the exhaust ring in the piston valve

was broken steam from that end of the cylinder would

escape to the exhaust port too soon, and in each of these

cases the engine would sound lame. If the inside or ad-

mission rings are broken you can easily locate it by plac-

ing the valve central and opening the throttle and cyl-

inder cocks. If an exhaust ring, note that the exhaust

takes place too early. Many a piston-valve engine has

had her valves run over when reported lame and the

marks indicated that the valve gear and eccentrics were
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all right, and the trouble afterwards was found to be in

broken rings in the piston valve. Try to locate the

broken ring. Better take a chance on having the rings

examined than to report "Run the valves over" when

the valve gear indicates no spring, broken or slipped

parts.

238. Lever in Center of Quadrant and Engine
Drifting.—"Will the valves of an engine move if the

lever is in center of the quadrant and engine is drifting?

If so, how much?"

Answer.—As you hook the lever towards the center

of the quadrant the lead is increased in proportion to the

radius of the link. The valve will travel the distance

equal to twice the lead and twice the lap of the valve if at

mid-gear when the engine is drifting.

239. Sectional Eccentric Slipped.—If a sectional

eccentric is slipped and you cannot move it on the axle

to get it back in position, what should be done?

Answer.—^The section bolts should be slacked up

enough so it can be moved easily, and, after it is in

proper position, and before the set screws are set up,

the section bolts should be drawn up tight again.

240. Carrying Water in Boiler.—"Why is it bad

practice to carry water too high in a boiler?"

Anszuer.—Wet steam is less effective than dry steam,

when the water is too high in the boiler it is carried into

the dry pipe and to the valves and cylinders when throttle

is open. More water is used, more fuel consumed and

the efficiency of the engine is decreased. The wet steam

or water carried over into the steam chests and cylinders

destroys the lubrication and increases the friction on the

valves and cylinders. Keep your crown sheet wet, but
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use steam as dry as possible to make time or pull ton-

nage always.

241. Valves Become Dry.—''When valves get dry

when using steam and lubricator is working all right,

what would you do to relieve conditions and how may
you know that the valves are dry?'

Answer.—You will know that the valves are dry when
the engine begins to lag with the train by the sound of

the exhaust and the rattle or pull on the reverse lever.

If the lubricator is working all right it is evident that

the oil is not reaching the steam chests but is held up in

the oil pipe, due to the steam chest pressure being great-

er than the pressure at the lubricator end of the pipe.

This is called the hold-up of oil in the oil pipe. To re-

lieve conditions, close or partly close the throttle for a

revolution or two and place the lever at full stroke. If

you can not shut off for this length of time partly close

the throttle and drop lever into full gear. This will re-

duce the steam-chest pressure so that the pressure in

the lubricator will be the greater and the oil will be

forced to the valves and cylinders.

242. Engine or Signal Oil For Valves or Cylin-

ders.—"Why should engine or signal oil not be used

in valves or cylinders, and at what temperature does en-

gine and valve oil lose their lubricating qualities?"

Answer.—Because engine and signal oils will burn

at a lower temperature and are not made for lubricating

hot surfaces. When low test oils are used they burn and

gum the strips on valves and rings and serve to choke

the nozzle. Use the oils to lubricate the parts they were

intended for. Engine oil will lubricate up to about 300

degrees, and valve oil will stand a temperature of about

500 degrees without losing its lubricating properties.
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243. Adjustment of Dope Cups.—''How do you

adjust dope cups on rods, and is it usual for pins to run

warmer when using dope?"

Answer.—There is no adjusting on grease cups where

a hard grease is used on rods, other than to slack jamb

, nut and screw down the plug, usually a turn or a turn

and a half of the plug will force enough grease to the

pin for a run of from 100 to 150 miles on main pins,

and proportionately less for siderods. This should be

one of the last things done before leaving a terminal.

If in a heavy rain-storm the rain will wash the grease

from around the collars and they may need more frequent

attention. It is usual for pins to run at a little higher

temperature when using grease than when using oil as

the friction is greater, due to the sticky layers of grease

on the pin and brass.

244. Effect of Too Much Pressure in Grease

Cups.—''What effect does too much pressure in grease

cups produce?"

Answer.—Pins will run warmer and grease will be

forced out around collars and pins and wasted. More

work for an engineer if he is required to fill the cups and

increased cost of lubrication.

245. Using Oil with Dope.—"Is it necessary to

use oil with dope on crank-pins?"

Answer.—No. Oil or water should not be used with

grease.

246. Lap of Valves.—"Why are locomotives given

lap ?"

Answer.—To enable them to work steam expansively.

If the valve had no lap, as soon as one end was opened
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for admission the other end would be open for exhaust

and steam would flow from the boiler into the cylinder

during the entire length of stroke."

247. Inside Lap and Inside Clearance.—"What is

inside lap and inside clearance?"

Anszver.—Inside lap is the amount that the inside

edges of the valve overlap the inside edges of the steam

ports when the valve is in the center of its seat, and its

puipose is to delay the exhaust or release of steam from

the cylinder.

248. Piston vs. Slide Valves.—"How do they differ

on piston valves with inside admission from others?"

Answer.—With a plain slide valve the two outside

edges of the valve are the steam edges and the two in-

Piston Vaive with Inside Admission,

side edges are the exhaust edges. With a piston valve

with outside admission, the edge of the packing ring rep-

resents the edge of the valve and the lead and lap are

measured in the same manner as with a sUde valve. In
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a piston valve with inside admission the lap would be the

amount of valve measuring from the edge of the rings

that extend over the inside edges of the steam ports when

the piston valve is in the center of its seat. Exhaust lap,

or what is termed inside lap, would be the amount of

valve that extended over the outside edges of the steam

port when the valve was in the center of its seat or in

mid-position. See cut.

249. Testing for Blows in Compounds.—"How
would you test for a valve blow in a Vauclain compound ?

How with a tandem? How for high and low pressure

cylinder packing, each type, and several others, regard-

ing compounds?"

Answer.—The detection and location of blows in any

engine is not always an easy thing to do at all times and

more difficult on a compound, and mechanical officers

should not expect too much from enginemen. For

details covering full answers see "The Art of Railroad-

ing" (Prior Series). Published by Railway Publications

Society, Chicago.

250. Effect of Changing Driving Wheels.
—"What would be the effect of changing the m.ain pair

of drivers end for end?"

. Answer.—On American locomotives the right-side en-

gine leads the left-side engine one-quarter of a turn, or,

in other words, the crank pins are set at an angle of 90

degrees to each other, and when the right side is on for-

ward center the left side would be on the top quarter, ec-

centrics set at right angles to the pins and advanced to-

ward the pins the amount of lap and lead. If you could

take the main wheels, axle and eccentrics out and turn

them end for end and give them one-quarter of a turn for-
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ward, the main pins and eccentrics would be in identi-

cally the same position as before. Take a piece of card-

board about the size of a dollar and stick pins in it to

represent the crank pins, mark the position of the eccen-

trics on the paper and then turn it end for end. The

change will have no effect.

251. Stress on Pedestal Jaws.—"Is the stress on

the pedestal jaws the same when the crank pin is on

either quarter, the engine running ahead under steam?

I think it is greater when the crank pin is on top quarter.

Am I right?"

Answer. Yes. Suppose you had an engine with

a wheel 60 inches in diameter and a cylinder 20 inches

in diameter, stroke 24 inches. This would place the cen-

ter of the crank pin 12 inches from the center of the

axle. The area of a 20-inch piston is 314-16 square

inches, and if we had 100 pounds of steam pressure in

the cylinder, when the pin was on the top quarter we

would have a pull of 31,416 pounds on the crank pin.

Now, looking at the wheel as we would look at a lever,

we have the point in contact with the rail as the fulcrum.

The main axle is the load or weight to be moved and the

pin is the power. This gives us a lever of the second

class, in which a =12 inches and & = 30 inches; power

(b+a)

applied at /> = P X = ^V, or the stress put on the

h

pedestal when in this position, which is 43,982 pounds.

With the pin on the bottom quarter we have a lever of

the third class; a'— 12 inches and h'—i^ inches; we have

PXb'
^zWy or the stress on the pedestal when crank

a' + h'
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pin is on the bottom quarter, which is 18,849 pounds
when in this position. Please note illustration.

I

99'' a^" _U
I -.J

aoy 94'

.J

i2367!P

Stress on Pedestal Jaws.

252. Horse-Power of Vauclain Compound Loco-
motive.—"What is the horse-power of a Vauclain com-
pound locomotive, cylinders 19 and 32 inches by ^2
inches, speed 30 miles per hour, M. E. P. 225 pounds,

and wheels 57 inches in diameter?"

Answer.—We infer that the boiler pressure is 225

pounds, ana that you may wish to use this information

on other sizes. The following formula is used to find

the tractive power for a Vauclain 4-cylinder compound
locomotive for different speeds;

DXSX2-3P c^XSXiAP
+ = T.

D D
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C = Diameter of high pressure cylinder in inches.

c = Diameter of low pressure cylinder in inches.

S = Stroke of piston in inches.

P = Boiler pressure in pounds.

D = Diameter of driving wheels in inches.

T = Tractive power.

The tractive power multiplied by the speed in miles

per hour divided by 375, gives the horse-power.

253. Slip of Link Block.—"What is the exact cause

of the slip of the link block, and does it increase the travel

of the valve ?"

Answer.—The exact cause of the link slipping on the

link block is due to the link block being securelv fastened

to the bottom of the rocker arm. Therefore, the block

must move in an arc traversed by the rocker arm, and

the action of the eccentric rods on the link forces it to

move in a vertical motion at certain parts of the stroke,

which causes the link to slip on the block. When one ec-

centric is traveling forward and the other backward the

link must move, but the block does not, hence the slip.

The longer the cut-off the greater the slip.

254. Broken Aleck Bolt on Mogul Engine.—
"What should be done in case an aleck bolt broke on a

mogul ?"

Answer.—Block up between truck axle and front end

of long equalizefj place a truck brass on the axle and al-

low the end of equalizer to rest on it. Oil the brass well,

and you can get in without trouble.

255. Wear of Guide Bars.—"When an engine is

running forward and working steam, what part of the

guides, top or bottom, does the cross-head bear against,

and why does the bottom guide wear so much faster

than the top one on all road engines?"
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Answer.—When the engine is running forward the

top guide will wear more than the bottom guide, because

when the piston is at the forward end of the cylinder

steam is admitted, and as the pin passes the center the

steam is pushing the piston back, exerting a pressure on

the forward end of the main rod. The back end of the

main rod being below the center the cross-head is forced

upward or against the bottom of the top guide.

When the piston leaves the back end of the cylinder

the steam in the cylinder is pulling the rod forward and

on an angle after the pin leaves the center. The pull on

the pin lifts the cross-head and causes it to wear on the

bottom of the top guide. It is always pushing and pull-

ing on the rod, and as the back end of the rod follows

the crank pin circle it is always on an angle except when

passing the centers, thus holding the cross-head up

while working steam running forward, and pushing it

down when running backward. If your engine is wear-

ing most on the bottom guides when running ahead it is

due to improper lubrication of bottom guides and cross-

head, or else the guides are not in line. Road engines

running ahead do not wear the bottom guides most.

256. Indicator Cards^.—'What are the four princi-

pal points of an indicator when indicating an engine?"

Answer.—If you mean the four principal points of an

indicator card, they are the admission, cut-off, expansion

and release or exhaust. If the pencil of the indicator is

held to the paper on the indicator drum when communi-

cation between the cvlinder and indicator is shut off, both

sides of the indicator piston are exposed to the atmo-

sphere and a line is made on the paper that has no con-

nection with the conditions existing in the cylinder. This

forms the line from which all other pressures are deter-
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mined. Now before taking the card it is well to allow the

piston in the indicator to make a few strokes before ap-

plying the pencil to the paper, this to warm up the pipe

leading to, and the cylinder of the indicator. Then when

the pencil is applied it will indicate the admission line,

which will show the pressure in the cylinder until the

pencil begins to fall, or the valve has closed the port for

admission of steam. This is the point of cut-off, and

shows that the valve has closed the port for admission.

As the steam expands in volume the pressure decreases,

and the drop of the pencil, showing the drop or decrease

in pressure indicates the expansion of steam in the cylin-

der until the port is opened for the release or exhaust,

and then the pencil falls until the cylinder piston reaches

the end of its stroke, and as the piston now moves for-

ward, if the steam did not all get out of the cylinder the

piston will push it out, and the line made by the pencil

will indicate the pressure on the exhaust side of the pis-

ton, which is called the back pressure, and is measured

by its distance above line the first made on the card. This

line continues until the valve closes the exhaust, when

the line will curve upwards, showing that the steam

did not all get out of the cylinder, and what failed to

escape through the exhaust port was compressed in the

cylinder. Therefore, we have a card showing admission,

cut-off, expansion, release, and compression—five import-

ant points. For fuller information on Indicator practice

see The Art of Railroading, Vol. 2, published by Rail-

way Publications Society, Chicago.

257. Engine Traveling Under or Over.—'What
is meant by an engine traveling under or over ?"

Answer.—The direction in which the engine runs.

When you say a locomotive is running ahead or back it
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is readily understood that the forward or back motion

eccentrics are controlling the valve, but in stationary

practice you would not get a very definite idea as tq

which direction the engine was running corresponding

to the eccentric.

Place the crank on the dead center nearest the cylin-

der, and when the engine starts if the pin starts down-

ward or under the axle first the engine is running under,

but if it starts in the opposite direction and goes over the

axle first it runs over. When a locomotive is running

ahead it is running under, and when backing up it is run-

ning over.

258. Effect of Decreased Valve Travel.—"What

is the effect on an engine if the travel of valve is de-

creased ?"

Answer.—The effect of shortening the travel of the

valve is to increase the lead, both steam and exhaust, and

decrease the port opening for the admission of steam to

the cylinder, which produces an earlier cut-off and in-

creases the expansion. This causes a reduction in the

port opening for the exhaust steam to escape from the

cylinder and increases the compression.

259. Long and Short Connected Engines.—"What

is the difference between a long or a short connected

engme r

Answer.—The difference in the length of the connect-

ing or main rods, the rods that communicate the pressure

on the pistons to the crank pins of the driving wheels or

the cranks on the axles.

260. Uptake of Boiler,—"What is meant by the

uptake of a boiler ?"

Answer,—This applies to what is known as the area
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.of uptake and funnel. In determining the size of funnel

conditions must be considered, and this question refers

to marine practice, rather than locomotive, and means the

area of funnel to that of the grate and is determined by

results based on best practice. The area is usually one-

fifth to one-eighth that of the grate, or one-fifth to one-

sixth the grate area when the top of the funnel is about

forty feet above the grate.

261. A Jet of Steam.—*'What is a jet of steam?"

Answer.—A volume of steam escaping through a

nozzle or pipe which, while escaping, is projected

through a passage, funnel, or opening to mix with air,

gases or liquids, thereby inducing current. A blower on

a locomotive is a jet of steam that induces a current of

gases and air through a stack, causing a draft on the

fire.

262. Travel of Valve When Steam Lap and Port

Opening is Known.—"When the steam lap and port

opening are known, what must be the travel of the valve ?"

Answer.—If the valve is to open the steam port its

full width, the travel of the valve must be twice the width

of the steam port and the lap of the valve.

Example: Width of steam port, 114 inches; lap of

valve, I inch. 1^/4 + i = 2^4 inches, and 2^4 X 2=
45^ inches. Answer, 4}^ inches.

If the valve has over-travel—that is, if it travels over

the edge of the bridge—you can take one-half the width

of the bridge multiplied by 2 and add to the above. You
will then have a valve travel equal to the width of the

steam port plus the lap plus one-half the width of the

bridge multiplied by 2.
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263. Setting Out Packing Rings—"How should

the packing rings be set out?"

Answer.—If engine is equipped with spring cylinder

packing remove cylinder head and follower. Use cali-

' pers, or a stick if you do not have them, to keep piston

central in cylinder, loosen jam-nuts and put tension on
' the springs to hold packing rings out against the cylinder

walls. After adjusting, caliper or measure again and

know that the piston is in the center of cylinder before

or when the jam-nuts are tightened. Proper adjustment

depends entirely on your judgment. If the packing is

set out too tight it will absorb the power of the engine

and may ruin both the packing ring and the cylinder. On
the other hand, the packing should be tight enough to

prevent the escape of steam past the packing rings, which

would result in a waste of steam and loss of power. If

snap rings are used they should be turned from a ring

about three-sixteenths of an inch larger than the diameter

of the cylinder when applied, but if worn they may be

peined out with a hammer to fit the cylinder. When ap-

plying new rings the sharp corners should be rounded

oflf- to prevent the sharp edge from cutting cyHnder walls.

264. Action of Injector.—"What makes an injector

lift water?"

Answer.—With a lifting injector, the injector does not

really lift the water. The steam jet or primer allows

the steam to flow into the overflow pipe and this forces

the air out of the pipe and injector, producing a partial

vacuum in the injector. This is one reason that all con-

nections should be kept tight. When the air is forced

out of the injector the atmospheric pressure on top of the

water in the tank then forces the water up into feed pipe
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and into the injector. This also explains why injectors

will work better at sea level than on mountains or at

high altitudes, where the air is Hght and there is less

atmospheric pressure to force the water up to the in-

jector.

265. Broken Pony Truck Center Pin or Long
Equalizer.—'Tn case of a broken pony truck center pin

or long equalizer on any engine with a two-wheel for-

ward truck what would you do?"

Answer.—Aleck bolt or long truck equalizer broken,

raise the front end of the engine above its normal posi-

tion. This will take the tension off the front driving

box spring. Now jack up the front end of equalizer

and place a block of hard wood or a truck brass on top

of truck axle and allow the end of the equalizer to rest

on it. If kept well oiled where the brass rides the axle,

it will give no trouble. Should the equalizer break be-

tween the fulcrum and the end so you could not use brass

on journal, jack up and place a tie or short piece of rail

across top of frames in front of cylinders and chain

broken equalizer to it. This will hold the front end of

equalizer solid and will give the use of the front driving

spring. Run carefully with an engine blocked in this

manner.

266. Working Steam Expansively.—*'After getting

train started, why should you hook your reverse lever

towards the center?"

Answer.—That you may work the engine with more

economy. By hooking the lever towards the center the

steam port will remain open during a portion of the

stroke only, and when the valve closes the port the steam

thus confined in the cylinder forces the piston to the com-
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pletion of its stroke by its expansive force or energy.

This is termed "working steam expansively," and less

steam is required from the boiler to fill the cylinder at a

short cut-off than when the port remains open during the

full length of the stroke of the piston. If you can do the

work with less steam you will use less coal.

267. Lead of Valve.—''What is meant by the lead of

a valve?"

Answer.—The opening of the steam port when the

piston is at the beginning of its stroke.

268. Angularity of Main Rod.—"In talking about

the angularity of the main rod, 'A' says it was overcome

by the slip of the link. *B' says it was overcome by the

link saddle pin being set back of the center of the block.

If the link saddle pin being placed back of the center

overcomes it, how, and if the slip of the link does, please

state whether they both have sohiething to do with it,

and if only one, which one?"

Answer.—The link block is securely fastened to the

bottom of the rocker arm and must move in the arc

traversed by the arm. Now the action of the eccentric

rods on the link forces it to move in a slightly vertical

motion at certain parts of the stroke, which causes the

link to slip on the link block. The slip of the link on the

block is greatest in full gear and diminishes as the block

is moved toward the center of the link. Back setting the

link saddle pin or point of suspension also has the effect •

equal to lengthening the eccentric rod during a portion of

the stroke, thereby equalizing the valve travel, and has

more influence on the equalization of admission and cut-

off and overcoming the angularity of the main rod than

the slip of the link on the block. It will require a little
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Study to understand the motion of the link at each end,

as it moves in the motion of a pendulum from its point

of suspension (the saddle pin), and the motion of the

link on the link block. If you can trust yourself to ride

on a brake beam while a careful man handles the engine

for a few revolutions it will assist in making this clear

to you.

269. Position of Eccentric.—"What should be the

position of the eccentric with direct motion and piston

valve inside admission?"

Answer.—With valve arm and link arm of same length,

eccentrics should be set at right angles to the pin and

advanced toward the pin the amount of lap and lead of

the valve. The eccentrics should be in the same position

as if indirect motion and outside admission valves were

used.

270. Direct or Indirect Engines.—"I wish to ask

about some Erie engines that are run into our terminal.

What are these engines, direct or indirect? I will de-

scribe them : The eccentrics are placed on the axle in

direct position, viz., forward motion eccentrics lead the

pin 90 degrees plus the angle of advance. Other eccen-

trics have relative position to make engine direct, but a

top and bottom rocker arm is used and piston valve is

situated outside of frame ; and have inside admission

valves. The valve stem and main piston move together

almost entire stroke, thus indicating a direct engine.

What are these engines, direct or indirect?"

Anszver.—You are evidently mistaken when you say

hat these engines have inside admission. The valve mov-

mg in the same direction as the piston from the beginning

of the stroke would indicate that thev are outside admis-
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sion valves, and with the top and bottom rocker arm they

would be indirect motion, as the valve would move in the

opposite direction to that of thceccentric rod. Therefore,

the eccentrics should be set at right angles to the pin

and advanced toward the pin the amount of lap and lead

the same as if a plain slide valve was used.

271. Crosshead Gib on Top of Single Bar Guide.—
"Please explain why the gib in the crosshead on top of

the single bar guide of a mogul engine is left loose, or

what effect it would have if made tight in crosshead ?"

Answer.—The gib in the crosshead can be made to fit

tight, providing that it will permit a free movement on

the guide bar. When they are not tight it is usually due

to wear. With this type of crosshead it is difficult to

keep them tight, and they wear rapidly, on account of the

horizontal and vertical motion of the crosshead.

272. Friction.—"What reduces friction and what is

the result of excessive friction ?"

Answer.—Friction is the resistance that a body meets

with from the surface on which it moves, and is reduced

by polishing, smoothing, or lubricating the surfaces. The

result of excessive friction is heat, which expands the

journal and increases the pressure between the journal

and its bearing, which further increases the friction and

gives you trouble from hot pins, journals, and burned

brasses, etc.

273. Lubrication.—"What is lubrication and its ob-

ject?"

Answer.—^Lubrication is a method of introducing a lu-

bricant, either liquid or solid, between the journal and its

bearing, or between any two wearing surfaces, and the ob-

ject is to keep the surfaces of the two metals or bearings
j
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apart by separating them with a film of lubricant, thereby

reducing the amount of friction.

274. Caring for Hot Bearings on the Road.—'Tn

what manner would you care for hot bearings on the

road, and what kind of oil should be used on hot bear-

ings ?"

Answer.—When a bearing gets hot, increase the oil

supply, if possible, and be sure the oil reaches the bear-

ing. If an engine truck, tender or driving journal, would

examine it at first stop, if time would allow, and pack it

if necessary. If driving box was hot, due to wedge be-

ing too tight, would pull wedge down. If eccentric was
hot, would keep lever hooked up as near center as pos-

sible and use valve oil in the strap. If the strap was too

tight on the eccentric, would loosen bolts and put in a

liner at first stop. If the forward motion eccentric is

heating, by having the lever well up in the quadrant a

good share of the work is taken on the back motion ec-

centric. It is not good practice to drop the lever well

forward when a forward motion eccentric is running hot,

as it increases the work on the forward motion. Care and

attention to the bearings will prevent a great deal of

trouble due to hot bearings. This is where an ounce of

prevention is worth a pound of cure. Use engine oil on

all bearings, but if the bearing is very hot, valve oil

should be used, and when the box is reported at the ter-

minal to be repacked the sponging that has been saturated

with valve oil should be removed and the oil holes cleaned

out, especially in cold weather.

275. Duties at Completion of Trip.—"At comple-

tion of trip, what is necessary ?"

Answer.—A thorough inspection of the locomotive.
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The fire should be well burned down and sufficient water

in the boiler to avoid the necessity of hostler working in-

jector while on the pit or in the house. Look at the fire-

box, crown-sheet and flues, then begin your inspection

when you strike the ground, and examine all parts of the

engine and tender, going completely around. Look for

loose nuts, wedge bolts, cracked leaves in springs, de-

fects in spring hangers and in spring rigging; note the

temperature of all journals and bearings, look for broken

or lost cellar bolts in driving and engine truck boxes.

Examine flanges of wheels, see if pilot is too low. Un-
coupling levers, grab irons, etc., should receive inspec-

tion. Shut off feeds on guide cups, see that all cotter

pins are in place, and figure that the inspector or any

one else can not find any defect that you have not lo-

cated. Then write a report of the necessary work, so

that the roundhouse men can readily locate and make

needed repairs.

276. Successful Lubrication.—"What examination
1

should be made by the engineer to insure successful lu-

brication, and how should feeders of oil cups be ad-

justed?"

Answer.—To successfully lubricate bearings on a loco-

motive, all the examination necessary is to see that the
j

oil holes are opened and a sufficient amount of oil is given

the bearing, just enough to properly lubricate them and

prevent cutting. The sponging in the driving box cellars,

tender truck boxes and engine truck cellars should be

saturated with oil and have enough elasticity to remain

in contact with the journals. The top of the driving and

engine truck boxes should be packed with a good quality

of cotton waste, well saturated with oil, and this pack-

ing should not be disturbed except when absolutely neces-
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sary, and in case of its removal from the top of the

boxes, care should be exercised to prevent the dirt from

entering the oil holes and getting on the bearing. It is

advisable to have the ends of the packing or sponging

Method of Packing Driving and Engine Truck C«llars.
Fig. 1-Upper figure. F.g. 2-Lower liguic.

turned down at the edge of the cellars in driving and

engine truck boxes, to prevent the waste from working

in between the journal and the brass, forming what is

known as "waste grabs." Keep the padding from be-

coming glazed or hardened in the cellars, and there should
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be no trouble. Driving and engine truck cellars are often

packed as shown in Fig. i and give very satisfactory re-

sults. Tender truck boxes are run most successfully

when packed as shown in Fig. 2. The loose ring of sat-

urated waste A is put at the back end of the box, and

serves to keep the dust or dirt out of the oil. The spong-

ing B should be placed between the ring first applied and

the collar of the journal, but should never extend quite!

up to the center of the journal, and this part of the

sponging should be built up square with the edge of the

collar, without any thread contact with the waste that

is put in the front of the box and at the end of the

journal to hold the sponging in place. This method pre-

vents the collar of the journal from pulling the sponging

from the back of the box. Feeders of all oil cups

should be adjusted to feed as small an amount of oil as

will run the pins cool, but at the same time should be a

constant and positive feed. Otherwise, if gauged too

closely, the supply may not reach the bearing at the

proper time and in sufficient quantities, and trouble will

result. For the cylinders, use dry steam and set the lu-

bricator feeds to suit the speed and service, and in ac-

cordance with the size of cylinder. It is advisable to just

crack the joint of the throttle valve open enough to pre-

vent smoke and gases from being drawn into the cylin-

ders and steam chest when drifting, and you will be rea-

sonably successful in lubricating your engine.

277. Effect of Heat on Engine Oil.—"Why is it

bad practice to keep engine oil too close to boiler-head in

warm weather?"

Answer.—Because the increase in temperature of the

oil will make it very much thinner, and it will not lubri-

cate the bearings as well as when it is at its normal tern-
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perature. It will also run through the sponging more

rapidly, leaving the waste on the top of the box dry.

278. Effect of Changing Position of Link on In-

direct Motion Engine.—"What effect would it have on

a valve of the indirect type if the eccentrics were con-

nected to the axle in front of the links instead of behind

them ; in other words, with the eccentrics in the same

position in relation to the pin, only w^ith the link behind

the eccentrics instead of ahead?"

Ansiver.—The motion of the valve would be the same,

with this exception—as the lever was hooked toward

the center the lead would decrease in the same proportion

that it would increase if the eccentrics were connected to

the axle behind the links. Otherwise the effect on the

valve would be the same in each case.

279. Regulating the Draft in Front End of En-
gine.—'T wish you would inform me how the draft

should be regulated in the front end of an engine with

only a petticoat-pipe sleeve and hangers in the front end,

and how the sleeve and petticoat-pipe should be handled

to increase draft near the Hues, or to increase draft

near the firebox door. Can you regulate the draft wnth the

petticoat-pipe or sleeve, and must you use one or both for

this purpose ?"

Anszver.—If the front end has no diaphragm in it, low-

ering the sleeve will give more top draft through the

flues. This will reach farther back and cause the fire to

burn better or increase the draft at the back end of the

firebox near the door. Raising the pipe will increase the

draft through the bottom flues and cause the fire to burn

more near the flue sheet. Lowering the pipe will de-

crease the draft near the flue sheet. After you get the
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fire burning evenly on the grate, if the draft is not strong

enough to burn the fire so the engine will steam freely,

the draft may be increased by moving the pipe up and the

sleeve down. When increasing the draft after you get

.the fire burning evenly, both the sleeve and pipe should

be used. If only one is moved you will get the fire burn-

ing evenly on the grate surface again. The more you

raise the pipe and lower the sleeve the stronger will be

the draft, and the more you lower the pipe and raise the

sleeve the lighter will be the draft on the fire.

280. Difference in Engines of Same Type.—'T

am firing an engine called the Moncton rebuild. We have

two of them on this division of the same type, and

put up in the same way, same size cylinder, with same

amount heating surface, grate and front end arrangement.

One of these engines steams fine and is light on coal,

while the other steams poor and is heavy on coal. Where
will I look for the trouble ?"

Answer.—Ascertain if the flues and boiler are clean,

flues open and the boiler free from mud and scale. If

they check favorably with each other, examine steam

pipes and exhaust pipes for leaky joints. Should you

find them to be all right, see that the joints on smokebox

are tight, stack is in line and filled equally on all sides

when engine is working. Note the valve motion and find

if valves are set the same, with the same lap, and if they

have the same inside clearance or lap. Sometimes valves

are given inside clearance to such an extent that steam

is permitted to exhaust too early and before it has per-

formed the work it should in the cylinder. In.^case you

do not find the trouble in the valves, examine the pistons

and ascertain if they are the same thickness as on the

good engine ; also cylinder heads, so that you will know



LOCOMOTIVE BREAKDOWN QUESTIONS 197

the cylinder clearance is the same on both engines. If

this does not locate the trouble you will need an indi-

cator to help you find the defect. You will probably find

some one of the above mentioned causes responsible for

the difference in the two engines.

281. Calculating the Horse-Power of an En-
gine.—"In the study of steam engineering I find two

different methods of calculating the horse-power of an

engine which, according to my figures, do not give any-

where near the same results, and I would be pleased to

have your opinion as to which is correct. The rule given

by Hawkins in his study of the steam engine is as fol-

lows : '^Multiply the area of the piston in square inches by

the average force of steam in pounds and by the velocity

of the piston in feet per minute and divide the product by

33,ocx) pounds. Seven-tenths of the quotient equals the

effective power.' The other rule is: 'Multiply the mean

effective pressure on the piston by the length of its stroke

in feet. Multiply this product by the area of the piston

in square inches, and multiply again by the number of

strokes per minute, dividing the last product by 33,000

pounds,' or, in other words, the PLAN method. Your

example

:

P = 82 pounds steam pressure during length of stroke.

L = 3.5 feet, length of stroke.

A = 907.922 square inches, area of piston.

N = 45 strokes per minute.

In this example:

PLAN 82X3.5X907.922X45
=— = 355.3 H. P."

33,000 33'Ooo

Answer.—The rule given by Hawkins is identical with

the above. Therefore both rules are correct. This is
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termed the indicated horse-power, and designates the

work done by the steam. In taking seven-tenths of the

quotient in either case you have 248.71 horse-power,

which expresses the total available power of the engine,

thus allowing three-tenths to overcome the friction of

the engine, as the available horse-power is less than the

indicated horse-power the amount that Is absorbed In

overcoming the resistance and friction of the engine. In

one formula you made allowance for this and in the other

you did not, which accounts for the difference.

282. Finding Diameter of Circle for a Given

Area.—"Give a rule to find the diameter of a circle

when the square inches of Its surface only are known."

Answer.—Suppose you desired an area of 12 square

inches and wished to determine the diameter of a circle

that would contain 12 inches area: 12 inches divided by

•7854=15-278, and the square root of 15.278 = 3.908

inches, the diameter of a circle that will contain 12 square

inches of area. Written thus:

J"

Area

= diameter of circle.

.7854

283. Position Of Eccentrics for Different Mo-
tions.—"Please give position of eccentrics of an inside

Indirect, an inside direct, and an outside admission indi-

rect motion engine."

Answer.—See diagram, page 199.

284. Eccentric Most Likely to Slip.—"Which

eccentric is most liable to slip, the go ahead or the back

up, and why? Which way will It slip?"

Answer.—The forward motion eccentric when run-
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ning forward and the back motion eccentric when run-

ning backward, because they are more nearly in line with

the link block in either motion and, therefore, controlling

the valve. You can readily understand that when the

/nsie/e aJmisston indirect

motion

^^
Inside oJini^sion , direct mohoo

Outside atfmission, indirect

motion

Illustrating Different Motions

engine is in full gear forward, the forward motion

eccentric rod is nearly in line with the link block, and

the work of movincf the valve is done bv the forward

motion eccentric, and this proportion of work will hold

good in relation to the position of the link block in the

link. The back motion eccentric is only holding the bot-

tom of the link, and the work done by the back motion

eccentric is very light when the lever is in this position,
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and when they slip on the axle they usually slip back,

or away from the work, just the same as a man walking

forward and pulling a load would slip backward, or if

walking backward under the same conditions and would

slip, he must slip forward.

285. An 0-4-2 Engine.—^**What is meant by an 0-4-2

engine ?"

Answer.—^An engine with two pair of driving wheels

with engine frame extended back far enough to provide

a small coal and water space for a tender with one pair

of wheels under same, wheels arranged as shown in the

following sketch:

CL
Diagram of an 0-4-2 Engine

286. Right or Left-Hand Brake Beam or Ful-

crum.—**What position does a man assume in relation

to a brake beam fulcrum to determine if it is a right or

left-hand brake beam or fulcrum?"

Answer.—If you stand at the end of a car or at the

rear of a tender in line with the drawbar and face toward

the engine, and the brake beam is hung outside the

wheels, and the fulcrum for the lever on the brake beam

is at an angle that causes the top of the lever to lean to-

ward the right side of the engine, the beam would be a

right-hand brake beam ; and if the top of the lever leaned

toward the left it would be a left-hand brake beam. Some

of the manufacturers have a letter cast on the fulcrum

for the brake lever, designating them R. and L. for right

and left.
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287. Setting an Eccentric on the Road.—"What
is the best and quickest way to set an eccentric on the

road?"

.
Anszver.—Place engine on forward center on side that

the eccentric is sHpped. If it is a forward motion eccen-

tric that is sHpped, put the lever in full gear forward, open

cylinder cock, crack the joint on the throttle open and

move eccentric until steam shows at front cvlinder cock.

If back motion eccentric has slipped, put the lever in back

gear and move eccentric until steam shows at front cylind-

er cock. This is the quickest way to get in with your train.

Placing the engine on forward center gives you a better

chance to get at the eccentrics, and when the piston is

at the forward end of the cylinder steam must be admit-

ted to the forward steam port to move the engine either

backward or forward.

288. Angular Advance of an Eccentric.—"I am
told in aViswer to my question 'Valves and Their Trou-

bles:' that the angular advance of an eccentric is the

amount the center of the eccentric is placed ahead of the

center of the axle. I do not understand the center of the

eccentric being p^' ahead of the center of the axle.

Please answe

Answer.—If you place an engine on the forward cen-

ter and draw a vertical line through the center of the

axle, and place the center of both eccentrics in line with

this line first drawn through the axle, there would be no

angular or any kind of advance, and the eccentrics in

this case would be set at right angles to the pin. AA'hen

the valve has lap the eccentric must be advanced toward

the pin. If the rocker arms are of equal length and lead

is given, the angular advance must be equal to the lap



202 LOCOMOTIVE BREAKDOWN QUESTIONS

and lead of the valve. A line drawn ahead of the vertical

line first drawn, a distance equal to the lap and the lead,

and the centers of the eccentrics advanced to this line,

would be the angular advance. You wall find this more

fully explained in ''The Art of Railroading-," published

by Railway Publications Society, Chicago.

289. Main Equalizer Fulcrum.—"What is the

proper name for the inverted T-shaped mechanism that

is bolted to the frame and runs through the middle of the

main equalizer, between the drivers on an eight-wheel

engine ?"

Answer.—Main equalizer fulcrum is the proper name

for this ; sometimes it is called equalizer post, or equalizer

standard.

290. Difference in Pressure on Different Parts

OF Boiler.—''When a boiler under ordinary conditions

is under steam pressure of say 100 pounds, are all the

parts of the boiler under equal pressure, or is there any

more pressure on some parts of the boiler than on

others?"

Answer.—^Yes. The bottom part has the most pres-

sure. Steam being elastic exerts its pressure evenly in

all directions, and the bottom part of the boiler support-

ing the weight of the water as well as the steam has the

most pressure upon it.

291. Expansion of Air and Steam.—"How much

difference is there in the expansion of air and the expan-

sion of steam?"

Answer.—The difference due to the steam condensing

when it comes in contact with the cold walls of the cyl-

inder being much greater than the condensation of air;
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the difference depends on the temperature of the steam

and the walls of the cylinder.

292. Lead.—"If you give a simple engine lead and

place her on forward center on left side, and then place

lever in center of quadrant, do you cover front steam

port? I claim that as you pull lever toward center of

quadrant when the engine is on center that you keep

opening the port wider until the center of the quadrant

is reached, and that the port is open wider than when the

lever is in the corner."

Anszver.—''You are right. Hooking the lever toward

the center increases the lead opening in proportion to the

radius of the link. The increase is greater with short

eccentric rods and less with long eccentric rods.

293. Blow in Low-Pressure Cylinder of Sche-

nectady Cross Compound.—''How would vou test for

a blow in the low-pressure cylinder of a Schenectad>

cross compound?"

Answer.—Make test for blow in low-pressure cyl-

inder by moving the handle of the operating valve to

simple position, and test in the usual manner as for simple

engine.'

294. Ports not Covered by Valve.—"Can the ports

of an engine having lead be covered with the valve when

the engine is on dead center?"

Answer.—Lead is the amount of opening of the steam

port when the piston is at the beginning of its stroke.

Lap is the amount of the valve that extends over the out-

side edges of the steam ports when the valve is in the

center of its seat. If your engine had neither lap nor

lead, the eccentrics would be set at right angles to the

pin, but as you have both you advance the eccentric to-
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ward the pin to pull the valve back the amount of lap,

then advance it still farther to give the lead opening de-

sired. Looking at the side of the engine that is on the

dead forward center it can be readily seen that if the en-

gine has lead when the lever is in full gear forward,

pulling the lever back on the quadrant will push the lower

end of the rocker arm ahead and the upper rocker arm

back in proportion to the radius of the link or, in other

words, increase the lead as you hook the lever back until

midgear when it decreases as the lever is moved from

mid-gear to full back motion and if the engine has lead

in both motions, forward and back, the ports could not be

covered on that side without disconnecting the valve rod.

However, if the valves were set with lead in one motion

and blind in the other, the ports could be covered

by the lever in the motion that was set blind but not

in the motion that had lead. Place the engine on

the right forward dead center, mark the valve stem with

the lever in full gear forward, then have the lever moved

from full forward to full back motion and watch the

marks on the stem as the lever is being moved. If set

with the same lead for both motions you can see that it

would be impossible to cover the ports. Try it.

295. Effect of Lowering Diaphragm.—"What

would be the effect of lowering the diaphragm on a loco-

motive? That is, will it make a stronger draft on the

fire or will it just cause the draft to be stronger in one

place, that is, next to the flue sheet? Some claim that

by lowering the diaphragm it contracts the opening and

consequently the air passes through the grates and flues

at a higher velocity and therefore burns the firt more

fiercely.

Answer.—The diaphragm is for the purpose of regu-
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lating the burning of the fire. Raising it causes a strong-

er draft in the back end of the firebox and through the

upper flues, and lowering it causes a stronger draft in

the front end of the firebox and the lower flues. In order

to obtain the benefit of the heating surface of the flues

and the firebox the diaphragm should be adjusted to burn

the fire nearly even on the grate surface and cause an even

draft through the flues. As water always boils upward it

is sometimes an advantage to have the draft slightly

stronger through the lower flues. After the diaphragm

is adjusted to obtain the above result it should be kept

in that position. If the engine does not steam and we
desire to increase the draft through the grates and all the

flues it should be done by the adjustment of the petti-

coat pipe and sleeve. Although lowering the diaphragm

would contract the opening and increase the velocity of

the gases through the lower flues and front end of the

box, it would be a detriment to the steaming qualities

of the engine as we would loose the heating surface of

the upper flues. Raising the bottom part of the pipe

above the nozzle tip or lowering the top part or sleeve

Fi^ 1. F3. a.

from the base of the stack will increase the draft ; raising

the sleeve and lowering the pipe will decrease it. Ob-

serve Fig. I with a pipe and sleeve that extends from the
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base of the stack to the base of the exhaust pipe, the dot-

ted and broken lines representing the steam passing to

the stack. This is not a very large opening for the ex-

haust steam to expel the smoke and gases from the front

end ; as they are not thrown out, the vacuum is not

formed and the air is not drawn through the grates to

fill the vacuum in the front end. In Fig. 2 we have the

pipe raised above the nozzle tip and the sleeve lowered

from the base of the stack so that the exhaust steam will

expel the gases from the front end and a greater volume

of air will flow through the grates and fire, promoting

combustion. Consider that the nozzle, petticoat pipe,

sleeve, and stack should do business in the front end

the same as the tubes and the nozzle of the injector, and

adjustments can be obtained that will be satisfactory. If

the draft cannot be made strong enough in this manner

then the nozzle should be bushed, but on account of the

cflFect of the back pressure in the cylinders this should

only be done when changing the pipe or sleeve will not

produce it.

296. Which Wheel Slips?—"The wheels of a lo-

comotive are fixed fast on the axle. The outside rail of

a curve being the longest, how do the outer and inner

wheels keep even in rounding a curve? If either slip,

how much?"

Answer.—If we were to ask how much surface of

the tire of a driving wheel of a locomotive comes in con-

tact with the rail, the answers from the various enginemen

would vary. Some would claim that ^-inch and others

2 inches comes in contact with the rail. Occasionally we

would be informed that there was only a fine line or

point of contact, which is correct. In order to get more
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than a point it would be necessary to have a flat spot on

the tire equal to the surface of the tire in contact with the

rail. Therefore, when the tire is round we have only a

small point of contact. Locomotive tires are turned

slightly conical from the flange to the edge of the tire,

usually ^-inch, that is, the small diameter of the tire

would be }4-inch less than the large diameter. If the

point of contact between the tires on a pair of wheels

and the rails were the same distance from each flange the

diameter would be the same, the wheels would roll in a

straight line. Then when the wheels strike a curve the

flanges of the outside wheels are brought close to or

against the ball of the rail, making the point of contact

at the largest diameter of the tread, and the point of con-

tact of the tire and the rail is on the smallest diameter

of the inside wheel and the flange is farther away from

the rail. For an example we will take a pair of wheels

with tires 60 inches in diameter on the larger diameter

of the tread and 59^4 inches in the smaller diameter, and

we have the wheel with the flange near the rail moving

a distance of 188.496 inches each revolution and the

wheel on the inside of the curve, or with the point of

contact on its smaller diameter, with the flange away

from the rail will move a distance of 187.7106 inches or

.7854 of an inch less distance each revolution of the

wheel, due to the difference in the diameters of the

wheels at the points of contact with the rails. As there

are 5,280 feet in a mile and the 60-inch wheel would

make 336 revolutions per mile there would be a diflFer-

ence of 22 feet between the distance covered by the inside

and outside driving wheels, providing the wheels came in

contact with the rails as described above. The lateral

motion or side play between the face of the hubs and the



208 LOCOMOTIVE BREAKDOWN QUESTIONS

driving boxes will permit the flange on the outside of the

curve to roll toward the rail where the diameter is

larger.

297. Underhung Springs and a Broken Tire.—
"How should a standard eight-wheel American engine

with underhung springs be handled in case of a broken

tire? Spring saddle extends into the bottom of the driv-

ing box and is held in position by a pin?"

Anszver.—This is a poor design of a driving box for a

case of this kind, as the cellar is raised in the center to

clear the steel pin that supports the spring saddle, this pin

extending through the box is held in place by the face

of the shoe and wedge. When the tire breaks, if it still

remains on the wheel, it is necessary to keep it from the

rail, and if it is broken so that it comes off the wheel, the

wheel center must be raised to keep it from being dam-

aged. We will take for example the forward tire brok-

en. We will insert a block between the top of the back

box and under the top rail of the frame, take out the cel-

lar and see if we have space enough between the spring

saddle and the journal to put in a block that will hold

the broken tire from the rail. If not, it will be necessary

to remove the pedestal or thimble bolt. Then run the

back driver up on a wedge to raise the lower end of

the pedestal jaws or legs of the frame above the pin.

Take out the pin, remove the spring and saddle, and cut

a block from the end of a timber or tie that will fill the

space between the pedestal bolt and the journal when the

wheel will clear the rail. Have it thick enough to allow

for wear and settling. Chain the end of the equalizer to

the frame and run the back wheel off the wedge. Then,

put the pedestal bolt back in place and tighten the nuts.

Now put the wedge under the wheel with the broken tire
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and run the wheel on it until you can insert the block

between the pedestal bolt and the journal. Run the wheel

off the wedge and you are ready to proceed. If the back

spring is heavy enough to carry the load the blocks may
be removed from the top of the back box and the back

spring utilized.

298. Engine Slipping with Heavy Train.—''Ifj

an eight-wheel engine was down on her back boxes

would it have a tendency to make the engine slip with

a heavy train?"

Anszver.—An eight-wheel engine usually has about

one-third of its weight supported by the engine truck and

the other tw'o-thirds supported on the drivers through

the medium of equalizers and springs. The truck sup-

porting the weight at the front end is one point and the

fulcrums for the equalizers on each side of the engine

form the other tw^o points, thus forming a tripod to dis-

tribute the W'cight equally on uneven track. The two

back points of the support place the \Yeight on the ful-

crums of the equalizers and it is transmitted to the

springs, saddles, and hangers for the purpose of lessen-

ing the shock and equalizing the load on rough track.

It is evident that each end of the equalizer must support

one-half of the load or weight at the fulcrum and when

one end of the equalizer moves down the other end will

move up an equal distance and the w^eight on the sup-

port is the same as if the equalizer w-as in a horizontal

position. Therefore, an engine slightly low behind or

down on her back boxes would not lose her adhesion or

be more liable to slip providing the points of support

were the same and the equalizer free to move on the ful-

crum. If the load intended to be carried on the drivers

was transferred to the back boxes on account of their
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being blocked between the top of the box and the frame,

the equalizing feature would be destroyed and the for-

ward wheels would support little of the weight, if any.

More weight would be carried by the truck and the re-

sult would be less weight on the drivers, which would

reduce the adhesion and cause the engine to slip.

299. The Sight-Feed Lubricator.—"Does the oil

fed through a sight-feed lubricator go from the lubri-

cator to the valve by gravity, or is it forced down by a

current of steam?"

Answer.—Oil that is fed through a sight-feed glass

of a lubricator rises to the top of the water in the glass

by reason of the oil being the lighter, and the pressure

of the weight of the water in the condensing chamber

whose level is higher than the level of the water in the

chamber above the sight-feed glass. The steam that

flows through the equalizing tube forces water from con-

densation through the hole in the choke plug, keeping

the water at a level with the opening. As the oil rises

to the top of the water, the water and oil above this level

are forced through the choker into the oil pipe leading to

the steam chest. When the pressure at the lubricator

end of the oil pipe is the greater the oil is carried to the

steam chest by the current of steam pressure. Oil being

heavier than steam it would flow to the chest by gravity

without the pressure of steam, but the movement would

be slow. When the pressure at the steam chest end of

the oil pipe exceeds the pressure of the lubricator end

the oil pipe is sometimes filled with water, forming what

is termed a ''pocket" for the oil and preventing the flow

of the oil to the chest until the pressure is reduced at that

end of the pipe. Oil does not flow through the pipe as

it appears in the glass. When the drop of oil rises oppo-
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site the hole In the choke phig the steam and water

atomizes it and it is mixed in proportion to the amount

of oil and water that pass through the choker. The

valves and cyHnders get oil and water. A sample of

this can be easily obtained by disconnecting the oil pipe,

starting the lubricator and placing a bucket under the

end of the pipe. Various kinds of circulating valves and

devices are used to insure a positive circulation through

the oil pipes from the lubricator to the chest and main-

tain lubrication under the varying conditions.

300. Bridging Exhaust Nozzles.—"What diflfer-

ence does it make whether you put a bridge in an ex-

haust nozzle crosswise with the flues or parallel with

them? A bridge is used here to spread the exhaust

steam to fill the stack so the engine will burn her fire."

Answer.—A bridge placed in a single nozzle has the

eflfect of reducing the area and increasing the back pres-

sure in the cylinders. Spreading the steam to fill the

stack in this manner would have a tendency to further in-

crease the back pressure, as it ha§ been found that re-

ducing the choke or small diameter of, the stack caused

back pressure the same as reducing the nozzle. If the

stack is out of line to one side or the other, placing the

bridge parallel with the flues would cause the steam to fill

the stack and produce a greater vacuum than if the stack

was not filled by the exhaust. Should the stack be out

of line, either forward or back of the nozzle, then it

would be more beneficial to place the bridge crosswise of

the flues, but it would be better to have the nozzle and

stack put in line so that the expansion of the exhaust

steam would fill it evenly. Bridging a nozzle is usually

creating one defect to rem.edy the other.
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301. What is the Defect—'Tlease explain what

defect, if any, and about what percentage of power is

lost in the following: Long piston, cylinder is 18x24,

135 pounds of steam, and 55-inch driving wheel. Piston

just clears the front end 1-64 of an inch, clearance on

other engines of the same make is ^ of an inch divided.

This engine does not give satisfaction and the trouble

cannot be located anywhere except a long piston. If

this affects the lead or pulling power, please advise."

Answer.—If this engine is still in service the clear-

ance should be attended to at once, as it is not sufficient

to allow for the keying of the main rod to take up the

wear on the brasses, and there is danger of knocking

out the front cylinder head. We will presume that this

engine originally had 5-16 of an inch clearance at each

end of the cylinder and the clearance on the front end

was reduced on account increasing the length of the main

rod by driving the keys. That being the case, we have

1-64 of an inch clearance on the front end and 39-64 of

an inch on the back end. Neglecting the space between

the circumference of the cylinder and the valve face, we
would have a volume of clearance in the front end of

about 4 cubic inches and a clearance volume in the back

end of about 130 cubic inches. The position of the ec-

centric in relation to the pin is not changed, therefore,

the lead of the valve would be the same, and if cutting

off the steam at 5 inches of the stroke, or when the piston

had moved 5 inches from the end of its travel, we would

have a volume of steam in the front end of the cylinder

equal to 1,276.5 cubic inches to force the piston back by

its expansive force. In the back end of the cylinder we
would have a volume of steam equal to 1,402.5 cubic

inches to push the piston ahead, which would give a high-
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er mean effective pressure in the back end than in the

front end of the cyhnder. This increased volume of

steam confined in the cyhnder when the valve is closed

the admission port may cause the exhaust from the back

ends of the cylinders to sound heavy. Would have the

clearance divided for each end of the cylinder and take

up the dome cover and see if the throttle valve opened

enough to admit steam to the dry pipe in sufficient quan-

tity to develop the required power in the cyhnders. The
throttle valve should lift i/4 of ^n inch for each inch of its

diameter to get the full opening.

302. Engine Doesn't Steam.—"Will you kindly

give me your advice and the benefit of your experience

on the following? The engine came here new last August

with a brick arch and up to some time ago did first rate.

She has not been doing so w^ell lately and have reported

work as follows: *New brick arch, bore out flues, clean

out nozzle, etc' She had been steaming pretty well be-

fore this w^ork was done, but tore the fire all to pieces,

especially after being cleaned, knocking it through to the

pan. They had no new brick to put in, so took the re-

mains of the one out entirely. They found the nozzle

coated about i/4 of an inch and cleaned that out. Now
she does not steam nearly so well and burns all the coal

you Can pile on. Should the diaphragm be altered, and

if so, higher or lower?"

Answer.—An engine out of the shop six months should

be in good condition if running in a locality where there

is good water used, providing that the flues and firebox

do not leak and the boiler is free from mud and scale.

You have the same amount of heating surface, and with

the valves and cylinder packing tight the engine ought

to do good work. Although the brick arch is considered
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as an aid to combustion, the engine can be made to steam

well without one, but it is usually necessary to lower

the diaphragm about 3 inches when the arch is removed,

providing that the front end was properly adjusted to

steam with one. Lower the diaphragm to increase the

draft in the forward end of the firebox and through the

lower flues and raise it to increase the draft in the back

of the firebox and through the upper flues. Change it

until you get the fire to burn evenly on the grates.

Would suggest that the exhaust pipe be examined and

ascertain if it is not choked up below the tip, thereby

reducing the area of the exhaust pipe which, with the

uneven draft you may have, tears holes in the fire. See

that the stack is in line with the nozzle, that the gasket

between the exhaust pipe and cylinder saddle is not

cracked or blown out, and that the exhaust from the air

pump is directed up the stack and not against the pipe

or smoke arch, thus destroying the vacuum in the front

end. If the fire burns a dull red have the steam pipes

examined for leaks. Go right after her and you will

make steam.

303. Working Full Stroke and Cut Back.—"All

other things being equal, with sufficient boiler capacity

to furnish the required amount of steam, could a loco-

motive, such as is run on the fast trains of today, make

as fast time by working steam the full stroke of the

piston as it will if cut back? If not, please explain why."

Answer.—With sufficient steam supplied to work a lo-

comotive at full stroke, it is the general opinion that

the engine would not run as fast if cut back and steam

used expansively, regulating the cut-off to meet the

requirements of the service. The locomotive as designed

would be unable to 2:et rid of the steam fast enou?:h to
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prevent back pressure and the engine would be choked .

with steam. As the back pressure increases the mean
effective pressure would be diminished and result in a

loss of power and speed.

304. Weight ox Drivers and Tractive Effort.—
"Does the term 'weight on drivers' mean also the weight

of the drivers, journals and pin connections in figuring

the tractive eflfort? If not, why not? Why, in figuring

the tractive effort, do you take only one side of the engine

instead of both cylinders?"

Answer.—The adhesion of a locomotive is the friction

between the driving wheels and rails and depends upon

the weight or pressure of the surfaces in contact. There-

fore, the weight on the drivers means the weight of the

driver and the load resting on it at its point of contact

with the rail. The weight on drivers is usually limited

by the engineering department and depends on the

weight of the rails, condition of the road bed, strength

of the bridges, etc. If the weight of the dri^^ers was not

included in placing the limit, the engine would be hard

on the track and increase the cost of maintenance of

roadwav and bridges. A pair of drivers will weigh from

6,000 to 9,000 pounds, and as they add to the adhesion,

it should be figured from the point of contact with the

rail. The use of the dynamometer car is the most accur-

ate method to obtain the drawbar pull or tractive power

of a locomotive. This is a car especially fitted with a

drawbar connected with calibrated springs that indicate

the number of pounds pull on the drawbar. In answer

to a similar question we found a tractive power of

22,674 pounds for an i8x26-inch engine with a 60-

inch wheel and 190-pound boiler pressure. If we desire

to obtain the tractive power by figuring both pistons or
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both sides of the engine, the following formula should be

used instead, which gives nearly the same results. To
make the example clear to all we will give the figures.

Area of one piston (which ^ 254.4696 square inches)

times the pressure in the cylinders (which = 161.

5

pounds) times twice the length of the stroke (which =
4.3333 feet) times 2 (for both pistons or both sides of

the engine), divided b}^ the circumference of the wheel,

equals tractive powder of 22,686 pounds. A slight differ-

ence, but either is accurate enough for general appli-

cation and the one cylinder method is the shortest, there-

fore most used in calculation. If the weight on the driv-

ers is known, one-fourth of the weight is usually taken

as the tractive power. In the above, would expect the

weight on the drivers to be about 91,000 pounds.

Should w^e desire to figure the tractive power with

the two-cylinder or both piston method, we would use

the following formula: Area of one piston (in this case

=254.4696 square inches) times the pressure In the cyl-

inder (which = 1 6 1. 5 pounds) times twice the length of

the stroke (which = 4.3333 feet) times 2 for both sides,

divided by the circumference of the wheel (which = 15-7

feet), we have:

254.4696

161.5 pressure

12723480

2544696

1 5268 1 76

2544696
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41096.84040

4-3333 Twice the stroke— in feet

I2329052 I20

12329052120

I2329052 I 20

12329052120

I6438736 I60

178084.938505320

2 For both pistons

356169.877010640

Divided by the circumference of the wheel in feet, we
have

:

157) 356169.877010640 (22685.9+

314

421

314

1076

942

1349

1256

938

785

1537

1413

124
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305. Stress on Cylinder Head Studs.—''Suppose

we tighten the twelve nuts on a 13-inch cylinder head

until we have, for instance, 1,500 pound stress on each

stud holding the cylinder head to the cylinder, and then

> we admit steam to the cylinder to the amount of 100

'pounds per square inch, is there any additional stress on

the studs?"

1,500 X 12=18.000 pounds pressure holding head against cylinder.

Area, 13 inches circuniference=132.73 square inches.

132.73 X 100=13,273 pounds steam pressure against head.

Answer,—In this case we would have 12 times 1,500

pounds, which would equal a stress of 18,000 pounds

strain holding the head to the cylinder. The area of a

13-inch cylinder is 132.73 inches, and 100 pounds pres-

sure would equal 13,273 pounds, or 4,727 pounds less than

the pressure of studs on the head. By dividing 18,000

pounds by the area of the cylinder in inches we find that

the pressure on the steam side would have to exceed

T35.7 pounds per square inch before there would be addi-

tional strain on the studs. (See illustration.)
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306. Broken Frames on Right Lead Engines.—
^'Please state reason for so many right locomotive frames

breaking on right lead engines."

Ansiver.—You do not state if the engines are equipped

with double or single front rails on the engine frame.

There may be many causes—poor design, welds, or ma-

terial, or water in cylinders. Where the right s^de leads

the engine always pounds harder on the right side than

on the left, because when the right crank pin passes the

forward center the left cylinder is pulling forward. This

helps the right cylinder in pushing the right box back

against the jaw of the pedestal, and the same results oc-

cur on the back center on the left side. This is usually

the cause of more right frames breaking than left on

right lead engines, and by having the left engine lead the

trouble would only be transferred from one side to the

other. One master mechanic reduced the number of

broken frames by keeping the thimble bolts tight and

wedges set up on the class of engines that were giving

trouble. Try it.

307. Piston Valve Opening.—''How would you get

the opening on a piston valve when the engine happens

not to have any by-pass valves so one could take them off

and see to the valve? We have a yard engine at this

point and she has not any by-pass valves."

Anszver.—The spool of a piston valve is smaller than

the steam-chest bushing and the edges of the rings are

taken as the valve edges. With an engine equipped as

you state there would be no way that we could recom-

mend other than to take off both valve chamber heads

and use a strip of tin in the ports, pulling valve in either

direction so that the edges of the ring would come up

against the strip of tin in the port. However, it is the
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usual custom to tap into the valve chamber opposite the

steam ports so that the edges of the rings can be seen

when they are even with the edges of the steam ports

to the cylinders, and plugs put in the peepholes similar

to the plugs put in the cylinder for indicator connections.

Look under the steam chest casing and see if they are not

there for that purpose. If not, it would be convenient

for valve setting if they were made of suitable size to

take in the port opening.

308. Pressure at the Mudring.—''Is there more

pressure at the mudring than there is at the turret, or

location of steam gauge? Some people claim there is

steam gauge pressure, plus the weight of the water

at the mudring. I claim that the pressure is the same."

Answer.—You are wrong. Steam exerts its pressure

evenly in all directions. Therefore, the pressure at the

mudring is greatest, as it has the pressure of the steam,

plus the weight of the water, upon it. If you had a pail

of sand that put a weight of 10 pounds per square inch on

the bottom of the pail, and then put a pressure on top of

the sand, would not the weight be increased on the bot-

tom of the pail? It is the same with the water in the

boiler.

309. Treating Journal Bearings.—'Ts it good

practice to put sulphur on a hot journal? What would

you recommend to bring a driving box down to a bear-

ing after it has been very hot?"

Answer.—Yes; use sulphur with oil, graphite and oil,

or powdered mica. They are all good to assist in lubri-

cating an irritated bearing and getting it down to a

smooth surface. If the box Avould not run cool after a

fair trial of the above treatment, would recommend that



LOCOMOTIVE BREAKDOWN QUESTIONS 221

the wheels be dropped, journals turned, and boxes bored

out and refitted.

310. Locating Broken Valve Spring.—"In testing

for a broken valve spring, how could it be located?"

Answer.—We will presume that you refer to the brok-

en spring that holds the balance strip up to the pressure

plate on the steam chest cover, or what is known as a

valve strip blow. These springs hold the strips up to the

plate and relieve the back of the valve from steam-chest

pressure when they are tight. Any leakage past the

strip will escape into the exhaust passage through the

hole in the back of the valve. The first indication of the

broken spring will be a blow when the throttle is open,

similar to that caused by the blower being on. This is

caused by the steam passing by the strip and through the

hole in the valve to the exhaust passage nozzle and stack.

To determine which side it is on, place the engine- on the

quarter, open the throttle sufficient to produce the blow,

then move the reverse lever from full forward to full

back motion. If the lever can be handled easily, place the

other side on the quarter and repeat the above. The side

that the engine is standing on quarter when the reverse

lever is hardest to move is the side that the spring is

broken, as that valve has the greatest pressure on it hold-

ing it to its seat, and is the cause of the lever being hard-

er to handle. The engine is placed on the quarter when

testing each side to get full travel of the valve when the

lever is moved from forward to back motion.

311. Changing Eccentric of Direct Motion En-
gine.—"Will changing the eccentric of a direct motion

stationary engine with D slide valve having lap and lead,

placing it one-half way around the shaft from its former
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position, change the direction of the engine's running,

or will the engine run at all?"

Anszcer.—If the engine had a valve without lap or

lead the eccentric would be set at right angles to the pin,

or at 90 degrees, and changing the position of the ec-

centric one-half way around the shaft would reverse

i

the motion and cause the engine to run in the opposite'

direction. When lap is added to the edges of the valve,

and given lead, this is called the angle of advance, and

the rule is to set the eccentric ahead of the pin at an angle

of 90 degrees, plus the angle of advance. This rule would

hold good if it was desired to have the eng:ne rim in

either direction, and if you changed your eccentric i8c

rfg.1. \
Scl af c^ccntHc foi dit^ctconncctecf voKctvithlop Brl«e<9» ^

riQ.2
^eeutt of setting volve I80° from po»itiart in HgJ

Diagrams Illustrating the Effect of Changing the Eccentric on a Direct

Motion Engine.

degrees steam would be admitted behind the piston when

the engine was on the forward center. Therefore, she

would not run at all. See illustration, Figs, i and 2,

which show the position of the valve with the eccentric
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in that position. But if the eccentric was given the same

angle of advance in Fig. 2 ahead of the pin, steam would

be admitted ahead of the piston, and the engine would

run in the opposite direction from that taken when ec-

centric and valve are as in Fig. i.

312. Broken Front Tank Wheel or Axle.—
"What should be done in case of broken front tank

wheel or axle ; if you swing them is there any danger of

the second tire leaving the track, especially when the

engine is running on curves ?*"

Answer.—This, like all other breakdowns, should be

governed by conditions, such as weight and construction

of tank, capacities, etc. Engines with small capacity

tanks may often be chained to a tie or piece of rail placed

over the top of the tank, and blocking placed between

the frame of the tender and the top of the truck boxes

on the good pair of wheels, which would support the

weight, while the chains would hold the other end of the

truck up to prevent derailment. In some cases the apron

may be removed and the pieces of rails or ties placed

lengthwise of the tender, one end resting on the deck and

ihe other on the bottom of the tank, and the broken end

of the truck chained to them. With a six or seven

thousand gallon tank it is usually better to get the en-

gine to a side track and send for a truck ; this can best be

done by sliding the wheels or blocking them up and se- .

curing them to a notched tie, when the damaged truck
'

wheels or frame may be skidded into clear; run carefully'

in any case of this kind.

313. Broken Back Tire on Eight-Wheel Engine.
—"Will you please state how to block up an eight-wheel

engine with broken back tire, without blocking over
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main box, as the road that I work on will not allow it

to be done?"

Answer.—Run the wheel with broken tire up on a

wedge or block, then remove cellar and insert block be-

tween the axle and pedestal bolt or brace to hold the

broken tire or wheel center off the rail. Also block be-

tween drawbar and tail piece, bolted to ends of the

frames, so as to relieve the forward or main boxes

of as much of the weight as possible. If the side rods

are not damaged by fire breaking, leave them up. When
you have done this, if the spring over the main box is

not strong enough to carry the weight or has lost its set,

blocking may have to be used over main driving boxes or

engine trucks to keep the pilot high enough to clear

crossing planks. In case this should be the back tire on

right side and raising the box would bring the spring

and hanger so high that it would interfere with the reach

rod or reversing lever, it would be necessary to remove

the spring and saddle from the box with the broken tire

and block the back end of equalizer on the frame.

314. Axles and Vibration.—To settle a dispute will

you please say why a car axle is made with a smaller

diameter in center than at the ends near the wheels.

Various reasons have been given ; one is said to be to

save iron ; if so, why is not the same practice carried out

in the driving and engine truck axles ?"

Answer.—The reason that the driving and engine

truck axles are of the same diameter their entire length

is due to the fact that the bearings carrying the load are

inside of the wheels, and the uneven joints in the track,

when passed over by the wheel, do not tend to vibrate

the axle as they would when the weight is carried on the

bearings outside of the wheels as in the case of a truck
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or trailer axle with outside bearings. When the weight

is outside of the wheel, as it passes over uneven track

the axle being of a smaller diameter in the center allows

vibration to take place in proportion to the force of the

blow imparted by the load to the uneven track and the

size of the axle. If it was not for this vibration broken

journals would be of more frequent occurrence, unless

the track was perfect, which condition it wpuld be im.-

possible to obtain, as it would have to be laid with con-

tinuous rails without frogs or switches. Figure that the

truck axle is smaller in diameter in the center for the

same reason that the axe handle is not the same size its

full length, and the illustration will be convincing to the

person using the axe.

315. Testing Steam Pipe Joints.—"I have been

told to cover the exhaust tip and hold it tight with a

jack, and that this will test the joint at the base of the

exhaust pipe. Please explain how the water reaches the

exhaust passage to give the pressure there to test this

joint?"

Answer.—There are very few, if any, valves and cylin-

der packings that are absolutely water tight, therefore in

making the test if one of the ports to the cylinder was

open for admission, the other would be open for exhaust

and the water under pressure would find its way past

the packing rings and fill the cylinder with water on the

exhaust side of the piston, and this would allow the water

to get into the exhaust passages, even though it did not

leak under the valve, or if a piston valve leaks past the

rings in the valves. Hence the tight joint at the top of

the exhaust pipe tip would prevent the water from qom-

ing out and the pressure would be accumulated in the

exhaust pipe, as well as in the steam pipes.
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If you are fortunate enough to have valves and cylin-

der packing that will not leak to this extent, moving the

lever from forward to back motion will allow the water

to get into the exhaust pipe and a test can be made for

the leak to a certainty.

316. Angularity of Main Rod.—"I placed the main

pin on the top quarter with naked eye and made a mark
on the guide bar, then I gave the wheel a half revolution

and placed pin on the bottom quarter and marked the

guide bar, and I find that it varies almost 2 inches. I

have tried this on 18 or 20 engines and have never found

one that would come true. Will you please explain this ?"

Ansiver.—Your eye is not accurate enough to measure

this correctly and your system is wrong. Engine on the

quarter means at half stroke. If you will place the cross-

head at half-stroke and mark the guides, then move the

engine until the cross-head travels to the end of the

stroke and back to the mark again, you will get the en-

gine on the top and bottom quarter, but the pin will be

slightly in advance of a perpendicular line through the

axle in proportion to the length of the main rod. That

is, a short main rod will bring it farther from the line

than a long one. Try it this way next time, or use a

tram equal to the length of the main rod, and you can

not miss it. This is caused by the angularity of the

main rod, and also explains the reason that the circum-

ference of the wheel travels farther on the rail from half

stroke back to center and to half stroke again, than

from half stroke ahead to center and back to half stroke.

317. Movement of Cross-Head.—"Will you please

explain if it is true that a cross-head moves only one way

or direction ; I have heard that it does, but do not be-

lieve it?"
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Answer.—In order to make you believe it we will take

a driver with a diameter of 42 inches and a piston with

a 2-foot stroke; will use this because it will come out in

even figures. To prove to you that the cross-head is

always moving in the direction that the engine is going,

multiply 42 inches by 3.1416; this will give the circum-

ference of the wheel equal to 131.9472 inches. We will

call this 132 inches, which, divided by 12 inches, equals

II feet; remember that the stroke is 2 feet and the cir-

cumference of the wheel is 11 feet. With the cross-head

at back center, if you measure 5 feet and 6 inches from

the point of contact of the wheel and rail and move the

wheel that distance, the engine has moved 5 feet and 6

inches, the cross-head has moved with the engine 5 feet

and 6 inches, and in addition has moved in the guides 2

feet, which gives 7 feet and 6 inches that the cross-head

has moved while the pin has traveled from back to

front center. If the wheel is now moved ahead 5 feet

and 6 inches farther, the pin and cross-head will be again

on the back center, but the crOss-head has lost the 2

feet that it gained in the forward stroke and has only

traveled a distance of 3 feet and 6 inches, but the 7 feet

and 6 inches it traveled on the forward stroke and the

3 feet and 6 inches on the back stroke will equal 1 1 feet,

or the circumference of the wheel. It's going ahead all

the time.

318. Valve Travel with Lap and Lead.—"Will the

valves of an engine having lap and lead travel when the

reverse lever is in the center notch of the quadrant and

the engine is drifting? If they will travel, why and how

much?"

Answer.—A valve will always travel twice the lap and ,

twice the port opening, whatever the cut-off may be, and 1
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many locomotives have a valve travel that is greater

than twice the lap and the width of the steam port, but

they never have less. To illustrate the answer to this

question, we will take an engine with 5-inch valve travel

and eccentrics 5-inch throw, i-inch outside lap set with

1-32 inch lead opening in full gear both motions. In the

6-inch cut-off, the lead would be increased to 3-16-inch

with a maximum port opening of 5-16 inch. We would

have a valve traveling 5 inches at full gear, but when
working in the 6-inch cut-off would only travel twice the

lap, which is i inch and twice the port opening, which

in this case is 5-16-inch, or a total travel in this notch

of 29/3 inches. Therefore, it is clear that the valve will

travel twice the lap and port opening, whatever it may be,

and, as the lead increases as the lever is notched up to-

ward the middle gear, it can be easily figured from the

marks on the valve rod. Why do the valves travel ? Be-

cause the motion is "mparted to the link arm of the

rocker by the eccentric strap and rod. When the ec-

centric rod is in line with the link block, or nearly so,

that eccentric controls the action of the valve. But when

the link is raised to mid-gear, both eccentrics control the

action of the valve, and the travel is decreased as the link

is raised from full gear to center. Figure that the back

motion eccentric coupled to the lower end of the link is

the fulcrum, the link block the weight, and the forward

motion eccentric the power or force to move the lever,

which in this case is the link, and you have the explana-

tion as to why the valves travel and how much in any po-

sition in which the reverse lever may be placed.

319. Leaving Back Port Open in Case of Break-

downs.—"Would it be advisable or practicable, in case

of broken eccentric strap, link rocker-box or arm, to
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leave the back port open a little to admit steam and oil

to cylinder, instead of taking down main rod?"

Anszver.—Yes, unless prohibited by the rules of

the mechanical department. By clamping the valve in po-

sition to allow steam to enter the back port, steam and oil

will be admitted to the cylinder and it will not be neces-

sary to take down main rod. The amount of opening of

the port that should be left open may be determined by

opening the throttle and blocking the cylinder cock open,

or remove the valve from the cylinder cock. Some roads

advocate taking the cylinder cock out entirely and block-

ing the valve in position to allow a reasonable amount of

steam to escape at all times when the throttle is open.

Then, in case the engine should stop on a center, on the

good side, closing the cylinder cock or replacing valve or

cock sufficient steam will be admitted to the cylinder to

complete the stroke on the disabled side, which will place

the good side again on the quarter ; the valve or cock can

again be removed on the broken-down side and you are

in position to start the engine when ready to go. With

heavy power it is impossible for train crews to pinch en-

gines off a center or handle the rod if they succeeded in

getting the strap bolts out, which is often a difficult thing

to do. This is practiced on some of the important lines

at the present time and is considered the correct method.

320. Cylinder Packing Blowing.—"Where does

the cylinder packing blow the most—at the beginning of

the stroke, on the eighth, or on the quarter ?"

Anszver.—Some kinds of cylinder packing will blow

the most at the beginning of the stroke, because the steam

has not set it out against the cylinder walls until the

stroke has commenced. If the cylinder is round and not

cut or scored and of the same diameter through its en-
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tire length, and the guides properly Hned to keep the

piston running true in the cyHnder, the greatest blo^^

should be from the admission line to the point of stroke

where the steam is cut off, and then as the steam expands

in volume the pressure would be reduced and the blow

would become less. It is the usual practice to place an

engine on the quarter or half stroke with lever in full

gear to test the packing blows on that side, but both sides

may be tested at one time by moving the engine in posi-

tion that both cross-heads are opposite each other or of

equal distance from the back end of guides or back cylin-

der heads. Placing the engine as above, the packing on

both sides and both ends of the cylinders may be tested

in two positions.

321. Heating Surfaces.—'*We have an engine here

in heavy transfer work that has given a great deal of

trouble to the fireman about steaming; here are her di-

mensions: Weight 160,500 pounds, tractive force 36,-

400 (no engine trucks), heating surface 1,905 square

feet, grate area 29 square feet, cylinders 22x28 inches,

drivers 57 inches in diameter, steam pressure 180 pounds.

She has a 5-inch nozzle and no petticoat pipe ; is very

hot at the door and the smoke does not fill the stack,

but strikes the right side. Is this enough heating surface

for the cylinders ?"

Answer.—The heating surface of this boiler, in pro-

portion to grate area, is 65I/2 square feet per square foot

of grate area, and compares favorably with the average,

as boilers of recent construction are designed with an

average of 66 to 83 square feet of heating surface per

square foot of grate area, this includes boilers with wide

fire-boxes. When designing a boiler, it is the custom to

allow^ a certain amount of heating surface for each cubic
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foot of piston displacement. Experiments have deter-

mined that the number of square feet of heating surface

should be from 320 to 415 times the piston displacement

in cubic feet; ordinarily 385 square feet of heating sur-

face per cubic foot of piston displacement is allowed, al-

though much depends on the class of engine, the

service she is designed for, wheel base, etc. In using

the following formula: H equals heating surface:

D equals diameter of piston in inches, and L equals

length of stroke in inches, we have H equals .175 X
D*^ X L, or 2,371 square feet of heating surface that

should be allowed for this engine. It would appear

that she was slightly over cylindered for the heat-

ing surface; also that the draft appliances are not

properly adjusted to obtain the best results. The stack

should be put in line with the exhaust nozzle so that the

exhaust steam would fill the stack on all sides, and the

diaphragm should be raised to get the draft through the

upper flues, thereby reducing the temperature at the fire

door for the fireman and utilizing the heating surface

that you now have. If changing the diaphragm can not

effect this, an extension on the nozzle top of about eight

or ten inches that will bring the tip up to the center line

of the boiler may give better results. Do not get dis-

couraged. Improvements in the boiler design is a subject

that is interesting the mechanical men at present. Perhaps

the cylinders will be bushed if she remains in service.

Would say most of your trouble is in the front end, if

flues are clean and cylinder packing and valves are in

good condition.

> 322. Blocking for Broken Engine Truck.—"In

case of a broken engine truck, either forward or back, is

it necessary to block on top of the front driving boxes?"
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Answer.—It may be necessary to block on top of front

driving boxes and run the front drivers up on wedges

to relieve the weight on the engine truck so that it can be

easily raised and properly chained to an engine frame.

If a mogul or an eight-wheel engine, it is usually neces-

sary to block on top of the front driving boxes, but six

and eight-wheel coupled engines as a rule do not require

it. It is up to the judgment of the engineer in all cases.

Block on top of the front driving boxes if necessary to

keep the pilot sufficiently high for safety in passing frogs

and crossings.

323. Broken Tire.—*'In case of a broken tire, where

the tire can not be removed, should the wheel be raised

to clear the rail, leaving the good wheel on the rail?

Would the cramped position not be injurious to the en-

gine?"

Answer.-—If on a ten-wheel engine and the front tire

was broken, would run the broken tire up on a wedge

to raise the wheel high enough to allow for settling, and

still have the tire clear the rail when the cellar was re-

moved, and a block of sufficient thickness put in its place

to keep the tire from coming in contact with the rail

when the wheel was run off the wedge, and if the rods

were not sprung, would proceed with full train. If the

main tire was broken would block up in the same man-

ner and slack up on the siderod keys on that side, run-

ning carefully without train to the terminal. With a

back tire broken would block up as in former cases, try-

ing to throw as much weight as possible against the

good wheel, and would use wedges between the tank and

engine to assist in keeping the flange of the good tire

close up to the rail, running carefully, especially around
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curves. Having any one wheel high enough for the tire

to clear the rail nicely will not cramp the boxes or be in-

jurious to the engine. If the sides of the driving boxes

were a close fit on the sides of the shoes and wedges, the

driving-box would cramp when one wheel was raised

higher than the other, and damage would result by break-

ing off the flanges of the driving box. To save the flanges

of the driving-boxes from breaking on account of rough

or uneven track, the inside of the flanges are beveled

where the sides of the shoes and wedges fit, so that only

about four inches of the sides of the shoes and wedges
have a bearing in the center, and the bevel from the

center to both ends on the side of the flange obviates

damage from cramping the flanges of the driving-boxes

when one wheel center is raised slightly higher on one

side than on the other.

324. Broken Back Driving Wheel.—"What should

be done in case of a broken-back driver on an eight, ten,

or twelve-wheel engine?'*

Answer.—Handle in the same way as with the broken

tire, but take down the opposite side rods on each side

of the engine.

325. Broken Go-ahead Eccentric Strap or Blade—*Tn case of a broken go-ahead eccentric strap or blade,

suppose I should remove the broken parts and tie the top

of the link to the lower arm of the tumbling shaft, set

the valve to cover the ports and tighten the gland a little

to prevent the gland from being too loose, but not tight

enough to prevent reversing, and allow the valve to be

moved by hand to get oil to the cylinder while drifting.

Would this be practicable ?"

Answer.—It is the rule to take down both eccentrics
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in a case of this kind, because, when a rule is made, it is

of general application. If the tumbling shaft has the link

arm over the top of the link, and it could be secured near
its proper position, it would be safe enough if the lever

was not hooked up or reversed, but in case of a flag or
an emergency and the engine was reversed, further

damage would result. It would be safest to take down
both eccentric rods. However, if this should happen to

you where an engine was not available and train could
not be handled on one side, if you could turn the engine
on a Y or a table, ask train dispatcher to let you turn en-

gine around
; get on to the train and back up to the ter-

minal, keeping the lever in full gear back motion. This
would bring the back motion eccentric rod nearly in line

with link block on the disabled side, and would enable

you to work both sides of your engine and take in your
full train, which v/ould be a credit to you. Such work is

usually appreciated.

326. Compound Locomotives.—''What is the small

equalizing valve on the end of the main steam valve on
a Baldwin four-cylinder compound? What does it do?
Where is it located? The reason the question is asked is

because in Locomotive Up-To-Date, by McShane, on

page 347, paragraph i, it says: 'If the small equalizing

valve on the end of the main steam valve is broken or

removed it will convert that side of the engine into a high

pressure engine. The work being done by the low pres-

sure cylinder the high pressure piston would be approxi-

mately balanced.' T am unable to find anything that

looks like an equalizing valve on either end and would

thank you for an explanation."

Anszver.—We are not familiar with the equalizing

valve mentioned in this paragraph as applied to the four-
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cylinder type of Vauclain Compound engines, and are in-

clined to think that it should appear with, and applies to

the Baldwin two-cylinder type and refers to the reducing

valve.

A full description of the construction and operation of

compounds, with questions, will be found in "The Art of

Railroading," published by Railway Publications So-

ciety, Chicago.

327. Throttle Valve Leaking.—"Why does a

throttle valve leak when boiler is full of boiling water and

the valve is perfectly dry, with 200 pounds pressure of

warm water?"

Answer.—This is due to the expansion of the throttle

valve and box, and the manner in which the valve is

ground to its seat, as well as to the construction of same.

A throttle valve with a small diameter of 5 inches

and a large diameter of 55^ inches may be ground

even, or both seats ground to a tight joint for water

pressure, and will be perfectly tight when under

steam pressure. But a larger valve with small diameter

of 5^ inches and a large diameter of 73^ inches, will,

usually be a better job, when the small end of the valve

is ground to a tight joint and the large end of the valve

ground to a loose fit, or so it would leak slightly under

water pressure. Then when the boiler is under steam,

expansion of the valve and box will take place and the

valve that leaked under water pressure will be perfectly

tight at 200 pounds boiler pressure at a temperature of

388 degrees. If it were possible to grind the throttle

valves to their seats, at a temperature of the steam at

working pressure, there would be no occasion to make

allowance for expansion of the valve or box due to the

difference in diameter and amount of metal in the valves.
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328. Adjusting the Cut-Off.—"In running over

the cut-off on an engine I found she carried steam too

far on one side, and I found it necessary to shorten link

hanger on that side. Engine cut off steam on the right

side at 9 inches, both ends, and on the left side she cut off

at 8 inches, both ends. I marked the link block and then

raised the link % of an inch, and again run over the cut-

off and found by raising the link ^ of an inch it made

i^i inches difference in the cut-off. Now, I want to

know how to use proportion so I can shorten the hanger

in proportion to the ^ of an inch I raised the link, so I

can get the desired cut-off of 8 inches on that side of

the engine ?"

Answer.—A lule of proportion can not be given that

would be accurate, although it may be obtained approxi-

mately by comparing the length of the link from center

to full gear, to the cut-off. For instance, the cut-off in

full gear is 24 inches on an engine with 26-inch stroke

and the distance from the center of the link to the point

opposite the blade pin when in full gear is 6 inches. Then

% inch on the link would represent i inch on the cross-

head or cut-off. If the link hanger is not the proper

length, the difference would be greater in 7 or 8 inches

than in 15 or 20-inch cut-off. It was a mistake to shorten

the hanger }i inch to obtain i inch less cut-off, as 3-16

would possibly have made it about right.

A sure method of ascertaining the correct amount to

shorten the hanger would be to place the cross-head at

8 inches, the desired point of cut-off for that side, then

mark the link, next raise or lower the link, as the case

may be, by moving the reverse lever until the port mark

on the valve rod or stem comes to the tram, then mark

the link again at that point, and the difference between
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the two marks on the link will be the amount that the

link hanger should be changed.

329. Cylinder Packing Rings.—'*How much larger

in diameter should a cylinder packing ring be than the

cylinder before the ring is cut so that it will press out

against the cylinder walls, and thus prevent the leakage

of steam?"

Anszver.—Up to 12 inches diameter 1-16 is considered

sufficient, and from 12 to 20 inches diameter, % to 5-16

is the general practice, although some roads have a

standard of ring y^ inch larger outside diameter of ring

than the cylinder for all classes of engines.

330. Steam Chest Joints.—"How much should be

allowed to draw down, and for clearance, between pres-

sure plate and valve for new and old joints on steam

chests on an Allen balanced valve?"

Answer.—If a round gasket is used to make a tight

joint on the steam chest, 1-16 inch should be allowed for

drawing down the cover when tightening nuts on the

studs, while if a flat copper gasket is used it is not cus-

tomary to allow for drafts, as it would be very slight.

The space, or clearance, between the back of the valve

and the bottom of the pressure plate may be 1-16 or ys

inch, and should not be less, in order that the valve may

lift when excessive compression takes place, which, if not

relieved by tne valve lifting from its seat, would possibly

rupture cylinder head.

33J. Decrease in Lead.—"If an engine is turned out

of the shop new, or with general repairs, valves set with

I -16-inch lead, after six months' service will the lead in-

crease, decrease or remain the same?"

Answer.—When an engine is new or has received gen-
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eral repairs, the lost motion is, or should be, taken out of

the valve gear. Much depends on the design of the en-

gine and service engaged in. When in service the wear

of the eccentrics, straps, link block, eccentric and valve-

rod pins, rocker boxes, etc., will occur that will cause the

engine to lose the lead given the valve when the parts

were ground to a good working fit, therefore, the en-

gine will lose its lead in proportion to the wear of the

valve gear.

332. Inside and Outside Admission Valves.—
"Why have compound engines got inside admission

valves on one side, and outside admission valves on the

other ?"

Answer.—Where this method is employed, the special

reason is better design and steam distribution, as w^ell as

to obtain the suitable steam passages in cylinder saddles.

333- Offset of Rocker Arms.—''Why are the

rocker arms oflFset on some engines?"

Answer.—This is done to get equal port opening at

each end of the cylinder. When the center of the hole in

the lower rocker arm is on a straight line with the center

of the axle, when the top or upper rocker arm is plumb,

there need be no offset in rocker arm, but when the center

of hole in the lower rocker arm is below this line, it is

given offset to bring it at right angles to center line of

motion or at right angles to a line drawn from the center

of the axles through the center of hole in the lower

rocker when the top rocker is plumb.

334. Length of Rocker Arms.—"Why are the

rocker arms on one side of the engine longer than on the

other? I think this refers to compound engines."



244 LOCOMOTIVE BREAKDOWN QUESTIONS

Answer.—When the rocker arms are of equal length

the travel of the valve is equal to the throw of the ec-

'centric. When the travel of the valve is greater than

the throw of the eccentric it is increased by lengthening

the top arm of the rocker. If it is necessary to give the

valve on one side of a compound locomotive greater

travel than on the other, it is the easiest way to lengthen

, the rocker on that side the desired amount.

335. Lubricator Changed from Locomotive to

Stationary Engine.—"Will you kindly explain why
a pint size Michigan lubricator would not work on a

' stationary engine, when it worked satisfactorily on a

locomotive. We made the following test : We attached

a lubricator with a %-inch pipe to a 3-inch steam pipe,

boiler pressure about 70 pounds. Engine worked all

right, but under no circumstances would the lubricator

feed. We tested it on a locomotive and it worked fine."

Anszver.—Temperature and conditions no doubt are

responsible for the failure of the lubricator to work on

the stationary engine. When it was applied to the loco-

motive you had, a higher steam pressure and a difference

of pressure in the pipe where you made steam connection

and delivery pipe, also a higher temperature. When you

had the lubricator on the steam pipe to the stationary the

pressure was low and the ^-inch pipe connecting to

lubricator no doubt filled with water, and the pressure

being equal at the delivery end of the pipe or connection

did not produce a current of pressure, and the tempera-

ture of the oil was so low that it congealed and would

not feed through the nipple. Get a circulation of steam

through the pipe to warm the oil in the lubricator and

hold a pail of hot water so the lubricator will be im-
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mersed in it and you will very likely get it started all

right.

336. Direct and Indirect Valve Gear.—"Can you

give me the definition of a direct and an indirect valve

gear, also what engine would it be that has the eccentrics

on the front axle to the one on which the main pins are.

I have an idea that this is the only indirect engine. Am
I right?"

Answer.—Not quite, A valve gear designed so that

the valve rod moves in the opposite direction to the ec-

centric rod is said to be indirect motion. When the

valve rod travels in the same direction as the eccentric

rod the engine is said to be direct. This is usually ac-

complished by using a rocker with both the link arm

and valve arm pointing either down or up. ''The Art

of Railroading," published by Railway Publications So-

ciety, Security Building, Chicago, fully explains this in

detail.

337. Blocking Li^^k for Broken Reverse Lever or

Reach Rod.—"It is claimed that one link being blocked

on top of the link block is sufficient in case of a broken re-

verse lever or reach rod. According to our examination

we answer, 'Block both links top and bottom.' Now, a

friend of mine claims that a chunk of waste on top of one

link block will do to run forty or fifty miles. Please say

which of us is correct, as I claim it would be impossible

to run any distance with link blocked this way."

Answer.—Blocking on top of one link block at the re-

quired cut-off is the quickest and best. It answers the

purpose, and in case it is necessary to reverse the engine

all that you have to do is to change a long block for the

short one, and you are ready to back up. If you block

top and bottom of both links you have more blocks to
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change and you are more liable to block without allowing

space for the slip of the link on the block, which might

result in further damage, such as a sprung link hanger

or a broken saddle pin. A chunk of waste would answer-

in an emergency, but this would give you full stroke,

which may not be necessary. Care should always be

taken to see that there is sufficient blocking, wood, waste,

or anything else that is handy to keep the top of the link

from striking the link block. If it does strike the block

it may increase the travel of the valve beyond the clear-

ance limit in the steam chest and valve yoke, and may

break a valve rod, rocker arm, or eccentric blade.

338. Locating Valve for Broken Balance Strip

OR Spring.—"What is the best method of locating the

valve when a balance strip or spring is broken in an en-

gine with a single nozzle and no drip ports drilled into

the exhaust passages in cylinder saddle, and why should

the spring or strip broken cause the valve to handle so
,

much harder than the ordinary slide valve without the

balance feature, and require so much more oil and then

not handle as easy? If we break a spring or strip in

these small engines, it seems as if the engine would break

something before getting to terminal."

Answer.—To locate which side the strip or spring is

broken on an engine as above described, place engine on

quarter, open throttle, and give engine steam enough to

produce a good blow at cylinder cocks. Then close

cylinder cocks and move lever from full gear forward to

full gear backward motion. This will give you full

travel of the valve on that side, and if it moves easy you

will know that side is all right and that the valve has its

usual balance. Then place engine on the quarter on the

other side and repeat the operation. If the lever is
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harder to move forward and back with the throttle

opened the same, you may safely report the valve that

is hardest to move the lever when that side is on quarter

or at half stroke. Another method is to get out on the

running-board when engine is working slow and take

hold of the valve rod, and you can easily determine which

one has the broken strip or spring. The reason that a

valve with a broken strip or spring requires more oil is

due to the oil being blown from the chest past the de-

fective strip through the hole in the back of the valve

into the exhaust cavity, instead of going to the valve seat

and lubricating it and the face of the valve. This causes

the valve and seat to become drv and increases the re-

sistance and makes the lever handle hard, and with a

broken strip the steam chest pressure exerting a down-

ward pressure on the back of the valve also increases the

resistance. When the strips are all right they protect

the inclosed area on the back of the valve from this pres-

sure, but when they are defective the area of the back of

the valve inclosed by the strip is exposed to the pressure

without any relief only the amount of steam that es-

capes through the hole in the back of the valve. This

amount of steam causes a blow similar to the steam from

the blower, and is noticeable when the throttle is open.

If you could get the surface of the valve and seat lubri-

cated with a broken strip as well as you get the plain slide

valve lubricated, a valve with a broken strip of the same

area and pressure would not handle harder than the plain

slide valve.

339. Freezing of Injector Delivery Pipe.—"Ex-

plain how the water in the delivery pipe can be protected

from freezing.''

Answer.—By using the heater, having the steam valve
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slightly opened, with the overflow valve closed, steam

will flow back into the tender through the feed pipe and

at the same time flow forward into the branch pipe. The
heater cock should be opened to drain the condensed

steam or water from the delivery pipe, otherwise it will

fill with water and freeze. The steam valve should not

be open so far as to cause water to become overheated

/ in the tender, preventing the injector from working or

damaging the paint on the tender.
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Hanger:—or. Driving Spring Broken on Schenectady Com-
pound 140

Hanger :—Spring, Broken 183

Heat :—Effect of on Engine Oil 2'j'j

Heat :—Loss of in Working Injectors 174

Heat :—Per Cent Used in Working Locomotive 20S

Heating:—Steam Gauge Shows Correctly but Cars Cool.... 158

Heating:—Defective Reducing Valve, Heating Train till Re-

paired 159

Heating :—Surface 321

Horse-Power :—Of Engines 204

Horse-Power :—Of Vauclain Compound 252

Horse-Power :—Of Engine, Calculating 281

Hot Bearings :—Caring for on Road 274
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Indicator Cards :—Principle Points of 256

Inj ectors :—Action of 264

Injectors :—Delivery Pipe Freezing 339

Injectors :—Effect of Leak between Tank 30

Injectors :—Leaky Check, Leaky Throttle 33

Injectors :—Leaky Primer Valves 34

Injectors :—Lifting and Non-Lifting 29

Injectors :—Loss of Heat in Working 174

Injectors :—Principles of 72

Injectors:—Throttles, Obstructed Flow of Steam to iii

Injectors :—Valves, Check or Steam, Leaky 146

Injectors :—Waste Pipe Freezing 147

Injectors :—Worked by Air Pressure 207

Intercepting Valve Stem Broken 139

Jaws:—Pedestal, Stress on 251

Jet of Steam .261

Joints :—Leaky Steam Pipe 108-315

Joints :—Steam Chest 109

Joints :—Testing Steam-Pipe 330

Journal :—Bearings—Treating 309

Kerosene :—Cleaning Cylinder with 27

Keying :—Brasses 213

Lap :—And Lead, Effect of on Position oi Eccentric 217

Lap:—And Lead, Effect upon by Changing Length of Ec-

centric Blades 212

Lap:—And Lead, Valve Travel with 318

Lap:—And Lead, What Is It? 188

Lap :—Inside, and Inside Clearance 247

Lap :—Of Valve 246

Lap :—Versus Valve, without Outside or Inside 18

Lead :—And Clearance 13

Lead :—And Lap. Effect of on Position of Eccentric 217

Lead :—And Lap, Effect upon by Changing Length of Ec-

centric Blades 212

Lead
Lead

Lead

—And Lap, Valve Travel with 318

—And Lap, What Is It? 188

—Decrease in 331
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Lever :—Reverse, Blocking for Broken 223

Lever:—Reverse, Blocking Link for Broken ZZ7

Lever:—Reverse, in Center of Quadrant, and Engine Drift-

ing 68

Lever :—Reverse, Point of Cut-Off 162

Lever :—Reverse, Position of 162

Link:—Blocking . ., 169

Link :—Block, Slip of • 253

Link:—Effect of Changing Position on Indirect Motion En-

gine 278

Link :—Purpose of 77

Link :—Relation to Valve 98

Link :—Slip of 61

Locomotive

Locomotive

Locomotive

Locomotive

Locomotive

Locomotive

Locomotive

Locomotive

—Boiler, Form of 73-222

—Classification of 179

—Compound .326

—Cost of 173

—Tractive Power of 66

—Types of 161

—Whistles 113

—Working, Per Cent of Heat Used 208

Lubricator :—By-Pass Valve on 2

Lubricator:—Changed from Locomotive to a Stationary En-

gine 335

Lubricator :—Cleaning Chokers of 38

Lubricator :—Cleaning Sight-Feeds of 39

Lubricator :—Closing When Waiting 40

Lubricator:—Cross Feed of i

Lubricator :—Defective 105

Lubricator :—Effect of Draft on Working of 36

Lubricator :—Equalizing Tubes of 20

Lubricator:—Filing with Coal Oil 41

Lubricator :—Grease 133

Lubricator :—Headlight Oil in 65

Lubricator :—Irregularity of Feed of 27

Lubricator :—Its Object—What It Is 273

Lubricator :—Method of Feeding Oil 163

Lubricator :—Oil, Effect of Temperature on Lubricating Qual-

ity iSi
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Lubricator :—Oil, Miles Run to Pint 150

Lubricator :—Operation of Sight-Feed 74
Lubricator :—Operation of Sight-Feed 35
Lubricator:—Series of Questions 85

Lubricator :—Sight-Feed, the 299

Lubricator :—Siphons into Boiler 62

Lubricator :—Successful 276

Nozzle :—Bridging Exhaust 300

Nozzle :—Determining Size of Exhaust 100

Nozzle :—Exhaust, Down 200

Nozzle :—Tips, Size of • • 12

Main Pin :—Motion of 3

Main Rods

Main Rods

Main Rods

Main Rods

—Angularity of 71-268-316

—Angularity of 99

—Handling Heavy in Break-Downs 44
—Length of dj

Motion :—Direct 59

Motion :—Direct versus Indirect 205
Motion :—Indirect 58

Mud-Rings :—Leaky in Winter and Summer 198

Mud-Rings :—Pressure at the 308

Oil :—And Frictional Surfaces 202

Oil :—Effect of Temperature on Lubricating Quality 151

Oil :—Engine, Effect of Heat on 277

Oil :—Engine or Signal for Valves or Cylinders 242

Oil :—Miles Run to Pint 150

Oil :—Using with Dope 245

Outside and Inside A.dmission :—Relative Motion of 25

Outside and Inside Admission:—Main Piston Valve for.... 25

Outside and Inside Admission :—Valve Motion for 22

Outside and Inside Admission Valves 81-332—83-64

Overheating Fire Box 9

Over or Under, Engine Traveling 257

Packing Rings :—Cylinder 329

Packing Rings :—Setting Out 263

Pedestal Brace:—Pound from Loose 104

Pedestal Jaws :—Stress on 251
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Petticoat Pipe Down 200

Pin Center :—Broken on Pony Truck 265

Piston :—Finding Stroke of '^17

Piston :—Relative Motion of and Valve 82

Piston :—Travel 70

Piston :—Valve, Broken 210

Piston :—Valve, Chamber I93

Piston :—Valve-Engine, Dimensions of Ports in i94

Piston :—Valve, Opening Z^l

Piston :—Valves, Types of 170

Piston :—Valves, versus Slide Valves 248

Pointers :—Steam Gauge with Two 51

Pony-Truck :—Center Pin or Long Equalizer Broken 265

Port:—Back, Leaving Open in Case of Break-Downs 319

Pound :—In Engine When Shutting Off 234

Pound :—In the Trailer 132

Power :—Horse of Engine 204

Pressure:—On Flat and Cone-Shaped Surfaces 196

Priming and Foaming 95

Reach Rods :—Blocking Link for Broken 337

Reverse Lever :—Blocking for Broken 223

Reverse Lever :—Blocking Link for Broken 337

Reverse Lever:—In Center of Quadrant and Engine Drifting. 68

Reverse Lever:—Position of and Point of Cut-Off 162

Rings :—Mud—Leaky in Winter and Summer 198

Rings :—Mud—Pressure at the 308

Ring-Packing :—Setting out 263

Ring-Steam:—On Inside Admission Piston Valve Engine

Broken 237

Rocker Arm :—Back-Set of 88

Rocker Arms :
—^Length of 334

Rocker Arms :—Offset of 333

Rods :—Eccentric, Effect of Changing Length of 21-224

Rods :—Eccentric, Position with Direct and Indirect Valve

Gear 24

Rods :—Eccentric, Relation to Link Block 4

Rods :—Keying no
Rods :—Main, Angularity of 316

Rods :—Reach, Blocking Link for Broken 337
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Rods:—Side, Keying on Six-Wheel Connected 138

Rods:—Side, Taking Off When Disconnecting 233

Saddle-Pin :—Position of 55

Saddle-Pin:—Position of Relative to Link 127

Safety Valve Spring Broken 215

Sectional Eccentric Slipped 239

Scale :—Formation of Flues . ; 137

Side Rod:—Broken on Balance Compound 97
Side Rod:—Keying on Six-Wheel Connected 138

Side Rod:—Taking Off Opposite in Disconnecting 233

Slide Valves :—Versus Piston Valves 248

Slip:—Of Eccentric Most Likely to 284

Slip :—Of Link Block 253

Smoke-Box:—Effect of Leaky Steam Pipe Joint inside of... . 32

Smoke-Box :—Length of 218

Smoke-Stack:—Exhausts Strongest from One Side of 31

Smoke-Stack :—Height of 78

Spring :—Coilj Deflection of 189

Spring :—Driving—Broken on Schenectady 140

Spring :—Driving—How to Block Up 183

Spring :—Locating Valve for Broken 338

Spring :—Safety Valve, Broken 215

Spring :—Underhung and a Broken Tire 297

Spring :—Valve, Locating Broken 310

Staybdlts :—Stress on 178

Steam :—Admissions per Revolution 129

Steam :—Chest, Broken on Two Cylinder Schenectady Com-
pound 236

Steam

Steam

Steam
Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

—Chest—Disconnecting for Broken 93

—Course of from Boiler to Stack 126

—Course of from Boiler to Stack 219

—Engine Not Making 302

—Expansion of and Air .291

—Exhausts per Revolution 148

—Gauge Shows Cars Heated Yet Are Not 158

—Gauge with Two Pointers 51

—Heat Reducing Valve 92

—Jet of 261

—Pipe Joints. Leaky 109
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Steam :—Pipe Joints, Testing io8

Steam :—Reducing Valve, Defective 159

Steam :—Ring Broken on Piston Valve Engine 237

Steam :—Saturated, What Is It? 229

Steam :—Superheated, Method of 186

Steam :—Superheated, What Is It? 185

Steam :—Temperature and Pressure 117

Steam :—Temperature of at Different Pressures 221

Steam :—Working Expansively 79-266

Steam :—Working Full Stroke and Cut Back 303

Strap :—Draw—Keying Up 45

Strap :—Eccentric Broken 120-172-325

Strap :—Eccentric Broken Off Flanges 125

Strap :—Eccentric Broken Forward Gear 144

Stuck :—Wedge 216

Studs :—Cylinder Head, Stress on 305

Surfaces :—Flat and Cone-Shaped Pressure on 196

Temperature:—How Was Degree First Found and Deter-

mined 209

Temperature :—Of Steam at Different Pressures 221

Throttle :—And Cut-Off 199

Throttle :—Or Dry Pipe Leaky 94

Throttle :—Valve-Leaking z^y

Tire or Axle :—Broken on Consolidated 60

Tire or Axle:—Broken on Four-Wheel Switch Engine 57

Tire:—Back on Eight-Wheel Engine Broken .313

Tire :—Broken 323

Tire :—Broken on Consolidated 60

Tire :—Broken and Underhung Springs 297

Tire :—On Front Tank Wheel Broken 312

Tractive Effort and Weight on Drivers 304

Tractive Power :—And Horse-Power 87

Tractive Power :—Of Drawbar Pull 63

Tractive Power :—Of a Locomotive 66'

Transmission Bar versus Long Valve Stem 134

Travel:—Of Valve When Steam Lap and Port Opening are

Known 262

Travel :—Valve, Effect of Decreased 258

Truck :—Engine, Blocking for Broken 322
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Truck:—Pony—Center Pin or Long Equalizer Broken 265

Under or Over :—Engine Traveling 257

Uptake of Boiler 260

Valve :—Allen Ported I35

Valve :—Automatic Drain 89

Valve :—Balance Slide 26

Valve :—Balance Slide 80

Valve :—Balanced Wilson High Pressure I45

Valve :—Becoming Dry 241

Valve :—Blows in and Cylinder Packing 75

Valve :—By-Pass 91

Valve :—By- Pass, Broken 231

Valve :—By-Pass, Broken on L. P. Side of Schenectady Com-
pound 123

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

Valve

—By-Pass, Uses of 136-21

1

—By-Pass and Main Piston 124

—By-Pass, Testing for Broken 182

—Clamping, with Main Rod and Piston Working. ... 46

—Cleaning with Kerosene 27

—Decreased Travel, Effect of 258

—Direct Motion Gear 23

—Engine or Signal Oil for 242

7—Equalizing Travel 1 14

—Friction of 61

—Gear. Direct and Indirect 336

—Gear, Parts of 157

—Injector, Check or Steam, Leaking 146

—Inside and. Outside Admission 81-332

—Inside or Outside Admission : . . . .64-83

—Intercepting, Broken Stem of 139

—Lap of 246

—Lead of 267

—Locating for Broken Balance, Strip or Spring 338

—Motion, Direct and Indirect Gear 84

—Motion, Direct versus Indirect 205

—Motion for Outside and Inside Admission 22

—Motion, Outside and Inside Admission 83

—Piston 28
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Valve :—Piston Broken 210

Valve :—Piston, Chamber 193

Valve :—Piston Opening 307

Valve :—Piston, Types of 170

Valve :—Ports Not Covered by 294

Valve :—Relative Motion of and Piston 82

Valve:—Relative Motion of Main Piston for Inside and

Outside Admission Valve 25

Valve :—Relation to Link 98

Valve :—Safety, Proportionate Area of to Grate Area 176

Valve :—Safety—Spring Broken 215

Valve :—Spring, Broken, Locating 310

Valve :—Squaring 192

Valve :—Steam Heat Reducing 92

Valve :—Stem, Long, versus Transmission Bar 134

Valve:—Testing for Blows in Vauclain Four Cylinder Com-
pound .- 164

Valve :—Throttle, Leaking 327

Valve:—Travel of When Steam Lap and Port Opening Are
Known 2612

Valve :—^Travel, and Throw of Eccentric 106

Valve:—Travel, with Lap and Lead 318

Valve:—When Faced, Precautions Necessary ..171

Vibration:—And Axles 314

Water :—Carrying in Boiler 240

Water :—Circulation of in Boiler 73-222

Water:—Difference in Amount of Used by Engines of Same
Class 220

Water :—Foaming and Priming in Boiler 95

Water:—Lubricator Siphons into 62

Water:—Maximum ^Temperature of 119

Water :—Splitting in Boiler 116

Water :—Temperature of versus Temperature of Sheets 121

Water :—Test for Low 96

Wedges :—Lining 115

Wedges :—Stuck * 2l6

Wheel Centers:—Cast Steel 11

Whistles :—Locomotive *.. 113
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TABLES
TABLE OF APPROXIMATE NUMBERS FOR VA-

RIOUS PURPOSES.

Diameter of a circle x 3. I4i6=:circumference.

Diameter of a circle x .8862=side of an equal square.

Diameter of a circle x .7o7i=side of an inscribed square.

Square of diameter x .7854=::area of circle.

Circumference of a circle x .31831 =diameter.

Side of a square x I.i28=diameter of equal circle.

Square root of area x 1.12837=diameter of equal circle.

Square of the diameter of a sphere x 3. 1416=convex

surface.

Cube of the diameter of a sphere x .5236=solidity.

Diameter of a sphere x .8o6^dimensions of equal cube.

Diameter of a sphere x .6667=length of equal cylinder.

Square inches x .oo695=square feet.

Cubic inches x .00058=cubic feet. ^

Cubic feet x .03704=:cubic yards.

Cylindrical Inches x .ooo4546=cubic feet.

Cylindrical feet x .02909=cubic yards.

Cubic inches x.oo36o6=imperial gallons.

Cubic feet x .6232=Imperial gallons.

Cylindrical inches x .002832=imperial gallons.

Cylindrical feet x 4.895=imperial gallons.

183.346 circular inches=1 square foot.

2,200 cylindrical inches=i cubic foot.

Avoirdupois pounds x .009=cwts.

Avoirdupois pounds x .00045=tons.

Linear feet x .00019=statute miles.

Linear yards x .000568= statute miles.

264
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NUMBER OF REVOLUTIONS AT DIFFERENT
SPEEDS.

This table gives the number of revolutions that are

made by the driving wheels of different sizes, (from 4
feet to 7 feet in diameter), per minute, at different

speeds, from 5 to 60 miles per hour:

Diameter of

Driving Wheels.
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Seconds Miles Seconds Miles
per
Mile
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TEMPERATURE OF STEAM AT VARIOUS
PRESSURES.

Pressure
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3-32
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MELTING POINT OF METALS, ETC.

Fahr.

Platina 4590
Antimony 842

Bismuth 487

Tin 475
Lead 620

Zinc 700

Cast Iron 2100

Wrought Iron 2900

Steel 2500

Copper 2000

Glass 2377
Beeswax 151

Sulphur 239

Tallow , 92

CARE OF FLUES.
By John Tonge.

Use copper ferrules not less than % inches wide.

Roll flues first.

Use Prosser expander with large shoulder.

If flue bursts with Prosser, examine material.

Remove all front dump grates.

Use brick arch six inches from flue sheet.

Use finger grates suitable for coal.

369
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Use charcoal iron tips.

Have good beads on flues in fire-box.

See that boiler-maker does not work flues away from

sheet.

Space flue sheet bridges, top ^ inches, bottom ij^

inches.

If water permits, use three quarts of soda ash for lOO

miles.

Wash boilers regularly.

Don't allow copper ferrules to get under beads.

ADHESION AND TRACTION OF LOCOMO-
TIVES.

ADHESION PER TON OF LOAD ON THE DRIV-
ING WHEELS.

When the rails are very dry 600 lbs. per ton.

When the rails are very wet 550 lbs. per ton.

In misty weather if the rails are greasy. .300 lbs. per ton.

In frosty or snowy weather 200 lbs. per ton.

In coupling engines the adhesive force is due to the

load on all wheels coupled to the driving wheels.

The adhesive power must exceed the tractive force

of an engine on the rails, otherwise the wheels will slip.

For loads on driving wheels, see the following.

DISTRIBUTION OF WEIGHT IN LOCOMO-
TIVES.

The average distribution of the weight of a six-

wheeled locomotive on its wheels is:
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Assuming the total weight of the engine in working

order to be i

:

Passenger Freight
Engines Engines

Load on leading wheels 32 .34

Load on driving wheels 48 .36

Load on trailing wheels 20 .30

Total weight of engine i.oo 1.00

TO FIND THE LOAD WHICH AN ENGINE WILL
TAKE ON A GIVEN INCLINE.

Let G = Resistance due to gravity on the steepest

gradient in lbs. per ton.

Let R = Resistance due to assumed velocity of train

in lbs. per ton.

Let T = Tractive power of engine in lbs., as found

above.

Let W = Weight of engine and tender in tons.

The load the engine can take in tons, including the

weight of the cars, but not that of engine and tender

T
will equal =W.

G + R
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TRACTIVE POWER.

HOW TO FIGURE WHAT A LOCOMOTIVE
WILL PULL.

With the engine adjusted to steam freely, a valve

motion that will insure a good steam distribution and

the machine properly lubricated, the next problem is

the capacity of the engine to move tons of freight or

passenger trains over the road. It costs money to op-

erate a railroad and the revenue is obtained from the

sale of transportation. Assuming that the locomotive is

of modern design and assigned to the class of service

best adapted for, the next point to determine is the draw

bar pull or how much tractive power will be developed

to overcome the train resistance. First the adhesion or

weight placed on the drivers must be greater than the

resistance of the train, and this weight is usually lim-

ited by the condition of the road bed, weight of rails

and strength of bridges. Here is where the engineering

department specify to the mechanical officers the num-

ber of pounds that may be placed on the driving wheels

of the locomotive. The diameter of the driving wheels,

diameter of cylinders, length of stroke of the piston in

inches and the number of pounds of steam pressure per

square inch carried on the boiler, will enable us to de-

termine approximately the tractive power, when the use

of a dynamometer car is not available. The tractive

power, developed by a single expansion locomotive at

slow speed may be ascertained by assuming that 85 per

cent of the boiler pressure will equal the mean effective

pressure in the cylinders and using the formula:



USEFUL POINTERS 273

C^ X S X P
=:T

Now this is not at all hard and a little time will make
this and other formulas easy to figure.

C^ indicates that the diameter of the cylinder should

be multiplied by itself, or squared.

S equals the stroke of the piston in inches.

P the mean effective pressure in pounds or 85 per

cent of the boiler pressure.

D equals the diameter of the driving wheels in inches

and placed under the line means that when the diameter

of the cylinder is multiplied by itself or squared, that

numiber multiplied by the number of inches of stroke and

then by the number of pounds mean effective pressure,

all this above the line should be divided by D or the

diameter of the driving wheel in inches, which will give T
or the tractive power.

Example: An engine 20x26" cylinders, 56" wheels,

200-lb. ,boiler pressure.

C^ = 20 X 20 20

20

S = 26" 400

26

200« 2400

85% of P= .85 800

1000 10400

1600 170

170.00
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728000

10400

Diam. of Driver 56 ) 1768000(31,571 lbs. Trac. Force.

168

88

S6

320

280

400

392

80

56

4
C* X S X P

T = or 31,571 Pounds—that is,

D
31,571 pounds tractive power developed by the engine

that can be used to overcome the resistance of the loco-

motive and train. This rule is applicable to any size

single expansion engine.

For a two-cylinder compound use this formula:

O X S X 2-3 P
— = T.

D
using two-thirds of the boiler pressure and considering

the high pressure cylinder only.
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Example: What is the tractive power of a two-cyl-

inder compound:
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406

378

280

252

28

The tractive power of a four-cylinder compound may
be ascertained by the following formula

:

0x5x2-3? C^ X S X 14 P
+ = T

D D

Work this out separately for the high and the low

pressure cylinders the same as was done for the simple

and add the quotients.

Example: What is the tractive power of a four-cyl-

inder compound:

15

Cyls. X 26"
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1350

450

5850

2-3 of 220 = 146

35100

23400

5850

73) 854100 ( 11,700

73

124

73

511

511

00

Low Pressure Cylindefo

25

25

125

50

625

26

3750

1250
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16250

% of 220 = 55

81250

81250

73 ) 893750 ( 12,243

73

163

146

177

146

315

392

230

219

II

ii,7oo+i2,243=23,943T.

TRAIN RESISTANCE OR LOCOMOTIVE RAT-

ING.

To overcome the resistance of one ton, 2,000 lbs., on a

straight and level track at a speed of ten miles per hour

or less, careful tests have demonstrated that it varies

from 5 to 8 lbs. per ton, or an average of 6^ lbs. per ton.

It is safe to allow 8 lbs. per ton for train resistance on a
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level, and by dividing the tractive power by 8 it would

give the number of tons rating. This rule covers the axle

or journal and rolling friction only. If on a grade, mul-

tiplying the feet per mile rise in grade by .3788 will give

the resistance due to grade per ton and will be sufficient-

ly correct to establish a rating in the absence of a regular

test or a dynamometer car ; or if preferred, add ^ lbs. =
to .375 per ton for each foot per mile rise in the grade.

Either of the above decimals will answer for grade re-

sistance. Curve resistance may be figured as 9.16 lbs.

per ton for every degree of curve, 9. 16=:.5625. Using

this decimal and multiplying by the number of degrees

in the curve we get the curve resistance.

Example: What is the resistance per ton of train on

a grade of 100 feet per mile with 4 degree curve.

Allowing 8 lbs. for friction,

loox.375^37.5 lbs. for grade.

4x.5625= 2.25 lbs. for curve.

47.75

we have 47.75 lbs. resistance per ton.

These figures are not given as absolutely correct in

establishing a rating, but will serve to work from in mak-

ing up trains for test. The only correct method to rate

an engine is to take several engines of the same class and

make actual tests in service to get the hauling capacity,

then reduce the tonnage of train to meet the require-

ments of the service and leave a sufficient margin of

power to insure proper time being made under average

conditions. The old method of *'the last car she will pull"

lost out long ago, and the most economical rating at
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the present time is a train that can be handled and

gotten over the road, without tying up opposing or

following trains.

SHORTCUTS IN ARITHMETIC.

I To find the circumference of a circle multiply its

diameter by 3.1416.

To find the diameter of a circle multiply its circumfer-

ence by .31831.

To find the area of a circle multiply the square of its

diameter by .7854.

To find the cubic inches in a ball multiply its cube of

diameter by .5236.

To find the revolutions of drivers per mile divide 1680

by the diameter of the wheel in feet.

To find revolutions per minute multiply the speed in

miles per hour by 28 and divide the product by the diame-

ter of the driving wheel in feet.

To find piston speed in feet per minute multiply revo-

lutions per minute by twice the stroke of piston in feet.

To find the speed of train per second multiply speed in

miles per hour by 22 and divide by 15.

To find time when rate of speed and distance is given

multiply distance by 60 and divide by rate of speed.

To find rate of speed when distance and time are giv-

en, multiply distance by 60 and divide by the time in

minutes.

To find the distance when the time and rate of speed

are given, multiply the time by the rate of speed and

divide by 60.

To find the number of tons of coal in a bin: Length,



USEFUL POINTERS 281

height and width of pile in feet multiplied together,

divide by 30 for hard coal, by 35 for soft coal, by 128 for

cords of long wood, and by 135 for cords of sawed

wood.

To find the pounds of coal used per 100-ton mile mul-

tiply pounds of coal by 100 and divide by tons multiplied

by the miles hauled.

To find the pressure in pounds per square inch of a col-

umn of water multiply the height of the column in feet by

.434.

HYDRAULICS.

A gallon of water (U. S. standard) weighs 8 1-3 lbs.,

and contains 231 cubic inches.

A cubic foot of water weighs 625^ lbs., and contains

1,728 cubic inches, or 7^ gallons.

Doubling the diameter of a pipe increases the capacity

four times.

Each nominal horse power of boilers require i cubic

foot of water per hour.

In calculating horse power of steam boilers, consider

for Tubular boilers 15 square feet of heating surface

equivalent to i horse power ; Flue boilers 12 square feet

of heating surface equivalent to i horse power, and

Cylinder boilers 10 square feet of heating surface equiva-

lent to I horse power.

To find the area of a piston, square the diameter and

multiply by .7854.

To find the pressure in pounds per square inch of 3 'col-

umn of water multiply the height of the column in feex
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by .434. (Approximately we generally call every foot

elevation equal to ^ lb. pressure per square inch.)

To find the capacity of a cylinder in gallons. Multiply

ing the area in inches by the length of stroke in inches

will give the total number of cubic inches; divide this

amount by 231 (which is the cubical contents of a gallon

in inches), and product is the capacity in gallons.
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