


STAN DAR D 
RAILROAD 
ENGINEERING 
PUBLICATIONS 

Angus Sinclair Company 
136 Liberty Street 

NEW YORK 

rtiolc101 Engineering 
A Practical Journal of Railway Motive Power and Rail- 

way Stock. 

An Illustrated Monthly Periodical Devoted to the Me- 

chanical Departments of Railroadi. 

Most Interesting and Best Illustrated Railroad Paper Pub- 

$2.00 Per Year. 



RAILROAD MEN'S 
CATECHISM 
By ANGUS SINCLAIR 

,te 

BEING AN 

INSTRUCTION BOOK FOR 

Enginemen, Trainmen. Signalmen and Evcri 

`Person Connected With the 

Movement of 

Trains 

ANGUS SINCLAIR PUBLISHING CO. 

NEW YORK 



PREFACE 

The questions used in this book are a series for the 
Examination of Engineers and Firemen employed by a 
leading railroad system. These questions were developed 
from a code prepared by the Traveling Engineers Asso-
ciation and extended by various writers on railroad engi-
neering matters to suit changes in rolling stock and condi-
tions of operating. 

Twenty Questions and Answers for Engineers and Fire-
men have been added, questions and answers based upon 
the Standard Code of the American Railway Association, 
with which every person connected with train operating 
ought to be familiar. 

As we consider that all intelligent railroad men are am-
bitious to acquire knowledge of the principles of mechanical 
science so far as it relates to their business, we have added 
a section of Mechanical Calculations. 

This is one of the most useful helps ever offered to 
Railroad Men. It applies to men of every grade in railroad 
service. 



RAILROAD MEN'S CATECHISM 

SECTION I 

First Year Examination 

GENERAL QUESTIONS 

i. Do you consider it essential to your success in busi-
ness, to abstain from the use of intoxicating liquors? Do 
you consider it to your interest to work to the best of your 
ability for the interest of your employer, and be econom-
ical in the use of fuel and supplies? 

A. This question will be answered according to the 
judgment of the man under examination. 

2. What are the fireman's duties on arrival at engine 
house previous to going out on a locomotive? 

A. See that the fire is in the condition to make tip a 
proper fire for starting. See that the ash pan is clean. 
Ascertain that the engine has got on all the necessary tools 
and supplies, and that the engineer's oil cans are filled. 

3. Is it your duty to compare time with your engineer, 
and should you insist on seeing all train orders? 

A. I should consider it my duty to compare time with 
the engineer and insist on seeing the train orders, if that 
was the rule of the company I was working for. 

Give the substance of the various rules pertaining 
to signals as found in the Book of Rules and Regulations 
of the operating department. 

A. This question will be answered by describing the 
signals described in the book of rules. The meaning of 
swinging arms and lanterns in different ways must be 
explained, and also the meaning that the rules attach to 
the station signals used by the road. 
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[More particulars about train rules are given in the sec-
tion relating to Standard Train Rules.] 

5. In addition to any that you have not mentioned, what 
else do you consider a danger signal? 

A. Any person near the track violently waving his 
arms or any sort of light would he regarded as a danger 
signal; also a fire burning on the track. 

6. Explain the principle of the steam gauge. 
A. There are several kinds of steam gauges, but all of 

them are operated on one of two principles. When in-
ternal pressure is applied to a bent flat tube, the tendency 
of the tube is to straighten out. That tendency is made 
use of in the Bourdon gauge, the necessary mechanism for 
operating the dial needle being connected with the tube. 
The other form of gauge is operated by a double dia-
phragm of corrugated plate. When pressure is admitted 
between the plates it forces them outward and the attach-
ments operate the mechanism that moves the gauge needle. 

7. What pressure is indicated by the steam gauge? 
What is meant by atmospheric pressure? 

A. The pressure above the atmospheric pressure. The 
pressure of the atmosphere is that imposed by the body of 
air surrounding the earth. At sea level it is 14.7 pounds 
to the square inch. 

8. What is the source of power in a steam locomotive? 
A. Steam generated by heat. 
9. What quantity of water ought to be evaporated in a 

locomotive boiler to the pound of coal? 
A. From 7 to 10 pounds. It is seldom more than 

5 pounds. 
to. What is steam, and how is it generated? 
A. The vapor of water. It is generated by the heat 

from the fuel burning in the fire box. 
r. At what temperature does water boil? 

A. At 212 degrees F. 

12. What is the temperature of the water in the boiler 
when the pressure is 200 pounds? 

A. At 20o pounds gauge pressure the temperature of 
the water is 387 degrees F. 

13. What is combustion? 
A. The chemical combination of fuel and oxygen. 
14. What is the composition of bituminous coal? 
A. A good quality of bituminous coal contains about 

61 per cent fixed carbon, about 31 per cent of volatile 
matter, known as hydro-carbons, 7 per cent of ash and 
t per cent of sulphur. 

15. What is carbon? From what is oxygen obtained? 
A. Carbon is one of Nature's elements. Nearly all 

combustible material, such as wood and coal, consists 
principally of carbon. Oxygen for sustaining combustion 
is obtained from the air. 

t6. What per cent of oxygen is in the atmosphere? 
A. The atmosphere contains 20.63 per cent of oxygen. 
17. Is air necessary for combustion? 
A. It is. 
t8. About how many cubic feet of air are necessary for 

the combustion of a pound of coal in a locomotive fire box? 
A. It takes 2.66 pounds of oxygen to burn one pound 

of coal into carbon dioxide. It takes 4.35 pounds of air to 
supply one pound of oxygen, therefore it will take 1t/ 
pounds of air to provide the oxygen necessary to burn each 
pound of coal. As some excess of air is necessary, 20 
pounds of air should be admitted to the fire for each 
pound of coal to be burned. One pound of air fills about 
13 cubic feet at ordinary temperatures, so we have 
13 x20 = 260, equal to 260 cubic feet of air needed for 
every pound of coal burned. 

19. How many cubic feet of air, therefore. would be 
necessary for the burning of  a  "fire" of four scoopfuls, 
assuming each scoopful to weigh to pounds? 

A. For four scoopfuls of coal. each weighing to pounds, 
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the quantity of air required for combustion would he 
40 x 260 = 10400 cubic feet. 

20. Why is it necessary to provide for combustion a 
supply of air through the fuel in the furnace? 

A. Because it is only by forcing the air through the 
burning fuel that the proper mixture of the gases will be 
effected. 

21. How can you prove that it is necessary to supply 
air to the fire box for combustion? 

A. By shutting oil the air supply. 
22. What is the effect upon combustion if too little 

air is supplied through the fire? If too much air is 
supplied? 

A. If too little air is supplied the fire loses activity 
and combustion produces carbon monoxide, a gas with 
only about one-third the heating properties of carbon 
dioxide, the gas formed when the supply of air is suf-
ficient. 

If too much air is supplied waste is caused by heating 
the surplus quantity of air, and the oversupply tends 
to depress the fire box gases below the igniting tem-
perature. 

23. What effect on combustion has the closing and 
opening of dampers? 

A. A closing of the dampers cuts off the supply of 
air and prevents the fire from receiving its proper sup-
ply of air. Opening the dampers permits the air to 
pass through the grates. Under some circumstances it 
is better to keep one damper closed, unless the engine is 
working very hard. 

24. How is draft created through the fire? 
A. By the current of air induced by the exhaust 

through the flues and smokestack. 
25. Describe a blower and its use and abuse. 
A. A blower is a jet of steam passed up the smoke-

stack to induce an artificial current of air. Its proper  

use is to prevent smoke when an engine is not work-
ing, to draw the fire gases away so that they do not 
pass into the cab and to stimulate the fire when neces-
sary. 

The abuse of the blower is drawing cold air through 
the tubes and by forcing the fire when it is not neces-
sary, causing waste of steam through the safety valves. 

26. What effect is produced by opening the fire door 
when the engine is being worked? 

A. It cools the boiler and prevents the rapid gen-
eration of steam. 

27. What bad effect? 
A. It causes sudden contraction of the fire box 

sheets and flues, tending to cause leakage. 
28. In what condition, therefore, should the fire be 

in order that the best results may be obtained from 
the combustion of the coal? 

A. The fire ought to be maintained in the condition 
necessary to generate the steam required for the way 
the engine has to be worked. Even firing and even 
temperature go together. 

20. What is the effect of putting too many scoops 
of coal on  a  bright fire? Is this a waste of fuel? 

A. Throwing too much coal into  a  tire at one time 
depresses the temperature below the igniting point and 
causes the generation of smoke. The practice is waste-
ful of fuel. 

3o. What effect has the tire upon  a  scoopful of coal 
when it is placed in the fire box? 

A. It distills the volatile gases first, then ignites the 
carbon of the coal. 

31. In what condition should the fire be to consume 
these gases? 

A. Bright and at a high temperature. 
32. What is the temperature of the fire when in 

this condition? 
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A. About 3,0oo degs. Fah. 
33. How can the fire be maintained in this condi-

tion? 
A. By regular firing. That is, by keeping up the 

supply of fuel as nearly as possible at the rate it is 
burned. 

34. What is black smoke? Is it combustible? 
A. It is unconsumed coal and can he prevented by 

good firing, if the coal is not too volatile. It is combustible 
when mixed with air and kept at a high temperature. 

35. Have you made any effort to produce smokeless 
firing? 

A. Certainly I have. 
36. flow can black smoke be avoided? 
A. By careful firing. With some qualities of coal 

and a plain fire box smoke cannot be entirely prevented. 
37. Can the firing be done more intelligently if the 

water level is observed closely? Why? Because regular 
boiler feeding and regular firing go together. 

A. The fireman can work more intelligently when 
he knows that the boiler is being fed regularly. 

38. What advantage is it to the fireman to know 
the grades of the road and the location of the stations? 

A. This knowledge enables him to regulate the 
firing to suit the fluctuating work the engine will do. 

39. How should the fire and water be managed in 
starting from a terminal or other station? 

A. The fire ought to be made up sufficiently heavy 
to preclude the necessity for firing while passing 
through the yards. The boiler ought to be as full of 
water as can be carried without priming. 

40. What is the purpose of a safety valve on a loco-
motive boiler? Why is more than one used? 

A. To relieve the boiler from over pressure of 
steam. Two safety valves are used because one is  

sometimes unequal to the task of pre+ enting over pres-
sure. 

4/. What usually is the cause for steam being 
wasted from the safety valve? 

A. Injudicious firing, or want of co-operation be-
tween engineer and fireman. 

42. What is the estimated waste of coal for each 
minute the safety valve is open? 

A. From 15 to 20 lbs. 
A systematic test was made of an engine with about 

1.200 square feet of heating surface and 27 square feet 
of grate area to ascertain the volume of steam wasted 
through the safety valve. It was found to be gi lbs. of 
water per minute. As each pound of coal burned will 
evaporate about 6 lbs. of water, the waste of coal in 
that case would be about 15 lbs. per minute. 

43. What should be done to prevent waste of steam 
through the safety valves? 

A. The 'firing should be so regulated when the en-
gine is working that the steam will not rise to the 
blowing-off point; when steam has to be shut off un-
expectedly blowing off may be prevented by closing the 
dampers, opening the fire box door a little and keeping 
the injector going. The surplus steam may also be 
blown hack into the water tank. 

44- What should be the condition of the tire on 
arriving at a station where a stop is to be made? 

A. Bright and clear, so that little smoke will How 
from the stack. There must be sufficient fire on the grates 
to build on when the engine is started. 

45. How should you build up the tire when at sta-
tion' in order to avoid black smoke? 

A. By putting in small quantities of coal at a time 
at 	intervals and permitting the charges to burn b  
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46. What should be the condition of the fire when 

passing over the summit of a long grade? 
A. It should be burned down as low as the require-

ments of steam making will permit. 

47. If the injector is to be used after passing over 

summit, how should the fire be maintained? 
A. The fire ought to be maintained bright and the 

blower kept in use to create some circulation in the 

water of the boiler. 

48. Is it advisable to take advantage of every op-

portunity to store in the boiler as much water as 

possible? 

A. It is. 

49. Why is it that if there is a thin fire with a hole 

in it, the steam pressure will fall at once? 

A. Because cold air passes through the hole and 

has a chilling effect upon the boiler. 

5o. What would be the result of starting a heavy 

train with too thin a fire upon the grates? 

A. Delay for want of steam. 

51. How deep a tire should be carried? 

A. It should be no deeper than necessary to make 
the required steam. The kind of fire box and the 

work to be done would influence the proper depth of 

fire. 

52. Where should the coal, as a rule, be placed in 

the fire box? 

A. It ought to be placed evenly over the entire 

surface of the grates. 

53. Is rapid firing advisable? 

A. No. Not the rapid firing that puts a heavy 
charge of fresh coal quickly into the fire box. The 
rapid action that puts a scoopful of coal where it be-
longs, having the door open as short a time as possible, 

is commendable. 

411 

54. When and for what purpose is the use of rake 

on the fire bed allowable? 

A. When the surface of the fire is coking so that 
combustion is obstructed. 

55• Within what limits may steam pressure be al-

lowed to vary, and why? 

A. When an engine is working the steam pressure 
ought to be kept as uniform as possible short of blow-

ing off pressure. When approaching stations the steam 

pressure should be reduced sufficiently to prevent blow-

ing off. 

56. Is it advisable to raise steam rapidly? 

A. Not if it can be avoided without causing delay . 

Rapid raising of steam, especially from cold water, puts 

destructive strains upon the boiler sheets. 
57. Has improper tiring any tendency to cause tubes 

to leak? How? 

A. It has. Improper firing causes wide variations in 

the temperature of the fire box, and sudden reduction 

of temperature causes the tubes to contract and leak. 
58. What would you consider abuse of a boiler? 

A. Intermittent firing, causing fluctuating variations 

of fire box temperature, cooling by means of an open 

fire box door and intermittent boiler feeding. Feeding 
the boiler rapidly when steam is shut off abuses the 
boiler. 

59. flow would you take care of  a  boiler with leaky 
tubes or fire box? 

A. Maintain the temperature as evenly as possible 
by uniform firing and boiler feeding. I should avoid 
feeding when steam was shut off. 

6o. What are the advantage, of an arch in the loco-
motive fire box? 

A. It tends to keep the temperature of the fire box 
uniform; it prevents cold air from passing directly  

fi
c rgasesinotou  

the tubes, and it lengthens the journey of the 
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their may to the tubes. The arch acts also to some extent 

as a spark arrester. 

61. Why is it very important that coal should be broken 

so that it will not be larger tIlan an ordinary sired apple, 

before being put into the fire box? 

A. Because in that condition it provides the best sur-

face for ignition and provides the proper openings for 

emission and mixture of the fuel gases. 

62. When and why should you wet the coal in the 

tender? 

A. As soon as the supply of coal has been put upon the 
tender. The wetting is done to keep down the dust. It 

also tends to keep the mass of fine coal together and pre-

vents it from being drawn into the tubes by the suction of 

the exhaust. 

63. Should coal be allimed to lie on the deck and 

fall out of the gangway? 

A. Certainly not. 

64. Do you understand that the coal used on the loco-

motive is property and represents money invested by the 

company? 

A. I do. 

65. What arc the advantages of a large grate sur-

face? 
A. It permits of slower c.-;mbustion than would he 

practicable with smaller grate surface and slow com-

bustion under proper restrictions promotes economy 

of fuel. 

66. Why are the grates made to shake, and when 

should they be shaken? 

A. To break up the clinkers and ashes that close up 

the grate openings and restrict the supply of air. The 

grates should be shaken very lightly as soon as the 

fire shows that the air is too much restricted. With some 

kiwif of coal the grates must be moved frequently to  

prevent them from "sticking," a condition caused by fused 
clinker. 

67. Why should grates not be shaken too fre-
quently? 

A. Because good fuel would be wasted and the ash 
pan prematurely filled, with danger of burning grates. 

68. Is it a fireman's duty to avoid filling up the ash 
pan too full? 

A. Certainly it is. 
69. Is it permissible to dump ashes or fire over road 

crossings, switches or around stations? 

A. It is not. 

7o. Is it objectionable to fill the tanks too full or 

spill water at stand pipes or water tanks? 

A. It is a very objectionable and dangerous prac-
tice, and should be avoided. 

71. What are the duties of a fireman on arriving at 
a terminal? 

A. The answer to this question will vary accord-
ing to the rules of the particular road. 

72. Is the engineer responsible for the fireman's 

conduct while on duty and the manner in which the 
fireman's duties arc performed? 

A. He is. 
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SECTION II 

Second Year Examination 

GENERAL QUESTIONS 

I. Has there been anything in the past year to interfere 
with your preparation for this examination? 

A. The answer to this question will depend upon any-
thing interfering or not. 

2. Have there been any new signals introduced during 
the year or any changes on the old ones? 

A. This question will be answered according to the 
knowledge about signals of the candidate. 

3. Have you made any improvement in your method of 
firing, and have you obtained any better results economi-
cally and in smokeless firing during the year? 

A. The answer to this question will also be based on 
the candidate's experience and progress. 

4. Describe the general form of a locomotive boiler? 
A. It is a cylindrical vessel of varying length and di-

ameter, with a fire box in the rear and a smoke box in 
front, flue tubes extend from the front of the fire box 
to the smoke box and carry through the boiler the hot 
gases generated in the fire box. 

5. How does the wide fire box boiler with fire box 
projecting at each side beyond the wheels differ from the 
narrow fire box set between the wheels, and what advan-
tage has the wide fire box over the narrow fire box? 

A. The purpose of the wide fire box is to provide a 
larger grate area than what can be obtained with a fire 
box set between the wheels. It is also easier to fire prop-
erly- than a very long narrow fire box. 

6. What is a wagon top fire box? 

A. A boiler with that part of the shell above the fire 
box raised above the level of the waist or cylindrical part 
of the boiler. 

y. Describe a locomotive fire box. 
A. The ordinary fire box is an oblong box secured to 

the back part of the boiler. It is so constructed that 
water spaces are provided between it and the outside shell 
at the sides and the back. The fire box is secured to the 
outside shell by stay bolts, and at the front end 
of the fire box is a flue sheet with the flues secured 
therein. At the bottom part of the tire box the grates 
are secured in a frame attached to the fire box and be-
neath these an ash pan. The crown sheet is sometimes 
supported by bars set on edge but more generally by stays 
of various kinds. 

8. Why have two fire doors been placed in some of the 
wide fire boxes? 

A. To make it easier to spread the coal over every 
part of the grates. 

9. To what strains is the locomotive fire box sub-
jected? 

A. First to the strains due to high pressure of steam; 
second, to the strains that arise from varying temperature 
with the hot water on one side of the sheets and a hot 
flame or. perhaps, cold air, on the other side. Then the 
changes of temperature act to lengthen or shorten the 
sheets putting great strains upon the material. Varying 
temperature of feed water also puts strain upon the fire 
box. 

to. flow arc the side and end sheets of the fire box 
supported? 

A. By stay bolts. 
It. What purpose is served by the small hole drilled in 

the outer end of stay bolts? 
A. To give indication by leakage when a stay bolt 

breaks. 
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12. In what manner is a crown sheet supported? 
A. Sometimes by crown bars, but generally by stay 

bolts. 
13. What is a bad feature about crown bars? 
A. They impede circulation of water and collect scale 

and mud. 
14. What are the advantages of radial stayed crown 

sheets? 
A. The radial stays offer little abstraction to the free 

circulation of the water. They also put less weight on 
the fire box than crown bars; and do away with the need 
of string stays to bind the fire hox to the shell. 

15. Iffow are the inside and outside sheets secured at 
the bottom? 

A. By the mud ring or foundation ring, as it is some-
times called. 

16. Describe the ash pan. 
A. It is a sheet iron pan that conforms to the outline 

of the mud ring and is secured thereto. There is a door 
at each end called dampers for restraining or cutting off 
the supply of air when necessary and to provide means for 
removing cinders and ashes that the ash pan collects. 

17. Why are boilers provided with steam domes? 
A. The dome provides a location for the throttle valve 

removed considerably above the water level in the boiler. 
This tends to prevent water from passing into the dry 
pipe along with the steam. 

ig. 'What must be the condition of a boiler in order to 
give the best results? 

A. It must be kept as clean as possible and as free 
from scale and mud as circumstances will permit. 

rp. What is meant by circulation in a boiler? 
A. The circulation is the moving of the water from one 

point to another inside the boiler. Circulation tends down-
wards at the cooler parts and upwards close to the heating 
surfaces. It is strongest about the fire box and arises from 

 

the heated water moving upwards and to the stirring given 
to the water by the steam rushing away from the heating 
surfaces. There is a theory that the water at the sides 
and end of the fire box flows downwards at the outside 
sheet and upwards on the hotter inside sheet. 

20. What would be the result if a leg of the fire box 
became filled with mud? 

A. The fire box side sheet would become overheated. 
21. What would be the result if the fire box sheets 

became overheated? 
A. The sheets would bulge between the stay bolts and 

would be likely to crack. If they were overheated by be-
coming dry rupture might ensue. 

22. Why are boiler checks placed so far away from the 
fire box? 

A. The checks are placed at the coolest part of the 
boiler so that the fire gases that have been cooled in pass-
ing forward may still be able to impart some heat to the 
incoming water. 

23. What part of the locomotive boiler has the greatest 
pressure ? 

A. The steam pressure is uniform throughout, but there 
is a little pressure due to the weight of the water and 
that is greatest on the lowest point which is the mud ring. 

24. What should be the length of a locomotive smoke 
box? 

A. The ideas of designers vary greatly on this point. 
Extension smoke boxes vary from 40 to 6o inches. The 
most common length on the New York Central Lines is 
about 65 ins. for passenger and 6o ins. for freight engines. 

rEl. What object is there in having the exhaust steam 
go through the stack? 

A. For the purpose of creating draft. 
Yci. How does this affect the fire? 
A, The suction or draft created by the exhaust steam 
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creates a partial vacuum in the smoke box which draws 
air through the grates, thereby stimulating the fire. 

20. What should be done to prevent black smoke from 
trailing when the throttle is closed? 

A. The dampers should be closed, the fire door partly 
opened and the blower started sufficiently to clear away 
the smoke. 

21. What are the adjustable parts in the front end b) 
which the fire is regulated? 

A. With an extension front the diaphragm plate in 
front of the tubes is adjustable. With a diamond stack an 
adjustable lift pipe is generally set between the nozzles 
and the base of the stack. A hot pipe is sometimes also 
used with an extension front. 

22. Explain what adjustment can be made and the 
effect of each adjustment on the fire? 

A. When the diaphragm plate has the lower part too 
far away from the tube plate there is danger of spark 
throwing and the fire gases will pass too freely through 
the upper rows of tubes. With such a defect the fire is 
burned more actively on the back part of the grates than 
in front. If the plate is set with the lower part too near 
the tube plate draft will be obstructed and the fire will 
burn most actively in the front part of the grates. 

There is no hard-and-fast rule for the adjustment of the 
lift or petticoat pipe. It is usually set with the bottom of 
the floor level with the top of the nozzle. If the draft cuts 
the front of the fire too much the petticoat pipe ought to 
be raised a little. If the back part of the fire is cut it 
ought to be lowered. Diaphragm and lift pipe ought to 
be set so that the fire gases will be drawn evenly through 
all the tubes. 

23. What is out of place when the exhaust steam strikes 
the side of the stack? 	' 

A. Generally the lift pipe. That result will also come 
from the nozzle being out of plumb. 
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24. What effect has the stoppage of a number of flues? 
A. It reduces the steam making capacity of the boiler 

Makes boiler steam poorly. 
25. What is the effect of leaking steam pipe joints in-

side the smoke box? 
A. It injuriously affects the steaming of the boiler. 
26. What causes pull at the fire door? 
A. Diaphragm plate or lift pipe being set too high. 
27. Give briefly your opinion as to the best method of 

firing locomotives. 
A. In the manner that will generate steam freely with 

the smallest quantity of coal. This is done generally by 
steady firing with the quantity to suit the way the engine 
is working. 

28. If upon opening the fire door you discover what is 
commonly called "red" fire what might be the cause? 

A. The free passage of air through the grates being 
obstructed. 

30. Is it a waste of fuel to open the fire box door to 
prevent safety valves from blowing? I-low can the 
necessity for this he prevented? 

A. First: It is a waste of fuel. Closing the dampers 
and starting the injector are the easiest remedies. Sec-
ond: Escape of steam through the safety valves blow-
ing may generally be prevented by careful firing and fore-
thought when approaching stopping places. When blowing 
off steam cannot be prevented, some of the heat may he 

saved by blowing the steam into the tender. 

OPERATION ON THE INJECTOR. 

31. What is an injector? 
A. An injector is an apparatus in which a jet of steam 

condensed by water imparts to the latter its velocity, with 
the result that the final energy of the combined steam and 
water is greater than that at which the water would issue 
from the boiler. This difference of energy in favor of the 
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jet passing through the injector enables it to lift the boiler 
check and enter the boiler. 

32. In a general way what are the two kinds of in-
jectors? 

A. In a general way, injectors are known as "Single 
Tube" injectors, when they have a single set of nozzles, 
and as "Double Tube" injectors when they have two sets 
of nozzles; one of the latter kind has the function of 
lifting the feed water and delivering it to the forcing set, 
which latter imparts to the water sufficient velocity to 
cause it to enter the boiler. 

33. What is the difference between a lifting and a 
non-lifting injector? 

A. A lifting injector is placed above the highest water 
level of the tank from which the feed water supply is 
taken, so that the injector has to lift the water up to its 
own level. A non-lifting injector is placed below the 
lowest level of the water of the tank from which the feed 
water is taken, and it flows to the injector by gravity. 

34. What are the essential parts of an injector? 
A. The essential parts of injectors are, in the first 

place, the nozzles, which perform the function of deliver-
ing or forcing the water into the boiler, and, in the second 
place, the operating mechanism, such as the lifting valve, 
steam valve, water valve, etc. 

35• How should an injector be started? 
A. In starting an injector, if it is a lifting one, the lift-

ing valve should be opened first, and when the water ap-
pears at the overflow, the forcing valve of the injector 
should be opened gradually to its full extent. In starting 
a non-lifting injector the water should be admitted to the 
injector first, and when it appears at the overflow the steam 
valve should be opened gradually to its full extent. 

36. Give some of the common causes for failures of 
injectors to work. 

A. The most common causes for failure of injectors are 

the following: Leak in the suction pipe. Obstructed 
strainer or strainer of insufficient size. Liming up of the 
nozzles. Loose hose lining. Obstructions in the nozzles, 
such as pieces of coal, or other foreign matter washed in 
from the tank. Obstructions in the delivery pipe, such as 
a sticking boiler check which will not open properly. Leaky 
steam valve and boiler check, which will affect the start-
ing of the injector by heating the suction pipe and the feed 
water. 

37. What course should be pursued with check valve 
stuck open? 

A. In case the check valve is not provided with a stop 
valve, it will be necessary to close the heater cock and 
water valve of the injector, to prevent water from the 
boiler from running out through the injector. In this case 
reliance for feeding the boiler must be had on the injector, 
the check of which must be in good condition. If the boiler 
check has a stop valve, this can he closed down to shut 
off the boiler pressure from the check, in which case the 
check can be taken out for cleaning or for the removal of 
the causes which made the valve stick open. 

38. How may it be determined whether the check 
valve or steam valve is leaking? 

A. To determine whether the check valve is leaking, 
the frost cock, with which all delivery pipes and most 
check valves are provided, should be opened. Jf water 
continues to issue from this frost cock, the indication is 
that the check valve is leaking. To determine whether 
the steam valve is leaking, the cap of the heater cock and 
the heater cock check should be removed. If the steam 
valve is leaking, steam will issue through the opening. 

39. What may be done in this case? 
A. In such cases the check valve and the injector must 

be reported for repair, and the leaky valves ground in. 
40. What may be done if a combining tube is ob-

structed? 
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A. In case the combining tube is obstructed, it must be 
removed, the nozzles thoroughly cleaned, and all obstruc-
tions removed. 

41. How may it be determined if the trouble is on 
account of a leak in the suction pipe? 

A. When the suction pipe leaks, the injector works 
with a hoarse, rumbling sound, caused by the air drawn 
in through the leaks. A leak in the suction pipe may also 
be determined by closing the tank valve, and opening the 
steam valve of the injector slightly, with the heater cock 
closed. If there is a leak anywhere in the suction line, the 
steam under such circumstances will issue through the leak. 

42. What should be done in case of obstructed hose 
or strainer? 

A. In case of an obstructed hose or strainer, the con-
nection between hose and strainer should be broken, and, 
with the heater cock closed, steam should be blown back 
through the strainer. The water allowed to flow through 
the open hose will usually wash out the obstruction. In 
most cases it will be sufficient to remove the waste cap of 
the strainer, and allow water from the tank to flow 
through to wash out the obstruction. 

43. What should be done in case the feed water in 
the tank is too hot? 

A. In case the feed water in tank is too hot, it will he 
necessary to obtain fresh water as soon as possible to re-
duce the temperature. 

44. Will an injector work if all of the steam is not 
condensed by water? 

A. An injector will not work properly if all of the 
steam is not condensed. 

45. If it is necessary to take down the tank hose, how 
can the water he prevented from flowing out of a tank 
that has the siphon connection instead of the old style 
tank valve? 

A. In case a tank is provided with a siphon connection 

in place of the usual style of tank valve, it is better to 
open the air vent at the top of the pipe, in order to prevent 
the water front flowing out when the tank hose is taken 
down. The sizes of the siphon pipes arc usually large 
enough to admit air when the hose is disconnected, so that 
there is little danger of the water being siphoned out of 
the tank. 

46. Explain how the water in the delivery pipe can 
be protected from freezing. 

A. If the injector is not in use for a long period in 
cold weather, the frost cock in the delivery pipe should be 
opened to prevent freezing. 

47. Explain how you would prevent the waste pipe 
freezing, either while the injector is working or shut off. 

A. The waste pipe contains water only during the short 
period when the injector is started, and even then 
it flows through the pipe at a rapid rate, so 
that the danger of freezing is very remote. When the 
injector is at rest, the waste pipe is empty. A gradual 
freezing as a result of a badly leaking lifting or steam 
valve may be prevented by occasionally opening the lifting 
valve slightly, and allowing steam to blow through the 
waste pipe. 

48. How can the suction pipe and injector hose he 
protected from freezing? 

A. The suction pipe and hose may be protected from 
freezing by using the injector as a heater. 

49. Explain how the heater is used on a lever Moni-
tor injector. 

A. In connection with the lever motion injector, it can 
he used as a heater by closing down the heater cock and 
opening the lever very slightly, and fastening it in that 
position by means of the thumbscrew on the side of the 
lever. 

so. How is the heater used with a screw Monitor in-
jector? 
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A. With a screw Monitor injector it can be used as a 
heater by closing down the heater cock and opening the 
steam valve spindle about half a turn. 

51. Is the indication of water level by the gauge glass 
a safe indication if the water level in the glass is not mov-
ing up and down when the locomotive is in motion? 

A. If the water level in the gauge glass of a locomotive 
is not moving up and down when the locomotive is in 
motion, the indication of the water level is not a safe one. 

52. Is any more water used when an engine foams 
than when water is solid? 

A. When an engine foams, the consumption of water 
is undoubtedly greater than when the boiler does not 
foam. 

53. How should an injector be stopped? 
A. In stopping an injector, the steam valve should be 

pressed firmly and gradually, on its seat, avoiding (more 
particularly in the case of a lever mechanism) the closing 
of the valve with a sudden shock, which injures the valve 
and its seat, and has a tendency to loosen these seats, 
where they are inserted in the body of the valve. 

SECTION III 

Third Year Examination 

GENERAL QUESTIONS 

I. What are the duties of an engineman before attaching 
the locomotive to the train? 

A. The duty of the engineman is to thoroughly inspect 
his engine for possible defects of machinery. He should 
know the condition of the fire box, grate bars, etc.; that 
gauge and water glass cocks are open and working freely, 
and that the crown sheet is covered with sufficient water to 
protect it from injury, and that the tender has been sup-
plied with water. He should also know the condition of 
the engineer's brake valve and air pump, and take such 
other precautions as would prevent an engine failure. 

2. What tools should there be on the locomotive? 
A. The engine should be provided with such tools as 

are found necessary in everyday work. This includes 
also tools with which to make repairs in case of accident, 
Rake, coal pick and shovel are classed as tools. 

3. What examination should be made after any work 
or repairs have been done on valves, brasses, etc.? Some 
companies specify that tools ought to be carried on the 
engine. Where that is done the answer to this question 
should be regulated accordingly. 

A. A man should satisfy himself by personal inspection 
that the work has been properly done, that all movable 
parts have been returned to place and properly secured by 
bolts, set screws or otherwise. 

4. How can it be known whether a boiler is carrying 
the proper steam pressure? 

A. By the safety valves and steam gauge, which should 
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correspond with the prescribed pressure as established by 
the company. 

5. What attention should be given to boiler attachments, 
such as gauge cocks, water glasses, etc.? 

A. It should be known that they are open and work-
ing freely at all times. 

6. Is smokeless firing practicable? 
A. It is practicable with certain kinds of coal. With 

other kinds of coal the best a fireman can do is to fire 
frequently keeping the fire as thin as practicable. 

7. Trace the steam from the boiler through the cylin-
ders to the atmosphere, and explain how it transmits 
power. 

A. Steam enters from the main throttle located in the 
dome into the dry pipe, thence to the steam pipe and into 
the steam chest. From the chest it passes through the ad-
mission port into one end of the cylinder and forces the pis-
ton to the opposite end. When the piston has very nearly 
completed the stroke, the movement of the valve, which is 
in the opposite direction to the movement of the piston, 
establishes communication with the exhaust passage and 
permits the steam to pass through the exhaust passage 
into the stack and thence to the atmosphere. 

8. How much power have the piston and crosshead on 
one side to turn the crank pin, when the center of the 
wrist pin, the crank pin, and the main driving axle on the 
same side are in a straight line? 

A. None whatever. 
9. How then is the engine kept going? 
A. Since a locomotive consists of two complete engines 

whose main rods transmit their power to the same driving 
shaft upon which the main pins are at right angles to one 
another, it follows that the engine whose main pin is on 
either the top or bottom quarter exerts sufficient power to 
cause the wheel to rotate, carrying the pin on the opposite  

side past the dead center to a point where the steam be-
comes effective to move the engine on that side. 

What is meant by "working steam expansively"? 
A. By working steam expansively is meant the process 

by which steam is let into the cylinder and cut off before 
the piston has finished its full stroke, thereby allowing the 
expansive force of the steam to exert a certain amount of 
energy on the piston from the time that cut-off took 
place up to the point where release occurs. 

II. How should the locomotive be started to avoid 
jerks and what train signals should be looked for imme-
diately after starting? 

A. The engine should be started with the reverse lever 
in full gear in the direction in which the locomotive is ex-
pected to move, and a gradual admission of steam. 

Signals should be carefully looked for towards the rear 
end of the train to make sure that the entire train has 
been started. 

12. After a locomotive has been started, how can it be 
run most economically? 

A. By working steam expansively, that is, with the re-
verse lever cut back to a point where the engine will 
handle the train with a full thiottle. 

13. If you discovered that  a  fixed signal was missing 
or was imperfectly displayed, what should you do? 

A. Stop. Ascertain the cause and report to the proper 
official from the first telegraph station as per standard or 
special rules covering this subject. 

14. How rapidly should the water be supplied to the 
boiler? 

A. Water should be delivered to the boiler steadily 
and in just sufficient quantity to replace the water which 
is being evaporated in doing work. 

15. What is the difference between priming and foaming 
of a locomotive boiler? 

A. Priming is produced by certain conditions of the 
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water and has a tendency to raise the water in a solid mass, 
while foaming consists of an aggregation of bubbles which 
carry the sediment to the surface. In both cases water is 
carried with the steam to the cylinder. To the ordinary 
observer priming and foaming are the same thing. 

16. What should you do in case of foaming in the 
boiler? 

A. The throttle should be either partly or entirely 
closed for a few moments to ascertain the water level in 
the boiler. Where surface cocks are used, they should 
be used while the engine is at work, because they will then 
carry away the scum which has been driven to the surface. 
When recourse is had to the blow-off cock, it can best be 
done when the engine has been shut off, as the sediment 
then settles to the bottom. 

57. What danger is there when the water foams badly? 
A. There is danger of exposing the crown sheet to the 

intense heat through the water being too low, and lia-
bility of burning it. 

ADJUSTING ROD BRASSES AND SETTING UP WEDGES. 

i8. What work about a locomotive should be done by 
the engineman? 

A. He should set up the wedges and key up the rod 
brasses. 

rn. How should the work of setting up the wedges be 
done? 

A. The engine should be placed with the crank pin of 
the right side on the upper, forward eighth, which brings 
the crank pin of the left side on the back, upper eighth. 
Block the wheels, and with the reverse lever in the for-
ward motion, apply a small quantity of steam. As the 
action of the steam against the piston has a tendency to 
move it forward, the strain is thrown against the shoes, 
permitting a free movement of the wedges. The wedges 
should be set up with an ordinary wrench as far as possible 

and then pulled down again about one-eighth of an inch 
to prevent the box from sticking either from overheating 
of the box or defective lubrication of the wedge. 

zo. How should rod brasses be keyed? 
A. The key should be driven down just enough to 

bring together brass to brass. Any greater force would 
spring the crown of the brass against the pin and cause it 
to heat. 

21. How should an engine be placed for the purpose of 
keying rod brasses? 

A. That depends entirely on which rods are to be keyed. 
If the main rod is to be keyed, place the side of the en-
gine upon which the work is to be done either on the 
upper, forward eighth or the lower, back eighth, as these 
positions present the greatest diameter of the nin to the 
rod brass and guarantee a free movement at all points 
without binding. 

22. What is the necessity of keeping brasses keyed up 
properly? 

A. To prevent unnecessary shocks and heating of rod 
brasses and pounding in driving boxes, which in time cause 
undue strain on the entire motion with disastrous con-
sequences. 

23. How should the side rods on mogul and consolida-
tion locomotives be keyed? 

A. Place the engine on the dead center either forward 
or back. First key the middle connection, next the ends 
of rods and observe that the rod moves freely on the 
pin. Now place the engine on the opposite dead center 
and notice if the rods move freely at this point also. This 
is particular!). necessary with rod brasses having keys on 
both sides of pin and which are apt to be made either too 
long or too short, throwing the rods out of tram and 
causing undue strain on rods and driving boxes, and also 
danger of broken rods or pins. 
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24_ What is meant by "engine out of tram"? 
A. By an engine out of tram is meant one whose dis-

tance from center to center of axle or rod on one side 
does not coincide with the similar distance on the oppo-
site side; or it may mean that the distance between two 
connected crank pins is not the same as the distance be-
tween the two axles to which the crank pins belong. 

WHY SMOKE BOX IS KEPT AIR TIGHT. 

25. Why is it important that there be no holes through 
smoke box sheets or front and none in the smoke box 
seams or joints? 

A. There should be no possible chance for the admis-
sion of air to any part of the smoke box, because it tends 
to destroy the vacuum necessary to create a perfect draft 
on the fire and also fans fires in the smoke box that warp 
and destroy the sheets or front end. 

l'ALVES AND PISTONS. 

26, Describe a piston valve. 
A. A pisto n  valve is a cylindrical spool-shared device 

having cast iron packing rings sprung into place on the 
valve, and operating in a cylinder of equal diameter, The 
valve cylinder is provided with suitable admission and dis-
charge ports and permits the valve to perform the same 
functions as an ordinary slide valve, 

27. What is a balance slide valve? How is it balanced 
and why? For what reason is the hole drilled through 
the trip of the valve? 

A. A balance slide valve is one where a certain per-
centage of the steam pressure exerted on the top of the 
ordinary slide valve has been prevented. 

The balancing feature is obtained by a steam table ex-
tending beyond the extreme travel of the valve, and either 
bolted to the steam chest cover or cast in one piece with it. 
The Allen-Richardson valve has its valve grooved for the 
reception of four snugly fitting strips, which are supported  

against the table by semi-elliptic springs, which make a 
steam-tight joint, and prevent any pressure reaching the 
enclosed part of the valve. Time American balance valve 
obtains the same results but uses circular, tapering rings 
supported by coiled springs. 

The snail hole in the top of the valve is for the express 
purpose of allowing any pressure or water which may 
have accumulated on the top of the valve from whatever 
cause to escape to the exhaust port. 

28. What is meant by inside and outside admission 
valves? 

A. By inside admission valve is meant one where the 
steam enters the steam port of the cylinder from the inside 
edge of the valve and is exhausted from the outer edge 
of the valve; by outside admission is meant one where 
steam enters the steam port from the outer edge and is 
exhausted from the inner edge, similarly to our common, 
slide valve, which is an outside admission valve. 

29. What is the relative motion of main piston and 
valve for inside admission valve and for outside admission 
valve? 

A. With inside admission the motion of the valve is in 
the opposite direction to the piston's motion at the begin-
ning of the stroke. With outside admission the movement 
of the valve is in the same direction as the piston at the 
beginning of the stroke. 

30. What is the difference in the valve motion for 
outside admission valve and inside admission valyes? 

A. Both may have either direct or indirect motion, ac-
cording to the position of the eccentrics on the shaft and 
the type of rocker arm used, 

31. What is a direct motion valve gear? What is an 
indirect motion valve gear? 

A. A direct motion valve gear is one that transmits 
the motion of the eccentric to the valve direct by means 
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of a transmission bar or its equivalent connecting with the 
valve stem. 

An indirect motion valve gear is one where the power 
is transmitted from the eccentric through the truck to 
the lower rocker arm, which gives motion to the upper 
arm that moves the valve rod connecting with the valve 
stem. 

32. What is meant by lead? 
A. Lead is the amount of opening a valve has when the 

piston is at the beginning of the stroke. 
33. What is meant by steam side lap? 
A. By steam side lap is meant the amount of the valve 

overlaps the steam ports, when the valve is on the middle 
)f the seat. 

34. What is meant by exhaust side lap and by exhaust 
side clearance? 

A. Exhaust side lap is the amount the inner edge of 
the valve overlaps the steam ports when the valve is in the 
middle of the scat. 

Exhaust side clearance is the amount the inside edge of 
the valve comes short of covering the ports when the 
valve is in the middle of the seat. 

35. With an indirect valve motion, what would be 
the position of the eccentric relative to the crank pins? 
With direct motion valve gear? Why? 

A. If the valves are the inside admission indirect, 
necessitating a rocker shaft, the eccentrics would lean 
toward the fire box when the main pin is on the for-
ward dead center; while an outside admission indirect 
has the belly of the eccentrics leaning toward the main 
pin. 

With an inside admission direct and a transmission 
bar, both eccentrics lean toward the pin; while with 
the outside admission direct the eccentrics have the 
same position as with the inside admission indirect. 
With the inside admission indirect the eccentric rods  

are crossed, when the crank pin is on the forward dead 
center; the eccentric rods with the outside admission 
direct are also crossed when the crank pin is un the 
forward dead center. 

These positions of the eccentrics are necessary with 
the corresponding valve motion to secure correct move-
ment of the valves. 

36. What effect would be produced upon the lap 
and Iead by changing the length of the eccentric rods? 

A. Changing the length of the eccentric rods will 
either increase or decrease the travel or produce an 
uneven travel of the valve over the ports, causing either 
a too early or too late admission and release. It de-
pends entirely on whether one or both rods have been 
shortened or lengthened. It affects the engine in that 
a too early admission on one end would give a too 
early release, and a too late admission a too late release 
on the other end. Changing the length of the eccentric 
rods does not affect the valve lead. Positive lead can 
only be obtained by advancing the eccentric toward 
the pin with the ordinary slide valve and indirect mo• 
tion, while negative lead under similar conditions re-
quires the eccentric to be turned from the pin. 

37. Why are eccentric rods made adjustable? 
A. To allow for adjustment of the valve travel so 

that even steam admission may he made at both steam 
ports. 

CYLINDERS, PISTONS AND PACKING 
38. Why is it necessary to keep the cylinders free 

from water? 
A. To prevent rupture of cylinder and head which 

would necessarily occur should much water remain after 
the valve had closed all communication and the piston been 
forced to the end of its stroke, 

39. Where is piston rod packing located? Cylinder 
packing? 
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A. The piston rod packing is located in the back 
cylinder head. 

Cylinder packing is to he found in the grooved re-
ceptacles provided for that purpose in the circular 
surface of the piston. 

40. I low are the metallic packing rings on valve 
stems and piston rods usually held in place? And what 
provision is made for the uneven movement of the 
rods? 

A. Metallic packing rings arc held in place by stif-
fened spiral springs pressing against a ring and forcing 
the packing into a bell-shaped cone. 

Suitable provision is made for the uneven movement 
of the rods in that the cone holding the metallic pack-
ing has a ground and steam-tight joint, which permits 
the cone to have a lateral motion against the face of 
the packing gland, and thereby prevents the escape 
of any steam. 

CAUSE OF TANK SWEATING. 

41. What is the cause of tank sweating? And what 
Will prevent it? 

A. Variations of atmospheric conditions. The tem-
perature of the water in tank being of a lower degree 
than that of the surrounding atmosphere, condensation 
from the moisture in the air takes place on the exterior 
of the tank. 

Tt can be prevented by bringing the water in the tank 
to the same temperature as the surrounding atmos-
phere. 

FRICTION AND LUBRICATION. 

42. What is friction? 
A. Friction is the resistance between two bodies in 

contact, which resists the sliding of one upon the 
other. 

43. Upon what does the amount of friction depend? 

A. The amount of friction between two bodies in 
contact depends on pressure, temperature, speed, kind 
of material and quantity and quality of lubricant. 

44. What is the effect of the introduction of oil or 
other lubricants between frictional parts? 

A. It reduces friction in proportion to the quantity and 
quality of lubricant used. 

45. Explain the principle on which grease cups 
operate. What is the objection in using water on a 
hot pin where grease is used, or a hot pin with babitted 
brasses? 

A. The principle on which grease cups operate is 
that of compression and expansion. As grease reduces 
friction less rapidly than oil, a certain amount of heat 
is generated, and as grease expands more rapidly than 
metal, it is forced through the aperture in the cup down 
upon the pin. 

As one of the ingredients of "rod grease" is lye, and 
as lye will freely dissolve in water, the application of 
water to a pin will remove the "grease" and destroy 
lubrication. 

The intermittent use of water on hot pins provided 
with babbitted brasses where oil is used as a lubricant 
has a tendency to clog the feeder with babbitt metal, 
thereby preventing the flow of oil to the pin. It also 
produces unequal contraction of the pin, often with 
disastrous results. There can be no bad effect from 
the continuous use of water, if used before the brass 
becomes overheated and before the babbitt starts to melt. 

BLOW-OFF COCK. 

46. Explain the construction and operation of the 
blow-off cock? 

A. A blow-off cock may be either a globe valve 
operated by a screw, a taper plug valve operated by a 
lever, a sliding disk valve operated by a lever, or a 
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plunger valve upon whose upper end either steam or 

air may be forced to unseat it. 

The object of any of these valves when open is to 
permit the escape of sediment and impurities from the 

boiler, and for that reason they are located at the bot-
tom of the boiler. 

BF.1.1. RINGER. 

47. Describe a hell ringer; and how may it be ad-

justed? 

A. The automatic hell ringer is a device whose 

mechanism consists of a valve having either a sliding 

or rotary movement and provided with a suitable ad-

mission and exhaust port, a piston operated in a cylin-

der, and a piston rod connected to the bell crank so as 

to impart a swinging movement. The motive power 

is air taken from the main reservoir. 

Some types are provided with a threaded stem and 

a jam nut by which adjustment can be made, while 

others have a piston rod operating like a telescope and 

requiring no adjustment. 

USE OF TILE BLOWER. 

48. How should the blower be used when an engine 

is on the cinder pit? 

A. The blower should be used with just enough 

force while cleaning the fire to prevent the escape of 

gases from the fire door and possible injury to the fire 

cleaner. 

When the engine is at rest it is sometimes necessary 

to use the blower to prevent the emission of smoke. 

In this case the fire door should be kept on the latch. 

The blower has sometimes to be used for stimulating 

the fire when the engine is not steaming freely. In 

such cases it can be employed to best advantage when 
descending grades or approaching stations with the 
steam shut off. 
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ENGINE DISABLED ON TILE ROAD. 

40. In case the locomotive in your care became 

disabled on the road what should you do? 

A. First, protect the train front and rear by flags 

the prescribed distance. Make such temporary repairs 

as are necessary to get the train to the next siding, 

in order to prevent blocking the main line. When 
on the siding make all the repairs practicable with the 

tools at hand. If the breakdown is of such a nature 

as to prevent the possibility of making even temporary 

repairs, so as to clear the main lines, arrange to notify 

the nearest telegraph office of your location and ask 

for assistance. 

so. Suppose a wash-out plug blew out, or a blow-off 

cock broke off or would not close, what should be 

done? 

A. Draw the fire at once to prevent burning of fire 

box sheets. In addition to this, in cold, freezing 

weather, the pet cocks on all connections where there 

is any liability of water collecting should be opened 
to drain the pipes, and in the absence of cocks the 

couplings should be slacked off. The tender hose 

couplings should he disconnected and special care 

should he given to the air pump drain cocks to prevent 

the rupture of the steam cylinder of pump. 

If a heavy fire was on the grates it might be necessary 

to dampen it with earth or water before dumping it. 

51. What should be done, should the grates be 

burned out, or broken while on the road? 

A. Block up the broken or burnt grates with fish-

plates, brick, or anything conveniently at hand, and 

disconnect the good grate immediately ahead and back 

of the burnt section in order to prevent disturbing the 

other grates when shaking down fire. 
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•ro PREVENT SPARK THROWING. 

52. What precaution should he taken to prevent loco-

motives throwing fire? 

A. In order to prevent engines from throwing fire, the 

netting in the smokestack or smoke box should be care-

fully looked after, and the cinder slide and hand-hole 

plates must be in their proper places and securely fastened. 

Equally important is the knowledge that the ash pan is 

clean, otherwise live coals, more dangerous than cinders, 

will roll out of the pan and start fires on bridges and along 

the company's property. 

BURSTED OR LEAKY TUBES. 

53• What should be done with a badly leaking, or 

bursted tube? 
A. Where time and conditions permit, burst flues can 

be put in condition to bring in train. First, fill the boiler 

as full of water as it will hold, to compensate for loss. 

Then blow off steam through the whistle or remove re-

lease valve from chest, open the throttle, and blow off 

steam and deaden the fire so that the flue can be plugged. 

i f the tube is burst, it must be plugged at both ends. If it 

is simply a case of leaky tube at tube sheet, the above 

method is not necessary. Simply plug the tube. Bran or 

any starchy substance adntitted through the heater cock on 

injector after injector has been started will aid in stopping 

a had leak. 
54. Suppose that, immediately after closing the throttle, 

the water disappeared front the water gauge glass, what 

should be done? 

A. Disappearance of water from water glass may be 

caused in various ways. The water may be bad and 

foamy, or the engine may have insufficient steam space, 

thus causing the water to prime, or the engineman may 

have taken too many chances on low water. As soon as 

the water disappears from the glass no time should be 
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lost before banking or deadening the fire. Injectors should 

be kept at work moil the water reappears in the glass 

before fire is rekindled. 

mitorTLE VALVE.  DISCONNECTED, 

55. What should be done in case a throttle stem he-

comes disconnected while the throttle valve is closed; and 

if it becomes disconnected while the throttle valve is open? 

A. With a disconnected throttle closed—where the com-

pany requires the engineman to make repairs—steam must 

first be blown off and the dome cap raised to reach the dis-

connected rod. Not enough power can be had from the oil 

pipes to move the modern engine. If she is equipped with 

a drifting valve, she can be made to move herself without 

train. 

If the throttle is disconnected and open, reduce pressure 

to a point where engine will not slip, and control the train 

by air brake. 

What is often mistaken for a disconnected throttle is 

merely a stuck throttle, due to excessive lost motion of 

parts, and occurs when giving full throttle. Tapping the 

throttle rod often releases it from sticking. 

ACCIDENTS TO VALVES OR VALVE MOTION. 

56. In the event of a slide valve yoke or stem becoming 

broken inside of the steam chest, how can the breakage be 
located? 

A. After satisfying myself that the eccentrics and visible 
parts of the valve motion were intact, consider the type 

of valve on the engine. With a broken valve stem or yoke, 

the valve is always forced to the forward end of chest. 

With an outside admission piston valve or a slide valve, 

place the lever in the forward gear and watch the steam 

leaving the cylinder cocks. Reverse the lever, and if the 
steam issues from both cocks on one side and from only 


