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PREFACE 
These questions and answers which follow are 

prepared for study and guidance for enginemen and 
others desiring information with respect to operation 
of Class EF- I, ES-2, EP-2 and EP-3 locomotives. 

The answers, as a general thing, are brief sum­
maries of the more elaborate information given in 
the instruction books for these locomotives. 

It i.s recommended and requested that enginemen 
and others thoroughly familiarize themselves with the 
in'formation as contained in these instruction books. 



GENERAL QUESTIONS ON ALL ELECTRIC LO-
COMOTIVES. CLASSES EF-1, 

ES-2, EP-2, AND EP-3. 

Q-1. What precautions should be taken when 
starting up a dead locomotive? 

A-1. Look over the machinery carefully. Open 
the grounding switches on both pantographs. See 
that no one is working around cab, wheels, trucks 
or on roof of locomotive or in a position liable to 
cause personal injury. Give two snort, one long, 
and two short bla sts with the whistle or ring both 
bells, and then give ample time for a nyone to get 
in the clear before raising trolley pole o r panto­
graph. 

Q-2 Under what c onditions can repair work b e 
done on electrical apparatus? Wha t special p re­
caution should be ta ken before working on .Class 
ES-2, EP-2, and EP-3 electrical apparatus and why? 

A-2. Only authorized persons in their line of 
duty a r e permitted to work on electrical apparatus. 
Pantog raphs and trolle y pole shall be locked down 
and grounded when work is to be done on a loco­
motive under the trolley wire. On ES-2, EP-2 and 
EP-3 locomotives see that the motor generators are 
not running because the motors of these sets are 
equipped with shunt fields which may cause them to 
generate a dangerous current as long as their arma­
tures are turning, ev e n though their switches are 
open. 

Q-3. What precautions should be taken before 
going on the roof? 

A-3. Lower pantographs and trolley pole, close 
grounding switch and locking d evice on pantographs 
and take pantograph operating valve handle with 
you. Be very careful not to come in contact with 
trolley wire. 

Q-4. What precautions should be taken before 
entering the contactor compartments or opening cov­
ers of the different parts of apparatus? 

A-4. Open main and auxiliary switches and ad­
vise all other persons on or about the locomotive of 
your intentions to insure against switches being in­
advertently closed. When not necessary to have lo­
comotive energized the pantographs and trolley pole 
should be lowered and grounded, and keep panto­
graph handle in your possession. 

Q-5. What general precaution should be taken 
when operating locomotives to safeguard the elec­
trical apparatus? 
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A-5. Obey general safety instructions as they ap­
pear in small framed print in cab and in instruction 
books for electric locomotives. 

Q-6. Outline resuscitation treatment from an elec­
tric shock. 

A-6. I . Clear victim of electric circuit. 
2. Lay subject on belly with arms extend­

ed forward with face turned to one si"de. Clear out 
mouth, block mouth open and draw tongue forward. 

3. Kneel straddle of subjects thighs and 
facing his head, placing your hands in the small of 
his back . 

4. With arms held straight swing forward 
slowly so that the weight of your body is gradually 
brought to bear on subject. 

This act should take two or three. seconds. 
5. Then immediately swing backward so 

as to remove the pressure. 
6 . Repea t as above twelve or fifteen times 

per minute, making a complete respiration in four 
to five se conds . Continue for two hours or longer 
if necessary, without interruption. 

7. An assistant may loosen clothing and 
call a doctor. K e ep patient warm. 

Q-7. What air brake system is employed on all 
electric locomotives excepting E.S-2? 

A-7. The air brake equipment is Westinghouse 
type EL-14 with modifications. It consists of two 
complete equipments, one o n each end, so arranged 
that the brake s may be ope rate d from either cab. 
(Class ES-2 has one equipment only.) 

Q-8. In what r espect does the K-1 4B brake valve 
differ from the H-6 bra ke valve, used on steam lo­
comotives? 

A-8. The automatic brake valve and the inde­
pende nt brake valve bodies are cast in one piece, 
core d passages connect the two valves instead of 
pipes, the whole valve being mounted on one pipe 
bracket. The port leading to the compressor gover­
nor is plugged. 

Q-9. Have the brake valve handles on the K-148 
brake valves the same relative positions as the H-6 
and S-6 automatic and independent brake valves on 
steam locomotives? 

A-9. Yes, but the handles are removable. 

Q-10. Are the distributing valves on the electric 
locomotives the same as those on steam locomotives? 

A-10. Yes, the distributing valves used · on the 
freight locomotives are equipp -l, with quick action 



cylinder caps and operate the same as the equipment 
on the steam locomotives that have quick action cyl­
inder caps on their distributing valves, The passen­
ger locomotives are equipped with brake pipe vent 
valves and plain cylinder caps on the distributing 
valves. 

Q-11. Do both distributing valves operate to sup­
ply brake cylinder pressure when making automatic 
brake applications? 

A-11. Yes. 

Q-12. What is the purpose of the transfer val­
ves? 

A-12. The transfer valve is the medium through 
which the distributing valve on the operating end of 
the locomotive relays the braking functions to the 
distributing valve on the non-operating end during 
independent operation, 

Q-13. What and how many pipe connections has 
the transfer valve? 

A-13. The transfer valve has six pipe connec­
tions : One main reservoir pressure; one from brake 
cylinder; one from double cutout cock (main reser­
voir pressure) ; one from independent brake valve 
(application cylinder pressure); one from distribut­
ing valve (application cylinder pressure) - (this is 
the pipe which on steam locomotives connects the 
independent brake valve with the distributing valve, 
in other words the application cylinder pipe passes 
through the transfer valve); one from the equalizing 
pipe. 

Q-14. What is the purpose of the equalizing 
pipe? 

A-14. The equalizing pipe connects the transfer 
valves on both ends of the locomotive and establish­
es a connection between the brake cylinder pressure 
and application cylinde r pressure of both ends which 
in turn affords a means of equalizing the brake cyl­
inder pressure on both ends. (During independent 
operation it requires about 3 seconds •for the brake 
cylinder pressure on both half units to equalize. 

Q-15. What pressure is in the equalizing pipe? 

A-15. Brake cylinder pressure. 

Q-16. If the equalizing pipe should break or the 
hose connections between units break, what effect 
would it have? 

A-16. Brake cylinder pressure could not be built 
up, in ei~her independent or automatic application. 

Q-17. If an obstruction occured in the equalizing 
pipe, such as cock turned or connection between 
half-units frozen, what effect would it have? 

I I 
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A-17. Brakes could be applied on operating end 
only in independent operation; they. could be applied 
on both ends in automatic application, but the non­
operating end could not be released. 

Q-18. If the obstruction cannot be cleared, what 
should be done~ 

A-18. Open the bleed cock in the distributing 
valve release pipe (located just below the automatic 
brake valve), on the non-operating end. 

Q-19. How can the brake on locomotive be han­
dled in this way~ 

A-19. The automatic brake application will be 
handled the same as usual, the brakes will apply 
and be held applied until the brake valve is moved 
to release or running position and the brakes on rear 
end will release through the bleed cock in the release 
pipe, the . brakes on head end will release in usual 
manner; the brakes on rear end could not be releas­
ed with the independent brake valve, after they have 
been applied with the automatic brake valve. 

Q-20. What test should be ~ade to know that 
the transfer valves are in proper position and the 
equalizing pipe unobstructed~ 

A-20. With the system charged to train line 
pressure apply the locomotive brake with the auto­
matic brake valve by making a I 0 pound reduction 
and note that the brakes on both units apply, leave 
the automatic brake valve on lap and release the 
brakes with the independent brake valve, and note 
that the brakes on both units release. (Note) This 
test will require the assistance of the fireman as the 
brakes will not ordinarily stay released long when 
leaving the automatic brake valve in lap position and 
the independent brake valve in running positiOn, a 
light leakage in the distributing valve or brake pipe 
leakage will cause the brake to creep on before the 
engineman could go from the operating end to the 
non-operating end to see if the brakes released prop­
erly. 

Q-21. Trace the air from the independent brake 
valve on operating end to the brake cylinders on 
non-operating end in independent operation. 

A-21. Reducing valve pressure flows from inde­
pendent brake valve (application position) through 
application cylinder pipe to transfer valve ( operat­
ing end) through transfer valve (front .end position) 
through application cylinder pipe to application 
chamber in distributing valve (operating end); main 
reservoir pressure flows through application valve 
to brake cylinders; a branch from brake cylinder 
pipe is connected to transfer valve and brake cylin-



der pressure flows through transfer valve to equaliz­
ing pipe which connects the two transfer valves, 
through transfer. valve on non-operating end (rear 
end position) to application cylinder pipe to distrib­
uting valve on non-operating end, which in turn sup-
plies main reservoir pressure to brake cylinders on ( 
non-operating end. 

Q-22. Trace the air from the brake cylinders on 
non-operating end to the atmosphere on operating 
end when releasing after an automatic application 
of the brakes, 

A-22. When distributing valve on non-operating 
end moves to release position, the application cham­
ber pressure expands into the release pipe which 
leads to the independent and automatic brake valves 
on the non-operating end, the autolljatic brake valve 
on the non-operating end being in lap position the 
application chamber pressure cannot escape to the 
atmosphere, and the brake will only be partially re­
leased, in order to completely release the brake cyl­
inder pressure in non-operating end, the brake cyl­
inder pressure on operating end must be reduced, 
this in turn will reduce application chamber pressure 
through the medium of the transfer valves and the 
equalizing pipe, in the reverse order as followed in 
the answer to question 2 I . 

Q-23. Of what does the transfer valve consist? 

A-23. A piston and slide valve, also a high ten­
sion spring. 

Q-24. How many positions has the transfer 
valve? 

A-24. Two (front end and rear end) positions. 

Q-25. How 1s the transfer valve moved to the 
proper position? 

A-25. By the action of the high tension spring 
and main reservoir pressure. 

Q-26. What governs the application and release 
of main reservoir pressure to and from the transfer 
valve? 

A-26. The 3-position double cut-out cock, lo­
cated in the brake pipe below the automatic brake 
valve. 

Q-27. What are the three positions of the doub­
le cut-out cock? 

A-27. First, handle, crosswise of pipe; second, 
handle at about 75 degree angle; third, handle at 
about I I 0 degree angle. 

Q-28. Explain what effect the double cut-out 
cock placed in the first pos1hon will have on the 
position of the transfer valve. 
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A-28. Brake pipe pressure free to flow through 
the cock and main reservoir pressure port blanked, 
vent port from pipe leading to transfer valve open 
to atmosphere, this vents the main reservoir pressure 
from the spring side of the transfer valve piston, the 
main reservoir pressure which is always present on 
the slide valve side of the piston will then force the 
piston and slide valve against the tension of the 
spring to the (front end position) . 

Q-29. Explain what effect the second position 
of the double cut-out ~ock will have on the position 
of the transfer valve. 

A-29. Brake pipe pressure blanked and main 
reservoir port open, vent port to atmosphere closed ; 
this allows main reservoir pressure to flow to the 
spring side of the transfer valve piston, with main 
reservoir pressure equal on both sides of piston the 
high tension spring will move the piston and slide 
valve to (rear end position). 

Q-30. Explain what effect the third position of 
the double cut-out cock will have on the position of 
the transfer valve. 

A-30. Both the brake pipe and main reservoir 
pressure blanked, vent port from pipe leading to 
spring side of transfer valve open to atmosphere 
which vents the pressure from the spring s ide of the 
transfer valve piston, the transfer valve will the n be 
moved to (front end position) . 

Q-31. When should the double cut-out cock be 
placed in the first position? 

A-31. When the automatic brakes are to be op­
erated from that end, as with a light locomotive or 
the leading locomotive in a train. 

Q-32. When should the double cut-out cock be 
placed second position? 

A-32. At all times in a ll classes of service on 
the non-operating end. 

Q-33. When should the double cut-out cock be 
placed in third position? 

A-33. On the operating end of a locomotive 
when the automatic brakes are to be operated from 
anothe r locomotive, as when the locomotive is a 
helper or second engine. 

Q-34. Can the independent brakes be operated 
when the double cut-out cock is in third position? 

A·34. Yes. 



Q-35. If the locomotive brakes fail to apply and 
reiease or cannot be operated with the independent 
brake valve when the double cut-out cock is in 
third position, what does it indicate? 

A-35. That the transfer valve has not moved to 
;front end position due to vent port stopped up in 
double cut-out cock or the cut-out cock is not m 
proper position to allow main reservoir air to pass 
through it to the transfer valve. 

Q-36. Is it possible ;for the double cut-out cock 
to be in improper position when the handle is ap­
parently in proper position? 

A-36. Yes. The main reservoir air port through 
the double cut-out cock is small and if the handle 
has been offset by pounding it into position, then 
the handle can be apparently in proper position, but 
the cut-out cock will not be in proper position for · 
main reservoir air port to be open. 

Q-37. If the locomotive w a s being operated as " 
a helper a nd the brakes had been applied from the 
leading locomotive and could not be released with 
the independent brake or in the usual manner, what;_ 
would you do to release them quickly? 

A-37. Open the bleed cock in the distributing 
valve release pipe, located just below the brake 
valve. 

Q-38. What do you understand the term ''2 
stage" air compressor to mean~ 

A-38. One that uses a low and high pressure 
cylinder. 

Q-39. How is the power transmitted in the air 
compressor from the motor armature to the pistons? 

A-39. Pinions on the armature shaft mesh with 
gears on the crank shaft, and the crank shaft drives 
the connecting rods which are connected to air 
pistons. 

Q-40. What do you understand inter-cooling 
pipes to be and where are they located? 

A -40. Pipes exposed to the atmosphere in which 
the air is cooled after being compressed . . They are 
between the low and high pressure cylinders of the 
air compressor. 

Q-41. How would you detect leaky valves on the ' 
air compressor? 

A-41. If low pressure inlet valves leak there 
would be blow back at intake. If the intermediate 
valves leak the inter-cooling pipes would be exces­
sively hot. If high pressure outlet valves leak the 
compressor would run backward a little after it had. 
stopped running. 



Q.42. How would you detect if air was leaking 
from the high stage to : low stage cylinder through the 
gaskets df the air compressor~ 

A-42. The cylinders would become abnormally 
heated. 

Q-43. 
on these 

A-43. 

Q-44. 
adjusted~ 

What main reservoir pressure 
locomotives~ 

I I 0 lbs . . minimum a nd 130 lbs. 

is carried 

max1mum~ 

How are the pantographs operated and 

A-44. The pantographs are raised by a ir pres-­
sure pistons stretching springs with fixed amount of 
travel. The springs are adjusted to give a shoe 
pressure against the trolley wire of 30 lbs. in 
Summer and 35 lbs, in Winter. 

Q-45. What would an accumulation of oil in the 
main reservoir indicate~ 

A-45. Leaky or broken piston rings in the a ir 
compressor cylinders. 

Q-46. How are pantograph shoes lubricated? 
·A-46. By applying graphite lubricant between 

wearing strips. 

Q-47. When should b o th pantographs be used 
in regular operation? 

A-47. Only when u nusual flashing at trolley it> 
caused by frost , sleet or dirty trolley wire. 

Q-48. What sho u ld be done when a pantograph 
IS wrecked? 

A-48. The parts remaining should be securely 
tied down in the clear and the main cable discon­
nected and tied so that it will not ground itself 
electrically. 

Q-49. What precautions should be taken when 
changing pantograph shoes~ 

A-49. In addition to the precautions prescribed 
under question No. 3, pantographs will raise auto· 
matically with shoes removed and special care should 
be taken to prevent this. 

Q-50. Explain the function of the pantograph 
operating valves. 

A-50. The pantograph operating valves aclmit or 
release air pressure to ancl from the pantograph 
cylinclers. 

Q-51. Give location of controller switches and 
fuses and their function. 

A-51. The controller switches are mountecl on 
the ceiling over the engineer's seats, excepting on 



EP-3 locomotives where they are at the right of 
engineer's front window. They supply current to 
the controllers for governing the locomotive opera­
tion. 

Q-52. Give general safety precautions to follow 
when replacing fuses. ' 

A-52. Never replace or remove any fus~s un­
less positive that the · circuit is dead. 

Q-53. What is liable to happen to the arma­
. ture of the motor if the prescribed speed limit is 
~xceeded~ 

A-53. It may break the armature bands 
throw the armature coils out of their slots. 

and 

Q-54. How are the compressors lubricated and 
what precautions should be taken if the compressor 
groans or shows a lack of lubrication~ 

A-54. By crank . case splash system. 
sor should be shut down when there are 
of lack of lubricatiqn. 

' Compres-
indications 

Q-55. What do the fireman's d u ties consist oD · 

A-55. The firema n should assist the engineer in 
all ways possible in operation of the locomotive, 
read a nd r ecord KWH meter reading and patrol the 
motor at frequent intervals , observe the operation of 
the locomotive and apparatus, detect hot bearings or 
any other abnormal conditions. 

Q-56. How should the KWH meter be read, and 
what report sh.ould be made? (Applicant will give 
a practical example.) 

A-56. (In givi.:,.g this question in an examination 
a sample dial should be used and the applicant · re­
quired to make several readings on several diflerent 
settings. These readings should be jotted dowh on 
a standard meter book sheet, Farm EE-l I I Rev. and 
with other details filled in, such, as may be used by 
the examiner.) 

Q-57. Should the controller be advanced from 
the "off" position when reverse lever is set for di­
rection opposite from the way train is movmg and 
why? 

A-57. No, because senou!! flashover trouble will 
result. 

Q-58. If the controller cannot be shut entirely 
off or if ammeters still indicate after controller is 
off, what can be done? 

A-58. The controller switch should be opened 
to shut off power ·under the above conditions. 



Q-59. What should be done when power goes 
off the line while operating~ 

A-59. The controller should be · shut off quickly 
and i•f on a mountain grade, the train brakes should. 
be applied. · 

Q-60. What do you understand by "acc.elera­
tion current"? ; 

A-60. This is the current value maintained and 
necessary to bring the train up to speed. 

Q-61. What is the effect of · wheel 'slipping and 
how may it be avoided? 

A-61. When wheels slip the ammeters become 
unsteady and the wheels may re'volve so rapidly that 
flashovers will occur. When slipp'ing occur's ·the 
controller should be shut off slowly until the wheel 
catches the rail, sand being used. in the meantime. 

Q-62. Why are electric motors liable to flash• 
over with weak field current as c'ompared to that 
in the armature? 

A-62. Weak field current is associated with high 
speed, causing vibratio'n of parts and chatter of 
brushes, with sparking. Moreover the armature re­
action due to its higher current weakens the fields: 

Q-63. How should the values of line a nd field 
current be maintained in relation to each other 
during regeneration? 

A-63. The field current should never be less 
than one-half of the line current a nd preferably 
equal to or greater than the line cu_rrent. 

Q-64. What are the duties of a messenger on 
a dead locomotive? 

A-64. To see that the dead engine feature is 
opened and the double cut-out cock in the No. 3 
position in the engineer's cab on the end which he 
proposes to occupy, and that the double cut-out cos:k 
on the opposite end is in the No. '2 position and the 
dead engine feature closed. He should see that the 
bearings are properly lubricated and observe a ll bear­
ings and apparatus enroute to avoid or take care of 
any abnormal conditions which may arise, and to 
observe the operation and eliminate the application of 
driver brakes which woulcl cause sliding of wheels 
or undue heating of the ,tires. · 

Q-65. How are the interlock discs pumbered? 

A-65. From the top· down. 

Q-66. How are the finger type interloc k and 
relay fingers numbered? 

A-66. From left to right. 



Q-67. What is meant by an "open circuit"} 

A-67. Where an electrical connection is broken 
a nd no current flows. 

Q-68. What is meant by a "short circuit"} 

A-68. When an exposed or bare metal part of 
a n ele ctric al circuit comes in contact with some 
o ther part of the same circuit and the current re­
t urns to its source without having completed its 
designated p a th. 

Q-69. What is meant by a "grounded circuit"} 

A-69. A grounded circuit is one where the cur­
rent returns through the •frame of the apparatus 
instead of through an insulated wire. This may or 
m ay not be normal. If abnormal it would produce 
a short circuit. 

Q-70. What is a flashover and what are the 
p r incipal caiJ.ses} 

A-70. A flashover is an undesired flow of cur­
r ent through an arc from a brush holder or other 
current carrying parts to ground, which results in 
a short circuit condition. The principal causes on 
a motor are bad commutation, short brushes, weak 
field current, wheels slipping or parts in poor condi­
tion. 

( 



EXAMINATION QUESTIONS FOR LOCOMOTIVE 
ENGINEERS ON CLASS EF-t TYPE 

ELECTRIC LOCOMOTIVES 

Q-71. What is the arrangement of cabs, wheels 
and trucks on class EF -I locomotives? 

A-71. There are two cabs with four pairs of 
driving wheels and one four wheel engine or guid­
ing truck under each cab. The first main truck 
under each cab includes the engine truck and two 
pairs of driving wheels and their traction motors. 
The rear main truck has two pairs of driving wheels 
and their traction motors. 

'-l!l '\1Q-72. Name t~e various equipment compart-
0) ments and indicate the principal equipment in each. 

A-72. Engineer's cab, motor generator compart­
ment, contactor and rheostat compartments, and 
air compressor compartment. 

Engineer's cab contains controller, brake valves, 
control switches, cab heater a nd air compressor 
governor. 

Motor generator compartment contains M. G. set, 
Traction Motor Blower, Motor Operated Rheostat 
DB-451, Regulating panels I 02 & I 13 , Regenerat­
ing Braking panel I 03 a nd R everser. 

Contactor Compartment contains the various con­
tactors, relays, interlocks and series parallel switch. 

Rheostat compartm.ent contains the resistors for 
the traction motors and auxiliary apparatus. 

Air Compressor Compartment contains the air 
compressor lightning arrester, main and auxiliary 
switch a nd fuse compartment and the reactor. 

<i:' (.\Q-73. State briefly how the wheels and bearings 
0 are numbered. 

A-73. Beginning at "A" end w ith odd numbers 
on right side and even numbe rs on left side, when 
facing the "A" end. Engine trucks and drivers 
are numbered s eparately, the engine truck wheels 
being designated with the prefix "T". 

Q-74. How are the articulating joints lettered? 

A-74. Beginning at "A" end, first is A, middle 
connection is A -B, and "B" end as B. 

~ 0 Q-75. Name the auxiliary a ir devices and in­
~Odicate the pressures at which they operate? 

A-75. The auxiliary air devices are main whi~­
tles, bell ringers, pantographs and sanders. All 
but the bell ringers operate on main reservoir pres­
sure. The bell ringers operate from control air 
pressure. 
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~ Q-76. What is meant by control a1r and what 

does it operate? 

A-76. The control air has a small separate res­
ervoir and is supplied with air pressure from the 
main reservoir reduced to 7 5 lbs. This air oper­
ates the bell ringers, reversers, and series-parallel 
switches. There is one control air system for each 
half unit. During severe cold weather the pressure 
is raised to I 00 lbs. 

Q-77. What is the type o'f the air brake equip­
ment and of what does it consist? 

A-77. The air brake equipment is Westinghouse 
type EL-I 4 with modifications. It consists of two com­
plete equipments, one on each half unit so arranged 
that the brakes may be operated from either cab. 

Q-78. How is the brake rigging operated? 
A-78. The brake rigging is operated by brake 

cyli.nders and pistons, one on each side of each 
main truck which operate the brake shoes on ad­
jacent driving wheels. 

Q-79. Name the different parts of the air brake 
equipment located in each half unit. 

A-79. One K-1 48 brake Valve; one No. 6 dis­
tributing valve; one transfer valve; one double cut­
out cock; one two-stage air compressor; one elec­
tro-pneumatic compressor governor; one double pres­
sure feed valve; one reducing valve and air gauges. 
Some of these locomotives are equipped, also, with 
complete set of air signal equipment. 

Q-80. Where are the cut-out cocks in the panto­
graph air line located? 

A-80. Over hand brake or over right side door. 

C.~,.,Q-81. From what point in the air system is the 
l,'la1r taken which operates the reversers and series­
parallel switches? 

A-81. Tapped on right front end of each half 
unit to main re.servoir pipe and to a single pressure 
reducing valve near hand brake staff, and then 
to control air reservoir. 

Q-82. At what pressure is the air used to oper­
ate the reverser and series-parallel switch? 

A-82. 75 pounds normally, I 00 lbs. during se­
vere cold weather . 

. Q-83. Where is the reducing valve, cut-out cock 
and gauge located in this line? 

A-83. By the hand brake staff near the floor. 

Q-84. Where is the air compressor governor 
located? ~'I? 

~ 

I 



A-84. One in each engineer's cab. 

Q-85. How do you adjust the main reservoir 

~ pressure with the air compressor governor} 

A-85. The cut-out or maximum pressure is ob­

tained by means of the adjusting screws in top of 

cylinders and the cut-in or minimum pressure is 

/ regulated by means of the range p i n in its bracket. 

,A.& Q-86. Where are the air compressor contactors 

'1:, v located a nd wha t are their numbers? 

A-86. On the right hand side of the forward 

e nd of the contactor compartment and are numbered 

52 and 53. 

Q-87. Explain their ope ration in starting the 

air compressot with r esistor No. 53. 

A-87. In starting, contactor No. 52 is closed 

and the h eavy rush of current into the motor stand­

ing still compresse s a spring in contac tor 53 and 

holds it open while the current flows through re­

sistance . When the moto r gets s t a rted the current 

flow d ecreases so that t h e spring can close contactor 

53 which by-pa sses the current a round the resis­

t a n ce directly to the m o to r. 

Q-88. What adjustment is m ade on No. 53 

c ontac tor? 

A-88. To close m 2 to 4 seconds afte r No. 

52 closes. 

Q-89. Where is the cab h eater switch located 

and w hat is its numbe r? Where is the foot warmer 

swit c h located? 

A -8 9. The main h eat e r switch is No. 54 and 

is locat e d on right h a nd side at th e forward end of 

the c ontactor c ompa rtme nt. The foo t warme r 

switch is in the engineer's cab back of engine er's 

sea t. 

Q-90. Where 1s the main cab h eater loca ted 

and what is its volta ge? 

A-90. Located in ea c h en gin eer's c ab and the 

volta ge is 3000 volts. 

Q-91. How would you disconnect the cab heater 

circuit from the rest of the aux ilia·r y circuit? 

A-91. By removing the heater disconnecting rod 

located in the H. Y . switch and fu se box. 

Q-92. Where is the braking controller connec­

tion box located, what control wires are in it and 

how are they numbered? 

A-92. At the left of front door of each engineer's 

cab and are numbered 25 to 36 inclusive, number­

ing downward •from the top. 



Q-93. Where is the main controller connection 
box located, what control wires are in it and how 
are they numbered? 

A-93. Under the fireman"s seat of each engin­
eer"s cab and contain control wires I to 24 In­
clusive, numbering from left to right. 

Q-94. Where do the wires of the single wue 
connections in the main controller and braking con­
troller connection boxes lead to? 

A-94. They lead to the apparatus on tha t half­
unit. 

Q-95. Where do the wires of the three wire 
connections in the main controller and braking 
controller connection boxes lead to? 

A-95. One wire leads to the controller, one wire 
leads to the r ear end control coupler socket and the 
third to the front end control coupler socket. 

Q-96. What is the purpose of the control jump­
e.rs? 

A-96. To connect the controllers and control 
system of both half units together. 

Q-97. What control wires does the long jump­
e r contain? 

A-97. Nos. I to 12. 

Q-98. What control wires does the middle jump­
er contain? 

A-98. Nos. 25 to 36. 

Q-99. What control wires does the short jump­
er contain? 

A-99. Nos. I 3 to 24. 

Q-100. Explain how the 0 and 8 wires are con­
nected and why? 

A-100. They are purposely crossed in the jump­
er between half units because one half unit is 
always backing up when the other is going for­
ward. 

~\, Q-101. Give number, location and function of 
the line contactors. 

A-101. The line contactors are located in the 
right side of the contactor compartment near the 
H. V. switch and fuse box. They are numbered I 
to 4. They make and break the current connec­
tions to the traction motors as controlled by the 
operation of the main controller . 

.. C+-.1\ Q-102. Give number, location and function of 
"'r the rheostat contactors. 



A-102. Rheostat contactors numbered 5, 6, 7, 

8, 9, 10, II, 12, 13, 16, 17, 18, 19, 20, 21, 

22, 23 an.d 24 are located in the contactor com­

partment. Nos. 5 to I 3 are located on the right 

side. Nos. 16 to 24 are located on the left side. 

These contactors are used to short circuit or to by­

pass current around the traction motor resistors in 

regular manner when the main controller is being 

operated. 

Q-103. Give number, location and function of 

the shunting contactors. 

A-103. Nos . 14 and 26. No. 14 is located m 

contactor compartment, right side and No. 26 is 

located in contactor compartment left side. They 

are used to connect field shunts to by-pass 50 per 

cent of the current around the traction motor fields. 

Q-104. Give number, location and function of 

the braking contactors. 

A-104. Nos. 15 and 25. No. 15, is located on 

the right side and No. 25 is located on the left side 

of the contactor compartment. They are used to 

connect the exciter armatures to the traction m.otor 

fields during regenerative braking. 

Q-105. Give location and function of mam 

controller. 

A-105. There is one located in each operating 

cab and it furnishes with other apparatus the means 

of regulating the current Row to the traction mo­

tors while motoring. 

Q-106. Give location and function of braking 

controller. 

A-106. There is a braking controlle'r mounted 

above· the main controller in each operating cab for 

the purpose of regulating the braking effort while 

regenerating. 

Q-107. Where is the friction trip located and 

what is its function? 

A-107. Each main and braking controller has a 

friction · trip located in the compartment between 

them. They cut off control current when ceasing 

regeneration. 

Q-108. Where is the dash pot on the controller 

located and what is its function? 

A-108. The dash pot is located at the top in 

the rear of the main controller and is used to pre­

vent rebound of the lever when shutting off 

quickly, 

Q-109. Give name, capacity, location and func­

tion of all 3,000 volt fuses on the locomotive. 



A-109. Three high voltage fuses •for 3,000 volt 
circuits as follows: Main fuse, 500 amperes, locat­
ed in the H. V. switch and fuse box; to protect the 
traction motors. Auxiliary fuse, 40 amperes, located 
in the H. V. switch and fuse box; to protect the mo· 
tor generator and air compressor and cab heater. 
Lightning Arrester fuse, 20 amperes; located in Light­
ning Arrester box. To protect the Lightning Ar­
rester. 

Q-110. Give name, capacity and location of all 
low voltage fuses on locomotive. 

A-110. Six cab lamp fuses, I 0 amperes, two 
located in each engineer's cab and one in each air 
compressor compartment. Two foot warmer ;fuses, 
15 amperes; one located in each engineer's cab. 
Two headlight fuses, 15 amperes; located in each 
engineer's cab. Two compressor control fuses, I 0 
amperes; one located in each air compressor com­
partment. Two air compressor governor fuses, I 0 
amperes; one located in each engineer's cab. Two 
controller fuses, 60 amperes; in control switch box, 
one located in each engineer's cab. Two control 
generator fuses, I 00 amperes; one located in box 
a t top of each I 02 panel. Two regenerative braking 
fuses, 25 amperes; one located on each I 02 panel. 

Q-111. Give the number and location of the grid 
resistors and explain what they are used for. 

A-111. In resistor compartment, numbers to 
28 inclusive; numbering from rear right hand side 
forward and from the forward left hand side to the 
rear. In some locomotives number one grid resistor 
has b een removed. Number one, when in place, is 
disconnected. Number four grid resistor is used for 
motor generator set and air compressor. All others 
are u sed for traction motor acceleration. 

Q-112. What kind of current IS used on the 
headlights~ 

A-112. 90-volt, single phase A. C. from control 
generator is reduced to I 7-34 volts by the headlight 
transformer. 

Q-113. How is the headlight dimmed~ 
A-113. The headlight may be dimmed by mov­

ing its switch handle to the low position. This 
changes headlight transformer taps to supply cur­
rent at a lower voltage. 

Q-114. Where is the high voltage switch and 
fuse box located and explain the operation of its 
parts~ 

A-114. The H. V. switch and fuse box is located 
at the rear of the contactor compartment in each 



half unit. The main switch and a fuse supply cur­

rent to, and protect the _ traction motors. The auxil­

iary switch supplies current for the main cab heater, 

M. G. set and air compressor. The disconnecting 

rods furnish a means of separating the heater from 

the M. G. and air compressor circuit. 

Q-115. Where are the interlocks on contactors 

I, 2, 3, 14, 15, 25 and 26, a nd No. 60 relay lo­

cated? 

A-115. They are atta ched to the contactors so 

numbered, and under and in front of the contactor. 

Q-116. Where is the series interlock located? 

Where is the parallel interlock located? Where is 

the cut-out interlock located? 

A-116. The series interlock is located under 33 

and 34 conta ctors. The parallel interlock is located 

under 29 and 30 contactors. The cut-out interlock 

is located back of the cut-out levers. 

Q-117. Where is the reverser interlock located 

and what is its function? 

A-117. The reverser interlock is in the top right 

hand forward part of the reverser box. It prevents 

the line contactors 1 and 4 from closing unless the 

reverser throws properly. 

Q-118. 
A-118 

stat. 

Where is the DB-451 interlock located? 

On top o'f DB-451 Motor Operated Rheo-

Q-119. What is the function of the first disk of 

the interlock on No. 60 relay? 

A-119. To open Nos. 1 ;>nd 4 contactors in case 

the overload relay trips on the first I 6 notches of 

the controller. 

Q-120. What is the function of the first disk of 

the interlock on No. 2 contactor? 

A-120. To prevent contactors and 4 from 

opening uptil No. 2 contactor opens if the overload 

relay trips from the 1 6th notch and beyond. 

Q-121. What is the function of the second and 

third disks of the interlock on No. 3 contactor? 

A-121. To prevent the series-parallel switch from 

throwing unless No. 3 contactor is open. 

Q-122. What is the function of the second and 

third disks of the interlock on No. 2 5 contactor? 

A-122. To prevent the series parallel switch from 

throwing unless No. 25 contactor is open. 

Q-123. What is the function of the third disk 

of the series interlock on the series-parallel switch? 



What is the function of the third disk of the parallel 
interlock on the series-parallel switch~ 

A-123. To hold air on the series side of the 
series-parallel switch after it has once thrown to 
series position and No. 3 contactor has 'closed. To 
hold air on the parallel side of the series-parallel 
switch after it has once thrown to parallel positio,n 
and No. 3 contactor has closed. 

Q-124. What is the function of the first and 
second disks of the series interlock on the series• 
parallel switch~ What is the function of the first 
and second disks o'f the parallel interlock on the 
series-parallel switch~ 

A-124. To prevent No. 3 contactor from closing 
until the series-parallel switch has reached the series 
position. To prevent No. 3 contactor from closing 
until the series-parallel switch has reached the 
parallel position. 

Q-125. What is the function of the first disk of 
the cut-out interlock~ 

A-125. To provide a path around the series and 
the parallel interlock with a pair of motors cut out 
so that Nos. 3 and I 6 contactors will close on the 
18th notch. 

Q-126. What is the fun c tion of the third disk of 
the interlock on No. 60 relay~ 

A-126. To open Nos. 3 a nd I 6 contactors in 
case the overload relay trips on the first I 6 notches. 

Q-127. What is t he function of the second disk 
of the interlock on No. 2 contactor? 

A-127. To prevent No. 3 contactor from opening 
until No. 2 opens if the overload relay trips in the 
I 6th notch or beyond. 

Q-128. What is the function of the second disk 
of the inte rlock on No. 60 relay~ 

A-128. To open No. 2 contactor when the relay 
trips. 

Q-129. What is the function o'f the third and 
fourth disk of the inte rlock on the cut-out interlock~ 

A-129. To prevent Nos. 2 and 24 contactors 
from closing when a pair of motors are cut out. 

Q-130. What is the function · of the first disk of 
the interlock on No. I contactor~ 

A-130. To prevent No. 24 contactor from closing 
before No. I closes. 

Q-131. What is the function of the second disk 
of the interlock on No. 24 contactor~ 



A-131. To close No. 6 contactor when No. 24 
contactor closes. 

Q-132. What is the function of first disk of the 
interlock on No. 15 contactor? 

A-132. To prevent contactors 14 and 26 closing 
when contactor 15 is closed. 

Q-133. What is the function of the second finger 
on No. 57 relay? 

A-133. To open 58 and 59 relays when No. 57 
relay trips. 

Q-134. What is the •function of the se cond disk 
on the cut-out interlock? 

A-134. To prevent r e gen e ra tion on that half­
unit with a pair of motors cut out, b y opening Nos. 
58 and 5 9 rela ys. 

Q-135. What is the function of the third finger, 
right, a nd the third finger, left, wire 2 6 D and G, 
on the inte rlock of DB-451? 

A-135. To prevent relay 58 from closing unless 
the arm of the DB-451 is in the " W " posit ion, t hat 
is, regeneration can not be started unless the arm 
is in the weak position. 

Q-136. What is the function of the fourth fin ger 
on No. 58 relay? 

A-136. To hold rela y 58 closed a fter the inter­
lock on DB-4 5 I has ope ned. 

Q-137. 
on No. 57 

A -137. 
shunt fie ld 

Wha t is the function of the first finger 
relay? 
To cut a ll r esist a n ce back into the excite r 
when No. 57 r e la y trips. 

Q-138. What is the function o f the first fin ger 
on No. 58 relay? 

A-138. To energize the C 15 wire during re­
generatio n. 

Q-139. What is the function oof the firs t and 
second finge rs, right, of the inte rlock on DB-451? 

A-139. To return the a rm of the DB-451 to the 
weak position when both controllers are shut off 
during regeneration. 

Q -140. What is the function of the third disk of 
the in terlock on No. 15 contact o r? 

A-140. To prevent No. 62 r e lay from closing 
unless No. 15 contactor has closed. 

Q-141. Wha t is the function of the contacts on 
No. 62 relay in its two positions? . , 

A-141. In the up p osition it ener gizes t he mov-



ing contact .of No. 66 relay. In the down position 
it connects the C I 5 and "W" wires together so as 
to turn the arm to the weak position. 

Q-142. What is the function of the contacts 
on No. 66 relay~ 

A-142. To energize the "S" and ''W" clutch 
coils of DB-451. 

Q-143. What is the function of the first and 
second, left, fingers, of the interlock on DB-451? 

A -143. To de-energize the "S" and "W" clutch 
coils in the extre111e positions. 

Q-144. What is the function of the second and 
third fingers on No. 58 relay? 

A-144. To close Nos. 15 and 25 contactors dur­
ing regeneration. 

Q-145. What is the function crf the first disk of 
the interlock on No. 14 contacted 

A-145. To prevent No. 15 contactor from closing 
when No. 14 is closed. 

Q-146. What is the function of the first disk of 
the interlock on No. 26 contactor? 

A-146. To prevent No. 25 contactor from 'closing 
when No. 26 is closed. 

Q-147. Where are the K . W. H. meters and re­
sistors located and what are the numbers of the 
resistors? 

A-147. On right side of rear of contactor com· 
partment of each half-unit. The meters are outside 
underneath the sand box and the resistors, which 
are numbered 73 in each case, are just inside the 
compartment, 

Q-148. Where 1s the lightning arrester located? 
A-148. In the "A" end just over the air com­

pressor motor. 

Q-149. With reference to the M . G . Set, where 
are the motor, the exciters and the control gen• 
erator located? 

A-149. The motor is on 
the traction motor blower. 
adjacent to the motor and 
just forward of the exciter 
case of M. G. Set. 

the 
The 
the 
and 

rear end next to 
exciter is forward 
control generator 
outside the main 

Q-150. What kind of current does the exciter 
generate and for what purpose? 

A-150. The exciter generates on each of its 
commutators up to 40 volta direct current 'for the 
purpose of exciting the traction motor fields during 
regeneration. 



Q-151. What kind of current does the control 
generator generate and for what purpose? 

A-151. The control generator on each half-unit 
generates I 20 volts direct current for the foot­
warmer, cab lights and control. It also generates 90 
volts alternating current for the headlight. Trans­
formers reduce this to 34 and I 7 volts for the main 
lamps of the headlight. 

Q-152. Where are the M. G. switch and con­
tactor loca ted and what are their numbers? 

A-152. On the right side of forward end of con­
tactor compartment of each half-unit and are number 
50 and 5 I respectively in each case. 

Q-153. Explain their ope ration m starting the 
M. G. Set with resistor No. S I. 

A-153. The first heavy rush of current through 
resistance into the dead motor compresses a . spring 
which late r closes contactor 5 I, thus cutting out 
the resistance when motor is running. 

Q-154. How do you adjust No. S I conta ctor? 

A-154. To close in 2 to 4 seconds after No . SO 
switch is closed. 

Q-155. Where is the Motor Operated Rheostat 
located and what is its function? 

A-155. On the left side of the M. G. Set com­
partment. It regulates the current In the exciter 
field during regeneration. 

Q-156. Where are panels SS and 74 located and 
what are their purposes? 

A-156. No. SS is located in right side of forward 
end of each contactor compartment. No. 74 is 
located on left side of the rear end of each contactor 
compartment. No. SS resistor is conne·cted in series 
with the bottom or line coil of Brautigam Balancing 
Relay No. SS. No. 74 is connected in series with 
the trip coil of relay No. S 7, the operating coil of 
relay No. 56 and the top coil of relay No. 55. 
Their function is to reduce the current through the 
coils of these relays. 

Q-157. Explain the purpose of the ammeters 
and air gauges. 

A-157. The line ammeter indicates the current 
to the armatures of traction motors I and 2 at all 
times. The field ammeter indicates their field cur­
rent at all times except on the 32nd notch of the 
controller, at which time the ammeters indicate 
double the current through the fields. The air 
gauges indicate the air brake pressures. The speed 



indicator indicates the speed of the locomotive in 
miles per hour. 

Q-158 .• Where is the I 02 panel located and what 
is its purpose~ 

A-158. On the right side of the forward end of 
M. G. Set compartment. It regulates the control 
generator current at 120 volts. 

Q-159. Where is the I 03 panel located and what 
is its purpose~ 

A-159. On the left side of the forward end of 
M. G. Set compartment. It controls the Motor Op­
erated Rheostat during regeneration. 

Q-160. Where is the i 13 panel located and what 
does 1t contain? 

A-160. At the forward end of M . G. Set compart­
ment above the control generator. It contains re­
sistance tubes and condensers for the I 02 panel. 

Q-161. Where are the reactors located and what 
is their purpose? 

A-161. Under the roof on the right hand side 
of air compressor compartment of each half-unit. 
Their purpose, in conjunction with lightning ar­
restor, is to prqtect electrical apparatus from surges 
produced by lightning or other causes. 

Q-162. Where are relays No. 55 located and 
what is their function '? 

A-162. At the right hand forward end of the 
contactor compartment under switch No. 50, in each 
half-unit. · Their function is to close the line contact­
ors when starting regeneration. 

Q-163. Where are pilot light relays No. 56 
located and what is their function~ 

A-163. In the right hand side, forward end, of 
the contactor compartment of each half unit, under­
neath panel 51. They energize the pilot light of I 03 
panel, indicating that resistor panel No. 74 and trip­
ping magnet of relay No. 57 are in operating condi­
tion. 

Q-164. Where are relays No. 57 located and 
what is their .function? 

A-164. At the right hand side of the forward 
end of contactor compartment in each half unit, 
under panel 53. They protect the traction motors 
against excessive· voltage during, regeneration . 

. Q-165. Where are braking relays No. 5.8 .located 
and what is their function? 

A-165. In the right hand forward end• of con­
tactor compartment of each half unit, under con-



tactor No. 9. Their function is to close the oper ating 
circuit 'for the motor of the Motor Operated Rheo­
stat, as well as the operating circuits of contactors 
Nos. 15 and 25, which connect the e~citer arma­
tures to the traction motor fields during regenera­
tion. 

Q-166. Where are motoring relays No. 59 lo­
cated and what is their function~ 

A-166. At the central part of right hand side 
of contactor compartment under contactor seven 
in each half unit. They control the operating cir­
cuits of lin·e contactors I and 4 and permit m9toring 
with both half units or regeneration with the operating 
half unit only. 

Q-167. Where are overload relays No. 60 lo­
cated and what is their function ~ 

A-167. In the rear right hand side of contactor 
compartment of each half unit, between contactors 
2 and 3 . They protect the traction motors ifrom ex­
cessive current. 

Q-168. Where are the No. 61 relays located and 
what is their function? 

A-168. At the top of I 03 panels. They cut out 
braking on each respective half unit when the motor 
generator set on that half unit is not operating. 

Q-169. Where are No. 62 relays located and 
what is their function? 

A-169. On the No. I 03 panels. Their function is 
to energize No. 66 relay during regeneration and to 
return the arm of the Motor Operated Rheostat to 
"W'' position when regeneration ceases. 

Q-170. Where are the No. 63 and 64 relays . lo­
cated and what is their function? 

A-170. One each on each I 03 panel and their 
function is to put current on the shunt coil of relay 
No. 66 in the proper direction during regeneration. 

Q-171. Where are the No. 66 relays locate.d and 
what is their function? 

A-171. On No. I 03 panels and they are f~r the 
purpose of regulating · the Motor Operated Rheostat 
during normal regeneration. 

Q-172. Where are the No. 67 relays located and 
what is their function? 

A-172. At the top of I 02 panels. They con­
trol relays No. 68A, 688, and 68C. 

Q-173. Where are No. 68A, 688, and 68C re­
lays located and what is their function? 



A-173. On the 102 panels. They regulate the 
resistance in the control generator field circuit to 
maintain control current at 120 volts. 

Q-174. Where are the No. 69 relays located and 
what is their purpose~ 

A-174. They open the control generator field cir­
cuit in case of over-voltage due to failure of the volt­
age regulator. 

Q-175. Give locations and function of the revers­
ers and explain their design. 

A-175. Between traction motor blower and con­
tactor compartment of each hal'f unit. They are 
electro-pneumatically controlled switches for chang­
ing the direction of current flow through the trac­
tion motor fields. The mam contacts and the inter­
lock are moved by a cam shaft operated by air 
pistons. 

Q-176. Where are the forward operating coils 
of the reversers located? 

A-176. On the left side of the reverser m each 
half unit. 

Q-177. Where are the reverse operating coils of 
the reversers located? 

A-177. On the right side of the reverser in each 
half unit. 

Q-178. Give locations and function of series­
parallel switches and explain their design. 

A-178. In left hand side of forward end of con­
tactor compartment of each half unit. They are 
electro-pneumatically controlled switching mechan­
isms for changing the traction motor connections to 
arrange them electrically in series or parallel group­
ing. Each has contactors 2 7 to 3 8 inclusive and 
the series, parallel and cut-out interlocks all worked 
by a ca~ shaft. 

Q-179. Where are the aeries operating coils of 
the series-parallel switches located? 

A-179. Near the center aisle aide of the con­
tactor compartment of each half unit. 

Q-180. Where are the parallel operating coils 
of the series-parallel switches located~ 

A-180. On the aisle side of the contactor com­
partment in each half unit. 

Q-181. Where are the cut-out levers for the trac­
tion motors located~ 

A-181. On the forward end of the aeriea-par;lllel 
switches on each half unit. 



Q-182. How are the cut-out levers arranged with 
respect to the traction motors on each half unit~ 

A-182. Lever for 3 and 4 traction motors is for­
ward of lever for I and 2 traction motors. 

Q-183. Explain the operation and purpose of 
the traction motor field shunts. 

A-183. They are brought into operation by the 
closing of contactors 14 and 26 on the 32nd notch 
o'f the main controller. They by-pass current away 
from the traction motor field windings. This in­
creases the train speed under light load. 

Q-184. Where are the traction motor field shunts 
for Nos. 1 and 2 traction motors located? 

A-184. On the right side of each half unit under 
the operating cab, 

Q-185. Where are the traction motor field shunts 
for Nos. 3 and 4 traction motors located~ 

A-185. On the left side of each half unit under 
the operating cab. 

Q-186. How many traction motors are there on 
one half unit and how are they numbered~ 

A-186. Four, and numbered 1 to 4 from forward 
end of each half unit. 

Q-187. How are the trac'tion motors suspended 
on the axle and secured to the truc k? 

A-187. On one side they are supported on the 
driver wheel axles by means of the suspension bear­
ings and on the other side a nose on the traction 
motor housing rests on a spring equipped bracket 
bolt!'d to the truck bolster. 

Q-188. How is the power transmitted from mo­
tor armature to the drivers? 

A-188. By means of spring gears and solid pin­
Ions. 

Q-189. How is the driving gear attached to the 
axle and how is the gear constructed~ 

A-189. The driving gear center is pressed on to 
the driving wheel axle and secured by a key. The 
gear consists of separate center and rim with six 
interposing springs. 

Q-190. What is the gear ratio of the driving 
gear to the armature pinion~ 

A-190. 82 to 18, ratio 4.56. 

Q-191. What has this gear ratio to do with the 
speed limit of the locomotive~ 

A-191. At 30 MPH, locomotive speed, the trac­
tion motor armatures are running at a rate of about 



880 RPM, which is the safe maximum which the 
windings and band wires will stand. 

Q-192. What is the appearance of traction motor 
commutator, brush holders and brushes after flash­
over occurs? 

A-192. Commutator appears burned and rough 
on outside edge; the arcing horn on brush holder 
shows burning; the brush holder insulators may be 
burned black or chipped and broken; brushes may 
be worn out. 

Q-193. What temporary repairs may be made to 
avoid complete failure in case of traction motor 
flash-over? What is the minimum length of brush? 

A-193. If conditions permit c u t out the unit or 
the motors that are flashed over. Proceed until 
conditions require the use of all motors or until 
reaching some convenient point where motors may 
be examined. This will r esult in commutator b eing 
smoothed up to some extent, but will wear 
brushes very rapidly. If the brush holder insulators 
are found to be badly burned and broken, they may 
be broken off completely, being careful to break 
off only the porcelain. This will prevent creepage 
across the dama ged insulator. This to be done only 
as a last resort when motors cannot be otherwise 
operated. When this is done make report to Master 
Mechanic's office promptly so that motor may be 
brought to termina l for repairs. The mmtmum 
leng th of brushes is 1 t" or sufficiently long so that 
brush holde r spring will r est on brush a nd not on 
brush holder. 

Q-194. How many brushes are used in each 
brush holder? 

A-194. Two. 
Q-195. Which traction motors are most subject 

to flashovers and why? 
A-195. One and three, because they are on trol­

ley side of each series group. 
Q -196. Which brush holders are the most liable 

to be flashed over and why? 
A-196. Two and four, because they are on the 

positive side of circuit and have the highest voltage 
to ground. 

Q-197. How are the motor armature bearings, 
suspension bearings, driver journals and engine 
truck journals lubricated? 

A-197. All are waste packed bearings. 
Q-198. What should be the height of the oil in 

the oil well along the side of the packing box of 
the armature bearings? 



A-198. Not less than three and one-hal'f inches. 

Q-199. What lubrica tion by the enginemen is 
required on locomotives at outside points} 

A-199. In addition to inspecting all bearings prior 
to each trip to determine if proper lubrication pre­
vails, all armature and suspension bearings must be 
gauged and filled if necessary every second day. 

Q-200. How are the M. G. Set bearings lubri­
cated a nd what precautions should be taken when the 
bearings become excessively hot? 

A-200. Ball bearings in M. G. Sets are g rea se 
lubricated. Sleeve bearings in M. G. Sets are oil 
lubricated. M. G . Set should be shut down if bear­
ings ·run excessively h ot. 

Q-201. H ow should the controller be advanced 
in normal operation} 

A-201. One notch at a time with perceptible 
pause on first notch and also first s tep in parallel to· 
permit time for operation of air operated switches. 

Q-202. What will the ammeters indicate when 
the main controller lever is brought to the firs t 
notch in norma l operation} 

A-202. About 80 amperes. 

Q-203. If the ammeters do not indicate wha t 
does it show} 

A-203. 

Q-204. 
vanced if 

A-204. 

Q-205. 
notch will 

A-205. 

That there is something wrong. 

H ow far should the controller b e a d -
the ammeters d o not indicat e ? 

Not more than the third notch. 

If a pair o f motors are cut out on w hat 
the remaining pair operate? 

Eighteenth notch. 

Q-206. What are the .first sixteen notche s? 

A-206. Series rheostat steps. 

Q-207. Wha t is the seventeenth notch and wha t 
take s place o n this notch? 

A-207. The fi rst running position, called FULL 
SERIES. All four traction motors on each half unit 
are connected in series, with all resistance cut out. 

Q-208. What are the twentieth to the thirtieth 
notches? 

A -208. Parallel rheostat steps. 

Q-209. What is the thirty-first notch and wha t 
takes place on this notch? 

A-209. The second running position, called FULL 
PARALLEL. The traction motors are connected so 



that there are two sets, each with two motors in series, 
working in para llel, with all resistance cut out on each 
half unit. 

Q-210. What is the thirty-second notch and what 
takes place on this notch} 

A-210. The shunt position and is used when it is 
desired to obtain higher speed unde r light load condi­
tions. Some of the current which would otherwise 
go through the field windings is being by-passed or 
''shunted." 

Q-211. Can the controller lever be moved back­
ward and forward for switching purposes without 
going to the off position each time} 

A-211. Yes. 

Q-212. How should the controller be operated 
to effect a smooth transfer from .series to parallel 
with about l 00 amperes in full series} 

A-212. Move controlle r 'from l 7th notch to 18th 
step and pause before going farthe r. 

Q-213. With about 150 amperes in full series how 
s hould controller be operated to complete a smooth 
transfe r from series to parallel? 

A-213. Move controller from I 7th notch to 19th 
step and pause before going farther. 

Q-214. With about 200 amperes in full series 
how should controller be operated to comple t e a 
smooth transfe r from series to parallel? 

A-214. Move controller from I 7th to 20th notch 
and pause before going farther. 

Q-215. With a bout 250 amperes in full series 
how should controller be operated to complete a 
smooth transfer from series to parallel? 

A-215. Move controlle r from I 7th to 21st notch 
and pause before going 'f ':'rther. 

Q-216. When trolley voltage lowers to 2,000 
volts how should the locomotive be operated} 

A-216. Locomotive should be operated in FULL 
SERIES. 

Q-217. At what amperes may the controller be 
advanced to the 32nd notch, shunt position} 

A-217. One hundred and forty amperes or less. 

Q-218. When should the controller be taken out 
of shunt notch} 

A-218. When amperes exceed 2 I 0 or drop below 
125. 

Q-219. How should a freight train be started on 
level track} 



A-219. By alternately putting controller on and 
off of lst notch until slac k has been gradually taken 
up without producing undue shocks to draft gear. 

Q-220. Give m e tho d for starting freight trains on 
heavy ascending grade. 

A-220. Sand should be applied and controller 
notched out to give starting current required without 
wheel slippage. As speed increases, controller may 
be advanced within c urrent limitations. Helper mo­
tor should be start ed with first indication of change in 
slack from leading locomotive. 

Q-221. What method should be observed when 
shutting off controller from p a rallel to series on heavy 
loads? 

A-221. Move controller directly from 20th to 16th 
notch, then if desired to run in series controller should 
be moved to I 7th notc h. 

Q-222. Why should driver brakes be kept released: 
while regenerating? 

A-222. To lessen possibility of skidding, especially 
in series regeneration. 

Q-223. What are the braking cut-out snap 
switches for? 

A-223. So that the engineer can cut out regenera­
tion on the 1,10n-opera ting ha lf unit from his position, 

Q-224. What happens if the braking cut-out snap 
switch is turned to ''ON'' position while regenerating? 

A-224. This will flash traction motors. 

Q-225. What is the minimum field current that 
may be used while regenerating on a mountain grade? 

A-225. Not less than line current or a minimum 
of 150 amperes. 

Q-226. What is the m1mmum 
may be used while regenerati:ng on 
tain grades? 

A-226. Seventy-five amperes. 

field current that 
other than moun• 

Q-227. What are the maximum line and field cur­
rents that may be used while renegerating? 

A-227. Two hundred and ten amperes line, two 
hundred and fifty amperes field, 

Q-228. Is it permissible to regenerate with one­
half unit when the other half unit is defective, and 
when? 

A-228. 
ating end 

It is permissible only when the non-oper­
is properly cut out. 

Q-229. How would you make a stationary regen­
eration test? 



A-229. With locomotive ready for operation, open 
motoring cut-out switch on braking controller, ad­
v a nce m a in c ontr oller to I 7th or 31st notch and then 
b raking controlle r one notch at a time observing fielq 
curre nt which should increase for each notch up to 
25 0 a mpe res on the 7th notch. 

Q-230. Describe how you would start regenera­
t ion with heavy tonnage on light grades. 

A-230. With the main controller in full series or 
fu ll parallel running position. The braking controller 
sh ould be advanced to run the train slac k in gradually 
and to hold the train at constant speed with proper 
field and line current•. 

Q-231. Describe how you would start regenera­
tion with heavy tonnage on heavy grades on head 
locomotive. 

A-231. V/ith the driver brakes applied and motor­
ing cut-ou t switch in the "OFF" position, the main 
c ontroller should be advanced to the I Oth notch for 
s e ries regene ratio n or the 20th notch for parallel 
r e generation ; the n the braking controller should be 
advanced to obtain 250 amperes field current. The 
driver brakes should then be gradually released, hold­
ing the train slack in. As speed increases to about 
I 5 miles per hour, the balancing relay will close the 
line contactors automatically. This will be indicated 
b y the line ammeter, following which the main con­
t rolle r sho uld be advanced to the running position 
a n d the regeneration regulated with proper field and 
lin~ current values. 

Q-232. D escribe how you would start regenera­
t ion on heavy grade with helper locomotive? 

A-232. If one h e lper in train: As soo n as train 
starts, move motoring c ut-out switch to ""OFF" posi­
tion. Advance m a in c ontroller to I Oth notch for 
se rie s or 20th n otch for parallel regeneration; advance 
b r a king controller to obtain 225 amperes field cur­
r e nt. Apply independent brakes gradually not to 
exceed 20 lbs . Then as soon as the line ammeter 
in dica tes that the line contactors have closed, notch 
out main controller to full running position and oper­
ate braking controlle r as may be required; release 
d r iver brakes as regeneration starts. Sanders should 
b e use d during time driver brakes are applied. 

If two helpe rs in train; The first helper should 
ope rate a s described for one helper. 

Second helper should help in same manner except 
t he field curre nt should be built up to 200 amperes. 

This system is used for the purpose of having the 
fi rst, se c ond a nd third locomotives start regeneration 
in proper order. 



Q-233. What may cause the line ammeter to be­
come unst eady and how can this be avoided? 

A-233. This may be the result o'f wheels slipping, 
and sand should be applied and the braking controller 
eased off until this condition is corrected. If neces· 
sary the train brakes should be applied to assist in 
controlling the speed. 

Q-234. \Vhat should be done if the power should 
go off while regenera ting or regeneration fails? 

A-234. The controllers should be shut off and 
train stopped with the air brakes. 

Q-235. Describe how to make stop with a heavy 
tonnage train while regeneratin g on a heavy grade: 

I. With the road locomotive. 
2. With the helper locomotive. 

A-235. Train brakes should be applied from the 
leading locomotive, the braking controller should be 
eased off gradually and when the line amperes come 
down to zero both controllers should be shut off en· 
tirely a nd the driver brakes applied. The e n gineer 
on the helper motor should follow the same operation, 
beginning at the time when he notices the first brake 
pipe reduction. With the controllers off the driver 
brakes should be allowed to apply. 

Q-236. Give method of changing operating cab 
of locomotive. 

A-236. I st. Have both pantog raphs up. Apply 
air brakes with independent brake valve and train 
brakes if required. Open MG set and heater switches. 
Close cut-out cock in pantograph air line to hold 
p a ntographs up. Place double cut -out cock in No. 
2 positio n . Remove automatic brake valve handle, 
pantograph operating valve handle, independent brake 
valve handle; reverse handle and take them to other 
cab. 

2nd. Put independent brake valve handle 
in place and move to a pplication ,position. Place 
pantog raph operating valve h a ndle in position to raise 
pantographs and open necessary c ut-out cocks in 
pantograph air line and see that pantographs are up. 
Close M. G . set switches. Put automatic brake valve 
handle in place and move do;_,ble cut-out cock to 
No. I or No. 3 position as required. 

Q-237. Give method for tying up a locomotive 
without any qualified person in direct charge. 

A-237. Remove reve rse handle, place control 
switches, M. G. Set m a in and auxiliary switches in 
off position, lower pantographs, put reve rse and 
pantog raph handles in designated place, close all 
doors and windows before leaving locomotive. If 



locomotive is standing on a grade all wheels should 
be securely blocked. 

Q-238. How long can the locomotive be operated 
with blowers running and using 21 0 amperes? 

A-238. Indefinitely. 

Q-239. How long can the locomotive be operated 
with blowers running, using 250 amperes? 

A-239. 90 m inutes. 

Q-240. How long can the locomotive be operated 
with the blowers running using 3 00 amperes? 

A-240. 55 minutes. 

Q-241. In case an M. G . set fails enroute, how 
long is it permissible to use 2 I 0 amperes without 
the blowers with traction motors at running tempera­
ture? 

A-241. 40 minutes. 

Q-242. 
A-242. 

Q-243. 
A-243. 

Q-244. 
A-244. 

Q-245. 
A-245. 

With I 7 5 amperes? 

55 minutes. 

With I 50 amperes? 
I hour and 30 minutes. 

With I 25 amperes? 

2 hours and 30 minutes. 

With 90 amperes? 

Indefinitely. 

Q-246. Holding 300 amperes on the motors after 
the eighth notch, how many · minutes can be spent 
in getting out to the I 7th notch? 

A-246. 16 minutes. 

Q-247. Holding a value of ZOO amperes after the 
eighth notch, how many minutes can be spent in 
getting out to the I 7th notch? 

A-247. 23 minutes. 

Q-248. 
what grid 

A-248. 

When a locomotive is operated as above 
resistors are liable to become overheated? 

Nos. 13, 17 and 19. 



TRACING OF CIRCUITS 

Trace and explain the following or any additional 
circuits from Drawing No. ED-1398-B. 

Q-249. With the C I I 6 controller in the first 
notch and the reverser in the forward position, trace 
the current from control generator to ground through 
each wire. 

Q-250. Trace the circuits energized by the let 
notch of the C I I 6 controller with the reverse drum 
in the reverse position. 

Q-251. With either pair of motors cut out, ex­
plain the changes that have taken place in the con­
trol circuits. 

Q-252. With the C I 16 controller in the first 
notch, trace the current in the traction motor cir­
cuits, from trolley to ground, naming each piece 
of apparatus passed through in its proper order. 

Q-253. Trace the current in the traction motor 
circuits, from trolley to ground, naming each piece 
of apparatus passed through in its proper order, for 
notches 2 to I 7, inclusive, of the C 116 controller. 

Q-254. Trace the circuit from trolley to ground 
through the traction motor circuits for all steps of 
the switch transfer. 

Q-255. Trace the current in the traction motor 
circuits, •from trolley to ground, naming each piece 
of apparatus passed through in its proper order, for 
the 18th notch of the C I I 6 controller. 

Q-256. Trace the current in the traction motor 
circuits, from trolley to ground, naming each piece 
of apparatus passed through in its proper order, for 
notches 19 to 32 inclusive , of the C 116 controller. 

Q-257. With the C 116 controller in the 31st 
notch and the C I I 7 controller in the equalizing notch, 
trace the control circuit energized by the I I th finger 
of the C I I 7 controller. 

Q-258. Trace all control circuits that are ener­
gized by the C I I 7 controller, when it is in the first 
notch braking. 

Q-259. Trace all control circuits that are ener­
gized by the C I I 7 controller from the 2nd to the 
I 3th notch, inclusive, braking. 

Q-260. · Trace the control circuits energized by 
the 2 5 ampere regeneration fuse when the C I I 6 con­
troller is in the 3 I st notch and the C I I 7 controller 
is in the I st notch braking. 

Q-261. Trace the path of the current through the 
traction motors with the C I 16 controller in the 3 I st 
notch and the C I I 7 controller in the 1st notch brak­
ing or beyond. 



Q-262. Trace the control circuit from the control 
generator through a ll fuses and relays on panel 1 02. 

Q-263. Trace the control circuit from the con­
trol generator to ground through the operating coil 
of No. 52 compressor motor contactor. 

Q-264. What circuits do the line and field am­
meters indicate when locomotive is operating m 
series motoring. 

A-264. All motors on that half-unit. 

Q-265. What circuits do the line and field am­
meters indicate when locomotive is operating in par­
allel? 

A-265. No. 1 a nd 2 motors on that h a lf-unit. 

F AlLURES AND REP AIRS 
In answering questions on failures and repairs it 

will be optional with the examiner to require the 
answers to b e m ade by actual expla n a tion of the 
necessary details on a locomotive. 

Q-266. Give the various causes o·f the air com­
pressor failing to start when compressor control 
switch is closed and the moto r generator set is run­
ning. 

A-266. Dirty or frosty commutator; brushes stick­
ing in the holder or a defec tive armature; or the 
auxiliary fuse blown. 

Q-267. What will prevent the air compressor 
from coming up to full speed? 

A-267. Failure of contactor No. 53 . 

Q-268. Wha t would be the probable cause if the 
a ir compr essor s tarts and pumps up pressure to 140 
lbs. or more? 

A-268. Failure of the air compressor governor 
to cut out as adjusted to 130 pounds. 

Q-269. If the motor of the air compressor flashed 
over how would you correct the trouble? 

A-269. See that the brushes are in good condi­
tion, the commutator clean and the brush holde r in­
sulators in good condition. 

Q-270. What would prevent the main cab heater 
from heating? 

A-270. Auxiliary fuse blown, bottom disconnect­
ing rod gone, or switc h No. 54 not in good repair. 

Q-271. What would cause the cab heater blower 
motor to stop running? 

A-271. Dirty commutator, stuck brushes, or burnt 
out resista nce tube in the cab heater. 

Q-272. If one of the line contactors was badly 
burned or grounded what is necessary to be done? 



A-272. To be explained on a locomotive by prac­
tical demonstration. 

Q-273. If a grounded cable existed between a 
resistor and a contactor how would you correct it} 

A-273. By removing the grounded cable connec· 
tions from both ends. 

Q-274. What would be the probable cause if none 
of the ammeters indicate on either half-unit on first 
controller notch, with motor generator in the half­
unit where controller is being operated running, main 
switches "ON", main fuses in place, controller switch 
"ON" and its fuse in good condition, and how would 
you correct the trouble} 

A-274. The friction trip may not be set; series­
parallel switch may be stuck in parallel; reverser 
may be in the wrong direction, or pair of motors on 
each half-unit may be cut out. Also the overload 
relays may not be set. Correction for each of the 
above would be in restoring normal operation of the 
defective apparatus. 

Q-275. What would be the trou-ble if the am­
meters do not change in either half-unit when pulling 
a load, on some controller notches, and on others 
show large increases, and how would you correct it? 

A-275. Some of the resistance contactors are not 
operating correctly. This trouble should be corrected 
by taking contactor pickup, locating the faulty ap­
paratus and making necessa ry corrections. 

Q-276. What would be the probable causes if 
ammeters on one half-unit indicate more than on the 
other} 

A-276. Some of the resistance contactors may 
not be ope rating correctly. The series-parallel switch 
may be stuck in the wrong position. Take contactor 
pickup, loca te faulty apparatus, making necessary 
corrections. 

Q-277. What would be the probable causes i•f all 
ammeters indicate alike, but locomotive does not 
move, even with the controller m the third notch, 
a nd how would you correct it? 

A-277. This may be caused by the reversers on 
the two h a lf-units being set to move the locomotive 
ends in opposite directions. There may also be a 
fault in the control wiring or the reverse handle 
drums. The defective apparatus must be located and 
necessary repairs made. 

Q-278. If when motoring and the controller is 
moved off one notch, all power goes off, what would 
be the trouble and how would you correct it? 

A-278. The friction trip is opening in the operat­
ing controller. This may be corrected by cleaning 



the contacts and pushing the •friction trip closed by 
hand, or putting a wire jumper around it. 

Q-279. What would be the probable causes if the 
cab lights burn on the operating half-unit but the 
ammeters do not read nor does the locomotive move 
when the controller is brought to first notch, and 
how would you correct it? 

A-279. This may be caused by fault in the trac­
tion motor circuits, in which case the main fuse 
should be inspected, and anything else which may be 
reason for this should be located and necessary repairs 
made. Contactor pickup will ·show if it is control 
frouble, in which case the defective apparatus can 
be located and necessary repairs made. 

Q-280. What would be the probable causes if the 
cab lights do not · burn with the M. G. Set running, 
and how would you correct it? 

A-280. This is usually caused by relay 69 trip­
ping; voltage regulator not working right; fuse blown; 
or brushes not making contact on commutator of 
control generator. The apparatus should be tested 
and the faulty part repaired. If necessary, proceed 
the same as outlined for reversed polarity. 

Q-281. What would be the probable causes if one 
half-unit only failed to operate in either direction, 
and how would you correct it? 

A-281. This may be caused by open circuit in 
wire I, wire 25 or wire 1-F, or poor contact on the 
interlocks involved, which would keep the proper 
contactors from closing. Contactor pickup should 
be taken. Locate apparatus not working properly and 
make necessary repairs to its control wiring. 

Q-282. What would be the probable causes if 
one half-unit failed to operate in one direction only, 
and how would you correct it? 

A-282. This may be caused by defect in the ·"0" 
or "8" wires; fault in the reverser interlock contacts 
or by the reverser not follo;wing the controller cor­
rectly. This should be corrected by isolating ' the 
faulty apparatus and putting it in proper repair. 

Q-283. What would be the cause, if on notching 
out from "OFF" to full series, the locomotive takes 
excessive current on certain notches on both half­
units, and how would you correct it? 

A-283. This trouble is caused by control circuit 
of the contactors being energized out of turn due to 
insulation break down in the control jumpers. 

Q-284. What would be the effect on the locomo­
tive if control wire 1 5 became open circuited be-



tween main control connection box and ground, and 
how would you correct it} 

A-284. This will leave No. 12 contactor open 
causing no connection on the 12th notch of the con­
troller, then on the I 3th notch contactor I I drops 
out and cuts in the resistance 3-5-6- 7 and the loco­
motive slows down. The correction would be to put 
a jumper from control wire 14 to 15, which will hold 
contactor II from dropping out on either half-unit 
in series. 

Q-285. What control wires, b ecoming open cir­
cuited, will cause serious trouble in accelerating the 
locomotive} 

A-285. 5, II, 19, 80, 3B, 2B, 12, 13, 14, 20, 
21 and 22. 

Q-286. How would you correct the above trouble 
on the different control wires? 

A-286. Take contactor pickup, locate defect and 
make necessary corrections. 

Q-287. Can you regenerate with the half-unit 
which has No. I or No. 4 contactor blocked or jumped 
out} 

A-287. No. 

Q-288. What would be the probable cause of 
trouble if a locomotive handling a tonnage train ac­
celerates up to and including the 5th n o tch properly, 
and then the head h alf-unit begins to take more cur­
rent than norma l and the rea r half-unit less than nor­
mal, on all notches from the 6th to 15th inclusive; 
then on the I 6th notch the r e ar h a lf-unit takes s light­
ly more than on the previous notch, and on the I 7th 
notch it takes normal current or the same as on the 
head half-unit? How would you correct it? 

A-288. This trouble could be caused by the 
short inside control jumper between half-units be­
coming disconnected and the correction would be to 
replace with a spare jumper. 

Q-289. What would b e the probable causes if 
the ammeters on one h a lf-unit indicate less than the 
ammeters on the other after r eaching the parallel 
position and how would you correct it? 

A-289. S e ries-parallel switch m ay not be in par­
allel; relay 58 may be' stuck in ; contactors 24, 2, or 
3 may not have closed. Take contactor pickup, lo­
cate faulty a pparatus and make n ecessary repairs. 

Q-290. What would cause the series-parallel 
switch to fail and how would you correct it} 

A-290. See if the switch will throw by pressing 
on the magnet valves by hand. This will determine 



whether it is an air failure or an electric control fail­
ure. In either case difficulty must be located and 
corrected. Observe control aiT gauge to see that 
there is correct air pressure. 

Q-291. What would be the probable causes if 
when making stationary test with main or motoring 
cut-out switches open, both motor generators run­
ning, cab lights in both units burning brightly, main 
controller "ON", braking cut-out switches "ON", 
neither field ammeters indicate at all, and how would 
you correct it? 

A-291. This might be caused by blown control 
switch fuse; 25 ampere fuse on the I 02 panel blown 
or the friction trip may not be operating. Make 
proper examination and replacement. 

Q-292. How can contactor pickup be taken for 
regenerative braking? 

A-292. Can be taken by shutting down the M. G . 
Set, opening the main and auxiliary switches, blocking 
6 I relay closed and operating the controller in the 
other half-unit. 

Q-293. If, on making stationary test, you find the 
field ammeter on one half-unit reading backward, 
what would be the trouble? How would you cor­
rect it? 

A-293. This is caused by reversed polarity of con­
trol g"nerator and may be corrected by removing 
the I 00 ampere fuse on the I 02 panel at the defec­
tive M. G. Set, place both controllers on first notch 
with both controller switches on, and excite the defec­
tive control generator from the good end. 

Q-294. If the field ammeter indicates on the 
equalizing notc.h, but not on succeeding notches what 
would be the probable causes, and how would you 
correct it? 

A-294. The Motor Operated Rheostat may not be 
turning because of the motor not running or defective 
magnet clutches; relay 62 may not be closed or there 
may be some de'fect in the dial segments of the Motor 
Operated Rheostat. In either case the defective ap­
paratus must be te•ted, located and necessary repairs 
made. 

Q-295. What would be the trouble if the field 
ammeters indicate correctly on the equalizing notch, 
but on the succeeding notches indicated values are 
too high? 

A-295. Relay .66 being out of adjustment, loose 
contacts on the braking control connection box on 
wires 30 to 3 5 inclusive, or relays 63 or 64 not clos­
ing when they should. 



Q-296. What would be the trouble if while re­

generating the locomotive goes dead suddenly hut 

motor generator sets keep on running, and how would­

you correct it? 

A-296. There must be some control trouble or 

relay 57 or 60 has tripped out. If the latter, shut 
off the controller to the first notch and start over 

again. If control trouble, take contactor pickup, lo­

cate defect and make repairs. 

Q-297. What would b e the trouble if, while re­

generating, the line ammeter readi ng is unsteady and 

fluctuates considerably? How would you correct it? 

A-297. This may b e due to wheels slipping or 

the trolley line voltage changes. It may also be due 

to defects in the control wiring, in which case con­

tactor pickup should be taken and the defect located 
and repairs made. 

Q-298. What would be the trouble if both half unit s 

regenerate a like, as indicated by . the line and field 

ammeter, but speed of train keeps increasing even 

though the line and field ammeters indicate high 

current values? How would you correct it? 

A-298. This would be caused by one or more 

contactors No. 25 not closing, thus putting all the 

load on traction motors No. 1 a n d 2 in each case. 
This should be located by taking contactor pickup 

and rnaking repairs. 

Q-299. What would be the trouble if while re­

generating the line and field ammeters show a certain 

reading, then suddenly one half-unit goes to motoring 
with the same reading on ammeters? How would 

you correct it? 

A-299. This might be caused by the braking con­
tactors opening up while the braking controller was 

being operated. Contactor pickup should be taken 

and the faulty apparatus located a nd repaired. 

Q-300. How would control jumper failure show 

on a locomotive? 

A-300. By each half-unit operating properly from 

its own controller but not from the controller on the 

other half-unit. 

Q-301. If you had a ground in the control cir­

cuit how would you test in order to determine which 

unit the ground was in? 

A-301. By pulling control jumpers and making 

contactor pickup tests from each controller. 

Q-302. What would be the probable causes that 

would prevent the M . G. Set from starting and how 

would you correct it? 



A-302. Power may be off the line: the top dis­
connecting rod gone in the H. Y. switch and fuse 
box; auxiliary fuse may be blown; starting resistance 
panel No. 5 I may be open circuited or resistor No. 
4 open circuited, or brushes out of the motor. The 
faulty apparatus should be located and repairs made. 

Q-303. What is the trouble if the motor generat­
or set starts up properly, but starting resistance gets 
hot or smokes? How would you correct it? 

A-303. Contactor No. 5 I stuck open which would 
cause the overheating of the resistance. It can be 
corrected by adjusting properly. 

Q-304. What are the probable troubles when M. 
G. Set runs at normal speed, but cab lights are dim 
and locomotive will not start when operating from 
controller on the h a lf-unit where the lights are dim? 
How would you correct it? 

A-304. One or more contacts o f relays No. 68 
are not making good contact; relay No. 67 may be 
at fault and the trouble should be located and repairs 
made. 

Q-305. If the M . G. Set becomes inoperative on 
head half-unit and cannot b e operated, how would 
you proceed to get control current on that unit from 
the rear half-unit. 

A-305. Put a jumper from the 1st to the 4th 
finger of" both main controllers, remove I 00 ampere 
Juse and 25 ampere fuse on the I 02 panel on the 
defective half-unit, have both friction trips closed 
and ope r a te controller in normal manner with the 
exception that the reverse handle on the half-unit 
where the d efective M. G. Set is, must not be thrown 
w ithout first ope ning the controller switch on the 
other half-unit. 

• Q-306. Should you sand the commutators of the 
motor of the M . G. Set with the power on? 

A-306. No, because it might flash and result in 
personar injury. 

Q-307. What work is necessary in case a panto­
graph insulator is grounded? 

A-307. Disconnect the main cable from the pan­
togra ph and tie it in the clear from ground. 

Q-308. What work is necessary if the lightning 
arrester becomes grounded? 

A-308. Disconnect the lightning arrester cable 
from the trolley bus or pantograph. 

Q-309. If you find that the pantograph is not 
making contact on account of lack of sprikg tension, .· 
how could you overcome it? 



A-309. The spring should be properly tightened 
or if the pistons are stuck in the cylinders kerosene 

may be used to lubricate them. 

Q-310. Should you renew the main or auxiliary 

fuse with the pantograph or trolley pole against the 
troiley wire? 

A-310. No. 

Q-311. What would be the trouble if there was 

no indication on ammeters when starting, but a 
Hash on contactors 3 and 4 in series position, each 
time the controller is brought to the first notch and 

shut off? 

A-311. In this case some of the traction motor 
resistors mny be grounded. 

Q -312. How would you proceed to .test in order 

to determine what circuit the trouble was in? 

A-312. Block contactor No. 3 7 open, put con­
troller on and off first notch a nd see if line contactors 

.flash. If they do the ground is in the resistors them­
selves. if not the g r ound must be in the traction mo­
tors. If in the resistors leave controller on first 
notch for a few minutes, then lower pantograph, open 

switches and feel resistors and the last warm one be­

ing where the ground is located. 

Q-313. If, after cutting a pair of motors out one 
at a time, there is still no indication on the ammeters 

but there is a Hash on the contactors when the con­
troller is shut off, what does it indicate and how 
would you check. it? 

A-313. There is probably a ground in the trac­
tion motor circuits. This should be isolated by block­
ing open No. 3 7 contactor and cutting one pair of 

motors in and out at a time and locate the fault, 
making repairs. 

Q-314. With a grounded resistor box what work 
is it necessary to do and why? 

A-314. The ground must be cleared a nd a cir­

cuit provided around the trouble. Examiner may re­
quire practical demonstration on locomotive. 

Q-315. What is meant by leads when talking 
about resistors? 

A-315. Leads are the insulated cables connecting 
the contactors to the grids. 

Q-316. What is meant by bus bars? 

A-316. Bus bars are bare copper bar connections 

between contactors, grid boxes, or other parts of 
•lectrical equipment. 



Q-317. What is meant by top of contactor? What 
is meant by bottom of contactor? 

A-317. Top of contactor means the top terminal 
of the contactor on the aisle side. Bottom of the 
contactor means the bottom terminal of the contac· 
tor on the aisle side. 

Q-318. Why does relay No. 60 trip out on the 
fi rst notch of the controller if the ground is in the 
fi r st few boxes of resistors? 

A-318. Because there is not much resistance in 
the c irc uit and allows the current to build up at a 
high value. 

Q-319. Why does it not trip out if the g round is 
in the last boxes? 

A-319. Most of the resistance is still in the cir­
cuit and does not allow the current to get to a high 
value. 

Q-320. Can a locomotive be operated with a 
grounded traction motor or grid resistor and why? 

A -320. No. With a g round in the c ircuit the c ur­
rent is diverted away from the proper appara tus. 

Q-321 . What positiOn must the series-parallel 
s witch be in before you can cut a pair of motors 
out? 

A-321. Must be in series position. 

Q -322. What precaution should be taken when 
cutting out a pair of motors? 

A-322. See that the lever is pushed down as far 
as possible and that the latch en gages so that the 
lever cannot fly back; a lso locomotive must be stand­
ing still. 

Q-323. What must be done when a locomotive 
h a ving a grounded traction motor is handled dead 
in the train? 

A-323. The main reverser contacts should be m· 
sulated. 

Q-324. What 1s the trouble when with a lo­
comotive at rest th e re is no indication on the am­
meters when the controller is brought to the first 
notch, pilot light burns but there is no flash at the 
line contactors w h e n the controller is shut off? How 
would you correct it? 

A-324. There is an open circuit in the traction 
m otors somewhere and it should be corrected by 
cutting out the defective motor. 

Q-325. What is the trouble when with a locomo­
t ive at rest there is no indication on the ammeters 
when the controller is brought to the first notch, 



pilot light does not burn and there is no flash at 
the line contactors when the controller is shut off? 

A-325. An open circuit in the traction motor re­
sistors. Block open contactor 3 7, operate the con­
troller one notch at a time until pilot light burns. 
This will burn when the resistor having the open 
circuit in it is cut out. Repairs may be made by 
putting a jumper around the resistor. 

Q-326. In the above trouble what contactors can 
be blocked? 

A-326. 5, 6, 7, 8 and I 7 contactors can be 
blocked closed. 

Q-327. Would you treat a grid resistor that has 
the leaves badly burned the same as one which has a 
leaf broken and why? 

A-327. Yes, a grid resistor which i!! badly burned 
may not be grounded and if not grounded, does not 
have to be removed from the circuit. 

Q-328. What is the difference in the work to be 
done between a: grounded resistor and an open cir­
cuit resistor? 

A-328. With a grounded resistor it IS necessary 
to remove all connections to resistor and then close 
the open circuit by jumping contactors. With an 
open resistor it is only necessary to close the open 
circuit by jumping contactors. 

Q-329. What is the difference in the indications 
when making a test between a g rounded traction, 
motor circuit and an open circuit in the traction 
motor circuit? 

A-329. The difference is that with a ground in 
the traction motor circ uit, the line contact'ors will 
arc on opening when the controller is shut off. With 
an open circuit the contactors will not arc. 

Q-330. How can wheel slipping be detected? 

A-330. Ammeters become unsteady, making a 
constant decrease in their indication down to a low 
value but do not go entirely off. The traction motors 
make a humming noise which can be detected by an 
experienced engineer. 

Q-331. What precaution should be taken in case 
of a derailment and it is necessary to move a locomo­
tive under its own power? 

A-331. In case locomotive gets off the track it 
should be carefully grounded to the rail if pantograph 
is in contact with the wire. 

Q-332. When is it permissible to block No. 3 
contactor closed? 



A-332. When operation requires cutting out two 
motors and using the other six to start the train. 

Q-333. With No. 3 contactor blocked closed what 
notch or notches are the running positions? 

A-333. The 3 I st and 3 2'nd only. 

Q-334. How would you block No. 3 contactor 
closed? 

A-334. By opening main switch, then putting con­
troller on proper notch to close No. 3 contactor and 
driving a hardwood wedge between its armature and 
the channel support at the back side o'f the contactor. 

Q-335. If, on notching out the main controller, 
the ammete·rs on one half-unit read normally at first, 
but after a few moments indication falls off to zero 
and possibly reads backward, what does this indicate 
and how could you correct it? 

A-335. This is caused by the exciter armature of 
the motor generator set being grounded. If both line 
and field ammeters read backward, exciter No. 3 is 
grounded; if line ammeter only reads backward, ex­
citer No. 4 is grounded. The half-unit on which this 
takes place cannot be operated in this condition. 

Q-336. Would it be possible to operate a loco­
motive in the above condition and how? 

A-336. The defective ' half-unit should be properly 
cut-out with main reverser contacts insulated. 

Q-337. In what position should the cab light 
transfer switch be in at all times when the M. G. Set 
is running? Why? 

A-337. In down position; so that if 69 relay trips 
out it will be . instantly indicated by cab lights going 
out. 



EXAMINATION QUESTIONS ES-2 LOCOMOTIVES 

Q-338. What is the arrangement of cabs, wheels 
and trucks on class ES-2 locomotives? 

A-338. One steeple cab structure is mounted on 
two trucks, each having two pairs of driving wheels 
and two traction motors geared to the axles. The 
draft rigging is placed on the cab structure. 

Q-339. Name the various equipment compart­
ments and indicate the principal equipment in each. 

A-339. The contactor compartment contains the 
line, rheostat and auxiliary contactors, series-parallel 
switch, overload relay, KWH meter and traction mo­
tor blowe r. The engineer"s cab contains the cab 
heater, brake valves, controller, I 02 panel, M . G . Set 
and heater switch operating handles , control switches, 
reactor; motor generator and reverser are beneath the 
cab floor. The air compressor compartment contains 
the air compressor and governor, H. V . switch and 
fuse box and lightning arrester.. The rheostat com­
partment contains the traction motor resistors. 

Q·340. State brie fly how the wheels and bearings 
are numbe red. 

A-340. Beginning at the "A" or No. I end with 
odd numbers on the right side and even numbers on 
the left side when facing the "A"" or No. I end. 

Q-341. Na me the auxiliary air devices and indi­
cate the pressure at which they operate. 

A-341. The m a in w histle, sande rs, bell ringer, 
pantograph, operate from main reservoir pressure at 
I I 0 to 130 lbs. 

Q-342. What 1s meant by control air and what 
does it operate? 

A-342. The control air has a small separate reser­
voir supplied with air pressure from the main reser­
voir reduced to 7 5 lbs. This air operates the series­
paralle l switch a nd reverser. 

Q-343. What is the type of the au brake equip­
ment used? 

A-343. The air brake equipment is Westinghouse 
type EL- 1 4 modified. 

Q-344. How is the brake rigging arranged? 
A-344. There are four. brake cylinders, two to 

each truck mounted on the truck frames between 
adjacent driving wheels. Each cylinder applies the 
shoes by means of levers on the two wheels on one 
side of each truck. 

Q-345. Name the different parts of the air brake 
equipment. 



A-345- One K- I 48 brake valve, one No. 6 dis­
tributing valve, one engineer's brake valve, cut-out 
cock, one two stage air compressor with governor, 
one feed valve, one r educing valve and air gauges. 

Q-346. Wha t is the normal brake cylinder pres­
sure allowable~ 

A-346. The straight air reducing valves are set 
for 40 lbs. In ordinary operation 3 3 lbs. is sufficient 
braking effort. 

Q-347. What pressure should the pop on the dis­
tributing valve be set for? 

A-347. 40 lbs. 

Q-348. Give location and function of horn gap 
fuse holder. 

A-348. It is located on the roof of contactor com­
partment and is for the purpose of protecting all 
electrical apparatus inside the locomotive. 

Q-349. Give name, ca pacity, location and ·func­
tion of all 3,000-volt fuses o n th'? locomotive. 

A-349. The horn gap fuse is located on the roof 
of the contactor compartment and is rated 200 am­
peres. It protects all of the electric apparatus. The 
main fuse is in the lower left side of the H. V. switch 
a nd fu se box and is rated 200 amperes. It protects 
the t r action motors. The auxiliary fuse is in the 
lower right side of the H . V. switch and fuse box. 
It is rated 20 amperes and protects the M. G . Set, 
a ir compressor, a nd cab heater. The lightning ar­
rester fuse, rated 20 a mperes, is in the lightning ar­
rester and protects it. 

Q-350. How do you adjust the main reservoir 
pressure with the air compressor governor? 

A-350. The cut -out or maximum pressure of 130 
lbs. is obtained by means of the adjusting screws in 
top of cylinder and the cut-in or m1mmum pressure 
of 11 0 lbs. is regulated by means of the range pin 
in its bracket. 

Q-351. Where are the air compressor contactors 
located and what are their numbers? 

A-351. At the left rear end of the contactor com­
partment. They are numbered 43 and 44. 

Q-352. Explain their operation in starting the air 
compressor with resistor No. 44. 

A-352. In starting, contactor No. 43 is closed by 
the governor and the heavy rush of current into the 
motor standing still compresses a spring in contactor 

. 44 and holds it open while the current flows through 
resistance. When the motor gets started the current. 



flow decreases so that the spring can close contactor 
44 which by-passes the current around the resistance 
No. 44 directly to the motor. 

Q-353. How do you adjust contactor No. 44? 
A-353. To close in 2 to 4 seconds after No. 43 

closes. 

Q-354. Trace the flow of power current through 
the air compressor motor in normal operation from 
the trolley wire to the track: (a) When compressor 
is starting; (b) When compressor is up to full speed. 
To be answe red with the aid of drawing No. ED-1444. 

A-354. Power current flows from the trolley wire 
through the pantograph, horn gap fuse, reactor, H. V. 
auxiliary switch and 20 ampere fuse, resistor 45, con­
tactor 43, resistor 44, operating magnet of contactor 
44, No. I armature and field and No. 2 armature and 
field of the air compressor motor, K. W . H. meter 
shunt, locomotive frame, wheels and track, (ground). 
When the compressor gets sta rted contactor 44 is 
closed by a spring and the current flows through con· 
tactor 44 and its holding magnet instead of resistor 44 
and the operating magnet of contactor No. 4~. Other· 
wise the circuit remains the same. 

Q-355. Where is the cab heater switch located 
and what is its number? 

A-355. It is No. 40. The operating lever is in the 
engineer's cab and the switch is in the left rear end 
of the contactor compartment. 

Q-356. What is the cab heater voltage and 
through what fuses does its current flow? 

A-356. 3,000 volts. Current flows through horn 
gap and auxiliary fuses. 

Q-357. Trace the flow of power current through 
the M. G. Set motor in normal operation 'from the 
trolley wire to the track. (a) When M. G. Set is 
starting; (b) After M. G. set has come up to speed. 
(To be answered with the aid of drawing No. ED-
1444.) 

A-357. Power current flows from the trolley wire 
through the pantograph, horn gap fuse, reactor, H. V. 
auxiliary switch and 20 ampere fuse, resistor No. 45, 
switch No. 41, resistor 42, operating magnet of con· 
tactor 42, No. I and No. 2 armatures of M. G. Set, 
commutating and series fields of M. G. Set motor, 
K. W. H. meter shunt, locomotive frame, wheels and 
t.rack (ground). After the M. G. Set gets started 
contactor 42 is closed by a spring and the current 
flows through it and its holding magnet instead of 
through resistor 42 and contactor 42 operating mag­
net. 



Q-358. Where is the M. G. Set located and what 
is its purpose? 

A-358. The M. G. Set is located under the cab 
floor in front of panel 1 02. It is used for the purpose 
of supplying 120-volt current to control the locomo­
tive and compressor, and for la mps. 

Q-359. How many field windings has the motor 
of the M. G. Set? Name them and explain how they 
are connected. 

A-359. There are three field windings in this mo­
tor. The commutating and series fields are connected 
in series with the two motor armatures. The shunt 
field winding is connected to the armature of the con­
trol generator. 

Q-360. How is the voltage of the control gen­
e rator regulated and at w hat voltage? 

A-360. The control gen e rator voltage is regulated 
at 1 2 0 volts by panel 1 O.Z, similar to class EF -1 loco­
motives. (Applicants who have not passed EF- 1 
examination must give this answer in detail as •fol­
lows: With the control generator voltage below 119 
volts relay 67 spring closes its contacts thus causing 
relays 68A, B and C to close their contacts. This 
cuts out r esistance in the generator field coil circuit 
which increases their strength and the armature volt­
age. When this increases above 121 volts relay 67 
contacts are opened by its magnet thus c ausing relays 
68A, B and C to open. This cuts resista nce into the 
field coil circuit which weakens them and decreases 
the armature voltage to about 119 volts, when 67 
relay closes again. This process is repeated rapidly 
so that the average is about 120 volts.) 

Q-361. How many traction motors and how are 
they a r ranged on ES-2 locomotives? 

A-361. Four traction motors drive the four pairs 
of wheels t hroug h single gearing. One motor to each 
pair of drivers. 

Q-362. What is the current rating of the traction 
motors? 

A-362. The traction motors are rated 68 amperes 
continuously. In switching service the current can be 
run up to the slipping point of the wheels or 160 
amperes momentarily. 

Q-363. Where is the overload relay and what is 
its purpose? 

A-363. The overload relay is mounte d on the wall 
over the series-parallel switch. · It is for the purpose 
of cutting off the current to the traction motors and 
resistors if the flow exceeds 175 amperes. 



Q-364. When the overload relay trips in what 
order do the contactors open? 

A-364. 1st : Contactor No. 13 ; 2nd: Contactor 
No. 3; 3rd: Contactor Nos. I and 2 open when this 
relay trips. 

Q-365. How may the overload relay be reset? 

A-365. By returning the controller to the 1st 
notch. 

Q-366. Give the number of the line contactors 
and their location ' and function . 

A-366. They are Nos. I, 2 and 3. They are 
double contactors and located in the contactor com· 
partme nt on the left side. They make and break the 
power curre nt c o nnectio n s to the traction motors. 

Q-367. Give the number of the rheostat contact­
ors and their location and function. 

A-367. The rhe ostat contactors are Nos. 4 to 13 
inclusive . They are located five on each side at the 
forward end of contactor compa rtment. They by­
pass tra ction motor current around the traction motor 
resistors in regula r order as gove rned by operation 
of the controller. 

Q-368. How many a nd where are the traction 
motor resis tors located? 

A-368. There a re 1 6 traction motor res istors of 
the grid box type and are located in the rheostat com­
partment b a ck of air compressor. 

Q-369. What contactors are on the series-parallel 
switch and how are they operated? 

A-369. Contactors 27 to 38 inclusive are on the 
s eries-parallel switch. They are operated by an air 
driven cam shaft electrically controlled. 

Q-370. Where is the reverser located and what is 
its purpose? 

A-370. The reverser is located under the cab 
Boor on the fireman's side . It is an electro-pneumatic 
switching arrangement used •for the purpose of re· 
versing the direction of current Bow through the 
traction motor fields, thereby determining the direc­
tion of travel for the locomotive. 

Q-371. How can you tell when the reverser is in 
the ""forward" position operating "A" or No. 1 end 
ahead? 

A-371. The left No. I, main contact will be in 
position to carry current and the hand lever on the 
outside of the case will be in the downward position. 



Q-372. Where is the K. W. H. meter located and 
what is the number of the resistor in series with it? 
When may it not operate? 

A-372. It is located in the contactor compartment 
at the right of the entry door. Its resistor is No. 
46. It will not operate unless the main switch is 
''ON''. 

Q-373. With the controller on I st notch •forward 
trace the flow of power current from the trolley wire 
to ground through the traction motors in normal op­
eration. (To be answered with the aid of drawin~ 
ED-1444 as follows) 

A-373. Power current flows from the trolley wire 
through the pantograph, horn gap fuse, reactor, 200 
ampere main switch and fuse, contactors No. I and 
2, cable R21, resistors I to 11 inclusive, cable R26, 
contactor No. 3 6, cable R 1 1, resistors 1 2 to 1 6 in­
clusive, cable R I 5 , contactor 3 7, top trip coil of over­
load relay No. 60, armatures of traction motors No. 
I and 2, contactors No. 31, 32 and 33, arma­
tures of traction motors Nos. 3 and 4 , reverser 
contact, fields of traction motor Nos, 3 and 4 , reverser 
contact, contactor No. 28, reverser contact, fields of 
traction motors Nos. I and 2, reverser contact, am­
meter shunt, K. W. H . meter shunt, locomotive frame 
(ground), wheels, track and back to the substations. 

Q-374 . What contactors have interlocks and for 
what purpose? 

A-374. Contactor No. 3 has a n interlock which, 
when overload relay No. 60 trips keeps contactors 
Nos. I and 2 closed until No. 3 is open. Contactor 
No. 9 has an inte rlock which will cause contactors 
Nos. 4, 5 a nd 6 to open when No. 9 does and they 
cannot operate unless No. 9 is closed. Contactor 
No. I 3 h as an interlock which when overload relay 
No. 60 trips, keeps contactor No. 3 closed until No. 
13 opens. 

Q-375. Name the interlocks on the series-parallel 
switch and give their function. 

A-375. The series inte rlock is closed when the 
switch is in the series position only. (When con­
tactors 2 8, 3 I, 3 2, 3 3, 3 6 and 3 7 are closed.) Under 
this condition this interlock allows contactor Nos. 2 
and 9 to close in regular operation in series. The 
parallel interlock is closed when the switch is in the 
parallel position. (When contactors 27, 29, 30, 34, 
35, 37 are closed. ) This allows contactors Nos. 2 
and 9 to close in regular operation in parallel. The 
cutout interlock closes its Nos. I, 2 and 3 contacts 
and opens its Nos. 4 and 5 contacts when the switch 
is in the cutout position only. (When contactors 2 7, 
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29, 30, 36 and 37 or 38 are closed.) This keeps 
contactor Nos. 3 and 8 from closing under this con· 
dition and allows contactors Nos. 2 and 9 to close 

in parallel notches of the controller. 

Q-376. With the controller on the first notch for­
ward trace the flow o'f control current from the con­

troller switch to ground in normal operation. (To 
be answered with the aid of drawing No. ED-1444. ) 

A-376. Control current flows from the controller 
switch and I 5 ampere fuse. through the blow out 
coils inside the controller to the second finger. When 
the controller is placed on the 1st notch current flows 

from the 2nd finger to the second ring thereby en­
ergizing the top section of the controller which is 
made up of three rings or segments. Current Rows 

from the 3rd ring to the 3rd finger in contact with 
it and through a jumper from the 3rd to the 4th 

finger which being in contact with the 4th ring ener· 
'gizes all of the middle section of the controller from 

the 4th to 17th rings inclusive. 

Current Rows from the 1st controller finger on 
wire 1 7 through overload relay No. 60 setting coil 
to ground. Current flows from the 5th finger wire 

16 to the 3rd and 1st fingers on t he reverse drum, 
wire 8, forward magnet valve of the reverser to 
ground. When the reverser throws to the forward 

position it moves its interlock so that the first and 
2nd interlock fin gers connect wire 8 to wire SA and 
current Rows on wire SA, through the operating mag­
net of contactor No. 1, wire 88, 1st disc on overload 
relay No. 60, to ground. 

Current also Rows from the 6th controller finger, 
wire 1, 2nd disc o'f series interlock, wire I 8, operat­
ing magnets of contactor No. 2, wire 88, overload 
relay No. 60, I st disc to ground. 

Current also Rows fro m wire 1, 3rd disc of series 

interlock, wire 1 C, operating mag net of contactor 
9, wire 1 4, 18th finger of controller to ground. 

Current also Rows from wire 1, through the series 
magnet valve of the SP switch to ground. 



EXAMINATION QUESTIONS ON EP-2 ELECTRIC 
LOCOMOTIVES. 

Q-377. What is the arrangement of cabs, wheels 
and trucks on EP-2 locomotives? 

A-377. The cab consists of three sections, the 
two end sections are similar and contain the high 
voltage equipment at their outer ends and the engin­
eer's compartments at the rear. The middle section, 
containing the heating boiler, is supported between 
the two end sections. 

There are I 2 pairs of driving wheels and two pairs 
of guiding trucks, one at either end, contained in 
four trucks. The two end trucks consist of one pair 
df guiding trucks and two pairs of drivers, and the 
two middle trucks have four pairs of drivers each. 
The traction motor armatures a re mounted direct 
on the driver axles and the field coils are mounted il} 
the truck frame s tructures . 

Q-378. N a me the various equipment compart­
ments with the principal equipment in them. 

A-378. The A end contactor compartment con­
tains the j. R . c ircuit breaker, roundhouse switch, 
line contactors, reverse current and lamp rheostat 
contactors, A, B and C switches, motor generator, 
rheostat and braking contactors, lightning arrester, 
traction motor and lighting panel resistors. 

The A e nd engineer's cab contains air brake valves, 
controllers, r everser, tapper, train lighting and con­
trol generator r egulator panels and main control 
switch. 

The boiler compartment contains the train h eating 
boiler with accessories, water a nd fuel oil tanks. 

The B end engineer's cab contains, air brake 
valves, controllers, reverser, tapper, locomotive b a tw 
tery panel, auxiliary compressor and clothes lockers. 

The B end contactor compartment contains the 
main air compressor and governor, auxiliary con­
tactors, B and C switches, rheostat and braking con­
tactors, traction motor resistors, and locomotive bat­
tery. 

Q-379. State briefly how the wheels and bearings 
are numbered. 

A-379. Beginning at the A end with odd num­
bers on the right side and even numbers on the left 
side, when facing the A end, guiding and driving 
wheels are numbered separately, the guiding wheels 
being designated with the prefix "T". 

Q-380. How are the drawbars between trucks 
designated? 



A-380. The drawbar between trucks on the A 
end by the letter "A'' and the one on the B end by 
the letter "B''. The one between the two ends by 
''A-B'', 

Q-381. What are the auxiliary a1r devices and 
what air pressure do they use? 

A-381. The main whistles use main reservoir air, 
the bell ringers and pantographs use control air, the 
sanders and boiler accessories use main reservoir 
air through the auxiliary devices governor. 

Q-382. 
do? 

A-382. 
I 00 lbs. it 
accessories. 

What does the auxiliary devices governor 

If the main reservoir pressure falls below 
cuts off the air to the sanders and boiler 

Q-383. What 1s meant by control a~r and what 
does it operate? 

A-383. The control air has a small separate res­
ervoir on the A end supplied with pressure from the 
main reservoir reduced to 80 lbs. This air operates 
the bell ringers, pantographs, reversers, field tappers 
and A, B and C switches. 

Q-384. What is the type of air brake system used 
on EP-2, locomotives? 

A-384. Westinghouse type EL-14 modified. 

Q-385. Name the various brake valves and ex­
plain briefly their purpose. 

A-385. Engineer's brake valves to apply and re­
lease brakes. Transfer valves to operate brakes 
on both ends from one engineer's valve. Distributin~ 
valves to handle air to the brake cylinders. Regen­
erative interlock' valves keep driver brakes from ap­
plying while locomotive is regenerating. Brake pipe 
vent valves hasten emergency application of brakes_. 
Feed valves supply air at constant pressure to brake 
pipe. Straight air reducing valve supplies air at 
constant pressure to signal system and to brake cyl­
inders when independent brake is operated. Y -valve 
operates regenerative interlock. V-valves open cir­
cuit breaker on emergency application of brakes. 

Q-386. What is the brake rigging arrangement? 
A-386. Each truck has a brake cylinder on each 

1ide which applies brake shoes to the wheels on the 
truck on each respective aide. The hangers for the 
•arne pair of wheels are connected together with a 
cross bar. 

Q-387. For what purpose are the brake pipe vent 
valves? 



A-387. To hasten the action o'f an emergency 
brake application throughout the entire train. 

Q-388. What do the regenerative interlock valves 
do? 

A-388. They keep the driver brakes from apply­
ing in service when the locomotive is regenerating. 

Q-389. What are the automatic control switches 
or "V" valves for? 

A-389. They cause motoring or regeneration to 
cease whenever the Brake pipe pressure is reduced 
below 40 lbs . If regeneration ceases under this con­
dition the driver brakes will apply also. 

Q-390. How are air connections between the 
middle trucks designated? 

A-390. On the right side are : The main reservoir, 
equalizing and brake pipe connections. 

On the left side are: The signal, auxiliary, con· 
trol and two sander hoses. 

Q-391. Where are the pantograph au cutout 
cocks located. 

A-391. Beside the engineer's seat backs in each 
cab. 

Q-392. What pantograph control switches are 
there and for what purpose are they used. 

A-392. One loose handle lever switch and two 
snap buttons in each operating cab. The lever switch 
is used on the operating end for both pantographs 
and the snap switches select the pantograph which 
it is desired to operate. 

Q-393. How may the pantographs be locked 
down? 

A-393. By means of the hooks on the left side 
to be handled with wooden switch pole. 

Q-394. How may a pantograph be purposely dis­
connected and grounded? 

A-394. By using a wooden switch pole to change 
its cutout switch to the grounding position. 

Q-395. Operating from B-end cab how should the 
pantograph switches be set to use A-end pantograph? 

A-395. The snap switches in the A-end cab 
should be ON and also the lower snap switch in the 
B-end. The loose handle should be on the lever 
switch and pushed forward in the B-end cab. 

Q-396. For what purpose is the auxiliary air com­
pressor provided and in case it does not operate 
what steps should be taken? What current does it 
use? 



A-396. This compressor is used to supply air for 
raising the pantographs in cases where there is no 
other air supply. It pumps into the control air res­
ervoir. In case it fails the pantographs may be raised 
with an insulated pole and held there until the main 
compressor pumps up the main reservoir. It uses 
80 volt battery current. 

Q-397. Where is the main air compressor gover­
nor located) 

A-397. In the B-end contactor compartment near 
the Auxiliary Switch. 

Q-398. How do you adjust the main reservoir 
pressure with the compressor governor? 

A-398. The cut out or maximum pressure is ob­
tained by means of the adjusting screws in the tops 
of the cylinder and the cut in or minimum pressure 
is regulated by means of the ran ge pin in its bracket. 

Q-399. Where are the air compressor contactors 
locate d and what are their numbers) 

A-399. In the B-end contactor compartment near 
the braking contactors. They are numbered 54 and 
55. 

Q-400. Explain their operation in starting the 
compressor with resistor No. 55. 

A-400. When the governor closes contactor No. 
54, a heavy rush of current through resistor 55 goes 
into the dea d compressor m o tor and also compresses 
a spring in contactor No. 55. The motor starting 
reduces this c urrent and the spring closes contactor 
55, thus cutting out the resistance. 

Q-401. What is the effect on the compressor 
when contactor No. 55 does not close properly and 
how may this be repaired) 

A-401. The compressor would not come up to 
full speed when starting. Contactor No. 55 should be 
adjusted to close 2 to 4 seconds after No. 54 under 
this condition. 

Q-402. How are the steam cab heaters arranged) 

A-402. They are supplied with steam from the 
train line. There are two coils under the floor on 
engineer's and fireman's sides, also a heater on the 
front wall of the engineer's cab. These have inlet 
and outlet globe valves and exhaust into two steam 
traps, on each end. 

Q-403. What current is used by the engineer's 
electric cab heaters? 

A-403. 80 volt, M. G . Set current. 

Q-404. Name and give location of reactors. 



A-404. Ma in reactor on roof of contactor com· 
partment back of A-end bell. 

Auxiliary r e&ctor m same relative location on 
B-end. 

Q-405. \Vhere is the auxiliary switch located and 
what is its purpose? 

A-405. The auxiliary switch is in the B contactor 
compartment. When opened it cuts off the 3,00·0 volt 
current to main air compressor, M. G . Set and trac· 
tion motor blowers. 

Q-406. Wha t does the a uxiliary inte rloc k do and 
how does it ope ra te? 

A-406. The aux iliary interloc k ope ns w hen the 
auxilia ry switch is move d to OFF position. It there· 
by brea ks the connectio n for control current to the 
operating m agnets of the aux iliary contact ors. 

Q-407. If resistor No. 43 is open c ircuited, what 
apparatus will not ope rate ? 

A-407. All aux iliary 3,000 volt apparatus, i. e. 
main a ir compressor, M . G . Set and traction motor 
blowers. 

Q-408. If resistor No. 43 is g rounded what fuse 
will blow? 

A-408. The aux ilia ry fuse will blow. 

Q-409. What is th e purpose of the motor gener· 
a tor? 

A-409. The M. G . S e t supplies low voltage cur­
rent to the lanps, control a nd b a tteries of the loco­
motive and also supplies current for the train light­
ing system. 

Q-410. 
contactors 

A-410. 

Q-411. 
age? 

In what order do the motor generator 
close when it is being started? 
F irst No. 56, second No. 58, third No. 57. 

What regulates the control generator volt-

A-411. The regulator panel near the A -end en· 
gineer's seat in conjunction with the C . E. M. F. 
regulating generator on the rear end of the M. G . 
Set. 

Q-412. What does the regulating generator do? 
A-412. It permits more or less current to How 

through the control generator field in order to hold 
its armature voltage constant as regulated by relay 
R-8 on Panel I 16. 

Q-413. For what purpose is relay C0-9 used? 
A-413. This relay opens up the connection to the 

field of the control generator in case its voltage should 



rise to a dangerous value of 150 volts or higher due 
to any reason such as failure of the regulator. 

Q-414. If M. G. Set runs but does not generate, 
what may be done~ 

A-414. Touch a piece of wire jumper from C0-9 
(closed) to wire L- I 4 on the extreme right hand 
stud at the bottom of the panel until the ammeter 
begins to indicate. If this does not cause the gener­
ator to build up, trip· C0-9 .. and. connect an insulated 
wire from the positive fuse over the boiler room door 
to the bottom of C0-9; then close the relay by hand 
after removing the wire. 

Q-415. When starting up M. G. Set if the bat­
tery fuses blow what may be the cause of failure and 
how would you proceed~ 

A-415. The cause may be reversed polarity. If 
near a terminal the locomotive may be run in on the 
locomotive battery or train batteries fo~ control cur­
rent. Or the polarity may be corrected by holding 
Relay R-8 open with M. G . Set running. 

Q-416. How may the locomotive be operated over 
the run if theM. G . Set fails~ (Give details.) 

A-416. Under this condition the locomotive con­
trol current may be obtained from the train batteries 
as follows: 

I. Remove 400 ampere generator •fuses. 
2. Trip C0-9, block RC- 1 0 to rig ht, set lighting 

panel circuit breaker and insulate its auxiliary con­
tacts. 

3. Close generator and battery switches on light­
ing panel and open locomotive ba ttery switch. 

4. When discontinuing this operation close lo­
comotive battery switch and open lighting panel 
switches. 

Q-417. How many traction motor blowers are 
there and where located? 

A-417. There are six, one for "each two traction 
motors located on top of the truck frames. 

Q-418. What fuse and resistor affect the traction 
motor blowers? 

A-418. The auxiliary fuse and Resistor No. 43. 

Q-419. Where should the traction motor blowers 
be run on the Coast Division and state whether on 
high or low speed. 

A-419. Eastbound from Renton to Rockdale and 
from Ellensburg to Othello on LOW. Westbound 
from Beverly to Cedar Falls on LOW. With ten cars 
or more if the line voltage is below 2500 the blowers 
should be run on HIGH between Beverly and Kittitas 



East or Westbound. The traction motor blower hous­
ing shutters should be shut to exclude snow and dust 
when needed. The Traction motor blowers should 
be run on LOW under this condition. 

Q-420. What contactors control the traction mo­
tor blowers~ 

A-420. Nos. 59 to 62 inclusive. 

Q-421. How many traction motors are there and 
what is their principal feature? 

A-421. There are twelve traction motors whose 
armatures are gearless with two field poles each; thus 
classifying them as bi-polar, gearless type. 

Q-422. What is the maximum trailing tonnage 
rating in passenger cars of EP-2 locomotives~ 

A-422. 960 tons on 2.2 % grade. 

Q·423. What is the trailing freight tonnage rat­
ing from Beverly to Boylston of these machines? 

A-423. 700 tons. 

Q-424. How would you detect a traction motor 
armature failure~ 

A-424. By the JR circuit breaker tripping or the 
line contactors flashing when the controller is shut 
off and the ammeters indicating zero when the con­
troller is advanced as in regular operation. 

Q-425. Operating from the B-end and with arm­
ature No. I 0 grounded what could be done to make 
it possible to operate the locomotive on level track~ 

A-425. The B-end should be cut out and the 
controller advanced slowly with a man watching the 
upper ammeter in A -end cab to notify the operator 
if the current used is 'found to be excessive. 

Q-426. What traction motors have their field cur­
rent indicated on the lower ammeters in both cabs 
in high speed parallel connection? 

A-426. Traction motors Nos. 7, 8 and 9. 

Q-427. What traction motors have their current 
indicated on the upper line ammeter in the A-end 
cab and on what controller notches? 

A-427. In series-parallel or 6-motor position of 
the controllers the current through the 6-motors on 
the A-end is indicated on the upper A-end line am­
meter. In low speed parallel motor Nos. 4, 5, 6 and 
3 and in high speed parallel motor Nos. 4, 5 and 6 
have their current indicated on this instrument. 

Q-428. How does the JR circuit breaker act under 
overload current? 

A-428. It will open and cause the line and resis-



t 

tance contactors to open, thus stopping motoring or 
regenerative braking action. 

Q-429. In setting the JR circuit breaker electric· 
ally what is usually the cause when it pumps? 

A-429. The JR circuit breaker will pump if there 
is no current in its holding magnet. This usually 
is caused by the brake pipe pressure being too low 
to set the V -valves. 

Q-430. What should be done if the JR circuit 
brea ker or resistor N o . I are burned badly? 

A-430. Drop pantog raphs immediately and use 
jumper from No. I switch to No. 2 contactor before 
proceeding. 

Q-431. Give the name~ and numbers of relays_ 
in the contactor compartments. 

A-431. In the A -end there are OV-2, OL-7, OL-4, 
OL-3, TR-5, TR-6 and UV- 1. 

In the B-end are OV-52, OL-57, OL-54,. 
TR-56 and UV-51. 

Q-432. For what tripping current are the over~ 
load r elays set? 

A-432. 450 a mperes. 

Q-433. At wha t volta ge will the overvoltage re­
lays trip? 

A-433. 3800 volts. 

Q-434. What do the pilot lights before the engin­
eer's seat indicate? 

A-434. That · the tripping coil circuits on the 
overvoltage relays are in good condition. 

Q-435. Give number and location of reversers and 
explain how they operate . 

A-435. ' The lwo reversers are located under the 
floor on the left side of engineer's cab on each end. 
They are electro-pneumatic switches used to change 
the direction of current How in the traction motor 
fields, thus determining the direction of locomotive 
travel. 

Q-436. How can you tell which is the "Forward" 
position of either reverser? 

A-436. The reversers are in the ''Forward" posi­
tion when the lever outside the frame is up as high 
as it normally travels. 

Q-437. What contactor will not close electrically 
if the A-end reverser does not properly move cor­
responding to the controller position? 

A-437. Contactor No. 2. 



Q-438. ' What contattor will not func tion properly 
unless the B-end reverser follows the controller cor­
rectly in ope ratio n? 

A-438. Conta ctor No. 3. 

Q-439. Give numb er a nd loca t ion o'f tappers. Ex­
p lain how they operate: 

A-439. There a re two tappers located under the 
floor at the middle of the engineer's cab on each end. 
They are electro-pneumatic switches used to cut out 
o ne half of the traction motor field winding for highe~: 
speed under light loa d. 

Q-440. How can you tell if a tapper is in the tap 
field position? 

A-440. The 1st, 3rd and 5th main contacts count­
ing from the front end will be closed and the others 
open. 

Q-441. Under what conditions and how may the 
traction motor fields be tapped? 

A-441. When the traction motor current is less 
than I 50 amperes and the main controller is on the 
I Oth, I 7th or 26th notches the fields may be 'tapped 
by pushing the braking controller lever forward. 

Q-442. Give numbers of contactors which make 
up the A, B and :C switches. 

A-442. A -switch has contacto rs 4 to 1 I inclusive. 
A-end B-switch has contactors 13 to 27 inclusive. 
B-end B-switch has contactors 63 to 76 inclusive. 
A-end C-switch has contactors 41 to 50 inclusive. 
B-end C-switch has contactors 91 'to 1 00 inclusive. 

Q-443. How a re 'the A , B and C switches operated 
and what positions do they take under normal work­
in g conditions? 

A-443. These switches are electro-pneumatically 
operated from the controlle r. The A-switch operates 
on the I I th notch, the B and C switches motoring on 
the I 8th notc h and the B-switch bra king on the I I th 
notch high spe ed and the 4th notch low speed. 

The A-switch h a s 6 a nd I 2 motor positions. 
The B-switches have 4 motor, 6 motor a nd brak­

ing positions. 
The C-switches have 3 and 6 motor cut out posi­

tio~s. 

Q-444. If the A -switch does not properly follow 
t h e movement of the m a in controller lever what ap­
paratus will not function? 

A-444. Relay TR-5 and rhe ostat contactors 30 
to 36 and 80 to 86 inclusive. 

Q-445. If the B or C switch on the A-end fails 
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to work properly what apparatus will not operate as 
it should normally i 

A-445. Relay TR-6 and rheostat contactors ex• 
cept No. 87, 33, 83. 

Q-4415. If the B or C switch on the B-end does not 
function properly what apparatus will fail in opera­
tion i 

A-446. Relay TR-5 6 and rheo'ltat contacto1·s ex­
cept No. 37, 33, 83. 

Q-447. What is meant by full series position of 

the controller? 

A-447. Full sedes o n the 1Oth controller notch 
is when all 12-motors are connected in series with~ 
out the resistors in circuit. 

Q-448. What is meant by full series-paralle l posi.: 
tion of the controller? 

A-448. On the 17th controlle r notch the motors 
are connected into two g roups of 6-motors each with 
no resistors in the circuits. 

Q-449. What is meant by high speed parallel 
posit.ion of the controller? 

A-449. When the braking controller handle is in 
upward position in no·rmal operatio n and the main 
lever is on the 18th to 26th n otches inclusive, the. 
traction motors are connected into four g rou p s . of 
3-motors each or high speed parallel position. 

Q-450. 'Wha t is m eant b y Low speed parallel posi­
tion of the controller i 

A -4SO. When the braking controller le ver is in 
downward position in normal operation .and the main 
lever is on the 18th to 26th notches inclus ive the 
tractio n motors are connected in three . groups of 
4-motors each or low speed parallel posi\ion. 

Q-451. E..xplain the purpose of contactors Nos. 2 
and 3. 

A-451. These contactors make or .break connec­
tions for the 3 000 volt current to the t~action motors 
when the controller is moved ON or OFF. 

Q-452. Give the numbers of · the rheostat con­
tactors and state where they are located on the lo­
comotive. 

A-452. The rheostat contactors · are Nos. 28 to 
40 inclusive on the A-end and 7.8 to 90 on the B -end." 
They are located in the forward end of each con­
tactor compartment on the engine~r' s side. 

Q-453. Give the numbers, of the grid resistors and 
state where they are located on the locomotive. 



A-453. Beginning on the A-end in front of the 

fireman·s seat the grid r esistors are numbe red 1 to 
5 inclusive · toward -the •front, and on the engineer· s 
side proceeding in order from front to rear, 6 to 22 
inclusive. On the B-end in front of the fireman's 
seat the grid resistors are numbered 23 to 33 in­
clusive toward the front and on the engineer·s side 
proceeding toward the rear, 34, to 43. 

Q-454. For what purpose are resistors Nos. 1 9 
and 23? 

A-454. To regulate the field strength of the ex­
citing motors when regenerating. 

Q-455. What are the balancing resistors? 

A-455. These are connected in series with arma­
tures of the exciting motors when regenerating for 
the purpose of balancing their currents and reducing 
the voltage in each case. 

Q-456. What are the equalizing resistors? 

A-456. These equalize the field and line currents 
between the two exciting motors on each end of the 
locomotive. 

Q-457. Give number and location of rheostat 
contactors. 

A-457. On A-end the right side forward end CO';~· 
tactor compartment are contactors Nos. 28 to )RI.fO, 

On B-end in same relative position are Nos. 78 
to 90. 

Q-458. Give the numbers of the braking con­
tactors. 

A-458. 01 to 06 inclusive on A-end and 051 
to 056 inclusive on B-end. 

Q-459. What is the main point of difference of 
the braking contactors compared to the others ? 

A-459. The braking contactors are opened by 
magnets and closed by gravity, but the other con­
tactors are closed by magnets and opened by gravity. 

Q-460. Explain the purpose of contactors 39 
and 89. 

A-460. These contactors cut out part of the bal­
ancing resistors during low speed regeneration. 

Q-461. What resistors are in series with the lo­
comotive K. W. H. and K. V. meters? 

A-461. Resistor No. 52 'for the K. V. meter and 
No. 53 for the locomotive K, W. H . meter. 

Q-462. How many cells are there in the locomo-
tive battery? · 

A-462. There are 36 cells in the locomotive bat­
tery. 



Q-463. What is the only apparatus on the loco­
motive that will operate properly if a main control 
fuse is blown} 

A-463. 

Q-464. 
fuses. 

Lamps and auxiliary compressor. 

Name and give capacity of control switch 

A-464. Main control switch two fuses of 60 am­
pere capacity. Main compressor control switch one 
fuse I 0 ampere capacity. Motor generator control 
switch one fuse I 0 ampere capacity. Controller 
switches two fuses each 40 ampere capacity. 

Q-465. Explain the method of numbering and 
lette ring the control wires. 

A-465. Wires inside the controller are give n plain 
letters like A or B. Wires from t he controller s to 
the connection boxes and between connection boxes 
are given plain numbers like I , 3, 5-etc. After any 
one of the numbered ¥-Tires goes through a relay or 
coil it is lettered successively I A, I B, I C, · etc. 

Q-466. Where are the control connection boxes 
and what are they for} 

A-466. The control connection boxes are locat­
ed in the enginemen·s cabs n ear the hand brakes. 
They are used to connect the va rious b ranches of the 
control wires in systematic order. 

Q-467. ·What control wires are in the control 
jumper which goes to the uppe r left couple r socket 
on the A-end} 

A-467. I to 16 inclusive. 
Q-468. What is the number or wires in the lower 

left control . coupler socket on the B-end} 
A-468. Three No. 40s and 5 I to 63 incl\'sive. 
Q-469. Whe re are the low voltage connection 

boxes and what wire numbers are in them} 
A-469. The L. V. C. boxes are located in the 

engineer·s cabs under the lireman·s seats. Wires Nos. 
Ll and L2, Kl and K2, L8 and L9. are connected 
inside them. 

Q-470. How do the controllers operate contac­
tors} 

A-470. The .controller is a low voltage switching 
device which is used to energize or de-energize op­
erating circuits of the various ~ontactors and switches. 
The control wires are thereby energized in a system­
atic predetermined manner and the contactors op-
erate accordingly. ' 

Q-471. What procedure should be used in cut­
ting in the train lighting panel and also in cutting 
it out} 



CUTTING IN 

A-471. I . Move both lamp and generator rheo­
stat handles toward the middl-; ot the panel. 

2. Have lamp, battery and ' panel light switches 
ON. 

Have the circuit breaker closed. 
3. When the gage lamps burn showing that the 

train jumper is in place the generator switch may 
be closed. 

4 . Put the volt meter plug in the holes marked 
"LAMPS" and move the gener.,.tor rheostat to hold 
70-75 volts on the lamps. 

5. L e t the panel remain this way until the "Loop 
switches" in the train are pulled as evidenced by the 
lamp ammeter changing but slightly when lamp rheo­
stat leve r is moved to the left one point. 

6. Next, while maintaining 70 to 7 5 volts on 
the lamps by means of the lamp rheostat the genera­
tor rheostat m ay be gradually advanced to the right 
until the generator ammeter indicates around 200 
a mpe res o r the handle has r each ed its limit of travel. 

7. The first important con sideration is to hold 
70 to 7 5 volts steady and uninterrupted on the lamp 
lines at all times. The train batteries can only be 
charged while doing this if the train loop switches 
are opened 

CUTTING OUT 

Whe n discontinuing train lighting and batte ry 
charging the circuit breaker should be tripped, the 
generator lever switch open ed and the rheostat han­
dles moved to the center of the panel. 

Q-472. If train lightin g trouble develops what 
tests should be made on the lighting panel? 

A-472. Insert the voltmeter plug in positions I, 
2 or 3 to see if the lamp, battery or generator lines 
are grounded. Try opening lamp switch leaving 
generator and battery switches "ON". If circuit 
breaker does not stay set try opening the battery 
switch leaving the lamp and generator switches "ON". 
If this does not work pull jumper to train a nd run 
baggage car dynamo. 

Q-473. When lightin"g a train if the control or 
controller fuses blow twice, what should be done? 

A-473. The train lighting panel switches should 
be opened and the jumper pulled between locomot ive 
and tra in. The baggage car dynamo rnay be run for 
lighting the train. 

Q-474. How is the RCC contactor interlock con· 
nected up to the lighting panel? 



A-474. When the RCC contactor opens it closes 
an interlock which short circuits a 290-ohm resistor 
tube in series with the trip coil on the lighting panel 
circuit breaker. This increases the current to this 
coil causing it to open the breaker. 

Q-475. Explain how you would make a stop and 
start up again while regenerating on descending 
mountain grade} 

A-475. In making a stop: 

I. Make a light initial reduction suffi­
cient to hold the train speed constant and gradually 
shut off the braking controller as the air brakes take 
hold. 

2. Watch the line ammeter and a s the 
needle reaches zero shut off the main controller. The 
r.est of the stop can be handled in regular manner 
with the air brakes. 

In starting: Release brakes and notch 
out the main controller to the I I th notch, holding 
about 150 amperes accelerating current. Next ad­
vance the braking lever rapidly enough to cause the 
line ammeter to indicate braking and to increase the 
field current to about 250 amperes before the speed 
becomes too high. If necessary the speed should be 
checked by use of the air brakes. 

Q-476. What should be done if tying up an EP-2 
locomotive with no one left in charge? 

A-476. The controller and controller switches 
should be shut off; also the M . G . Set, main com­
pressor and traction motor blowers. The pantograph 
and reverse handles should be removed 'from their 
operating places and left above the ammeters in one 
cab. The locomotive battery switch should b e opened 
before leaving the machine. All doors and windows 
should be shut and if standing on a grade the wheels 
should be securely blocked. 

Q-477. Trace the flow of control current from 
the locomotive battery and back a gain on t h e first 
notch forward of B-end main controller, 

A-477. (This question should be answered with 
the aid of wiring diagram No. E. D. 1364 as follows) : 
Control current flows from the positive terminal 
locomotive battery, 75 ampere ribbon fuse, locomotive 
battery ammeter shunt, battery switch, wire L- I, B­
end L. V. .C. box, control jumper, A-end L. V. 
C . box, main contr'ol switch and 60 ampere fuse, wire 
K I, A -end L. V .· C . box, control jumpe r, B-end L . V. 
C . box, B-end controller switch and 40 ampere iuse 
to the B-end controller b!owout coil to the two top 
fingers and rings on the main controller which are 



connected togethe.-. When the controller is on the 
first step the ' lst, 2nd, 3rd, 5th, 7th, 20th, 23rd, 24th, 
fingers come into contact with their respective 
rings. The upper section of the controller drum 
from the 1st to 20th fingers is energized with 
positive control current and the lowe r section finger 
Nos. 21 to 23 inclusive is negative. Negative current 
from the controller on its return to the battery flows 
on wire K-2 through the controller switch and 40 
ampere fuse to the B-end L. V. C. box, control 
jumper, A-end L. V. C. box, main control switch and 
60 ampere fuse, wire L2, A-end L. V. C. box, control 
jumper, B-end L. V. C. box, locomotive battery switch, 
75 ampere locomotive battery 'fuse, ' negative terminal 
of locomotive battery. 1 

If the JR circuit breaker is not set when 
the controller is placed on the first notch, positive 
control current flows from the 20th main controller 
finger, wire 20, A and B-end C. 'C. boxes and No. 3 
control jumper to 1 fifth JR interlock finger, wire 20A, 
JR r e lay operating magnet, wire 20B, interlock on 
No. 2 contactor with the contactor open, 'fire 24, 
A-end control connection box, 12th stud of 2nd ver­
tical row, No. 3 control jumper, B-end control con­
nection .box, 15th finger of the br!'lking controller, 
14th finger of braking controller, wire 'B, 1st finger of 
reverse drum to 3rd, wire 40, '23rd and 24th fingers of 
main controller on B-end and on negative wire K2 
back to locomotive battery. This flow of current 
causes the JR relay to close its contacts and then cur­
rent flows from positive ...,-ire K I through •JR relay, 
the reset coil of the 'circuit breaker to negative wire 
K2 and bac,k to the locomotive battery. When the 
circuit breaker closes it opens its 5th interlock finger 
thus allowing the JR relay to open 'and cut off the 
current to the reset coil. 

Th<:' JR holding coil holds the circuit 
breaker closed in normal operation and the current 
through it may be traced as follows : From the loco­
motive battery to positive wire K 1 as explained 
above, JR holding coil, calibration rheostat, wire K7, 
relay OV-2, wire K8, GL-7, wire K9, OL-4, wire 
K 1 0, OL-3, wire K 11, V valve, wire 57, A-end C. C. 
box 6th stud on 4th row, No. 4 control j,umper, B-end 
C. C. box 6th stud, 4th row, V valve, wire K 1 2, OL-
57, wire Kl3, OL-54, wire K14, OV-52, wire K2 and 
back to locomotive battery as above. From the 3rd 
finger of the main controller current flows on wire 
A, 7th finger of reverse drum, to the 8th finger of the 
reverse drum, wire 8, to the B-end C. C. box 1st row 
8th stud, to the forward magnet valve of the B­
reverser, wire No. 40, B-end C. C. box, 23rd and 24th 
fingers of main controller to the negative and back to 
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the locomotive battery as above. This current causes 
the B-end reverser to move into the forward position 
and set its interlock so that current also flows from 
wire 8, lst reverser interlock finger to the second 
finger, wire 55, B-end C. C. box 4th stud of 4th row, 
control jumper No. 4, A-end C. C. box, 4th stud of 
4th row, cont'actor No. 3 operating magnet, wire No. 
24B, 1st JR interlock finger, wire 24A, 2nd JR inter­
lock finger, wire 24 and back to the locomotive bat­
tery as above. 

Current also Bows on wire S, B-end C. C. 
8th stud of I st row, No. 2 control jumper, A-end C. 
C. 9th stud of I st row, wire 0, reverse magnet valve 
of A-end reverser to wire 40, A-end C. C. box, control 
jumper No. 4, B-end C. C. box, 23 and 24 fingers of 
B-end main controller to the negative and back to the 
locomotive battery as above. 

When the A-end reverser throws to the 
reverse position its interlock connects its 3rd and 2nd 
.fingers, wire 0 and SA together; and current Bows 
from wire SA to contactor No. 2 operating magnet, 
wire 24B and bac!C to the locomotive battery as 
above. From the 5th finger of the main controller 
.current Bows on wire 3 to the B-end C . C. box 3rd 
stud I st row, No. 2 control jumper, A-end C. C. box 
3rd stud I st •ow, 19th inte rlock finger of A-end B­
switch in the 6 and 4 motor position, 20th interlock 
finger of the A-end B-switch in 6 and 4 motor posi­
tion, wire 53, A-end C. C . box, 4th row, 2nd stud, 
.control jumper No. 4, B-end, C. C . box, 4th row, 
2nd stud, 20th interlock fin ger of B-e nd B-switch 6 
and 4 motor position to I 9th finger of B-end B-switch 
interlock, wire I, B-end C. C. box I st row, I st stud, 
No. 2 control jumper, A-end C. C. box I st row, I st 
stud 5th interlock 'finger on the A-switch in the 12 
-motor position, 6th interlock finger on the A-switch, 
-wire 2A, operating magnet of relay TR-5 wire 24B 
and baek to the locomotive battery as above. 

From the 7i:h finger of the B-end main 
controller current Bows on wire 5 to the B-end C. C. 
box I st row, 5th stud, 13th interlock finger on B-end 
B-switch in 6 motor position, 14th interlock finger of 
B-end B-switch wire 5N, 4th finger of interlock on 
B-end, C-switch in 6 motor position, 5th finger of 
B-end, C-switch, wire IN, operating magnet of TR-56, 
wire 40, B-end C. 'C. box, 23 and 24 fingers of B-end 
main controller and back to locomotive battery , as 
outlined above. The current also Bows 'from wire 5 
in the B-end C. C. box through No. 2 control jumper, 
A-end C. C. box lst row 5th stud, 13th interlock 
finger on A-end B-switch in 6 motor position, 1-4th 
interlock finger A-end B-switch wire 5-A, 4th finger 
.A-end C-switch in 6 motor position, 5th -finger of 



interloc k of A-end, C-switch wire I B, operating mag­
net of TR-6 wire 40, A-end C. C. box, control jumper 
No. 4 , . B-end C. C. box, 23 and 24 fingers of B-end 
main controller and back to the locomotive battery as 
a bove. 

Q-478. With the controller on the first notch for­
ward motoring on full field trace the flow of power 
current from the wire to the rails thro u gh the traction 
motors . 

A-478. (This question should b e answered with 
the aid of wiring diagram No. ED-1364 as follows) : 
On the first controller notch full field norma l motor­
ing operation, current flows from the trolley wire 
through the main r eactor, throug h switch No. I, JR 
circuit brea ker, contactor Nos. 2 and 3, cable R-1 I, 
grid resistors Nos. 3, 4, 5, 12, 13, 14, 15 and 16, 
cable R-16, contactor Nos. 41 and 2 7, cable R-21, 
grid resistors Nos. 6 to I I inclusive, trip c oil on relay 
OL-4, traction motor armature Nos. 4, 5 and 6, con­
tactor Nos. 45 and 44, traction motor armature No. 
3, contactor No. 23, traction motor armature No. 2, 
cable R-31, resistors Nos. 21, 20, cable R -33 and 34, 
resistors Nos. 18 and I 7, cable R -36, contactor No. 
I 6 , traction motor armature No. I, contactor No. 18, 
A-reverser contact, A-tapper contact, two field coils 
of traction motors No. I and 2, two field coils, trac­
tions motors No. 2 and I, A-reverser contact, con­
tactor No. I 5, A-reverser contact, A-tapper con­
tact, four field coils of traction motor No. 3, A­
re verser contact, c ontactor No. 48, A-reve rse r c on­
tact, A-tapper contact, two field c oils each on trac­
tion motors Nos. 4 , 5 and 6, two field coils each on 
traction motors Nos. 6, 5 and 4, A-reverser contact, 
contactor Nos . 50, 7, 8 and 9, cable R -6 1, grid re­
sistors Nos. 31 to 24 inclusive, cable R-66, contactors 
No. 91 a nd 76, cable R - 71, grid resistors 32 to 3 7 
inclusive, cable R - 75, trip coil relay OL-54, tract ion 
motor armature Nos. 9, 8 and 7, contactor Nos. 95 
a nd 94, traction motor armature No. I 0, contactor 
No. 73, armature No. II, cable R-81 , resistors 42, 41, 
cables R-83 and 84, resistors 40 a nd 39, cable R-86, 
contactor No. 66, traction mot o r a rmature No. 12, 
contactor No. 68, B-reverser contact, B-tapper con; 
tact, two field coils each on traction motor Nos. 12 
and I I, two field coils each on traction motor Nos . I I 
a nd 12, B-reverser contact, contactor No. 65, B­
reverser contact, B-tapper contact, four field coils of 
tra ction motor No. I 0, B- reverser contact, contactor 
No. 98, B-reverser contact, B -tapper contact, two field 
coils on each traction motor Nos. 9, 8 and 7, two field 
coils on each traction motor Nos. 7, 8 and 9, B­
reverser contact, contactor No. l 00, field ammeter 
shunt, line ammeter shunt, K . W. H. meter shunt, 



locomotive frame (ground) through wheels to the 
rails and back to the substation. 

Q-479. Trace the flow of pantograph control 
current from wire K I to K2 operating from the 
A-end with B-end pantograph only. 

A-479. On wire K I current flows from the L. V. 
C. box on the A-end through the loose handle panto· 
graph control switch and the lower snap switch in the 
A-end operating cab, wire L9, A-end L. V. C. box, 
control jumper No. I, B-end L. V. C. box, lower pan­
tograph control snap switch in B-end cab, wire L54, 
operatin g magnet of B-end pantograph valve, wire 
L55, upper pantograph control snap switch in B-end 
cab to wire K2. 

Q-480. Trace the flow of control current for the 
M. G. Set from wire K I to K2. 

A-480. Current flows from the B-end L. V . C. 
box, wire K I, through the M. G. Set control snap 
switch and fuse , wire L7, operating magnet of con­
tactor N o . 56, wire L64, auxiliary switch interlock, 
wire K2. 

Q-481. Trace the flow of power current from the 
trolley wire to the rails through the M. G . Set when 
it is first starting. 

A-481. Power current flows from the trolley wire 
through a p a ntograph and its cut-out switch, t hrough 
the roof cables, auxiliary reactor on B-end, auxiliary 
switch and fuse, cable R-1 0 I , resistor No. 43, cable 
R-1 02, contactor No. 56, M. G . Set motor a rmature 
No. 1, M. G. Set motor shunt field, K. W. H. meter 
shunt to locomotive frame (ground). locomotive 
wheels and to the rails. Another part of the current, 
after flowing through a rmature No. I flows through 
armature No. 2 of the· M. G . Set, the compensating, 
commutating and compound series fields of the motor 
of the M. G . Set, resistor Nos. 57 and 58, operating 
magnet of contactor No. 58, auxiliary ammeter shunt, 
K. W. H. meter shunt to g round. 

Q-482. Explain the flow df M. G. Set power cur­
rent as the machine speeds up and the starting r e ­
s is tance is cut out. 

A-482. When the M. G. set speeds up after start­
ing, the spring on contactor No. 58 closes it and cur­
rent flows as in A-481, excepting that it goes throug h 
resistor No. 57, operating m agnet of contactor No. 
57, contactor No. 58, holding magnet of contactor 
No. 58 to the auxiliary ammeter shunt, etc. With 
further increase of speed in starting, the spring on 
contactor No. 57 closes it and the current then flows 
as ahove, · excepting that it goes through co;.tactor 



No. 57 and its holding coil instead of resistor No. 57 and ope rating magnet of ~ontactor No. 57. 
Q-483. Trace the flow of control current for the main air compressor from wire K I to K2. 
A-483. Current flows from the B-end L. V. C . box, wire K I , main compressor control snap switch and fu s e, wire LS 7, compressor governor contacts, wire L 58, operating magnet of contactor No . 54, wire L64, auxiliary switch interlock, wire K2 . 
Q-484. Tra ce the flow of power current through the main air compressor when it is just starting, and also whe n it is up to full speed. 
A-484. Power current flows a$ given in A-481 through resistor No. 43, cable R-1 02, contactor No. 54, resistor No. 55, operating magnet o'f contactor No. 55 , No. I armature and fie ld, No. 2 armature and field of the m ain air compressor motor, auxiliary am­meter s hunt, K. W. H. meter shunt to ground. After the compressor gets started the spring on contactor No. 55 closes it and the current flows as above ex­cepting that it goes through contactor No. 55 and its holding ma gnet instead of resistor No. 55 and the operating m agnet o'f contactor No. 55. 
Q-485. Trace the flow of power current through the traction motor blowers operating on low speed (Series) . 
A-485. The power current flows through resistor No. 4 3 as shown in A-481, then through contactor No. 59, armature and field of T. M. B. motor Nos. 6, 5 and 4, contactor No. 61, T. M. B. motor Nos. 3, 2 and I, T. M. B. ammeter shunt, K. W. H. meter shunt to ground. 

Q-486. Trace out the field current to the control generator and explain how the voltage of this ma­chine is regulated. 
A-486. When the control generator begins to generate, current flows from its armature on wire Ll7, through 400 ampere copper ribbon fuse, wire L I 6, generator ammeter shunt on panel 116, wire LIS, relay C0-9 contacts, wire L13, Reg. Gen. C . 0. switch, series field and armature of the regulating gen­erator, (C. E . M. F . Gen.), Reg. ·Gen. C. 0. switch, wire L 14, field of the control generator, wire L 18. to the control generator armature. 

Current also flows from wire L I 7 through a 90 ohm tube resistor through one-half of the shunt field on the regulating generator, wire LIZ to the negative, so as to cause it to generate in a direction to assist the above flow of current. Current alao flows from wire L I 3 through a I 00 ohm tube through 
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the operating magnet coil of relay R-8 to the nega ­

tive. Also through the contacts on. R-8 through two· 

30 ohm tubes to the negative. This flow of current 

does no useful work. Also current flows through a 

250 ohm tube and the tripping magnet on relay C0-9. 

Current also flows from wire L 15 , 

through a I 00 ohm tube, through the shunt coil on 

relay RC- 1 0 to the negative. And also from wire 

L 14, through a I 50 ohm tube, through the speed 

winding on relay R-8 to the negative. 

When the control generator voltage rises 

a trifle above 8 I volts the operating magnet on relay 

R-8 increases its pull enough to overcome the spring 

on this relay and so open its con~acts . Therefore, the 

flow of current through them is cut off and another 

flow starts from wire L 13, through the shunt field 

df the regulating generator, wire L 12, three 30 ohm 

tubes to the negative. This flow of current through 

the regulating generator field is in a direction to 

cause its armature to generate a pressure in opposi­

tion to the flow of current through it to the control 

generator field. This back pressure decre ases the 

control generator field current and the voltage of its 

armature lowers to a trifle below 81 volts when the 

spring on R -8 can close its contacts again. This pro­

cess may be repeated with great rapidity as influ­

enced by the speed winding on relay R-8 so that no 

great variation in control generator voltage is per­

ceptible. 



EXAMINATION QUESTIONS CLASS EP-3 
ELECTRIC LOCOMOTIVES 

Q-487. What is the arrangement of cab, wheels 
and trucks on class EP-3 locomotives? 

A-487. There is one cab structure mounted on 
two main trucks, each of which consists of one engine 
truck, three pairs of drivers and one pair of trailers. 
The two p airs of trailers are in the middle o:f the loco­
motive at the rear of each main truck. (Locomotive 
I 03 0 I consists of two cabs, each mounted on a m a in 
truck which has an engine truck at each end.) 

Q-488. Na m e the various equipment compart­
ments a nd indicate the principal equipment in each. 

A-488. The No. I operating cab contains the No. 
79 M. G . Set field rheostat, brake va lves, pantograph 
controller, controller, No. I A and I B panels. 
, Next to this is the A-compartment con­
taining line . contactors Nos. I to I 0, lightning ar­
·rester and fuse,. balancing relay No. 45, M. G. con­
tactor No. 50, overload relay Nos. 60, 60A, 608 a nd 
60C, overvoltage r elay No. 57, main and auxiliary 
switches, r eactor, traction motor blower, fie ld shunt 
blower, auxiliary fuses and protective resistors. 

Nex t is the C-compartment in which ts 
located the train heating boiler and accessories. 

Next is the D-compartment in which is 
located the air compressor, train lighting panel to· 
gether with their imme diate accessories; a lso the 
stabilizing r esistors, the axle generator balancing 
resistor, s tabilizin g resistor switche s, a uxiliary chan ge· 
over switch, regene ration change-over switch, No. 
8 7 -B switch and axle generator armature fu ses. 

Next is the E-compa rtment with four mo­
tor contactors, combination switches, traction motor 
reverser, fi e ld shunt switches, traction motor cutpout 
switches and field shunt blower. 

Lastly the No. 2 oper atin g cab with simi­
lar equipment to No. I , with the exception of the No. 
78 axle generator motor operated rheostat and panels 
2A and 28. 

Q-489. State briefly how the wheels -a nd bearings 
are numbere d. 

A -489. Beginning on the No. I end on the engin­
eer's side odd numbers I, 3, 5, etc., are used. The 
truck wheels have the prefix "T'' before their num­
ber. The trailers a nd the drivers are given odd num- · 
hers only. 

On the fireman's, or left hand side, the 
wheels are numbered in like m a nner from front to 
rear with even numbe rs. The armature and suspen· 
sion bearings, gears, journals, journal boxes, box 
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liners, and brake shoes are numbered fo.r convenience 

like their adjacent wheels. (The armature bearings 

have the letters A and B added in reference to the ir· 

position with the Np. I end.) 

Q-490. What are the auxiliary air devices an l 

what air pressure do they use~· 

A-490. The mai'n whistles and ~anders use main 

reservoir air at II 0-130 pounds pressur-e; The b ell 

ringers and pantographs use control air at 7 5 pounds 

pressure. The boiler accessories use main reservol.­

air pressure given above, through the auxiliary devices 

g:_overnor. 

Q-491. What does the auxiliary dev,ices governo r 

dol 

A-491. It cuts off the air to the boiler accessories 

if the main reservoir pressure falls below I 00 pounds . 

Q-492. What is meant by control air and wha t 

does it operate I 

A-492. The control air is fed through a reducin g 

valve, strainer and cut-out cock from the main reser­

voir into a small reservoir at a pressure of 75 pounds . 

This air is used to operate the bell ringers, cam 

switches and contactors, and pantographs. 

Q-493. What type o;f air brake equipment is used 

on EP-3 locomotives~ 

A-493. Westinghouse type EL- I 4 modified . 

Q-494. Name the various brake valves and ex­

plain briefly their purpose. 

A-494. The engineer's brake valves apply and 

release brakes; the tra nsfer valves operate brakes on 

both ends from one engineer's valve; the distributing 

valves h a ndle air to the brake cylinders; regenerating 

interlock valves keep driver brakes from applying 

while regenerating; brake pipe vent valves hasten 

emergency application of brakes; feed valves apply 

air at standard pressure to brake pipe; straight air 

reducing valves supply air at constant pressure to 

signal system or to brake cylinders when independent 

application is made. The automatic control switch 

No. 89 permits the driver brakes to apply in emer­

gency while in r egeneration. 

Q-495. What is the brake rigging arrange m e nt? 

A-495. At the rear of each main truck there a r e 

two brake cylinders arranged with le vers so that when 

operating they apply brake shoes to the three pairs of 

respective drivers. 

Q-496. Where are the pantograph a rr cut-out 

cocks located~ 

A-496. At the top of the I B and 28 p a nels. 



Q-497. State briefly how pantographs are con­
trolled by means of the pantograph controllers for 
each position. 

A-497. The pantograph controller on the non­
operating end should be placed on position "B". The 
pantograph controller in the operating end may then 
be placed on "F'' for the front pantograph and "R" 
for the rear pantograph or "B" for both pantographs. 
When it is desired to lower the pantograph, the 
operating end pantograph controller must be moved 
to "D". This drops the pantograph. If either one 
of the handles of the pantograph controllers is re­
moved neither pantograph can be raised electrically, 
nor can the M. G . Set be started. 

Q-498. How may the pantographs be locked down 
and grounded? 

A-498. .With both p a ntographs in the down posi­
tion, the locking and grounding switches provided for 
that purpose may be closed. 

Q-499. How m a y the pantographs be discon­
nected? 

A-499. By opening up the disconnect switch at 
rea r of e a ch pantog raph with the wooden switch pole 
provided 'for this purpose. 

Q"500. Where is the air compressor governor lo­
cated? 

A-500. In the No. 2 operating cab in front of 
the fireman's seat. 

Q-501. How do you adjust the main r eservoir 
pressure with this governor? 

A -501. To adjust the governor to cut-out at 
higher or lower pressures close the cut-out cock to 
governor, turn snap switch "OFF", remove cap from 
regulatin g head of left valve (facing governor) turn 
the adjusting screw to right to cut out at higher pres­
sure; turn adjusting screw to left to cut out at lower 
pressure . 

To adjust governor to cut in at higher or 
lower pressure close the cut-out cock to governor, 
turn snap switch "OFF", remove cap from regulating 
head of right valve (facing governor), turn the ad­
justing screw to right to cut in at higher pressure, 
turn adjusting screw to left to cut in at lower pressure. 

Q-502. ·where are the compressor fuses · located 
and what is their type and capacity? 

A-502. These fuses are ribbon type, 350 ampere 
capacity, and located in boxes adjacent to air com­
pressor motor. 
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Q-503. Give location and function of the main 
reactor. 

A-503. It is located in the ''A'' compartment and 
in conjunction with the lightning arrester prevents 
lightning discharges from entering electrical appa­
ratus. 

Q-504. Where is the auxiliary switch located and 
what is its purpose? 

A-504. It is located in the "A" compartment by 
the side of the main switch. It is for the purpose of 
connecting the motor generator motor and various 
meter resistors to the pantograph supply. 

Q-505. Give number and location o:f the auxiliary 
change-over switch, also its purpose, 

A-505. Switch No. 42 is located in the left aide 
of' compartment "D". It is used to connect the trac­
tion motor blowers and air compressor to the axle 
generators when motoring or coasting and to the gen· 
erator of the motor generator set and batteries during 
regeneration, slow running or at stand still. 

Q-506. How is this switch controlled and what 
are its positions? 

A-506. It is controlled by No. 7 5 relay. It has 
two positions, · ·motoring or coasting" and "standing 
or regeneration." 

Q-507. Give the contacts closed on this switch 
in its two positions. 

A-507. The contacts are lettered "A" to "I" in­
clusive of which "A" to "D" are closed during motor­
ing or coasting and "E" to "I" are closed during 
regeneration, slow running or at stand still. 

Q-508. What resistor is in series with the motor 
generator motor permanently and what is its purpose? 

A-508. It is a grid resistor located in the "A" 
compartment between the auxiliary fuse and auxiliary 
switch, No. 85 . Its purpose is to limit the flow of 
current to the motor generator set motor and afford 
protection in case of overload and flash-overs. 

Q-509. For what purpose is the motor generator 
set? 

A-509. The motor generator set supplies low volt­
age current for charging the locomotive battery, for 
running the air compressor when standing still or 
r e generating; for supplying current for train lighting 
and various control circuits on the locomotive. It 
also supplies alternating current for use of the head­
lights and certain cab lights. 

Q-510. In what order do the motor generator con­
tact.ors close whe~ it is !;>eing started? 



A-51 0. I st: Contactor No. 5 I ; 2nd: Contactor 
No. 49 ; 3rd: Contactor No. 50. 

Q-511. What r egulates the gen e rator voltage? 

A-511. It is regulated by relay No. 72 located in 
the No. 1 A panel. This relay controls motor oper­
ated rheostat No. 79, whic h regulates the current in 
the shunt field of the generator. The setting of relay 
No. 7 2 is determined by the position of rheostat No. 
80, manually operated on the train lighting panel. 

Q-512. What do the travel limit switches on mo­
tor operated rheostat No. 79 do? 

A-512. The travel limit switches a r e for the pur­
pose of stopping the motor operated r h e ostat when it 
reaches its " all in" o r "all out" positions . Another­
switch lights the g r een M. G. pilot lamps in the oper­
ating cabs excepting when the rheostat reaches its 
"all out" position. 

Q-5 13. What should be done when the line volt­
age falls b elow 2400 volts for ten minutes? 

A-513. The train lighting pane l should be shut 
down. 

Q-514. What should be done when the line volt­
age fa lls below I 800 volts for five minutes, and why? 

A-51 4 . The motor gen e ra tor set should be shut 
down because the gen e rator will operate as a motor 
off of the locomotive battery. 

Q-515. What other indications will there be beside 
the ampere-hour m eter r eading which will give neces­
sary information as to the condition of the locomotive 
batteries ? 

A-515. When the b a ttery voltage drops to 60 
volts with the compressor not running off of the bat­
t ery it is an indication tha t the batte ries are about 
discharged. 

Q-516. What would be the normal rate of dis­
c harge on the b a tte ries when operating with defective 
motor g enerator set, for control, hea dlight, boiler 
blower a nd compressor? 

A-516. 30 ampere-hours per hour for control, 
headlight a nd boiler blower, and 5 ampere-hours per 
minute for the compressor. 

Q-517. How m a ny traction motor blowers are 
there and how operate d? 

A-517. The r e a re two traction motor blowers, 
one for each set of three traction motors. They run 
on the m otor gen e r ator and locomotive battery or axle 
gen e rato r current a nd may be started by turning on 
the snap switch at the engineer's seat in each operat­
in g cab. 
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Q-518. What contactor controls the traction mo­
tor blowers and where is it located? 

A-518. Contactor No. 87 loca ted in the B com­
partment on the auxiliary panel. 

Q-519. What is the purpose of the traction motor 
blower switch No. 8 7 -B and where located? 

A-519. It is located in compartment D over the 
train lighting fuses. It is for the purpose of con­
necting the T. M. blower motors to the motor gener­
ator set while standing or regenerating. 

Q-520. How many traction motors are there and 
wha t is their principal feature? 

A-520. There are six traction motors. Each t rac­
t ion motor has two armat.;res with one pinion each, 
driving one gear m ounted on each quill and driving 
axle. 

Q-521. Give location and numbers of the traction 
motor cut-out switches. What circuit and what trac­
tion motors may be cut out with each, a nd how are 
they operated? 

A-521. They are located in the right side of 
switch compartment "E" ove'r traction rnotor blower, 
facing the aisle. They are operated by raising the 
cross ' bar in front of the barrier interlocks, then •open­
ing the barrier interlock in front of switch to be 
opened. ' Then use the insulated handle provided for 
the purpose and open the knife blade switches. Re­
place the cross bar to hold all other interlock barriers 
in place. 

The ·barr ier interlock opens the control 
circuit to the ope1·ating coil o'f the motor contactor 
located on the positive sid e of. the motors to be cut 
out. The knife blade switch opens the neg ative side 
of the field of the mot or to be cut out. Interlock 
barrier 99a and switch 99A cut out T. M . 1. Inter­
lock barrier 99b and switch 998 cut out T. M. 2 and 
3. Interlock barrier 99c and switch 99C cut out T. 
M. 4 and 5. Interlock barrier 99d and switch 990 
cut out T . M. 6. 

Q-522. What is the maximum tonnage rating of 
.EP-3 locomotives in passenger cars,? 

' A-522. On 2.2% g rade, 960 tons. 

Q-523. How many passenger cars will these loc o­
motives ha'ndle with a pair of motors cut out on 1 %, 
1.7% and 2% g rade? 

A-523. 1% grade or less, 1.0 cars; 1.7% grade, 7 
cars; 2% grade, 6 cars. But the r e must not be less 
than 1 ? minutes between accele ration periods. 

Q-524 . . What· is the car limit for handling freight 
trains with these locomotives? 



A-524. 50 cars. 

Q-525. What freight tonnage can be handled with 
one pair of motors cut out? 

A-525. One-half the rated tonnage for the grade 
in question. 

Q-526. When regenerating in freight service what 
probable trouble may occur and how should it be 
overcome? 

A-526. The stabilizing resistors should be watched 
closely and if they become overheated, air brakes 
should be used to assist in controlling the train. 

Q-527. With traction motors 2 and 3 cut out 
what ammeters would indicate the current through 
traction motors 1 and 6 and what ammeters for trac­
tion motors 4 and 5 in the third combination? 
6A-527. Upper ammeters for motors 1 and 6. No 
ammeters for motors 4 and 5. 

Q-528. V"/ith traction motors and 6 cut out 
which ammeters will read the current on the remain­
ing traction motors in the third combination? 

A-528. Lower ammeters will indicate for 2 and 
3 motors. No ammeters for motors 4 and 5. 

Q-529. With traction motors 4 and 5 cut out 
which ammeters will indicate the current to the re­
maining traction motors in the third combination? 

A-529. Upper ammeters ;for motors 1 and 6; 
lower ammeters for motors 2 and 3 . 

Q-530. What is the purpose of the overload relays 
and what is their normal setting? 

A-530. No. 60 overload relay limits the maximum 
current through all the traction motor circuits to 
I 500 amperes. No. 60A, 60B and 60C overload re­
lays are each connected in one traction motor circuit 
and in the third combination limit the current in each 
circuit to 650 amperes. 

Q-531. What is the purpose of over-voltage relay 
No. 57 and what is its setting? 

A-531. This relay is for the purpose of discon­
necting the traction motors from the line and stopping 
regenerative action if the traction motor voltage 
should exceed 3800 volta. 

Q-532. How may the 0. L. and 0. V . relays be 
reset after having been tripped? 

A-532. By returning the controller to the "OFF" 
position. 

Q-533. How may it be known that the 0. V. relay 
tripping coil is energized for operation and how is 
this arranged? 
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A-533. The operating coil of Relay No. 56 is 
connected in series with tripping coil of No. 57 and 
when energized will light the pilot light over the front 
door in each operating cab. 

Q-534. Give the number and location of the trac­
tion motor reverser and for what purpose is it? 

A-534. The reverser is No. 36, an electro-pneu­
matically operated switch located in the "E" compart­
ment. It is used to change the direction of current 
flow in the traction motor fields, thus determining 
the direction of locomotive travel. 

Q-535. What contacts are closed with the reverser 
in the forward position? In the reverse position? 
(Considering No. 1 end the head end.) 

A-535. For forward position, contacts A-C-E-G-1-
K-M-0 are , closed. For r everse position, contacts 
B-D-F-H-J-L-N-P are closed. 

Q-536. Under what conditions only, would it be 
permissible to reverse a locomotive while in motion? 

A-536. In extreme emergency with 'failure of 
brakes, to avoid serious accident or personal injury. 

Q-537. What contactors and relay will not close 
electrically if the reverser does not properly move 
corresponding to the controller position? 

A-537. Contactors I , 2, 3, 4, 76 and 7 7; and 
relay No. 53 . 

Q-538. How are the field shunting switches num­
bered and where are they located? 

A-538. Switches Nos. 3 7 and 38 are located in 
compartment "E". 

Q-539. How are the field shunt switches operated 
and what do they do? 

A-539. They are electro-pneumatic switches. No. 
3 7 is operated on the I 5th controller notch and No. 
38 is operated on the I 7th controller notch. These 
switches connect inductive shunts around the traction 
motor field windings, by-passing a portion of the 
armature current through the shunt, thus causing the 
motors to speed up under light load conditions, 

Q•540. Under what conditions may the traction 
motor fields be shunted? 

A-540. When the full field current is 300 amperes 
or less. 

Q-541. Where are the No. 34 and 35 switches lo­
cated, how are they operated and what ia their func­
tion? 

A-541. These switches are located in the "E" 
compartment and are electro-pneumatically operated 



from the controller. In the first combination with 
contacts A-B-C-D-E on switch No. 34 closed and con­
tacts A-B-C-0-E-F on switch No. 35 closed all 12 of 
the traction motor armatures are connected in series. 
In the second combination with contacts F-G-H-1 on 
switch No. 34 closed and contacts A-B-C-0-E-F on 
switch No. 3 5 closed two groups of six traction motor 
armatures are in series. In the third combination 
with contacts F-G-H-1 on switch No. 34 closed and 
contacts G -1-H-J-K-L-M-N-0 on switch No. 35 closed, 
three groups of four traction motor armature in series 
are connected to the trolley. 

Q-542. What is the effect on the locomotive if 
switch No. 34 does not properly follow the controller 
when running? 

A-542. The locomotive remains in the first com­
bination and No. 35 switch will not throw when going 
into the third combination, 

Q-543. Explain the purpose of contactor Nos. I 
to 1 0 inclusive. 

A-543. These are line contactors for the purpose 
of closing and opening the main motor circuits in 
normal operation of the locomotive; also for opening 
these circuits in case an excessive How of current or 
an excessively high voltage should cause a ny of the 
relays No. 57, 60, 60A, 608 or 60C to trip. 

Q-544. Explain the purpose of contactors Nos. 
28 to 33 inclusive. · 

A-544. They are 'for the purpose of assisting the 
motor combination switches in m a king a smooth trans­
fer from one motor combination to another. They 
also open in conjunction with the main motor cut-out 
switches No. 99A to D to cut out any pair o f motors. 

Q-545. Give the numbers of the T. M. rheostat 
contactors, theif~location on the locomotive and their 
function . 

A-545. The rheostat contactors are numbers 11 
to 2 7 inclusive. They are located in the "B" com­
partment and are for the purpose of cutting out re­
sis ta nce in the traction motor circuits in order, as the 
controller is operated. 

Q-546. Give the numbers of the traction motor 
resistors and their location on the locomotive . 

A-546. The traction motor resistors are numbers 
1 to 62 inclusive, .and are located in the "B" compart­
ment. 

Q-547. Where are the stabilizing resistors located 
f\nd ·~hat is their function? 
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A-547. They are located in compartment ''D'' 
on the right and left side over switches No. 39 and 
40. In regeneration the total current through the 
field and armatures of the traction motor s flows 
through the resistors in each case, for th~ purpose 
of improving the stability of these currents and caus­
ing the braking effort to hold nearly constant . 

Q-548. Where is stabilizing resistor switch No. 
3 9 located a nd what 'a its use~ 

A-548. It is located in compartment " D". It is 
used to connect the stabilizing resistors in the trac­
tion motor circuits during regeneration in number I 
and 2 combinations. 

Q-549. Where is stabilizing r esistor switch No. 40 
loca ted and for what is it used~ 

·A-549. In compartment " D". It is used to con­
nect the stabilizing resistor in the traction motor cir­
cuits during regeneration in No. 3 combina tion. 

Q-550. What is the number of the regenerative 
change-over switch, where is it located and what i• 
its function~ 

A-550. Regenerative change-over switch No. 41 
is located in compartment "D". In the motoring pr.si ­
tion contacts lettered A to D inclusive are closed and 
connect the traction motor fields to the K . W. rl. 
s hunt, to ground. In the regenerative pos~tion its 
contacts E to H inclusive are closed and connect the 
axle generators as exciters m circuit with the traction 
motor fields. 

Q-551. Where are the resistors for K. W. H . a n d 
K. V. m eters located~ 

A-551. The r esistor for the K. W. H. meter is lo­
cated in ·~IC.mpartment "A" near contactor No. · 50. 
The resistor 'for the K. V. meters is loca ted m com­
partment "A" over relay No. 57 . 

Q-552. How many cells a re the r e in the locomo­
tive battery a nd what is its voltage and ampere rat­
ings~ 

A-552. There are 38 cells located in t w o boxes 
suspended underneath the cab below compartment 
"C". They are rated 80 volts, 84 amperes for 4t 
hours or 400 ampere-hours. 

Q-553. Where are the locomotive battery fuses 
located and what is their type and capacity~ 

A-553. These fuses are located by the auxiliary 
panel in compartment "B". They are the copper 
ribbon type and are rated 350 amperes. 

Q-554. Where are the control fuses and what is 
their capacity and function~ 



A-554. The control fuses are located on the aux­
iliary panel in the ''B"" compartment and are 35 
ampere capacity. They protect all control circuits 
except the compressor and No. 7 2 and 81 relays. 

Q-555. Give method of cutting in the train light­
ing panel and also in cutting it out. 

CUTTING IN TRAIN LIGHTING PANEL 

A-555. 1. Have the lamp rheostat No. 95 moved 
to the right as far as it will go. Have the battery 
rheostat No. 94 turned to the left as far as it will go. 

2. Have lamp, battery and panel light 
switches "'ON" and close the circuit breaker. 

3. When the pilot lamp burns, showing 
that the train line jumper is in place and with the 
generator rheostat No. 80 set for proper voltage the 
generator switch may be closed. 

4. Put the voltmeter plug in the holes 
marked "'lamps": with the meter transfer switch No. 
58 in either position and move battery rheostat No. 
94 to hold the lamp voltage between 70 and 7 5 volts. 

5. Wait until the "loop" switches in 
train are opened as evidenced by lamp ammeter 
changing but slightly when the lamp rheostat is moved 
to the left one point. 

6. While maintaining 70 to 7 5 volts on 
the lamps by means of the lamp rheostat the battery 
rheostat may be gradually advanced to the right until 
the generator ammeter indicates around 200 amperes 
or the handle has reached its limit of travel. 

7. The first important consideration is 
to hold 70 to 75 volts steady and uninterrupted on the 
lamp lines at all times. The train batteries should 
also be charged while doing this if the train "loop" 
switches are open. (Note: Any change made in 
the generator voltage by means of rheostat No. 80 in 
regulation of the locomotive battery charging rate, 
must be followed by care'fully readjusting both train, 
lamp and battery voltage.) 

CUTTING OUT TRAIN LIGHTING PANEL 

8. To shut down the train lighting panel 
open the circuit breaker and move handle of lamp 
rheostat No. 95 to the right as far as it will go. Next 
open gen.erator switch and turn battery rheostat No. 
94 to the left as far as it will go. Always shut off 
lighting panel before shutting down the motor gen­
erator set. 

Q-556. At what speeds is regeneration in the 
.first combination used and how may it be started) 
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A-556. At speeds of I 5 miles per hour or less. 
With the main controller shut off and speed increased 
to 8 miles per hour, if on grade of I 1-% or over, and 
12 miles per hour if on grades of I o/o or less, set the 
combination lever in position No. I, move the regen­
eration lever to regenerative position and wait until 
regeneration lamp above the voltmeter lights. When 
the speed has increased to slightly above the given 
values move the main controller to the first notch. If 
everything is operating properly the field current in 
traction motors should immediately increase and the 
line ammeters will show some motoring. Leave the 
controller on the first notch until the line ammeter 
goes to zero, then advance the lever rapidly to the 
16th notch. The speed may then be controlled by 
using the notching relays. 

1 

Q-557. At what speed should regeneration in the 
second combination be used and how starte d? 

A-557. ' Whe n spe eds b e tween 1'5 and 30 mile s per 
hour a r e desired, regeneration in the second com­
bina tion should be started as follows : With the main 
controlle r "OFF" and the speed increased above I 5 
miles per hour on grades of I ! % or over and 25 miles 
per hour on grades of 1 o/o or less, the combina tion 
leve r should be moved to the second position, the re­
generative lever to the regene rative position until the 
regenera tion light burns. 1 When the speed has in­
creased to five miles per hour above these values the 
main controlle r should be a dvanced to the first notch 
and operated the same as the first combination. 

Q-558. At what speeds should r e generation in the 
third combination be used and how s tarted? 

A-558. With the main controller "OFF" and speed 
increa sed ' t~ 30 miles p e r hour ~n grades of 1 t % or 
more, and 40 miles per hour on grades of 1 o/o or less, 
the combination lever should be moved to the 3rd 
position and the regenerating lever to the regenerat­
ing position until the regeneration light lights. When 
the speed has increased to five miles p'er hour above 
these values, advance the main controller to the first 
notch and operate the same as for the first combina­
tion. (Note: The position of the combination lever 
should not be changed unless the regenerative lever 
is in the motoring position.) 

Q-559. Can regeneration be started with a pair 
of motors cut out? 

A-559. No, it is not good practice. 

Q-560. How would you energize an EP-3 locomo­
tive and prepare it for service? 

A-560. In addition to general instructions: Have 
battery cut-out and control cut-out awitches. open, 



main controllers "OFF", double cut-out cock on non­
operating end in No. 2 position, and pantograph con­
troller on this end in ''8" position. Take air brake 
handles and reverse lever to operating end, put cut­
out cock in No. I position. See that main and auxil­
iary switches are closed. Close compressor motor 
switch just above compressor governor. At auxiliary 
panel close battery cut-out switch. Close control 
cut-out switch. Turn air compressor control snap 
switch "ON". When air pressure has reached 50 lbs. 
give warning, raise pantograph, go to auxiliary panel 
and shut down compressor and start M. G . Set and 
then start compressor. Note condition of locomotive 
batteries and adjust M. G . Set V<'!~age to proper value. 

Q-561. With all traction motol·s in service in what 
combination should the locomotive be started} 

A-561. I st combination. 

Q-562. Explain how you would operate in first 
combination. 

A-562. Have regeneration lever in motoring po­
sition. Reverse lever in forward or reverse, as de­
sired, notch main controller out to I 4th notch run­
ning position. 

Q-563. May the shunt notches be used in I st, 2nd 
and 3rd combinations and at what amperes} 

A-563. Shunting may be done in all combinations 
at 300 amperes or less. 

Q-564. How would you change from the first to 
second combination} 

A-564. Move combination le,ver back from first 
to second position, then move main controller lever 
to first notch and wait for switches to throw, then 
notch out to I 4th notch running position. · 

Q-565. How would you change from second to 
third combination} 

A-565. Move combination lever from 2nd to 3rd 
position and 'main controller lever back to the 4th 
notch, wait for switch to throw and notch out to the 
I 4th notch runni,:,g position. 

Q-566. What must be watched particularly when 
accelerating a train} 

A-566. The ammeters must be watched so as not 
to exceed the maximum current rating of 300 amperes 
under normal conditions. 

Q-567. When accelerating at 300 amperes or less, 
how long is it permissible to take from the "off" posi­
tion to the I 4th notch} 

A-567. I 5 minutes. Main controller must not 
be on one notch more than 2 minutes. 
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Q-568. When accelerating at 300 to 400 amperes, 
how lon g is it permissible to use in going from the 
""off" position to the 14th notch? 

A-568. I 0 minutes, but controller must not be on 
any one notch more than I minute. 

Q-569. If handling a train that required above 
current and time how long would you wait befo re 
changing from I st to 2nd and 2nd to 3rd combination, 
and why? 

A-569. I 0 minutes, to allow resistors to cool. 

Q-570. If a train could not be accelerated in the 
above time and current rating, what would you do? 

A-570. A helper must be obtained or train re­
duced. 

Q-571. If necessary to maintain over 300 amperes 
to keep train movin g, would you use shunt b efore 
transferrin g •from first to second combinations? 

A-571. No, but transfer at as high speed as pos­
sible . 

Q-572. Is it permissible to move controller more 
than one notch a t a time in accelerating? 

A-572. Positively n o t . 

Q -573. On what notch must mam controller be 
when combination lever is moved from one combina­
tion to the n ext higher one? 

A-573. 14th notch. 

Q-574. Where should the combinatio n lever be 
left? 

A-574. On the notch of combination in which 
motor is working until it is desired to change to an­
other combination. 

Q-575. How would you change from a high to 
a lower combination? 

A-575. Shut main controller completely off and 
then put combination leve r in No .. I c~mbination. 

Q-576. How would you change from second to 
firs t combination on ascending mountain grade in 
freight service? 

A-576. Move combination lever from second to 
first combination while main controller lever is on the 
14th notch, then move main controller lever to "off" 
position gradually and notch out rapidly to the. 14th 
notch again. 

Q-577: Is it permissible to change motor combina­
tion lever from a high to a lower combination and 
then notch main controller off part way? 

A-577. No. It would overheat the -resistors. 



Q-578. What notches on main controlle r may be 
used and for how long when switching? 

A-578. The 5th notch and b eyond for 30 minutes, 
providing not over 150 ampere's are u sed. 

Q-579. 
line? 

A-579. 
ing, M. G. 
going out. 

Q-580. 
unde r this 

A-580. 
generating. 

How w ould you know if p ow er went off 

Would b e indicated by low voltmeter read­
Set slowing down and green pilot lights 

What would you do with the controller 
condition? 
Shut it off at once either motoring or re-

Q-581. What would y ou do to a void s lipping of 
drivers and what effect does it have on traction mo· 
tors? 

A-581. Sand the rail a locomotive leng th before 
a stop is made and watch for slipping whe n sta rting 
and acc elera ting. Slipping d a mages motors and gears 
mechanically and is liab le to cause fla sh-overs. 

Q-582. What is the maximum speed permissible 
with EP-3 locomotives? 

A-582. 60 miles per hour, except I 030 I which 
has a maximum speed of 50 miles per hour. 

Q-583. What are the traction motor capacities 
with blowers running ? 

A-583. I minute rating, 550 amperes. 
5 minute rating, 400 amperes. 
I hour rating, 3 7 5 amperes. 
Continuous rating, 300 amperes. 

Q-584. What are the traction motor capacities 
with blowers not running? 

A-584. I minute rating, 400 amperes. 
5 minute rating, 350 amperes. 
I hour rating, 300 amperes. 
Continuous rating, 225 amperes. 

· Q-585. How long in case of emergency is it per· 
missible to run an EP-3 locomotive without blowers, 
at 375 amperes starting cold? 

A-585. One hour. 

Q-586. 
A-586. 

Q-587. 
be used? 

How many amperes for 2 hours? 
3 00 amperes. 

When should the traction motor blowers 

A-587. When traction motor current exceeds 3 75 
amperes •for 30 minutes or over, the traction motor 



blowers must be used, except in emergency when the 
limits described above shall apply. 

Q-588. What tonnage should an EP-3 and EF-1 
locomotive handle in the same train on a g rade of 
1.7% ? 

A-588. 2,000 tons. 

Q-589. On 2 % grade? 

A-589. 1,600 tons. 

Q-590. Wha t combina tion on a n EP-3 locomotive 

corresponds to series operation on EF -I locomotive? 

A-590. First combination. 

Q-591. What combination on an EP-3 locomo­
tive corresponds to full parallel operation on EF- I 
locomotive? 

A-591. Second combination. 

Q-592. Do the above rules apply a like to motor­
ing and regenerating? 

A-592. Yes. 

Q-593. Explain how you would shut down an 
EP-3 locomotive to be left with no one in charge. 

A-593. Remove reverse lever, open controller 
switch No. 93 , shut down M. G. Set, remov e panto­
graph controlle r handle and lay it on pantograph con­
troller, turn compressor control snap switch above 
governor to off position, open control cut-out switch 
on auxilia ry. p a n e l, open sna p switch marked " lights" 
on auxilia ry panel, open battery cut-out switch on 
auxiliary p a nel, see that tools and supplies are in 
place. 

Q-594. Would you set h a nd brakes and block 
wheels if on a gra de? 

A-594. Yes. 

Q-595. What is required before leaving the loco­
motive at end of trip or day's work? 

A-595. Inspect and report condition of locomo­
tive on the approved form, 602-EL-Rev. 

Q-596. If an unusual condition exists on the loco­
motive, what are you required to do? 

A-596. Report it and if. being relieved by another 
crew to acquaint them with the condition. 

Q-597. Should a condition exist wherein it would 
be dangerous to move the locomotive, what are you 
required to do? 

A-597. Notify dispatcher of this condition. 

Q·598. Where do you leave work reports when 
relieved by another crew? 



A-598. 

Q-599. 
are made 

On the locomotive in proper receptacle. 

When arriving at terminal where repairs 
how must work reports b e handled} 

A-599. A ll work reports that have been left on 
locomotive must be turned in at Roundhouse by the 
incoming engineer, together with a r eport made out 
by himself. 

Q-600. What is the correct voltage for the axle 
generators} 

A-600. Betwee n 85 and 90 volts. 

Q-601. If the axle generator voltage goes above 
90 volts, what should be done} 

A-601. If trouble cannot be located No. 61 switch 
should be opened. 

Q-602. What should be checked frequently on 
the axle gen erators? 

A-602. Their comparative load current a nd volt­
age. 

Q-603. What is important when taking these read­
ings? 

A-603. Make sure that traction motor blowers and 
compressor are r unning off of axle generators. 

Q-604. What should be done if the readings show 
a difference of 1 00 amperes? 

A-604. It must be reported. 

Q-605. If it was found that one axle generator 
was not delivering any curr ent, what should be done} 

A-605. Open No. 61 switch a nd report trouble. 

Q-606. If an M . G. Set failure occurs and the axle 
generators have been cut out, or have to be cut out 
on account of one being. defective, w hat repairs can 
be made to use the one good axle generator for run­
ning the air compressor only} 

A-606. When checking the axle generator am­
meters if it is 'found that No. 2 axle generator is car­
rying all of the load, remove the 400 ampere fuse in . 
No. 1 axle generator armature circuit and proceed 
with No. 2 axle generator working. 

If the 400 ampere fuse in circuit to No. 2 axle 
generator armature should blow when operating in 
this manner, the fields must be cut out of the circuit 
to No. 1 axle generator by changing the connections 
in the 28 panel as follows: 

Remove the strap from stud F 1 and connect it to 
stud A; remove the strap from stud F 1 and connect 
it to stud A. (Leave the wires on their respective 
studs; the straps only are to be shifted.) 
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The 400 ampere fuse must be removed from the 
axle generator armature circuit in all cases when cut­
ting out the fields of the respective axle generator. 
The work of cutting out axle generator fields as 
above described can be done while locomotive is mov­
ing provided all blades of switch No. 6 I are open. 

Do not neglect to close switch No. 6 I after repaira 
have been made. 

2nd. When checking the axle generator ammeters 
and if it is found that there is no load on either axle 
generator when the compressor is running, it indi­
cates that No. 42 switch is not thrown to motoring 
and coasting position. There'fore, check the axle gen­
erator voltage and i•f found correct, see that No. 75 
relay has picked up. If it is up, press middle disc 
contacts together firmly and rotate it on the threaded 

·.studs to insure good contact, then check ammeters 
again to see that No. 42 switch has thrown. 

3rd. When checking axle generator voltage if 
there is no indication, test the 65 ampere fuses in the 
axle generator field circuit. If field fuses are found 
to be blown, replace them and also check the 400 
ampere fuse in the armature circuit of No. 2 axle 
generator. If any are blown, open all blades of 
switch No. 6 I before replacing them. If still no volt­
age is indicated see if No. 2 axle generator 400 am­
pere fuse has blown again and if it has, stop and ex­
amine No. I axle generator 400 ampere fuse. Re­
move it if not blown and replace No. 2 axle generator 
fuse, close No. 61 switch and proceed. If the 400 
.ampere 'fuse to No. I axle generator was found to be 
blown, replace it and leave the fuse out of No. 2 and 
•cut out fields of No. 2 axle generator as follows: 

Remove strap from stud F2 + and connect it to 
.stud D. 

Remove strap from stud F2 + and connect it to 
.stud D. 

With this condition leave switch No. 61 open when 
locomotive is standing, block No. 75 relay up and be 
.sure that the middle and top discs make good contact. 
Proceed with train and when locomotive has rea ched 
.a speed of 5 to I 0 miles per hour close switch No. 
61. When stopping, open switch No. 61 . This will 
allow switch No. 42 to throw back to standing posi­
tion which will connect compressor motor to locomo­
tive batteries. The operation of the air compressor 
may be controlled by the snap switch above governor 
to conserve battery current. 

The above information is given for the purpose of 
handling a passenger train in case an M. G . Set fail­
ure occurs enroute and it is evident that the locomo­
tive cannot handle train to destination on battery cur-



rent a"lone. Do not attempt to regenerate, and if the 
above repairs are not successful in getting axle gen­
erators to work, advise dispatcher to furnish another 
locomotive before the batteries become completely 
discharged. 

Q-607. Where should the combination lever be 
placed when starting a train with a locomotive on 
which one or more traction motors are cut out? 

A-607. 3rd combination. 

Q-608. How should the controller be handled 
under the above conditions? 

A-608. Very carefully after reaching the 7th 
notch because the current increase will be I 00 am­
peres per notch. 

Q-609. To what value under the above conditions 
should the current drop be'fore advancing the con­
troller another notch? 

A-609. Between 300 and 350 amperes. 

Q-610. What should . be done when the trolley 
wire is frosty, dirty or covered with ice, as evidenced 
by severe arcing? 

A-61 0. Use both pantographs. 

Q-611. Should these locomotives be turned on a 
wye? 

A-611. Not without an order to do so from the 
dispatcher. 

Q-612. Explain how a messenger should prepare 
a locomotive to be towed in train. 

A-612. Place double cut-out cock on operating 
end in No. 3 position and on non-operating end in No. 
2 position. 'Place both brake valves in running posi­
tion and open cut-out cock in dead engine feature 
located under engineer's side of cab No. I outside. 
Have traction motor reverser set for general direction 
the locomotive is to move. Open all traction motor 
cut-out switches and interlock barriers 99. Open 
control cut-out switch. Remove the handles from 
both pantograph controllers. Remove reverse lever, 
keep boiler fired up in cold weather and all steam heat 
equipment warm. In warm weather when boiler need 
not be fired up the battery cut-out switch may be 
opened. 

Q-613. Must messenger be on the locomotive at 
all times when moving? 

A-613. Yes. 

Q-614. What must be done to conserve battery 
current on a dead locomotive? . 

A-614. Lamps must be used in moderation. 
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Q-615. If batteries discharge to 150 ampere-hou.rs 
what should the messenger do? 

A-615. Raise pantograph, start M. G. Set and 
charge battery. 

Q-616. How long may the locomotive be run on 
the 1 4th notch in any combination? 

A-616. Indefinitely, if within r ated traction motor 
current limits. 

Q-617. Why m ay it not be run in any notch from 
1st to 13th for long periods of time? 

A-617. Because resistance in the circuit is not all 
cut out until the 14th notch is reached. 

Q-618. Why is it important to watch the ammeter 
indications, while operating, at all times ? 

A-618. To obse rve that all apparatus is function­
ing properly and tha t resistance is cutting in or out 
at the proper time and that current ratings on trac­
tion motors are not being exceeded. 

Q-619. What are the duties of a fireman on EP-3 
locomotives? 

A-619. R ead the K. W. H. meter, watch opera­
tion of locomotive, patrol frequently and watch for 
hot bearings and such other duties that he may have 
to perform to assist the engineer, or that may be as­
signed to him. When possible to do so, the motor 
should be patrolled not less frequently than once each 
I 0 minutes 'for the purpose of keeping a check of 
heating boiler equipment, lighting panel epuipment, 
a xle generator load, voltage and balance; and loco­
motive battery conditions and any other conditions. 

Q-620. What is the function of the 9th, I Oth, and 
11th fingers, aisle side, of the interlock on No. 41 
switch? 

A-620. They are to prevent the shunt switches 
from closing during regeneration. 

Q-621. What is the function of the interlock on 
No. 2 contactor? 

A-621. To prevent No. 34 and No. 35 switches 
from returning from P to S position unless line con­
tactors are open. 

Q-622. What is the function of the interlock on 
No. 11 contactor? 

A-622. It is to prevent No, 34 switch from moving 
from S to P position before main resistance has been 
inserted by· moving the main controller lever back to 
the first notch. 

Q-623. What is the function of the interlock on 
No. 14 contactor? 



A-623. It is to prevent No. 34 and 35 switches 

from moving from the S to P position b~fore most 

of the main resistance has been inserted by moving 

the main controller lever back to the 1st or 4th notch 

with contactors I I or I 5 not dropping out. 

Q-624. What is the function of the interlock on 

No. I 5 contact or? 

A-624. It is to prevent No. 35 switch •from mo-:ing 

from the S to P position before main resistance has 

been inserted by moving the main controller lever 

back to the 4th notch. 

Q-625. What is the function of the lst and 2nd 

fingers of the interlock on No. I contactod 

A-625. It is for the purpose of obtaining open 

circuit transition during regeneration and a shunt cir­

cuit transition in motoring when changing over from 

No. I to No. 2 or No. 2 to No.3 motor combination. 

Q-626. What is the function of the 8th an:d 9th 

fingers, aisle side, of the interlock on No. 41 switch? 

A-626. To operate in conjunction with I st and 

2nd finger on No. I contactor to obtain an open cir­
cuit transition during regeneration and a shunt cir­

cuit transition in motoring when changing over to 

the 2nd or 3rd motor combinations. 

Q-627. What is the function of the 8th and 9th 

fingers, aisle side, of the interlock on No. 34 switch? 

A-627. They are to prevent No. 35 switch from 

throwing over to P position until No. 34 is in the P 

_position. 

Q-628. 
No.29,31 

A-628. 

What is the function of the interlock on 
and 3 2 contactors? 

The inte rlock on No. 29 and 32 contac-

tors is to insure the main contacts on No. 3 5 switch 

not opening until contactors 29 and 32 are open, and 

that the main contacts on No. 35 will not close before 

No. 29 and 32 a r e closed. The interlock on No. 31 

is to insure that the m a in contacts on No. 34 switch 

will not open until contactor 31 is open and that the 

main contacts on No. 34 will not close unless contac­

tor No. 3 I closes. 

Q-629. Wha:t is the function of the 1st and 2nd 

fingers, aisle side, of the interlock on No. 34 switch? 

A-629. They are to complete the control circuit 

of the magnet valve for P side of No. 34 switch un­
til No. 3 I contactor is opened. 

Q-630. What is the function of the I st and 2nd 

fingers, aisle side, of the interlock on No. 35 switch? 

A-630. Th~y are to complete the control circuit 

~I 
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of t~e magnet valve for P side of No. 35 switch until 
No. 29 contactor and No. 32 contactor are opened 
and to again complete the circuit when the switch is 
near the P position and No. 32 contactor closes. 

Q-631. What is the function of the 4th, 5th and 
6th fingers, center side, of the interlock on No. 36 
switch? 

A-631. They are to prevent the line contactors 
from closing until the reverser is fully thrown in either 
the Forward or Reverse position, corre.sponding to the 
position of the reverse r drum No. 908. 

Q-632. What is the function of the 7th and 8th 
fin gers, center side, o 'f the interlock on No. 3 5 switch? 

A-632. They are to prevent the closing of the line 
contactors unless No. 3 5 is fully closed in one of the 
operating positions. 

Q-6,33. What is the function of the 1st, 2nd and 
3rd fingers, center side, of the interlock on No. 34 
switch. 

A-633. The first and third fingers are to prevent 
the closing of the line contactors unless No. 34 is fully 
closed in one of the operating positions. 

The 2nd finger, when No. 34 is in the P position 
completes the circuit from SC wire to the SF wire 
so tha t the line contactors can be closed on the first 
notch in the 2nd or 3rd combinations. 

Q-634. What is the function of the interlock on 
No. 3 contactor? 

A-634. It is for the purpose of establishing a hold­
ing circuit for the line contactors so that they will 
not be opened during transitions by interlocks on 
Nos. 34 a nd 35 switches. 

Q-635. W hat is the function of the 1st, 2nd and 
3rd fingers, center side, of the interlock on No. 3 6 
switch? 

A-635. They are to prevent No. 76 contactor 
'from closing until the field contacts have been made 
on the reverser. 

Q-636. What is the function of the 5th and 6th 
fingers of the interlock on No. 4 contactor? 

A-636. They are to ins ure that No. 7 7 contactor 
will not close before the line contactors are closed 
during regeneration. 

Q-637. What is the function of the 6th and 8th 
fingers, top row, on No. 4 7 tripping drum? 

A-637. They are to weaken the axle generator 
fields whenever the overload or overvoltage relays 
operate during regeneration by opening No. 77 con­
tactor. 



Q-638. What is the function of the 7th and 9th 
fingers, aisle side, of the interlock on No. 41 switch~ 

A-638. They are to prevent the axle generator 
fields from being weakened when overload relays 
operate during motoring. 

Q-639. What is the function of the four fingers, 
aisle side, of the interlock on No. 3 6 switch. 

A-639. They are for the purpose of reversing the 
axle generator shunt fields at the same time the trac­
tion fields are reversed. 

Q-640. What is the function of the 4th and 5th 
fingers, center side, of the interlock on No. 41 switch? 

A-640. They are to prevent the Nos. 39 and 40 
switches ;from operating on the motoring connections. 

Q-641. What is the function of the 6th, 7th and 
8th fin gers, aisle side, of the interlock on No. 35 
switch~ 

A-641. Fingers 6 and 7 are to prevent No. 39 
switch from closing unless No. 35 switch is in the S 
position. Fingers 7 and 8 are to prevent No. 40 
switch from closing unless No. 35 is in the P position. 

Q-642. What is the function of the 3rd and 4th 
fingers of the interlock on No. 4 contactor? 

A-642. They are to insure that the regenerative 
inte rlock valves No. 88 will not operate unless the 
line contactors are closed. 

Q-643. Wha t is the function of the 3rd ,4th and 
5th finger s, aisle side , of the inte rlock on No. 35 
switch? 

A-643. They a re for the purpose of open ing con­
t actors 29, 30 a nd 32 after contacts G , H, I and J 
a r e closed a nd before the contacts A to F, inclusive, 
on No. 35 switch are open. 

Q-644. What is the function of the 3 rd, 4th and 
5th fingers, aisle side, of the interlock on No. 34 
switch~ 

A-644. No. 3 and 4 fingers are for the purpose 
o'f opening contactors No. 32 and 33 after F and G 
contacts of No. 34 switch are closed and before the 
C, D and E contacts are open. They are so arranged 
that when No. 34 reaches P position they are again 
closed which closes contactor Nos. 32 and 33, but 
not before contacts H and I are closed. 5th finger 
is for the purpose of opening contactor 31 before C, 
D and E contacts open. 

Q-645. What are the functions of the 1st, 3rd and 
4th fingers, center side, of the interlock on No. 41 
.switch? 
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A-645. They are to prevent the motor contactors 28 to 33 from closing until No. 41 switch is fully closed in either motoring or regeneration position, corresponding to the position of the regeneration drum No. 900. 

Q-646. What is the function of the 4th, 5th 6th 7th and 8th fingers, bottom row, on No. 4 7 tripping drum? 
A-646. They establish the reset circuit for the overload and overvoltage relays. No. 7 and 8 fingers after No. 4 7 is reset, establish the holding circuit of No. 4 7 tripping drum. 

Q-647. What is the function of the 28th and 29th fingers of the 90A controller drum? 
A-647. To insure that the overload and over­voltage relay s and No. 4 7 tripping drum will not reset unless the main controller lever is in the OFF notch. 

Q-648. What is the function of the I st and 2nd fingers of the interlock on No. 26 contactor? 
A-648. They are fo r the purpose of closing rheo­stat contactors 23, 2i$ and 25 on the firs t notch re­generating, in the 2nd or 3rd combination. 
Q-649. What is the function of the 3rd a nd 4th fin gers of the interlock on No. 26 contactor? 
A-649. They are to prevent contactors 5 to I 0, 26 and 2 7 from closing on the first notch in the 2nd or 3rd combination, but a fter once closed esta blishes a holding circuit for these contactors so that they will not be opened during motoring transition. 
Q-650. Wha t is the function of the 3rd and 4th fin gers of the interlock o n No. I contactor? 
A-650. They are to prevent contactors Nos. 5 to I 0., 2 6 and 2 7 from closing before contactors I to 4 close. 

Q-651. Wha t is the function of the 4th and 6th fin gers, center side, of the interlock on No. 41 switch? 
A-651. They are to cut out the action of No. 45 relay during motoring. 

Q-652. What is the function of the I st and 2nd fingers of the interlock on No. 4 conta ctor? 
A-652. They are to insure that No. 45 relay will not be operative unless the line contactors are closed. 
Q-653. What is the function of the I st and 2nd fingers of the interlock on No. 22 contactor? 
A-653. They are for the purpose of cutting out the action of No. 45 relay on the 13th notch of the main controller lever in regeneration position. 



Q-654. What is the function of the 9th and I Oth. 
fingers, top row, of the interlock on No. 4 7 tripping 
drum? 

A-654. They are to prevent relay 45 from ener­
gizing the S I or WI wires while No. 7 8 motor operat­
ed rheostat is being returned to weak field position 
whenever the overload or overvoltage relays operate 
during regeneration. 

Q-655. What is the function of the 4th, 5th and 
6th fingers of the interlock on No. 22 contactor? 

A-655. . They prevent the operation of the notch­
ing relays until the main resistance has been cut out 
of the main circuit and until No. 45 relay has been 
cut out. 

Q-656. What is the •function of the I st, 2nd, 3rd 
and 4th fingers, aisle side, of the interlock on No. 41 
switch? 

A-656. They are to prevent operation of No. 78 
motor operated rheostat from main controller drum 
during motoring, 

Q-657. What is the function of the 1st and 2nd 
fin gers, center side, of the interlock on No. 4 1 switch? 

A-657. They are to cut out the action of No. 44 
relay during regeneration. 

Q-658. What is the function of the 1 Oth and I I th 
fingers, center side, of the inte rlock on No. 41 switch? 

A-658. They are for the purpose of de-energizing 
the operating coil of No. 7 5 relay during regeneration. 

Q-659. What is the function of the 6th and 7th 
fingers, aisle side, of the interlock o n No. 34 switch? 

A-659. They are to insure that No. 34 switch 
after having started to move, will complete its move­
ment independent of the interlock on No. 14 con­
tactor, which interlock opens as soon as the controller 
is again move d forward. 

Q-660. What is the 'function of the 5th and 6th 
fingers, center side, of the interlock on No. 3 5 switch? 

A-660. They are to insure that No. 35 switch 
after having started to move, will complete its move­
ment independently of the interlock on No. 1 5 con­
tactor which interlock opens as soon as the controller 
is again notched out. 

Q-661. What is the function of the 4th and 6th 
fingers, top row, on No. 4 7 tripping drum? 

A-661. They are for the purpose of opening No. 
7 3 relay when No. 4 7 trips out. 

Q-662. What is the function of the 7th and 6th 
fingers, top row, on No. 4 7 tripping drum? 
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A-662. They are for the purpose of opening line 
contactors No. I to 4 whenever the overload or over~ 
voltage relays operate. 

Q-653. What is the function of the 1st, 2nd and 
3rd fingers, of the interlock on No. 12 contactor? 

A-663. The 1st and 2nd fingers are to insure 
prompt action of contactors I to 4 when the overload 
or overvoltage relays trip out in the first two notches 
of the controller. 

The 2nd and 3rd fingers are to insure that the line 
contactors No. I to 4 will open in case the overload 
or overvoltage relays trip and No. 4 7 tripping drum 
fails to operate. 

Q-664. What is the function of the 9th and I Oth 
fingers, bottom row, on No. 4 7 tripping drum? 

A-664. They start to return No. 7 8 motor oper­
ated rheostat to weak field position as soon as No. 4 7 
is tripped, 

Q-665. What is the 'function of the interlock on 
No. 20 contactor? 

A-665. They insure that the load will not be 
thrown on the axle generators until a speed of about 
I 2 miles per hour has been reached. 

Q-666. What is the function of the interlocks on 
No. 50 contactor? 

A-666. One interlock establishes a holding cir­
cuit for No. 49 contactor. One establishes a holding 
circuit for itself, and one, made in open position of 
the contactor, to trip the train lighting circuit breaker. 



TRACING OF CIRCUITS, EP-3 LOCOMOTIVES 

Trace and explain the following and any additional 
circuits from drawing number ED-140 I : 

Q-667. Trace the circuit from battery and return 
through the operating coil of No. 52 compressor mo­
tor contactor, give name of each apparatus through 
which the current passes. 

Q-668. Trace the circuit from battery and return 
through the compressor motor give name of each 
apparatus through which the current passes. 

Q-669. Trace the circuit from battery and return 
throug h the operating coils of the pantograph m agnet 
valves with the pantograph valves in B position. Give 
n ame of each apparatus through which the current 
passes. 

Q -670. Trace the c ircuit from battery and return 
throu gh the operating coils of Nos . 51, 4 9 and 50 
contactors when No. 48 M. G. starting switch is in 
the I s t, 2 n d and 3rd positions. Give name of each 
apparatus through w h ich the current passes. 

Q-671. Trace the circuit from battery and return 
throug h the operating coils of Nos. 49 and 50 con­
tactors after No. 48 M. G. starting switch has been 
brought into the 3rd position and then released. Give 
name of each apparatus through which the current 
passes. 

Q-672. Trace the circuit from battery and return 
through the M. G . Set generator and shunt field when 
No. 5 I contactor closes. Give name of each apparatus 
through which the current passes. 

Q-673. Trace the circuit from battery and return 
through the M. G . Set generator and shunt field when 
No. 49 contactor closes. Give name of each appar­
tus throug h which the current passes. 

Q-674. Trace the circuit from trolley to ground 
through the motor of the M. G . Set when No. 50 con­
tactor closes. Give name of each apparatus through 
which the current passes. 

Q-675. Trace the circuit which returns the arm 
of the No. 79 motor operated rheostat to the "All 
Out" position. Give name of each apparatus through 
which the current passes. 

Q-676. Trace the circuit which turns the arm of 
No. 79 motor operated rheostat towards the "All 
In" position. Give name of each apparatus through 
which the current passes. 
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Q-677. Trace the circuit from battery and return 
through the shunt field of the motor of the M. G. Set. 
Give name of each apparatus through which the cur· 
rent passes. 

Q-678. Trace the circuit 'from battery and return 
through the operating coil of No. 8 7 contactor. Give 
name of each apparatus through which the current 
passes. 

Q-679. With No. 87-8 switch closed, trace the 
circuit from the M. G. Set generator and return 
through the traction motor blowers. Give name of 
each apparatus through which the current passes. 

Q-680. Trace all circuits from battery and return 
which are energized by the 17th finger of 908 when 
No. 908 is. in either the Forward or Reverse position 
and No. 90A is in the OFF position. Give name of 
each apparatus through which the current passes. 

Q-681. Trace all circuits which are energized by 
the 20th finger of 908 when 908 is in either the For· 
ward or Reverse position and No. 90A is in the OFF 
position. Give name. of each apparatus through which 
the current passes. 

Q-682. Trace all circuits which are energized by 
the 15th finger of 908 when 90B is in either the For· 
ward or Reverse position and No. 90A is in the OFF 
position. Give name of each apparatus through which 
the current passes. 

Q-683. Trace all circuits which are energized by 
the l6th finget· of 908 when No. 908 is in either the 
Forward or Reverse position and No. 90A is in the 
OFF position. Give name of each apparatus through 
which the current passes. 

Q-684. Trace all circuits which are energized by 
the 22nd finger of 90B when No. 908 is in the For· 
ward position and No. 90A is in OFF position. Give 
name of each apparatus through which the current 
passes. 

Q-685.. T race all circuits which are energized by 
the 14th finger of _908 when No. 908 in in the Re­
verse position and No. 90A is in the OFF position. 
Give name of each, apparatus through which the cur­
rent passes. 

Q-686. When Nos. 76 and 77 contactors are 
closed, trace the current from battery and return 
through the axle generator shunt fields when the No. 
36 reverser is in the Forward position. When the 
No. 36 reverser is in the Reverse position. Give the 
na"me o'f each apparatus through which the current 
passes. 



Q-687. With the No. 908 in the forward pos1tion, 
the No. 90C in the first position and the No. 900 in 
the motoring position, trace all circuits that are en­
ergized when No. 90A is in the firs t notch. Give 
name of each apparatus through which the current 
passes. 

Q-688. With the No. 908 in the reverse position, 
the No. 90C in the first position and No. 900 in the 
motoring position, trace all circuits that are energized 
when No. 90A is in the first notch. Give name of 
each apparatus through which the current passes. 

Q-689. Trace all circuits that are energized by 
No. 90A from the 2nd to I 7th notch inclusive. Give 
name of each apparatus through which the current 
pasSe.s. 

Q-690. Trace all new circuits energized after the 
No. 90C has been moved to the 2nd position and the 
No. 90A has been returned to the 1st notch. Give 
name of each apparatus through which the current 
passes. What wires are de-energized and what con­
tactors drop out} How are contactors I to 4 held 
closed} How are contactors 5 to I 0, 26 and 2 7 held 
closed~ 

Q-691. Trace all new circuits energized after the 
No. 90C has been moved to the 3rd position and the 
No. 90A has been returned to the 4th notch. Give 
name of each apparatus through which the current 
passes. Do contactors I to 10, 26 and 27 drop out? 
What wires are de-energized and contactors drop out~ 
out? 

Q-692. Trace all circuits energized with the con­
troller drums in the position as follows: No. 90A in 
the OFF position, the No. 908 in either Forward or 
Reverse position, No. 90C in the 3rd position and 
No. 900 in the "regeneration" position. Give name 
of each apparatus through which the current passes. 
What circuits are de-energized} 

Q-693. With the 908, 90C and 900 as in above 
· question, trace all the new circuits energized with the 
No. 90A in the first notch. Give name of each ap· 
paratus through which the current passes. 

Q-694. With the 908, 90C and 900 as in above 
question, trace all new circuits energized with the 
90A in the I 5th notch, I 6th notch and the I 7th 
notch. Give name of each apparatus through which 
the current passes. 

Q-695. Trace all new circuits that are energized 
when the 90A is in the OFF position, the 908 in 
either the Forward or Reverse position, the 900 in 
the motoring position and the 90C is in the 2nd posi-



tion. Give name of each apparatus throu gh which 

the current passes. 

Q-696. Trace all new circuits that a re energized 

w hen the 90A is in the OFF notch, the 908 in e ither 

Forward or R everse position, the 900 in the motoring 

position, and the 90C is in the 3rd position . Give 

name of each apparatus through which the curr ent 

passes. Wha t circ uit is de-energized? 

Q-697. Trace the circuit from tro lle y t o ground 

thro u gh the traction motor ci r cuit with the 908 in 

the Forwa rd position, the 90C in the I st position, 

the 900 in the motoring position and 90A in the I st 

notc h. Give name of each apparatus through w hich 

the c urre nt passes. 

Q-698. Trace the circuit from trolley to g round 

through the traction moto r circuits with t h e 908, 

90C and 900 as in a bove question and with 90A in 

the 2nd to the I 7th notches inclusive . 

Q-699. Trace the circuit from trolley to g round 

through the traction motor circuits with 908 in th e 

Forward position, the 900 in the 2nd position and 

90A in the •first notch. Give name of each a ppa ratus 

through wh.ich the current passes. 

Q-700. Trace the circuit from trolley to g round 

through the traction motor circuits with 908, 90C, 

900 as in above question and with the 90A in the 

2nd to the I 7th notches inclusive. 

Q-701. Trace the ci rcuit from trolley to ground 

through the traction motor circuits with 908 in For­

ward position, 900 in motoring position, 90C in the 

3rd combination and 90A in the 4th notch. Give 

name of each apparatus through which the current 

passes. 

Q-702. Trace the circuit from trolley to ground 

through the traction motor circuits with 908 in Re­

verse position, 90A in the first notch, 90C in the I st 

position and 900 in the motoring position. Give 

name of each a pparatus through which the current 

passes. 

Q-703. Trace the circuit from positive side <>f the 

axle generators to negative side of the axle generators 

through the compressor motor and through the trac­

tion motor blower motors. Give name of each ap­

paratus through which the current p asses. 

Q-704. Trace the c ircuit from the positive side to 

the negative side of the axle generators through the 

traction motor fields when operating in the I st and 

2nd combination regenerating. Give name of each 

apparatus through which the current passes. 



Q-705. Trace the circuit from the positive side to 
the negative side of the axle generators through the 
traction motor fields when operating in the 3rd com· 
bination regenerating. Give name of each appara· 
tus through which the current passes. 

Q-706. Trace the circuit from trolley to ground 
through the motor of the M. G. Set. Give name of 
each apparatus through ·which the current passes • 

. ·. 



F AlLURES AND REP AIRS 

In answering questions on failures and repairs, it 
will be optional with the examiner to require the 
answers to be made by actual explanation of the 
necessary details on a locomotive. 

Q-707. With the compressor control snap switch­
es "ON" what different causes will prevent the air 
compressor from starting} (Locomotive standing 

still.) 
A-707. Battery cut-out switch open, control cut­

out switch open, the air compressor governor may be 
stuck or not making contact, or air pressure may be 
above that for which the governor is set to close, 
compressor cut-out switch open, battery fuses blown, 
compressor fuses blown, No. 52 contactor not closing 
properly contacts B and D on No. 42 switch not clos­
ing properly OR SOME FOREIGN SUBSTANCE 
WHICH WOULD PREVENT GOOD CONTACT. 

Q-708. What is the trouble if the air compressor 
fails tci start after the locomotive has come to a full 
stop or after starting regenerating} How would you 
correct it} 

A-708. No. 42 switch fails to throw to the stand­
ing or regenerating position. If the switch does not 
throw properly it can be moved into correct position 
with a wrench. 

Q-709. If, when checking the axle generator am­
meters while the compressor is running and neither 

one shows any load, what defects may cause this and 
h ow can it be corrected} 

A-709. No. 42 switch not thrown to the motoring 
or coasting pos1hon. No. 75 relay not picking up. 
Poor contact on the I Oth and I I th fingers, center side 
of interlock on No. 41 switch, middle disc no No. 7 5 
relay not making contact, No. 61 switch open or 
not m aking good contact. If poor contacts are found 
they should be .cleaned or repaired. 

Q-710. What is the trouble if the air compressor 
runs too fast or too slow. while operating off of the 
axle generator} How would you correct this trouble? 

A-710. The axle generator voltage may be too 
high or too low, due to relays No. 44 or 46, or motor 

operated rheostat No. 78 not operating properly. 
Check axle generator voltage and if found too high 
or too low, see if the top disc on No. 7 5 r elay is mak­
ing contact, also see if the travel limit switches on 
motor operate d rheostat No. 78 are clean and the 
commutator and brushes on motor operated rheostat 
No. 78 motor are clean. If this does not clear the 
trouble No. 61 switch should be opened. 



Q-711. What is the trouble if No. 42 switch see­
saws when the compressor load is thrown on the axle 
generators and the traction motors blowers are not 
running? How would you correct this trouble? 

A-711. The No. I axle generator armature fuse 
may be blown or there may be an open circuit to the 
armature of the generator. In this case No. 61 switch 
should be opened. 

Q -712. Wha t is the trouble if No. 75 relay does 
not pick up and the re is no voltmeter reading on the 
axle gene rator when the locomotive is in motion 
motoring? 

A-712. 
be blown 
of No. 2 
opened. 

No. 2 axle generator armature fuse may 
or there is an open circuit to the armature 
axle generator. No. 61 switch should be 

Q-713. How can you d e termine when the bat­
teries are being overcharged? How would you cor­
rect it if unable to reduce the generator voltage? 

A-713. By a strong acid odor. Correction could 
be made by pulling out No. 6 I switch. 

Q-714. What is the trouble if, when the M. G. Set 
is running, the battery will not start the air compres­
sor or the M. G. Set and when attempting to start 
the air compressor or the M. G. Set the cab lights 
become very dim and the pantographs drop, and what 
would you do to correct the trouble? 

A-714. The batteries have a partial open circuit 
in the cells or are discharged so low that they will 
not supply enough current for the compressor or to 
start the M. G. Set. To correct the trouble it may 
be necessary to start the M. G. Set directly off the 
line. 

Q-715. Describe the necessary work to start the 
M . G. Set directly off the line. 

A-715. Have battery cut-out and control cut-out 
switches open, clamp the contacts of No. 49 and No. 
50 contactors closed with the clamps provided, close 
the battery cut-out a nd control cut-out switches, turn 
the compressor control snap switch to "ON" position 
and have the pantograph controller in the proper 
position. If there is no air on locomotive, raise the 
pantograph and hold against the wire by means o;f 
the long pole that is on the locomotive until sufficient 
air has been pumped up to hold the pantograph 
against the wire. 

Q-716. If the auxiliary fuses blow when attempt­
ing the operation described in the preceeding answer, 
how could the operation be handled to prevent blow­
ing the auxiliary fuses? 



A-716. By having the Dispatcher reduce the trol­
ley voltage to about 1500 volts. After the M. G. Set 
h as started the Dispatcher can again be notified to 
raise the voltage to the proper value. 

Q-717. Name the various causes for the boiler 
.blower motor not running. 

A-717. Battery cut-out switch open, boiler blower 
switch open or not making contact, boiler blower 
fuses blown, open circuit in rheostat, open circuit 
in auxiliary resistor, brushes on the commutator dirty 
or stuck, boiler blower motor bearings stuck, open 
circuit in w~rmg to motor, screen on intake fan stop­
ped up with grease, waste or other foreign material. 

Q-718. How would you handle a contactor in the 
traction motor circuit which was grounded or badly 
burned? 

A-718. By disconnecting it from the c ircuit and 
providing a circuit around the damaged contactor. 
Examiner may require practical demonstration on the 
locomotive. 

Q-719. How many of the line contactors can you 
jump out at one time? 

A-719. Not more than two. 

Q-720. Name the causes if there is no indication 
on the ammeters when the main controller is brought 
to first notch, motor running, with the control cut­
out switch closed, all motors cut in and motor com­
bination lever in first combination and the M. G. Set 
has stopped running or runs at slow speed? 

A-720. Control fuses are blown or the power has 
gone off the line, which would be indicated by the 
voltmeter. 

Q-721. What is the trouble if the motor generator 
set is running and the pilot light in the circuit with 
contacts of No. 56 relay is not burning when con­
troller is brought to the first notch, first combination, 
with all motors cut in and there is no ammeter read­
ing and there is no flash on No. I to 4 contactors 
when the controller is shut off? How would you cor­
rect the trouble? 

A,721. No. 36 reverser may not be thrown to the 
position corresponding to that of the reverse lever 
and the motor combination switch No. 34 may not 
be in series position; regenerative change-over switch 
No. 41 may not be thrown to motoring position; line 
contactors Nos. I to 4 may not be closing. See that 
the magnet valves are operatirig properly by throw­
ing them by hand and that the control circuits to the 
magnet valves are in good condition. 



Q-722. Give the method to check the discs of re­
lays Nos. 57 and 60's. 

A-722. Take the reverse lever to No. I end and 
put it in a position to correspond with the traction 
motor reverser, then with the main control drum in 
the "OFF" position see if the No. 4 7 tripping drum 
is in the re-set position. If so, then move the main 
controller lever to the first notch and i'f No. 4 7 relay 
trips out it will indicate that some of the discs on re­
lays 57, 60, 60A, 608 a nd 60C are not making con­
tact or one or more of the relays have not reset; also 
if you attempt to back the locomotive and you find 
that No. 36 reverser will not throw to the reverse 
position, it is an indication that the relays are causing 
the trouble. To insure that the discs on the 57 and 
60's relays are making good contact press firmly down 
on the disc and rotate i t on the threaded studs. 

Q-723. Name the vari'ous causes, if with the M. 
G. Se t running and the pilot light burning when the 
main controller lever is brought to the first notch, 
first combination and there is no ammeter reading and 
there is no fla sh at contactors Nos. I to 4 when the 
controller is shut off, and what would y ou do to cor­
rect it? 

A-723. No. 7 3 relay may not be closing. If un­
able to locate the cause this relay may be tied in. 
Contactors No. 28 to 33, one or more, not closing; 
or open circ,uit in the traction motor circuit between 
No. 2 5 contac.tor : and g~ound. See that the magnet 
valves are in opera ting condition by trying them. by 
hand a nd see that the control circu its to the magnet 
v a lves are in good condition. 

Q-724. What is the trouble, if when making the 
transfer from the No. I to No. 2 motor combination, 
the locomotive goes dead? What would you do to 
correct it? 

A-724. The 3rd and 4th fingers of interlock on 
No. 3 contactor not making contact. Clean the fingers 
of the interlock. 

Q-725. What is the trouble if the ammeters do 
not indicate a normal increase in current as the con­
troller is notched out in the first combination with all 
motors cut in? What would you do to correct? 

A-725. No. 53 relay may not be closing or the 
contact finger of No. 53 relay m a y be dirty and not 
making good contact. If unable to locate the cause 
this r e lay· may be tied in. 

Q -726. What is the trouble if the ammeter indi­
cation does not increase when the main controller 
lever is moved from one notch to the next and one 



bank of motor resistance is found to be ·unusually 
hot? What would you do to correct? 

A-726. The contactor that short circuits the hot 
resistor on that notch is not closing and should either 
be repaired or its contacts temporarily short circuit'ed 
for the remainder o'f the trip. 

Q-727. What is the trouble if the line ammeter on 
the lower panel indicates on the first notch of the 
first combination and what would you do to correct 
it? . 

A-727. No. 35 switch is stuck in parallel position. 
If unable to locate t he trouble locomotive should be 
opera ted in 3rd combination. 

Q-728. What is the trouble, if when making the 
transfer from I s t to 2nd motor combination and the 
controller lever is moved back t o the first n .otch, the 
a mmeters drop back to a very low value and the 
train slows up even when the controller is n otched 
out several notches? What would you do to correct? 

A-728. T he motor combination switch No. 34 may 
not be thrown to parallel position due to its magnet 
valves not operating, or the control circuits to its 
magnet valves not in good condition. Contactors 
Nos. 26 and 2 7 may not have closed or contactors 
Nos. 5 to 1 0 may not have closed. These contactors 
may not have closed due to the magnet valves not 
operating, or the control circuit to their magnet valves 
not in good condition. 

Q-729. What is the trouble, if when making the 
transfer from No. 1 to No. 2 motor combination, the 
controller lever is moved back to the first notch and 
both upper ammeters drop back to and remain at 
zero, and the lower field ammeter indicates a normal 
transfer? What would you do to correct? 

A-729. No. 32 and 33 contactors have failed to 
close due to the 3rd and 4th finger, aisle side, of the 
interlock on No. 34 switch not making contact. 

Q-730. What is the trouble, if when making the 
transfer from the 2nd to the 3rd motor combination, 
and the main controller lever is moved back to the 
4th notch, upper ammeters drop back to zero and 
lower ammeters indicate normal load? What would 
you do to correct? 

A-730. No. 30 and 32 contactors fail to close due 
to the 3rd and 4th finger, aisle side, of the interlock 
on No. 35 swi~ch not making contact. Clean inter­
lock fingers and see that they make good contact. 

Q-731. Name the various causes of trouble, if 
when making the transfer from the 2nd to the 3rd 
motor combination, the main controller lever is moved 



back to the 4th notch and the ammeters drop back to 
a very low value and the train slows down even when 
the controller lever is notched out several notches? 
What would you do to correct? 

A-731. Motor combination switch No. 35 may not 
have thrown to parallel position due to failure of the 
magnet valves or the control circuit to its magnet 
valves not in good condition. See that the magnet 
valves operate properly by trying them by hand and 
that the control circuits to the magnet valves are in 
good condition by inspecting and cleaning interlock 
fingers in the circuit. If unable to correct the trouble 
operate locomotive in 2nd combination. 

Q-732. What is the trouble when the ammeters 
indicate. normally on the I st and 2nd notches of the 
main controller but drop to zero when going into the 
3rd notch on any motor combination? What would 
you do to correct? 

A-732. Line contactor Nos. I to 4 may be open­
ing on the 3rd notch due to the 2nd and 3rd fingers of 
interlock on No. 12 contactor not making contact or 
the 6th and 7th fingers, top row, on No. 4 7 tripping 
drum not making contact. See that these fingers are 
making good contact. 

Q-733. What is the trouble, when the ammeters 
do not indicate on the I st and 2nd notches of the 
main controller in any motor combination but indicate 
on the 3rd notch? What would you do to correct? 

A -733. Line contactors Nos. I to 4 may not close 
unt il the 3 rd notch due to I st and 2nd finger of the 
interlo ck on No. 1 2 contactor not making contact. 
Start the locomotive by using the 2nd or 3rd combina­
tion. 

Q-734. What is the trouble if contactors or 
switche s close out of proper order after locomotive 
is coupled to the train and train lighting circuits are 
conn~cted up? How would you correct? 

A-734. Ground or short c ircuit in the control cir­
cuit on locomotive, or ground in the train lighting cir­
cuit. Open the train lighting ju;,per. If this does 
not correct the trouble turn off cab light s nap switch 
which is located on the M. G . Set panel. If this does 
not clear up the trouble pull out the No. 61 switch 
and the traction motor shunt blower motor switches 
which are located in the 1 B and 28 panels. If the 
above does not clear up the trouble the enginemen 
are expected to make an effort to locate the trouble by 
looking for smoke from burning insulation on the 
control apparatus and take necessary steps to clear 
the trouble. 



Q-735. If there is no indication on one field am­

meter and line ammeter indicates when main con· 
troller lever is brought to the I st notch regenerating, 
how would you handle the locomotive? 

A-735. Regeneration must not be attempted. 

Q-736. If there is no line ammeter indication but 
fie ld ammeters indicate after locomotive starts with 
main controller leve r in the I st notch regenerating, 
I st motor combination, all motors cut in, how would 
you handle the locomotive ? 

A-736. Do not a ttempt regene ration. 

Q-737. What is the trouble if the line ammeter 
continues to indicate motoring current with constant 
low field current as the controller lever is notched 
out while regenerating in a ny motor combination and 
how would you handle the locomotive? 

A-737. The arm of the motor operated rheostat 
No. 78 remains in the weak field position. Do not 
attempt to regenerate. 

Q-738. What is the trouble if the field ammeters 
indicate very high or go off the scale when the main 
controller lever is brought to the first notch, regen­
erating in any motor combination, and h ow would 
you handle the locomotive? 

A-738. Relay No. 45 is inoperative. Do not at­
tempt r egen eration. 

Q-739. i'f, after the 16th notch, regenera ting in 
any motor combination and the proper operation of 
the main controller lever fails to increase or decrease 
the field ammeter indication, how would you operate 
the locomotive? 

A-739. Do not a ttempt regeneration. 

Q-740. What would c a use the regenerative inter­
lock magnet valves No. 88 to fail to operate and 
what precaution must be taken in case of such fail­
ures? 

A-740. The 3rd and 4th fingers of the interlock 
on No. 4 contactor not making contact. Contacts on 
No. 89 valve not making contact. Watch carefully 
and do not permit brake cylinder pressure to be built 
up while regenerating. 

Q-741. If locomotive goes dead, with controller 
on motoring in any combination, and when shutting 
off controller and again notching out in first combina­
tion, there is no indication on any ammeters and volt 
meters show that there is power on the line, what 
tests would you make to locate the trouble? 

A-741. If pilot light .burns, the trouble will be an 
open circuit between contactor 25 and ground, due 



r . 

to relay No. 73 not closing or any one of contactor.s 
No. 28 to 33 not closing or an open circuit in any 
one of the traction motors. Try the third combina­
tion and if normal ammeter readings are obtained, 
proceed. If no ammeter reading is obtained leave 
controller on first notch and have fireman see if No. 
7 3 relay is closed. If found not closed, close it by 
hand and tie it closed. If No. 73 relay is found to be 
closed see that it is making good contact. 

If pilot light does not burn it may be due 
to an open circuit or ground in traction motor circuit 
between main switch and ground. To determine 
whether an open circuit or ground, bring controller to 
the third notch, then shut off and note if there is an 
arc at line contactors. If there is an arc it indicates 
a ground which may be tested for by alternately cut­
ting out traction motors and testing the locomotive in 
third combination each time until all traction motors 
have been tested. If there is no arc at line contactors 
when shutting off controller it indicates an open cir­
cuit between the main switch and contactor No. 25. 
See that line contactors Nos. I to 4 are closing. If 
contactors No. I to 4 are not closing see that the 
No. 4 7 tripping drum is in reset position. If No. 4 7 
tripping drum is not in reset position then check the 
discs on No. 57 and No. 60's relays. (Note: If the 
locomotive goes dead motoring the above tests should 
be made.) 

Q-742. Describe the proper method to employ to 
locate an open circuit in the traction motor resistors. 

A-742. Raise pantograph; open all motor cut-out 
switches; notch out main controller lever notch by 
notch until the notch is reached where pilot light 
burns. When pilot light burns on a certain notch 
find which contactor closes on th is n o t ch and block 
it closed but if contactor has an interlock attached to 
it connect a jumper from top terminal to bottom ter­
minal of contactor. 

Q-743. After shutting off the controller from re­
generation, and when notching out controller in mo­
toring, if there is no ammeter indication, what is the 
trouble and how should it be· corrected? 

A-743. No. 41 regenerating change-over switch 
has not thrown back to the motoring' position or the 
3rd and 4th fingers on center side of No. 41 interlock 
not making contact. Test out both magnet valves to 
see that they apply and release the air properly. See 
that the contacts on 3rd and 4th fingers of No. 41 
interlock are clean and making good contact. 
Switch may be thrown with a wrench. 

Q-744. After shutting off controller after regen-



eration, and notching out motoring, if it is found that 
the line ammeters show a very high reading and the 
field ammeters show little, i;f any, reading, what is 
the trouble and how should it be corrected?. 

A-744. Stabilizing resistance switches No. 39 or 
No. 40 have not thrown back to the "OFF"" position. 
Test the magnet valves by hand to see that they apply 
and release air properly. If the switch does not 
throw back to the "OFF" position it may be thrown 
with a wrench. 

Q-745. What precaution must be taken before at­
tempting to throw any air operated switches with a 
wrench? 

A-745. Lower pantograph and close the cut-out 
cock to the control pressure air reservoir and drain 
all control air pressure off. This will allow the switch 
to be thrown freely and avoid danger of sudden move­
ment of switch that might cause injury. When switch 

·has been properly thrown the air must again be cut 
into control reservoir. 

Q-746. Name the various causes for M. G. Set 
not starting when the M. G. starting switch No. 48 
is moved to the first position? 

A-746. Battery cut-out switch open. 
Battery fuses blown. 
M.G. stop button No. 86 not making con· 

tact. 
Fingers on pantograph controllers No. 92 

may not be making contact or the controllers may 
not be in proper position. 

Control cut-out switch open. 
Control fuses blown. 
Fingers on No. 48 starting switch not 

making contact. 
Battery discharged too low. 
No. 79 rheostat in "All in" position or 

the con tacts on the arm not making contacts. 
Operating coil of No. 5 I contactor may 

be open circuited. 

Q-747. Name the causes for the M. G. Set not 
starting when No. 48 starting switch is moved to 
second position. 

A-747. In addition to the above causes the oper­
ating coil of No. 49 contactor may be open circuited. 
Can be remedied by opening battery cut-out switch 
then clamping No. 49 contactor closed with clamps 
provided for that purpose after which battery cut-out 
switch may be closed. In closing down M. G. set, 
first open battery cut-out switch quickly and remove 
clamps. 



Q-748. What is the trouble if the battery fuses 
blow whe n starting the M . G . set and No. 48 switch 
is moved to second position? How would you cor­
rect the trouble ? 

A-748. Contact on arm of No. 79 motor operated 
rheostat not making co ntact. 

No. 79 motor ope r a ted rheostat in "all 
in"' position due to 15 ampere rheostat fuses blown. 
L e;ft hand tra vel limit switch on No. 79 motor oper­
a t e d rheostat not making contact. 

Brushes on No. 79 motor operated rheo­
stat motor not making contact. 

Contacts on Nos. 72 a nd 81 r e la ys not 
making contact. R e move the two 15 ampere fuses 
a nd turn arm of No. 79 motor operated rheost at to 
""all out"" position. After M. G. set has s tarted, regu­
late voltage by moving rheosta t arm by hand. 

Air compress o r r u nning, No. 48 switch 
n o tched out too fa st . 

Shut d own a ir compr essor while sta rting 
M. G. set. Poor contacts should be r e p a ire d if caus­
ing any trouble. 

Q-749. Wha t i s the trouble if the M. G. set starts 
up but stops afte r No. 48 sw itch is released? How 
would y ou correc t the trouble ? 

A-749. Fingers o n b o tto m interlock No. 50 con­
tactor dirty or m aking poor contact. ·Inspect the 
inte rlock contacts and clean the m if nece ssa ry. (Cau­
tion : B efore insp e cting this interlock, open the con­
trol cut-out and b a tte r y cut-out switches. This to 
a void a possibility o f M . G. set starting up when the 
No. 50 interlocks a r e closed.) 

Q-750. Wha t is the t r oub le if M. G . set starts up 
but does not increase in speed whe n No. 48 switch is 
moved to the third position and continues to run afte r 
the switch is released? How w ould you correct the 
trouble? 

A-750. P ower off line. 
Pantog ra phs down . 
Pantograph disconnecting sw itches op e n. 
Auxiliary fuses blown. 
Ope n circuit in auxiliary circuit resistor, 

which may be repaired. 
Correction: See that pantograph discon­

necting switch is closed, that pantog raph is up and 
that auxiliary fuses are replaced. 

Q-751. What is the trouble if theM. G . set runs at 
normal spe ed but the voltage cannot b e p r operly 
regulated? How would you correct the trouble? 

A-751. Trouble is due to voltage regulating relays 
not operating. For c orrection pull out the two 15 



ampere No. 79 motor operated rheostat fuses and 
adjust the No. 79 motor operated rheostat by hand 
to maintain a voltage of approximately 85 volts. 
This adjustment should be watched closely on account 
of trolley voltage variations. 

Q-752. What might cause the motor of the M. G. 
set to flash over and blow the auxiliary 'fuses? 

A-752. Traction motors flashed over. M. G. set 
commutators dirty. M. G. brushes stuck in holders 
or too short. M. G. motor grounded. 

Q-753. How may the locomotive be operated over 
the division if the motor generator set fails? (Give 
details.) 

A-753. Do not regenerate. See that the axle gen­
erators are in operating condition. Do not change 
the adjustment of compressor governor or train line 
feed valve, and handle the air brakes the same as if 
operating in normal condition. Remove the I 5 am­
pere fuse in ) A panel. Open the shunt blower motor 
switches. Disconnect one lead at terminal on M. G. 
field rheostat. If at night, apply auxiliary headlight. 
The above are done for the purpose of saving the 
battery current as much as possible. 

Q-754. If operating on mountain grade, how 
should you proceed when operating with defective 
motor generator set but with axle generators in oper­
ating condition? 

A-754. Proceed to operate off of locomotive bat­
teries if mountain grade can be passed before bat­
teries have been discharged below 200 ampere-hours. 

Q-755. If operating on mountain grade with de­
fective motor generator set, what should be done if 
the axle generators are not in operating condition? 

A-755. Stop immediately and apply all hand 
brakes on locomotive and cars. Advise dispatcher to 
send another locomotive. Shut off angle cock back 
of locomotive. Keep air pumped up on locomotive, 
independent brake applied and keep boiler going if 
weather conditions warrant. The only exception to 
this would be if less than five miles from the foot of 
the mountain grade and the batteries did not show 
more than 50 ampere-hour discharge. 

Q-756. 
partment 
reached? 

(a) On locomotives having ''A" com­
changed, how are the auxiliary fuses 

(b) On locomotives with the original 
construction? 

A-756. (a) By using pantograph control handle 
to unlock a small slide door on aisle side of left side 
of "A" compartment. 



(b) By using pantograph control handle 
to open the door in passage-way leading to "A" com­
partment. 

Q-757. Give causes for pantographs not raising. 
A-757. No air to pantograph operating cylinders 

due to control cut-out switch open, control fuse blown, 
pantograph controllers not in proper position or fin­
·gers not in contact, operating coil of pantograph 
valve open circuited. 

If unable to locate this trouble remove 
cover off of bottom of pantograph valve and block up 
piston in such a manner tha t the blocking can be re­
moved easily in case it is desired to drop pantograph 
suddenly. " 

Q-758. If ove rload r elays trip more than twice ·· 
when operating in the 3rd combination, give a quii::k 
method for locating the defective . circuit. 

A-758. Before shutting off controller, open the 
controller switch, drop pantographs a nd inspect over­
load relays. 

i'f No. 60 is found tripped, trouble may be 
in traction motor resisto r s or their c9ntactors. 

If No. 60A is found tripped, trouble may 
be in traction motor Nos. 2 and 3. 

If No. 608 is found tripped, trouble may 
be in traction motors Nos. 4 and 5. 

If No. 60C is found tripped, trouble may 
be in traction motors Nos. I or 6. 

Q-759. When a grounded traction motor is cut 
out, what reverser contacts should be insulated for 
motors I, 2 and 3, 4 and 5, 6? (Considering No. I 
end ahead.) 

A-759. If motor No. I, reverser forward, E-G. In 
reverse, F-H. 

If motor No. 2 and 3, reverser forward, 
A-C. In reverse, B-D. 

If motor No. 4 and 5, reverser forward, 
M-0. In reverse, N-P. 

If motor No. 6, reverser forward, I-K. In 
rever.se, J-L. 

Q-760. With a grounded resistor box what work 
is it necessary to do and why? 

A-760. The ground must be cleared and a circuit 
provided around the trouble. Examiner may req-qire 
practical demonstration on locomotive. 

) 




