SUBCOURSE EDITION
TM0656 4

DIESEL-ELECTRIC LOCOMOTIVES

READINESS /
PROFESSIONALISM

A
|
| ¢
1),

THE ARMY INSTITUTE FOR PROFESSIONAL DEVELOPMENT

ARMY CORRESPONDENCE COURSEPROGRAM




CORRESPONDENCE COURSE OF THE
U. S. ARMY
TRANSPORTATION SCHOOL

DIESEL-ELECTRIC LOCOMOTIVES

LESSON EXERCISES
TRANS SUBCOURSE 656

Supersedes Trans 656, Diesel-Electric Locomotives, November 1969,



TRANS SUBCOURSE 656

DIESEL-ELECTRIC LOCOMOTIVES

INTRODUCTION

An understanding of the structure of a locomotivechanically and electrically is essential to a
person attempting to perform maintenance and reggmirices on it. The reference text on which this
subcourse is based is a broad presentation of lotbeenstructure and a basic outline of maintenance
and repair procedures. Upon completion of the suise, you should be able to identify the mechanica
parts of a diesel-electric locomotive, to explamahthe components of the electric system work, to
describe maintenance procedures required to keefptlomotive running properly, and to troubleshoot
for various malfunctions. The subcourse considtdoar lessons and an examination, divided as
follows:

Credit hours

Lesson 1, Mechanical Structure 1
2, Electric System 2
3, Mechanical Maintenance and Repair 1
4, Electrical Maintenance and Repair;
Troubleshooting 2
Examination
Total

You are not limited as to the number of hours yayspend on the solution of the lessons or the
examination. For statistical purposes, you areiested to enter on the answer sheet the number of
hours spent on each set of solutions.

Text and materials furnished: Reference Text 656s&)-Electric Locomotiveslune

Upon completion of this subcourse, retain the exfee text and exercise sheets. Doretdrn
them with your answer sheet.

LESSON 1 .. e Mechanical Structure.

CREDIT HOURS. ..ot 1.

TEXT ASSIGNMENT ....ovviiiiiiiiiiiiii e Reference Text 656, pars. 1.1-1.13.
MATERIALS REQUIRED .......cccciiiiiiiiiiiiiiiinnn. None.



LESSON OBJECTIVE ..ottt To enable the student to identify thechanical

SUGGESTIONS

EXERCISES
Weight
2 1
2 2
2 3.
2 4,

components of the diesel-electric locomotive, to
describe their interrelationship, and to explainvho
they operate.

True-False

Contamination of oil by corrosive acids is @@2al by oxidation.
The amount of fuel set to enter a cylindetatermined by the available oxygen.

Four strokes of the piston rather than twaioat a four-stroke-cycle engine because
of a difference in the cylinder block.

The part of the fuel system into which theeation nozzle directs fuel is the
compression chamber.

Cluster True-False

(Each of the following groups of questions is rethtto the statement that
immediately precedes the group. On the answert,simeicate which are true and
which false with respect to the statement.)

FIRST GROUP

Consisting of wheels, frames, axles, journals amdnal boxes, bolsters, springs,
bearings, and brake rigging, a locomotive swiveickr performs the following
functions:



Weight

10.

11.

12.

13.

14.

15.

16.

17.

Controls braking pneumatically.

Supports the tilting tendency of the locometiv
Delivers sand between the wheel and rail.
Carries the weight of the superstructure.
Allows the locomotive to turn on curves.
SECOND GROUP

There are various types of airbrake systems; sdmagacteristics are found in all
types and others are peculiar to one type only. In

All systems, an equalizing reservoir alloaductions in brake pipe pressure.
The independent system, each rail car issrakparately.

All systems, a deadman pedal, when pressadses brakes to be applied
immediately.

The automatic system, the locomotive's resesupplies air to each car.

The independent and automatic systems, sepavars control each type of brake.
THIRD GROUP

It is true of a diesel-electric locomotive engihattits:

Generator transmits mechanical action froapibtons to the crankshatft.

Bedplate supports it and furnishes a housinthe crankshatt.

Power comes from a charge of fuel being liingide a cylinder.



Weight

4 18. Cylinders move up and down inside pistonsamedconnected by connecting rods to
the crankshaft.

4 19.  Traction motors operate the wheels througthisugical force.
Matching
Match a part from column H to its description inwuan I.

Items from column Il may be used once, more tharepar not at all.

Column | Column I
4 20. Used to cut out parts of a A. Cocks.
circuit when they are not
needed. B. Feed valves.
4 21. Operated by a gas turbine C. Cutout valves.
located in the exhaust
system. D. Fuel injection pump.
4 22. Used to maintain a pre- E. Pressure-charged
determined air pressure in engine compressor.

the brake pipe.

4 23. Likened to a plunger within
a barrel.

Analytical

Using the following key, indicate your reactiongach of the statements.

A. The underscored statement is true, and the mefasdt or result of it is true.
B. The underscored statement is true, but the neasoesult of it is false.
C. The underscored statement is false.



Weight

24.

25.

26.

27.

Pressure charging can increase power 50 rgerca four-stroke enginby putting
more air and more fuel into the cylinder.

With independent airbrakes air goes from ldwmmotive to all cars in the train
making the system slower than one with automathrakes.

Only treated water should be used in the maeling systenbecause it heats more
rapidly than water that is impure.

An open combustion chamber provides the ddgas of small heat loss and low fuel
consumptionbecause the entire supply of air is in the cylingied the combustion
space is in the piston crown.




LESSON ASSIGNMENT SHEET

TRANS SUBCOURSE 656.........cccvvveieeeeeeeins Diesel-Electric Locomotives.

LESSON 2 ..o e Electric System.

CREDIT HOURS.......ootiiiii e 2.

TEXT ASSIGNMENT ....ovviiiiiiiiiiiiiiin e Reference Text 656, pars. 1.14-1.44.
MATERIALS REQUIRED .........cceiiiiiiiiieiiiinnn, None.

LESSON OBJECTIVE........ccccccvvvvvrvvvvereewe. 10 €N@ble the student to identify the parftghe

electric system of a diesel-electric locomotive and
to explain how the electric system works.

SUGGESTIONS ...t None.
EXERCISES
Weight True-False
2 1. When one cab controls several locomotives ecten together, it is a doubleheaded
operation.
2 2. Reduction of brake pipe pressure opens thermpatc control switch.
2 3. In the power control circuits, the energizeaigmets are located between the control

switch and the operating coils.

2 4. The map used to trace out circuits and lotatéble on diesel-electric locomotives is
called a schematic diagram.

2 5. With dynamic braking, the locomotive's whesais used to drive the traction motors.



Weight

10.

11.

12.

13.

14.

In multiple-unit operation, start trailing trengines and close the ground relays
before operations begins.

Cluster True-False

(Each of the following groups of questions is rethtto the statement that
immediately precedes the group. On the answertsimecate which are true and
which false with respect to the statement

FIRST GROUP

Most of the parts of a diesel-electric locomotive alectrical. From the following
statements, can you identify those which are trudatse concerning the electric
system?

Voltmeters are connected to the high voltade sf the line.

A generator or battery supplies the current.

Large electrical resistances are measuredllioms of ohms, called megohms.
In Ohm's law, current is represented by "I."

When the traction motor cutout switch is ggka main power switches are open and
the corresponding motors are disconnected frongénerator.

SECOND GROUP

A generator creates electricity by cutting the dirné force of a magnet; the following
statements about generators are correct or in¢orrec

To change alternating current to direct curran alternator is used.

Voltage is higher and current is lower immp-Wound armature coil than in a wave-
round coil.

Direct-current generators are series-woumghtswound, or compound-wound.



Weight

3 15. Even though the armature's speed of rot&ioonstant, electromotive force can vary
in the coil.
3 16. A generator takes in electrical energy artd put mechanical energy.
Matching

Match a device from column Il with the function debing it in column 1.

Choices in column Il may be used once, more thae,oor not at all.

Column | Column 1l
3 17. Indicates the maximum time A. Exciter.
the locomotive may be
operated at a certain load. B. Reverser.
3 18. Supplies the main generator C. Main generator
field current.
D. Ammeter.
3 19. Reduces the power output of E. Load regulato

the generator by reducing its
field excitation.

3 20. Converts the power output of
the diesel engine into elec-
trical power.

3 21. Reverses the direction of

current in the traction
motor field winding.

Match a locomotive part from column Il with its @egtion in column |.
Choices in column Il may be used once, more thae oor not at all.
Column | Column I
3 22. Has a rotating drum as its A. Relay.

main switching element.
B. Battery.



Weight

23.

24.

25.

26.

27.

28.

29.

30.

Column | Column I
Supplies power for the light- C. Auxiliaryrggator.
ing circuits before the

engine is started. D. Control switch.
Serves as the master switch E. Reverser.

for locomotive controls.

Is installed in the main

power circuit to warn if a

ground develops.

Assumes the low-voltage load

after the battery has supplied

power for starting the engine.

Match a control device from column Il with its dgption in column I.

Choices from column Il may be used once, more thraoe, or not at

all.
Column | Column Il
Ordinarily used with manually A. Reverse leve
controlled transition.

B. Pneumatic throttle.
Prevents undesired forward C. Control switch
transition on automatic equip-
ment. D. Transition lever.

E. Transition forestall-
Is equivalent to a pressure ing switch.

regulating valve.

Connects the control circuits
to their source of power.

Analytical

(Using the following key, indicate in the appropeiapace on the answer sheet your
reaction to each of the statements.)



Weight

31.

32.

33.

34.

35.

36.

37.

38.

A. The underscored statement is true, and the mefasdt or result of it is true.
B. The underscored statement is true, but the neasoesult of it is false.
C. The underscored statement is false.

Fuses and circuit breakers are designeddwd® protection against overloaty
breaking the circuit before damage occurs.

The resistance of a parallel circuit is alsvdgwer than that of any one of its
individual parallel pathbecause, in a parallel circuit, current from tbarse divides
through two or more parallel paths.

Transition is a variance of power put outthg generatgrsince it strengthens the
traction motor fields.

Work is expressed in foot-pounds per secbedause the element of time is
important.

A dynamo is reversiblénerefore it can be operated as either a gerreava@ motor.

When fields are reversed, traction motorsxghaheir direction of rotatigrwith the
result that the locomotive's direction of travetimnged.

In a series circuit, current passes throwgth elevice in completing its path to the
source therefore, the total resistance of the circugasial to half of the resistances in
all portions of the circuit.

In the armature core and field core, curréots eddies that take away excessive
heatbecause outside circuits prevent the heat frordliogi up.

10



LESSON ASSIGNMENT SHEET

TRANS SUBCOURSE 656.........cccvvveieeeeeeeins Diesel-Electric Locomotives.

LESSON 3 ..ot e Mechanical Maintenance and Repair

CREDIT HOURS.......coiiiie e 1.

TEXT ASSIGNMENT ... e Reference Text 656, pars. 2.1-2.16.
MATERIALS REQUIRED .........cceiiiiiiiiieiiiinnn, None.

LESSON OBJECTIVE........cccccccvvvvvvvvvereeeme. 10 €NADIE the student to recognize the thitigt

can go wrong with the mechanical components of a
diesel-electric locomotive, to know how to maintain
them to avoid major break-down of equipment, and
to make minor adjustments and repairs to
mechanical equipment.

SUGGESTIONS ...t None.
EXERCISES
Weight True-False
2 1. When checking the brakes, do not let an ak@ibform between the packing and the
piston head.
2 2. Piston and connecting rod assemblies of lotiwe® used in road service always

require more frequent repair than those used fdcking.

2 3. New packing for a journal box should soakilrableast 48 hours before use.
2 4. The felt swab of the piston lubricator in Hidrakes should come in full contact with
the cylinder.

11



Weight

o

10.

11.

12.

13.

If air pressure in the air system is unusulaily, you should check the low pressure
suction and discharge valves.

Axle bearings should be repacked every 4 nsonth

When adjusting the fuel pump, low pressure laigd temperature are signs that too
much fuel is being injected into the cylinders.

Sanders should be checked annually to betisar¢he vent port remains open.

Cluster True-False

(The following group of questions is related to ts@atement that immediately
precedes the group.

GROUP

Specific measurements, distances, speeds, or peemsuset for efficient operation of
parts of the locomotive. The following specificats are those set for parts named:

The speed of the driven pulley is found bytplyling the inside diameter of one unit
by the speed of the other unit, and multiplying pineduct by the inside diameter of
the other unit.

The air system compressor's condemning lisniabout 80 percent of its normal
capacity when new.

Pistons and connecting rods should be rembweed inspection at about 75,000 or
85,000 miles.

Clearance of the connecting rod bearings|dhmei 0.10 inch per inch of crankshaft
diameter.

Wheel mounting pressure is a minimum of 76 amaximum of 100 tons for steel
wheels on a 5 x 9 journal.

12



Weight Matching
Match the proper corrective action from colummolkémedy each defect in column |

Choices from column Il may be used once, more thae, or not at

all.
Column | Column I
5 14. Fuel drains into the crank- A. Correct anguis-
case lubricating oil. alinement and check
the bearings for wear.
5 15.  Airbrake levers, pins, and
bushings have worn. B. Take up by turnbuckle
adjustment.
5 16. Scales formed in water in C. Cut out cylisda
the cooling system. rotation.

D. Tighten all the nuts
on the injector.

E. Flush with a strong
alkaline solution and
rinse with clear
water.

Multiple Choice

(Each question in this group contains one and ong/correct answer.

4 17.  Angular misalinement refers to:
A. The speed of the driving pulley exceedinggheed of the driven pulley.
B. Two shafts coming together at an angle.
C. A routine check for truck casting.
D. The centers of two shafts failing to coincide.

13



Weight

18.

19.

20.

21.

22.

If the air system's intercooler pressurenissually low, check the operation of the:

A. Low pressure suction and discharge valves.
B. Drain cock located in the bottom header.

C. Finned tubing and header assembly.

D. Intercooler safety valve.

It may be necessary to flush the lubricasiygtem when replacing:

A. Oil according to appropriate lubrication orders

B. Mineral oil with a detergent oil.

C. Detergent oil with the same brand and typesetéidjent oil.
D. Mineral oil with another brand of mineral olil.

When checking crankshaft bearing wear, tlagibg shell is measured with a:

A. Micrometer.

B. Deflection rule.
C. Magnetic tester.
D. Linometer.

Airbrake adjustment is usually necessary whrake cylinder piston travel of each
piston exceeds how many inches?

A. 1.0.
B. 1.5.
C. 1.75.
D. 2.0.

When the centers of two coupled shafts daoioicide, the defect is known as:

Absolute alinement.
Flexible displacement.
Radial misalinement.
Angular misalinement.

oo

14



Weight

23.

24.

25.

26.

27.

Analytical
A. The underscored statement is true, and thsorefor it or result of it is true.
B. The underscored statement is true, but theprear result of it is false.
C. The underscored statement is false.

Bearings that have been used must be replacdt same place from which they
were takerbecause a bearing's location determines hownibrs.

When testing injection nozzles, be sure sbaty is directed away from the engse
that oil will not be sprayed into the combustioraetbers.

A water box is usually used to test a regdagrginebecause it is safer than most
other testing devices.

When testing the fuel pipe injection nozaeerate the lever slowlgo that the
pressure will be as high as possible.

When saturating a waste pad in oil, keepdihet 40 F or lessso that it will
coagulate and not drip.

15



LESSON ASSIGNMENT SHEET

TRANS SUBCOURSE 656.........cccvvveieeeeeeeins Diesel-Electric Locomotives.

LESSON 4 ... e Electrical Maintenance and Repair
Troubleshooting.

CREDIT HOURS........oiiiv e 2.

TEXT ASSIGNMENT ..o Reference Text 656, pars. 2. 17-2.42.

MATERIALS REQUIRED .........cceiiiiiiiiieiiiinnn, None.

LESSON OBJECTIVE........cccccccvvvvrvvvvereneme. 10 €NADIE the student to recognize the thitigt

can go wrong in the electric system of a diesel-
electric locomotive, to know how to maintain them
to avoid major breakdown of electrical equipment,
to make minor adjustments and repairs to electric
equipment, and to troubleshoot for various
malfunctions.

SUGGESTIONS ...t None.
EXERCISES
Weight True-False
1 1. In inspecting, cleaning, and repacking geweraearing assemblies, old bearings

should be replaced rather than reused.

1 2. A growler is a device used for testing fietd< for short circuits.
1 3. To clean electric cables and wires, soak thremiarm water and wipe them with a
clean cloth.

16



Weight

4.

10.

11.

12.

13.

14.

Dielectric and resistance tests are maderounits to detect weaknesses in insulation.

Cluster True-False

(Each of the following groups of questions is rethtto the statement that
immediately precedes the group.

FIRST GROUP
Standard procedures for maintaining motors are to:

Clean the field windings with a good liquideaher and then dry them with
compressed air.

Clean and polish silver contacts if they daekened.

Pull pinions at 250,000 miles and inspect &uneashaft.

Paint insulation on the commutator cap witulating varnish.

Clean, dip, and bake armature after the dpdatfileage.

Oil the contact tips.

SECOND GROUP

Condition of cables and wiring is determined by gegand high potential tests. The
following actions are taken in the course of rdpgirand maintaining exposed
sections of wiring:

Paint cleaned wiring with an insulating paint

Clean wires by wiping with rags or using b/enot.

Locate wires in a cool place to protect tigiiation.

Saturate wires in solvent, then bake to mshiat a good coat of solvent remains on
the wires.

17



Weight

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Scrape wires that have deteriorated excdgsine clean them with a solvent.
THIRD GROUP

Torque-motor type voltage regulators are checked maintained by the following
actions.

Insure that the piston does not stick ind&ghpot.

Set the regulator to within 0.8 percent ®biperating range.

Replace the regulator commutator if it shdigsoloration.

Replace burned or worn sector and carbomassemblies.

Clean the regulator whenever sparking degebopthe regulator commutator.

Matching

In the next two groups of matching questions, calurfists acceptable maintenance
actions performed during regular maintenance, aahan | lists the parts receiving
these actions. Match a Dart in column 1l to thplimable action in column |

Items in column Il may be used once, more than oorceot at all.

GROUP |
Column | Column 1l
If cut, scrape it down to a A. Generator bass
new surface.
B. Aliner.
Clean by raising and lowering
in the holders. C. Reverser.
Make sure that the voltage D. Traction matde
regulator is properly adjusted. bearing.
Test the upper and lower valve E. Battery.

seats for leaks.

18



Weight

25.

26.

27.

28.

29.

30.

GROUP I
Column | Column I
Check contacts for correct A. Shutdown valve.
alinement, pressure, and
wiping action weatr. B. Main power switches.
Clean, inspect, and repack C. Motor.
roller bearings.
D. Load regulator.
Test for leaks by covering
air ports with soapy water. E. Reverser.

Insure that piping connections
are tight.

Multiple Choice

(Each question in this group contains one and ong/correct answer.

An armature that has been in operation 4 ygass should have its coils dipped and
baked as a preventive maintenance measure. Alganiog and preheating an
armature, dip it for:

A.
B.

C.
D

2 hours, clean with solvent, and bake 3 hatir200 degrees Fahrenheit.

2 minutes, drain for 5 minutes, bake 2 hourd4G® degrees Fahrenheit, and
spray with fine mist of insulating paint.

6 hours, drain for 2 hours, bake for 4 hour8@0 degrees Fahrenheit, and
spray with insulating paint.

5 or 10 minutes, drain for 5 minutes, and @latoven at about 300 degrees
Fahrenheit for about 6 hours.

With the growler test for short circuits ieldl coils, the ammeter will deflect more
than normal if there is:

A.
B.

A removable core with a field coil.
A short circuit in the field coil.

19



Weight

31.

32.

33.

34.

C. Primary current bypassing a short circuit.
D. A double circuit connected to the short citcui

If the locomotive braking power is too loWwettrouble may be a/an:

A. Overcharged brake pipe.
B. Faulty governor.

C. Faulty feed valve.

D. Faulty piston.

If an engine runs unevenly or vibrates exeels the trouble may be a:
A. Faulty injector timing.

B. Leaky blower oil seal.

C. Weak battery.

D. Plugged fuel system.

The minimum recommended megger reading ptwer circuit of a traction motor

is 1 megohm at degrees Fahtenhei

A. 37.

B. 50.

C. 77.

D. 85.

A pinion or axle gear should be condemnednwthe total working surface of its
teeth is chipped or pitted to more than percent.
A. 8.

B. 10.

C. 17.

D. 20.

20



Weight

35.

36.

37.

38.

39.

40.

A. The underscored statement is true, and thsorefor it or result of it is true.
B. The underscored statement is true, but theorear result is false.
C. The underscored statement is false.

Generator airgap is measured under the tipegbole piecéecause the airgaps under
the main poles vary.

Avoid unneeded dipping and baking of insolatbecause extra material on the
windings increases heat transfer.

In winter, water should be added to the batiéleast 6 hours before the locomotive
goes into servigesince water that does not mix with the electelyill freeze and
damage the battery.

Traction motor axle and pinion gears showth® allowed to operate with torsional
vibration because this may shorten the life of armature wgsd

Low insulation resistance is desirdtdeause it indicates high dielectric strength.

Field windings and leads should be cleandl avistream of aibecause they cannot
be cleaned sufficiently with a liquid cleaner.

21
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INTRODUCTION

In the 1860's, Alphonse Beau du Rochas suggestetatechanges in the internal combustion
engine to improve its thermal efficiency. One ajmmvas to ignite fuel by the heat of compression
rather than by a spark. In 1892, Dr. Rudolph Diedepted the idea and patented an engine thaedurn
powdered coal ignited by compression. The coahibgr engine didn't develop as Dr. Diesel had
hoped; but in 1897 he built another compressioiti@nengine--one that burned oil. Although vasou
methods were used to transmit the engine's powanitmg wheels, electric drive proved most effitie
Combination of the diesel engine with electric drig known as the diesel-electric assembly. Applie
to a locomotive, the diesel-electric assembly magy\virom model to model; but general construction
principles are the same in all models.

The first application of the diesel engine to i@ald stock is believed to have occurred in Sweden
just before World War I. Then, in 1924, the Ing#rRand, General Electric, and American
Locomotive Companies built a diesel-electric switghlocomotive for the Central Railroad Company
of New Jersey. Use of the diesel-electric locoweosipread rapidly as it proved its economy and ease
operation and maintenance. The first completebgelized railroad was the Birmingham Southern, in
1937. By 1955, diesel-electric locomotives wererafing 88 percent of the passenger train miles, 85
percent of the total freight ton miles, and 91 patcof the total switching hours of United States
railroads. In 1968, of all the locomotives in thuntry, 98.5 percent were diesel-electrics.

Military railroad operations are different from gian operations. In the United States, military
locomotives are used only for training and for Ireglsupplies from a commercial line into an
installation. In a theater of operations, howevdien the transportation railway service operatesla
system, it uses Army-owned locomotives and thogbefocal railroads when possible.

This text discusses diesel-electric locomotives.is Idivided into two chapters. The first is
devoted to construction and the second to maintenand repair and troubleshooting. Technical terms
used are explained in the glossary, appendix thénback of



the text. When you have finished studying thig,tgwu should be able to name the components of a
diesel-electric locomotive, to explain how they aio maintain them to keep the locomotive running,
and to troubleshoot for various malfunctions.



Chapter 1 CONSTRUCTION

1.1. INTRODUCTION

Understanding what is wrong with a locomotive ppmses a knowledge of locomotive
construction. If a repairman knows how the pafthe locomotive work, it is easy for him to diseosv
what is wrong with them; but if he does not, mamnatece and repair instructions seem difficult. fhig
reason, and to introduce some of the terms commuedyd in the repair shop, this chapter contains a
simple explanation of mechanical and electric pples applicable to the diesel-electric locomotive.
Section | discusses the mechanical constructidhefocomotive and section Il the fundamentalshef t
electric system.

Section I. Mechanical Structure
1.2. GENERAL

When fuel is injected into an engine cylinder, hisatequired to ignite it. In an automobile
engine, high voltage from the battery pushes cutteough a high resistance set up by the preseure
the combustion chamber and across from one spadkglectrode to the other. The hot spark created
ignites the fuel-air mixture. There are other wdyswvever, to get the heat required for combustieor
example, a diesel engine uses compressed air, \ubatis as it is compressed.

The two basic designs of diesel engines are thestvake-cycle and the four-stroke-cycle. Both
work on the same principles, but with variation® da differences in their construction. This satti
discusses the two designs. It also describes igene and its components and explains how they
operate. It covers the fuel, water cooling, oildaairbrake systems and the locomotive trucks and
accessories. Figure 1.1, a cutaway view, showdaitetion of the various parts in a typical diesel-
electric locomotive.
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Figure 1.1 Typical Diesel-Electric Locomotive



1.3. ENGINE

A diesel engine is an internal-combustion, oil-bagnengine using compression ignition. Such
an engine gets its power from the burning of a @haf fuel within a confined space called a cylinde
Ignition occurs when the fuel is ignited solely thye heat of compression, caused by injecting tleé fu
into the highly compressed air in the cylinder.

The engine is supported by the bedplate, mounteth@hocomotive frame, which serves as a
housing for the crankshaft and as a reservoirHerangine lubricating oil. The main structuraltypr
the engine, the cylinder block, is shown in fig@ir2. Between the inner and outer walls of a cg@ind
space for a water jacket containing water thatsh&rool the engine.

CYLHDER
iy R+ CYLINDER

Figure 1.2 Cylinder Block

All diesel-electric locomotive engines have essgiytithe same parts and work the same way.
The major difference among them is in the arrangegnoé the cylinders. The three most common
cylinder arrangements are the V-type, the veriiczdine, and the horizontal. Figure 1.3 shows paift
a V-type engine, so called because the arrangefoemss a "V"; it is used in the most powerful
locomotives. The vertical in-line arrangementsed
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mostly in low-power engines, and the horizontahagement where a very flat, underfloor mounting is
desired.

Moving up and down inside the cylinders are pistazmnnected by connecting rods to the
crankshaft. The crankshaft, shown in figure lIrdngmits mechanical action from the pistons toedriv
the generator. The generator changes the mechaatan into electricity and transmits it through
cables to the traction motors, which change itugloa gear arrangement back into mechanical force t
turn the wheels.

Figure 1.4 Crankshaft
1.4. ENGINE ACTION

To produce power through an interval of time, as€ieengine must perform a definite series of
operations over and over again. This series isvknas a cycle in which suction, compression, igniti
and exhaust take place in the order listed. If@hgine requires four strokes of the piston and two
revolutions of the crankshaft to complete a cydeis known as a four-stroke-cycle engine; one
completing the cycle in two strokes of the pistor @ne revolution of the crankshaft is a two-stroke
cycle engine. Figure 1.5 illustrates the operatiygjes of the two types of engines.

In the four-stroke-cycle engine, air is drawn itbh@ cylinder through the intake valve as the
piston descends on the intake



Figure 1.5 Operating Cycles

stroke. The intake valve then closes and the pigtes up on the compression stroke, compressang th
air within the cylinder. Fuel is injected throutte injector while the air is compressed, and castibo
occurs. The combustion, with resultant pressureesl the piston back down on the power strokee Th

piston rises again on the exhaust stroke and expelsir through the exhaust valve, a processcalle
scavenging.

Piston action in the two-stroke cycle engine isidaly the same. A difference in scavenging
accounts for two strokes rather than four. Aireeiniy the intake port pushes the oxygen-depleted ai

left from the previous combustion, out through ¢éixdaust valves. The compression stroke then accurs
Notice, in the lower



portion of figure 1.5, that the piston itself cledbe intake port on this stroke.
1.5. PRESSURE CHARGING

Air ordinarily enters the cylinder at atmospheriegsure. The amount of fuel entering the

cylinder is therefore limited because it has toddated to the amount of oxygen available to mithwti.
If too much fuel enters the cylinder and is lefbumed, it settles on the cylinder wall and piséoal
dilutes the lube oil film. This prevents a tightdnd causes leakage of air and loss of poweeréftre,
the amount of entering fuel must be carefully ratpd. Also, it must enter the cylinder so thatftrst
fuel entering begins burning before the rest offtlet enters, providing gradual, even combustitirall
the fuel enters the cylinder before ignition begihsll burns at once--explodes--and a loud knivokn
the explosion, called combustion knock, occurs.

A pressure-charged engine provides a method ofnguthore air, more fuel, and resulting
greater power into the cylinder. By this methodmstimes called supercharging, power can be
increased 50 percent in a four-stroke engine anped&ent in a two-stroke engine. Extra air is made
enter the intake valve or intake port by compressié number of air-compressing devices have been
used to furnish supercharging air. The kind mashmonly used on diesel-electric locomotives is the
turbine compressor, operated by a gas turbinearexhaust system. It is the most logical placeHs
turbine because a great deal of energy is wasteddh exhaust of burned gases. Heat balance figure
show the loss to be as much as 40 percent of teetiberated from the fuel by combustion. This
energy is captured to run the turbine which is emted to the compressor that delivers air under
pressure to the engine.

1.6. FUEL SYSTEM

The fuel system, often referred to as the heathefdiesel engine, squirts the proper amount of
fuel into the cylinder at the proper time. The miosportant part of the system is the injector, athi
measures out the right amount of fuel, injectativ ithe cylinders under high pressure, and rediides
a fine spray. Other parts of the fuel system atan& to hold the fuel; a fuel-oil pump, driven the
motor, to get oil from the tank to the injecton$tefs to clean the oil as it passes through ttstesy; an
injection nozzle to direct fuel into the combustramber in the best pattern



for combustion; and an emergency fuel cutoff vawestop fuel from flowing from the tank in an
emergency.

Generally speaking, fuel begins to enter the comntnuspace of the cylinder when the piston is
about 15 degrees before top dead center. Wherkinloding-combustion temperature of the fuel is
reached, the sprayed droplets of fuel begin to.bdime fuel still being injected then burns as sasent
leaves the injection nozzle. When fuel is delideby the injection pump under sufficient presstine,
nozzle valve lifts against spring pressure; fueteen the nozzle and is sprayed from it into the
combustion chamber. Several types of combustiamblers are used. The simplest type, and the one
most commonly used in military diesel-electric loutives, is the direct or open chamber, illustrated
figure 1.6. The entire supply of air is in theiogler, with a depression in the piston crown prongd
the combustion space. With this type of combustioamber, heat loss is small and fuel consumption
low. Also, the engine can start quickly duringccaleather.

a. Fuel tank The fuel is contained in a tank fitted with
baffle plates to prevent surging and with a pitédch sludge and
water so that they can be drained out. SinceubBedumps alone
cannot raise the fuel to the cylinder's intake ptwb alternative
methods of supplying fuel can be used. A smaklisertank can
be located above the pumps and the fuel can eémepumps by
gravity or, if the service tank is not used, fughde pumped from
the main tank by a mechanical or electric pump.

b. Fuel injection pump A fuel injection pump, illustrated in
figure 1.7, not only creates the injection presdumé determines
the amount of fuel injected. Its toothed rack, tooted by the
engine governor or by the speed control lever ggattie amount of
fuel and actuates all the pump elements. The pgrppimarily a
piston or plunger, sliding in a barrel. The loveed of the plunger
has two projections which engage slots in the cbrsieeve. Oil
enters the intake port and is trapped above theahgjroove and
slot whenever it rises to cover the spill port. rigas positions of
the groove and slot are shown in figure 1.8. Rwsifa) shows the
plunger at its lowest point and position (b) shatvevhen both
ports are closed during its rise in the cylindessiBons (c), (d),
and (e) show the plunger when the locomotive

Figure 1.6 Open
Combustion
Chamber.
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is at full load, half load, and idling. When tleebmotive is at a full stop, the plunger is at poai (f).

Figure 1.7 Fuel Injection Pump

c. Fuel filters Since dust and grit in the fuel are the mainseawf diesel engine trouble, the
most important of all precautions is fitting ef@ait filters in the fuel oil supply line. The equipnt is
quickly ruined if fine particles of dust and griteaallowed to enter the fuel line; irregular rurmimoss
of power, and poor
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Figure 1.8 Fuel Metering

starting will result. The plunger in the fuel purapd the helix opposite the spill port are usualbrn
first when dirt is in the fuel.

Most diesel engines use two kinds of fuel filteasprimary or coarse filter between the
supply tank and the fuel supply pump, and a mairire filter between the supply pump and the
injection pumps. They are made of either metafatwic. Metal filters are used as primary filters
because the fine particles that pass through tiemat as harmful to the supply pump as they wbeld
to the injection pump. They are cleaned by sciapire metal disks. Because of their greater fiiger
qualities, fabric filters are usually used as midbers to protect the fuel injection pump. Thegve
bags which are turned inside out to get rid of, diven washed and reinstalled.

1.7. WATER COOLING SYSTEM

Heat originating in the engine is absorbed by ¢ating water and dissipated in a fan-cooled
radiator. In a diesel-electric locomotive, the famriven by a motor powered by an auxiliary gaer.
Since heated water helps the engine to reach stsdperating temperature more quickly, the radiator
not brought into the water circuit until the waigiquite hot. Temperature of the water can belatgd
by louvers on the front of the radiator.

The water is circulated by a pump driven from thgiee. It goes through water jackets between
the cylinders and cylinder liners, and is then eduthrough the radiator to be cooled. With a well-
regulated radiator, water enters the engine at-120° F. and leaves it at 150°-180° F. Becaus¢ hea
and cold cause metal to expand and contract,detter to use a high rate of water circulation véth
small difference in temperature of the water entgend
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leaving the engine than to circulate the water nsboevly and have a larger difference in enterind an
leaving temperatures.

Water in the cooling system is treated to remowveess, to minimize corrosion, and to remove
suspended impurities. Hardness, a term used t@exthe presence of scale-forming salts in ravenyat
can be removed by a water softener. Dry composhdsld not be poured into the radiator as they may
clog the system. Water should be treated in aragpaontainer first and solids allowed to setdéobe
drawing solution off for the engine. If treatmeéstimproper or ineffective, radiators and watekgts
will become clogged and cylinder liners corroded.

1.8. LUBRICATING SYSTEM

Sometimes, oil is used for cooling as well as tdyricating. When this is done, a separate oil
radiator with its own cooling fan is provided withe main radiator. Used for bearing lubricatidre t
oil's circulation rate is lower than when it is dsfr piston cooling and lubrication. Oil hits the
underside of the piston in a fine spray. The cshak, end bearings, operating gear, and camstaft a
lubricated by oil under pressure; oil without prees free return oil, lubricates the camshaft dgvi
gears and cylinder walls. Contaminating particias usually be filtered out.

a. Contamination Some contamination of oil is inevitable. Fommple, the oil itself will
oxidize and form corrosive acids. These acidspaeyented from harming the engine by additives
which either keep the oil from oxidizing or provideprotective coating on the parts they touch. In
addition, the oil should possess some detergenpepties to keep the contaminating matter in
suspension so that it will be drained off when ¢henkcase is drained. Contaminating materialsdoun
in the oil may be any of the following: metal bdaused by wear of the engine, carbonaceous particle
resulting from fuel incorrectly burned or causedtrgakdown of the oil itself, unburnt fuel, cooling
water that has leaked in, and acid water causedobiing of burnt gases which have passed by the
piston.

b. Filters Oil circulation pumps are protected from contaaion by gauze screens that
remove the heavier substances from the oil; smpéeticles are removed by metallic strainers mdde o
very fine gauze, steel wool, or closely spacedeglat The finest materials and carbon carried in
suspension in the oil are removed by absorbemrgiltnade of special papers, cotton, or felt. Two
methods of routing the oil through the filters ased: full -
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flow filtering, which passes all the oil througrethilter; and bypass filtering where only a partloé oil
is continuously bypassed through the filter. Fal filters have relief valves that can open tketahe
oil out of the filter's path when the pressure daoposs the filter is excessive.

1.9. AIRBRAKE SYSTEM

Air, supplied by an air compressor, is used to ajgerbrakes on military diesel-electric
locomotives. The airbrake system is made up amapressor to supply air, two main reservoirs ta coo
and store it, and a governor to control the comgmes pumping. It also consists of the brake dgis,
mechanical linkage, and valves. Pistons and rbtlsedbrake cylinders are connected through thkebra
levers to the brakeshoes. Air pressure forcepistens outward and transmits the force through the
rods and levers to the brakeshoes and appliestinéime wheels.

Several kinds of airbrakes are used on dieselveddocomotives and a clear distinction must be
made among them. Controlled by levers from theaipés cab, airbrakes are automatic, independent,
or a combination of the two. On locomotives usetbreign service, a vacuum brake system is used.

a Automatic brakesontrol both locomotive and train. Pressure igntaened in the brake pipe
the entire time the train is operating. Reducingspure applies the brakes and returning it to abrm
releases them. On each car in the train, an auxiteservoir holds air for the brake cylindersheTair
in the cylinders is used to activate the brakedge

b. Independent brakesontrol only the locomotive. They are used gelhefar yard switching
service and for trains of a few cars because caltelsrdon't operate, resulting in rough operatiath an
slow stops.

c. Both independent and automaticakes are sometimes used so that greater coistrol
possible. The two systems are completely separatdave separate controls.

d. In vacuum brake operatipthe compressed-air brake pipe is cut out and/éiceum brake
valve connected. The locomotive and train autacnatakes are then controlled by the vacuum brake
valve and the independent brake by the indeperigtake valve handle. Military railway switchers and
other diesel-electric locomotives in the militalyet designed for foreign service have
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vacuum brake valves, or can have them installethatalle trains in foreign countries where most rail
cars have vacuum brakes.

1.10. AIRBRAKE EQUIPMENT

In addition to the compressor, governor, reseryainsl valves previously mentioned, all airbrake
systems have many other parts. Typical examplestte cutout cocks; pressure gages; equalizing
reservoir; distributing, feed, reducing, and quigtease valves; and deadman control. These are
discussed in the following subparagraphs.

a. Cutout cocksare used to bypass parts of the circuit when éneyot needed.

b. Two pressure gagese common in airbrake systems. One indicates @uaireservoir and
equalizing reservoir pressures; the other showanhative brake cylinder and brake pipe pressures.

c. An equalizing reservoiadds volume to the space above the equalizingrpist the brake
valve so that reductions in brake pipe pressure Ingagroperly made during service applications ef th
brakes.

d. The distributing valve when actuated by the brake valves, permits aifldev to the
locomotive brake cylinders, maintains pressurerejdeakage when brakes are held in applied pasitio
or permits air to exhaust to the atmosphere whakdsrare released.

e A feed valveautomatically maintains a predetermined air pressuthe brake pipe.

f. A reducing valvereduces main reservoir pressure for independéntakie operation or for
an air signal system.

g. A quick release valverovides a rapid release of brake cylinder pressring the release
operation.

h. Deadman controls a safety device which must be pressed whenldbemotive is in
operation. It is released only when the brakedabe applied. Release of the deadman pedal €ause
warning whistle to sound for approximately 4 seatfter which the brakes are automatically applied;
automatic application of the brakes can be avoiflébe pedal is pressed again during the warning
period.

15



1.11. TRUCKS

A truck consists of side frames, wheels, axlesyrjals and journal boxes, a bolster, springs,
bearings, and brake rigging. Besides connectiegvitheels to the locomotive, the truck must carry
vertical weight, absorb lateral thrusts, suppoe titting tendency of the locomotive, travel on vee
track without distortion, carry the brake riggiragnd, on some locomotives, carry the traction motéys
pair of guides, called pedestals, is supportedheydide frame and holds the journal boxes. Some
locomotives have chains attached to the underframdeto the truck to limit the swing of the truck in
case of derailment.

The swivel truck, shown in figure 1.9, is used drbat the smallest diesel-electric locomotives.
Each swivel truck has a center plate which suppgbedocomotive frame superstructure and allows the
truck to turn freely on curves. Tilting of the suptructure is limited by side bearings mountedvben
the underframe and the truck frame. The prindipaés of swivel trucks in locomotives larger thdah 4
tons are four-wheel rigid and four- and six-whering bolster.

Figure 1.9 Swivel Truck

In a rigid truck, the bolster and frame are cagetber; in the swing bolster truck, the bolster is
independently suspended and can absorb some afhttek between the truck and body. For this
reason, the swing bolster truck is more suitedeaviy road service. Because six-wheel swing bolster
trucks have additional
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wheels, the locomotive's weight is distributed mewvenly along the rails. Some of the six-wheetksu
use four wheels as driving wheels and two as idlhgels, while in other six-wheel trucks all siear
driving wheels. Idling wheels merely help to eaqgmthe weight distribution of the locomotive.

1.12. ACCESSORIES

The locomotive engine supports various accessated as the horn and windshield wiper.
These are actuated by either mechanical or elattrieans to parts of the engine.

a Bell. The signal bell is stationary with a movablepplar operated by an air valve located at
the engineman’s station. The bell is usually ed¢ainder the floor behind the pilot or switchman's
footboards on the right side of the front end @&f filcomotive.

b. Horn The horn, operated by air valves that allowtailbe forced through the sounding
device, is mounted on top of the cab and contrdetivo pull cords above the control stand. Orrel co
gives a soft tone and the other a full tone. Tiwnlshutoff cock is in the air line above the flaofront
of the controller. This air line supplies the healves with air.

c. Speed recorderThe speed recorder, similar to a speedometerbeaperated hydraulically,
mechanically, or electrically.

d. Windshield wipers Windshield wipers are operated by air from thenpressed air system.
They are controlled by valves over the cab windaw&l operate independently of each other.
Windshield wipers should never be run on a dry wimés dirt on the window will scratch the glass.

e. Sanding systemA sanding system delivers sand between the wdrekthe rail. It has three
parts: the sand trap, the control valve, and tlexaipng device. Sand is kept in a box and flowsugh
the sand trap and pipe to the rail. In some lodowes, the sanding system can be operated by the
automatic brake valve handle. In others, it israfesl by hand.

f. Temperature contrals On larger locomotives, water temperature in émgine cooling
system is regulated automatically. When water satpre changes, a thermostat operates switches
which activate fan motor contactors. As the terapge increases, a medium-speed relay closesgfurth
increase closes a full-speed
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relay. If the temperature drops, the same operatiake place in reverse order.

Some engine-cooling fans are motor driven and vectieir power from an alternating-
current generator. Various combinations of fantaciors provide for fan operation through the fract
motor circuit. Power is transmitted to drive thaoling fans through a magnetic clutch called théyed
current clutch. Fan speed is varied by changiegetttitation of field coils on the clutch. Othe&gee-
cooling fans are mechanically driven.

9. Engine heatersOQOil-fired engine heaters are provided for oderain severely cold weather.
The cooling, lubricating, and fuel oil systems datteries must be warmed before starting the ergine
prolonged layover has resulted in congealed fukebpilubricating oil. Continued operation of the
heaters is often necessary after the engine isedtar Special insulation of oil lines, tanks, and
compartments is part of such an installation, oftalled a winterization system. The heaters usé fu
from the main locomotive fuel oil system, but a 8rtenk at the heater is automatically kept fullhis
reserve supply of fuel may even have to be heatéord the heaters are started. After the heaters a
operating, they supply heat through a hot wateingipystem or an exhaust gas system to the
powerplant and essential auxiliary equipment. Aecteéic motor which obtains its power from the
locomotive's auxiliary power lines drives a fuehgu water circulating pump, and blower. The fuél o
is ignited in the fire pot by a continuous elecsmark. The equipment does not eliminate the ¢ed
draining the cooling system or keeping it filledthvian adequate antifreeze solution when the
locomotive is shut down.

h. Cab heaters Cab heaters are installed on most locomotivdseap the cab comfortable in
cold weather. They heat with hot water, elecyjottr hot air. The hot-water heater is connectethé
engine water system which supplies the heat. Alstetric fan is built into the heater to circtdaair
over the water coils and into the cab. The hestetch in the cab connects the fan to the auxiliary
power lines. Fan speed can be varied by a rheiost@iporated with the switch. Cocks are provifad
shutting off the flow of water and for draining theaters. An all-electric heater is essentialeyghme
as the hot-water heater except that the heatingegieis an electric coil. Electric defrosters, ethi
work on the same principle, have a separate constitch. Hot-air heaters consist of ducts through
which hot air from the engine radiators is forcedhe cab and cab windows.
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1.13. SUMMARY

A diesel engine can be either two-stroke or founkst and, except for its ignition, is much like
any other internal combustion engine. It is onettoke types--V, vertical in-line, or horizontal--
depending on the arrangement of its cylinders.

The fuel system includes the fuel tank, fuel angitign pumps, filters, injection nozzle, and
emergency fuel cutoff valve. The fuel tank hasflbaplates to prevent surging and a pit to catch
sediment so that it can be drained out. In somenmtives, the fuel tank is above the pump and fuel
enters the pump by gravity. In others, fuel is pethfrom the tank into the main pump by an auxiliar
pump. The fuel pump creates the injection presancedetermines the amount of fuel injected into th
cylinders by the injectors.

In an engine with a water cooling system, wateruis through water jackets between the
cylinders and cylinder liners. The water is diegcthrough a radiator to cool it. Louvers on ttoent of
the radiator can be opened and closed to reguiatbdat escaping from it. Occasionally, an engine
designed so that the pistons are cooled also by Itii®icating oil. When this is done, a specidl o
radiator, with its own cooling fan, is providedaddition to the water cooling radiator.

Lubricating oil should have some detergent propsrgo that contaminating materials can be
kept in suspension and filtered out by strainemdenof gauze, steel wool, or closely spaced plates.

Brakes for a locomotive can be the kind that cdnine locomotive, the train, or both. Air
pressure for the brakes is supplied by a compressor

The weight of the locomotive is carried by the ksicwhich also absorb lateral thrusts and
oppose the tilting tendency. A truck is made ainfes, wheels, axles, journals and journal boxes,
bolsters, springs, bearings, and brake rigging.stMmcomotives are equipped with chains to limé th
swing of the trucks in case of derailment. Locanest larger than 40 tons use four-wheel rigid tejck
four-wheel swing bolster trucks, or six-wheel swiraister trucks.

Accessories supported by the locomotive enginaudela bell, horn, speed recorder, windshield
wipers, sanding system, temperature controls, agthe and cab heaters.
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Section Il. Electric System
1.14. GENERAL

In understanding the electric system, it may helpdmpare it to a water system such as the one
illustrated on the left in figure 1.10. The paftilee water system, the pipe, compares to the vaféise
electric system, illustrated on the right in figurd 0, which form a path called_a circuiln the water
system, the pump supplies energy and the turbiserbb it. Similarly, in the electric system, the
generator supplies energy and the motor absorbs it.

In the water system, the presstine pump supplies varies; the size of the pipetralisw for
this variance of pressure. Different size pipegroflifferent resistanceo that the quantity of water
flowing through the pipe is affected. The charasties of the water system are paralleled by like
factors in the electric system where they are dallelts, ohms, and amperes. These and other basic
principles which govern the flow of electricity artd related magnetic effects are discussed in this
section.

1.15. VOLTAGE

Voltage is the pressure that forces current throagtircuit. The pressure is supplied by an
electric generator or battery and is often calleteptial difference or electromotive force (emf)hen
a circuit is available, the voltage causes a curterflow; when the circuit is closed or brokength
current will not flow. In practice, a volt is de@d as a potential difference of pressure thatcaillse
one ampere to flow through a resistance of one oXpitage is the pressure that forces current tjinou
a circuit.

1.16. RESISTANCE

Resistance is the property of a material, or cotatugvhich opposes the flow of current when
voltage is applied and which converts electricadrgy into heat. An ohm is the unit used to measure
resistance. Very small resistances are measuredililonths of an ohm, called microhms. Large
resistances are measured in millions of ohms,¢atlegohms.

Materials that offer very large resistance areecalhsulators or conductors. Conductors carry

electric current easily, while insulators offer maesistance to the flow of current. Although éhare
no perfect insulators and conductors, organic ainelous
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Figure 1.10 Similarity Between Water and Electric Systems
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substances such as rubber, oil, ceramics, and gtasdly make good insulators; metals usually make
good conductors. The resistance of an insulataxjgessed in megohms and is measured by an
instrument called a megger.

1.17. CURRENT

An ampere is the rate of flow of electric currefftechnically, it is that flow of current which
deposits a specific weight of silver from a staxdsitver nitrate solution under prescribed condisian
1 second.

1.18. OHM'S LAW

George Simon Ohm, a German physicist, createdldutrieal formula known as Ohm's law in
1827. Ohm's law states the relationship betwedtag®, resistance, and current: in a simple closed
circuit of fixed resistance the current in the gitds equal to the voltage divided by the resis&an
Resistance is represented by R, voltage by E, amdrt by I; and the formula is | =

1.19. SYMBOLS

An electrician uses standardized symbols to reptebe various parts of a circuit. Those most
frequently used in locomotive circuits are showrfigure 1.11. The symbols represent basic parts of
apparatus instead of a separate symbol for eacle pieequipment. For example, the coil of a ground
relay, a wheel slip relay, and a field shuntingayeire always represented by the same symbol for an
operating coil and the contacts are always reptedeny the same symbol for contacts. To identify
separate pieces of equipment, the drawing symbels@ompanied by letters, such as GR for ground
relay or WS for wheel slip relay. In an actual imgr diagram, the location of parts of the circui a
shown in their true relationship; in a schematicivg diagram, all the parts are shown but not
necessarily in their true locations.

1.20. SCHEMATIC WIRING DIAGRAM
The schematic wiring diagram for a locomotive isyvauch like a road map. The lines, used to
show electric circuits (highways), and symbols,duseshow the devices in the circuits (cities)picn

electrical map to help in tracing out circuits alotating troubles on a locomotive. Unlike an
automobile trip, which
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Figure 1.11 Electrical Symbols
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may or may not end where it started, electricityniivetart unless it has a complete circuit backgo
source, a generator or battery.

Look at the schematic diagram of the fuel pumpuiirm figure 1.12 and trace out one of the
highways on the electrical map. Here you see tettyata fuel pump contactor coil, its contacts, and
fuel pump motor. The symbol (A) is standard forton@armature. All switches and contacts are shown
on their normal position, that is, with no power on

The job of the fuel pump is to pull the fuel out thie tank and deliver it to the engine. It
"shovels the coal” to the engine. The first stegtarting this pump is to close the battery ksifgtch.
This connects the battery positive to the 50 wikut though the 50 wire is now "hot," nothing will
happen because there is no path from it to therd, wr battery negative. So next, close the fuehp
switch and make such a path. The current can tew ffom the 50 wire through this switch and the
fuel pump contactor coil to the 4 wire. When catrifows through the coil, it sets up a magnetadi
and closes the contactor. Now there is a path tr@b0 wire down through the fields and armatdre o
the fuel pump motor to the 4 wire. Current flowithgough this path starts the motor; this drives th
pump and furnishes fuel to the engine.

Figure 1.12 Schematic Wiring Diagram --
Fuel Pump Motor Circuit *

In the simple diagram in figure 1.12, parts of treuit are identified by their names as well as
by symbols. Oftener than not,

*Diesel-Electrics . . . How to Keep 'Em Rollifgimmons-Boardman Publishing Corp, pp. 75-76.
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however, only the symbols are used and must be krmynanyone attempting to trace out a locomotive
circuit.

1.21. WORK AND POWER

Work and power are often confused. Work, the testilan applied force which results in
motion, is the product of force times the distaat@ng which it moves, or Work = Force x Distance.
Power, the rate of doing work, has the elementnoé that work does not; power equals work divided
by time, or . Work is expressed as foot-pounds while powesxisressed as foot-

pounds per second. Work done on a body resuli imcrease in potential energy, kinetic energy, or
heat of friction. In the illustration shown in fige 1.13, energy is contained in the bucket of wate

Potential energys that possessed because of the water's posi8arce the bucket of water is 10 feet

high and there are 20 pounds of water, the potesti@rgy is 20 x 10 = 200 foot-pounds. If the wate

runs down the pipe toward the pump it becomes ikiretergy, that is, energy in motion. If the 20

pounds had moved in a horizontal line for 10 feet,more than 200 foot-pounds of work could have
been done. Since the potential energy of the wetemot changed, the work has all gone into tla¢ he

of friction.

1.22. MEASURING CURRENT

An ammeter, used to measure the quantity of cuftewing in a circuit, is connected either in
the main power generating circuit or in one of ttaetion motor circuits. If the latter prevailgher
traction motor circuits carry an equal amount ofrent. Each ammeter is equipped with a shunt--a
bypass carrying most of the current--and the toaatent load passes through either the ammetds or i
shunt. The shunt is designed to work with the atem®o that there is a relation between the current
flowing through it and the current flowing througfre coil of the ammeter. A pointer is attachedto
coil which turns against a spring so that deflecti® proportional to the current. The dial overieith
the pointer swings can be marked to read ampergsautity of current flowing.

In addition to having figures showing the curremtamperes, the ammeter may be marked in
minutes, indicating the maximum time the locomotivay be operated at a certain load.
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Figure 1.13 Work
1.23. MEASURING VOLTAGE

Voltage is measured by a voltmeter, whose movingroast have a high resistance to avoid
short-circuiting the voltage. Therefore, the ¢gitonnected in series with this resistance anshomt is
permissible. Voltmeters are connected acrossadae; Ithis is distinctly different from the connects
for an ammeter, which is connected in the circuBince voltage has been likened to pressure, a
voltmeter can be compared to a pressure gagdwoliid be noted that neither a voltmeter nor a jpiress
gage has anything to do with the main flow. A m@ter must be connected across the line or adness t
load. A significant difference in the appearanéevaltmeters and ammeters is that ammeters have
heavier terminals to which the wires are conneciBake positive
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and negative connections are designated on voltmasewell as on ammeters.
1.24. OVERLOADS

The greatest damage likely to come from overloadirigcomotive is overheating the traction
motors. When the heat generated by the motorgusaled by the rate at which heat is dissipated, a
"continuous rating" is attained. An ammeter intma greater than the continuous rating is called a
overload. Since the motor itself can absorb soea, la cold motor will not cause an overload coolit
as quickly as a warm motor; whereas a motor thatdegn operating at the "continuous rating" lirait f
a long time does not have an overload capacitil.at a

Wiring is built to carry a certain load of currerdut heavy current loads occasionally are
imposed on it. An overload, if allowed in the wigi can damage insulation and equipment. Overload
protection is provided by devices, such as fuseab @rcuit breakers, that break the circuit before
damage occurs. A fuse is inserted in the cirauit earries the full load of current. It has a lowlting
point and, when the current becomes excessivesnagll opens the circuit. Since it operates by
melting, a fuse can be used only once. The cilmeidker, a permanent fixture, consists of a svitiah
is opened by a magnet coil when the current irctiweiit reaches the danger point.

1.25. DYNAMO

A dynamo is a machine that converts mechanicalggnetto electrical energy, or electrical
energy into mechanical energy. When the outpumeshanical, the dynamo is called a motor; when
electrical, a generator. A generator and a moawetlthe same basic construction and either may be
called a dynamo. A dynamo is reversible and capabloperation as either a generator or a motor.
Basically, a dynamo consists of a field or statrgreoil and an armature or rotating coil.

In locomotives, the fields of the dynamo consistnzdgnetic pole faces bolted to the frame.
Coils wound around the field poles are called fielnls The amount of current in these coils
determines the strength of the magnetic field. magnetic field, or flux through the poles, is tedn
the field excitation The stationary pole and frame are called_theistand the rotating coil, which
carries the load current, is called the armatureotor.
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A definite relation exists between the directiontlod field, the direction of the motion, and the

direction of current.

These directions can be rdeiteed by applying Fleming's right-hand rule for

generators, and the left-hand rule for motors.mig's rules were originated by an English eleatric

Figure 1.14 Left-hand
Motor Rule

engineer, Sir John Ambrose Fleming, 1849-
1945. Look at the left-hand rule illustrated in
figure 1.14; the thumb points in the direction of
motion, the forefinger points in the direction of
the field, and the middle finger points in the
direction of the flow of current. The right-hand
rule for generators works the same way.

1.26. GENERATOR

The value of the electromotive force, or
emf, produced by a generator is related to the
amount of change in field and motion, or to the
rate at which lines of magnetic force are cut by
the armature. The emf in a single armature coil
varies even when the armature's speed of
rotation remains constant. Look at figure 1.15;
it shows how the armature cuts across more and

more lines of force as it approaches 90 degree20Alegrees, for example, one line has been td(Q a
degrees, in the same period, four more lines haea but. The emf varies with the number of lirned t

are being cut per unit of time and is zero at O
degrees and a maximum at 90 degrees. At 180
degrees, the emf is again zero; between 180 and
360 degrees, emf goes in the opposite direction-
- giving it the name alternating current. This
describes a simple alternating-current (ac)
generator.

Brushes in a generator or motor should be set at
the point of zero emf, a point occurring
approximately halfway between the main poles.
Unfortunately, a self-induced emf exists in the
coil at the
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neutral point and the brushes are in the fringedlwf so that it is difficult to obtain satisfactor
commutation. The most satisfactory solution haanlde introduce a separate flux to produce a disire
flux density in the neutral zone. This is donesbyall poles called interpoles located between thanm
poles.

Field armature cores are built up of layers of stseel to reduce strap currents called eddy
currents. Since iron is almost as good a condunft@lectricity as copper, electrical currents tead
flow almost as readily in the iron as in the coppkacking an outside circuit, however, they ciatal
within the cores and generate excessive heat igult a loss of power. The heat is much less in a
laminated core than it would be in a solid coredose the laminations provide passages through which
air can circulate and carry away heat.

Armature coils are connected in either lap windingsvave windings. Coils in a lap winding
overlap each other and are connected in parall@leva wave winding is in series around the arn@atur
Voltage is higher but current is lower in lap-wouwdlls than in wave-wound coils.

a Alternating-current generatorin an ac generator, illustrated in figure 1.4 ends of the
rotating coils are connected to continuous metals; called sliprings, mounted on the axis (arneatur
shaft) and insulated from each other. Metal obearblocks, called brushes, ride on the rings tkana
contact with the external circuit. The number omplete waves or cycles generated per second is
called the frequency and is determined by the spaddiesign of the generator.

A generator's emf is affected most by a change&®d of rotation of the armature; a change in
flux density caused by changing the current flowimghe field coil or by using a variable resistor;a
change in the size of the field or the size andgwf the rotating coil.

Since the current in the armature is alternatingies method must be used to change it to direct
current before it enters the outside circuit. Téas be done by using a commutator. The commutator
reverses the connections of the coil to the extarineuit at the same time that the emf reversethen
coil, and the alternating current in the generaétromes a pulsating direct current when it reathes
outside circuit.
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Figure 1.16 Alternating-Current Generator

b. Direct-current generatorThe direct current supply described in the pdet paragraph is
not practical in commercial use, because the veltegpches zero twice in each revolution of the
generator and the power output would be too smaAllpractical generator must therefore have many
coils, each coil being connected to a pair of conaton segments, so that the output of current from
them overlaps and provides a continuous flow. Pedaticurrent generator is one of three types,
depending on whether the fields are connectedriesseshunt, or a combination of the two. A series
wound generator has field winding in series with #mmature; a shunt-wound generator has its freld i
parallel with the armature; and a compound-wourrteggtor has both.

c. Alternator An alternator is provided on some locomotivesupply ac power to fans and
blowers. The stator contains the two-phase owjnding, and the fields are wound on the rotor.
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Field current is supplied by the auxiliary generaté no-voltage relay, connected in the outputuir,
gives protection against failure of ac power. Aduwr circuit breaker is in the line supplying the
alternator fields, and, if this circuit is openeta is no ac power output. The alternator is heddo the
main generator frame and is driven at engine spgdtle main generator shaft. Voltage and frequency
of the alternator, and consequent speed of the mdégd by the alternator, therefore vary with eegin
speed.

1.27. POWER TRANSMISSION SYSTEM

In the engine of the diesel-electric locomotivejraall internal combustion engines, the relay of
force begins with the push of the piston in the postroke. Piston force travels through the cotingc
rod to the crankshaft, which transmits it to thdarp drive. Cranks of the crankshaft are
counterbalanced and designed to insure an evearaadth distribution of force through the shatft.

Up to this point, power relay has been purely medsd. If the locomotive were equipped with
gears for its transmission system, the relay o€dowould be mechanical throughout. Gears in a
transmission similar to that in an automobile, idey to be large enough to control a locomotiveyhdo
be too large and bulky to be practical. A transmis is omitted, therefore, in favor of wires tiaitm
an electrical transmission. These wires lead ftbm generator to traction motors that change the
electrical power back to mechanical power. Motars mounted in the locomotive trucks on some
locomotives and are geared to the locomotive axf@sout half of the weight of the motor is suppdrte
on the truck frame through a nose on the motordramd the other half by bearings on the drivingaxl

a Electrical transmission The task of the electrical transmission systeamtd receive
mechanical energy from an engine, convert it irlextecal energy in a generator, and transmit it by
wires through controllers and relays to tractiorntan® which change it back to mechanical energheat t
wheels. A complete engine-generator set is call@dwer unit. Some locomotives have two or more
power units, each requiring fuel, water, and oilnps; radiator fans; and blowers. Besides the main
generator, there is an air compressor and auxifjanerator; also powered by the engine, they supply
the engine-starting equipment, airbrakes, pneungatitrols, and low-voltage light and power circuit.

b. Generator and traction motorsin diesel-electric transmission, a generatomigunted
directly to the engine
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crankshaft and an auxiliary generator is eithept®dito the main generator or driven by a belt.e ©On
more traction motors and their reduction gearsnaoented on the driving axles of trucks and a final
reduction gear is located between the traction mamal the axle. No mechanical parts are needed to
reverse the engine, as is necessary with a tatadlghanical transmission system.

The power produced by the generator is converted bwction motor into mechanical
driving force at the wheels. The motor can prodegry high torque at start which decreases asothe: |
on it increases. Adjustment of the generator figlicbngth is made by a regulator that introduces
resistance into the circuit as indicated by theegowr. The governor acts on a valve which contodls
under pressure in its cylinder. During increasegiree load, the governor's piston rises, fuel jisdted,
and the contacts are closed, causing the motooteder in the opposite direction and to introduce
resistance into the circuit.

The traction motor is cooled by filtered air forcedeither electrically or mechanically.
The electrical method is preferred because it pewia full blast of air at all speeds while the
mechanical system blows at slow speeds when thesiglectrical current is in the motor.

c. Connecting-gear ratioRatio of the gears connecting the motors toatkles is selected on
the basis of the service the locomotive is to penfo High-speed service, such as passenger service,
calls for a ratio which keeps motor speed low. Wpewer is more important than speed, such as for
freight service, the ratio used is one that reguingany revolutions of the motor for only slight
movement of the locomotive. Intermediate ratias @sed for general all-purpose service. Gear istio
expressed by two numbers: one is the number df taethe axle-mounted gear; the other the number of
teeth on the traction motor pinion. For exampi¢hé axle-mounted gear has 60 teeth and the dracti
motor pinion 17, the gear ratio is 60-17 or 3.53:1.

1.28. MAIN GENERATOR

The main generator, shown in figure 1.17, convéréspower output of the diesel engine into
electric power for the operation of the tractiontams. Directly connected to the diesel engine, the
generator's speed varies with engine speed. Therger is self-ventilated by a fan mounted on its
shaft. The main field of the generator is supplgda battery or by an exciter controlled by a load
regulator. A differential field, in series withdlgenerator, is
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wound to oppose the main field. The purpose isaxy the total field strength to obtain a constant
kilowatt output. Other fields, such as startirglds, are used when cranking.

The main pole pieces of the generator are of lai®thateel riveted together and bolted to the
frame. The field coils are impregnated and baketh wnsulating compounds to guard against
movement and chafing within the coil and to peritoitv of heat to the surfaces. Built to withstangh
speed and vibrations, the armature of this genermtoalanced both before and after winding to cedu
vibration. It is supported at one end by an aicti’n bearing and at the other by the engine shak.

Figure 1.17 Main Generator

1.29. TRACTION MOTOR

Similar to a generator, a direct-current motor sashthe traction motor can be connected in
shunt or in series. Shunt motors are used whemnstant speed is desired; output of the motoesari
little with a change in load. Series motors hagedjtraction, but must always be connected to d;loa
otherwise they will speed up so fast that they élldamaged.
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Traction motors are series-wound, direct-currentansogeared to the locomotive axles and
wheels, as shown in figure 1.1, item 33. They eonthe electrical energy of the generator intotive
effort or mechanical energy. Half of the motorgight is supported on the truck frame and halffen t
axle. The motors are either connected permanémtieries-parallel or arranged for transition from
series to series-parallel connection. The armatures on roller bearings in the motor housing.e Th
axle bearing is a split-sleeve type.

Traction motor fields are provided with shunts whdivert a portion of the field current when
the motors cannot absorb the full power output. eld~ishunting contactors can be operated
pneumatically by magnet valves or by electric relayA relay operation is one of the easiest to
understand. Relays open and close at certain gi®@nerltages, closing the field-shunting contagtor
and permitting some of the current to flow throdigé shunts and weaken the fields.

Blowers are provided in larger locomotives to foecéarge quantity of cooling air through the
traction motors and thus prevent them from overhgatA locomotive must not haul a train unless the
traction motors are adequately cooled becausegesarated by heavy currents will damage the motors
if it is not carried away. Blowers are mountedtba floor of the locomotive and ducts carry the air
through the underframe to the motors; they may kehanically driven by the engine or electrically
driven.

1.30. EXCITER

The exciter supplies the main generator field currelt is a small generator that maintains
power output as nearly constant as possible. dadawerloading the engine, the strength of thenmai
generator field must be varied so that the genenattiage is decreased as the current demand is
increased.

The exciter's own field is supplied by several s#tsvindings which are independent of each
other. One set of windings is the four-pole fiekhergized by the battery or auxiliary generatoa at
strength determined by a load regulator instalfethe circuit. Another set of windings is a twao
field fed by the exciter armature. A third setwihdings is a differential, or reversed, field that
energized by current from the main generator. Wiament from the main generator to the traction
motors is high, the differential field opposes thieer exciter fields and reduces the exciter output
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1.31. LOAD REGULATOR

Control of the power output of the main generasoknown as load control. As load is imposed
on the engine, the governor admits more fuel anélfuel limit for that speed is reached. Any reapé
to increase the load beyond this point will cause ¢ngine to slow down. At such a time, a load
regulator in the generator excitation circuit auddically reduces the power output of the generayor
reducing its field excitation and the diesel enginatinues to run at normal speed.

1.32. REVERSER

The reverser, shown later in figure 2.17, is arcted@neumatic switching device that reverses
the direction of current in the traction motor iekindings. When the fields are reversed, thetivac
motors change their direction of rotation therebgrgging the direction of travel of the locomotivEhe
main switching element of the reverser is a rotptiinum; on its surface are copper segments that
contact different combinations of sliding fingessthe drum rotates. Magnet valves on the revenrser
fed through interlocks on the main power switchee&dep the reverser from turning except when the
power circuits are open. When a magnet valve énetl in par. 1.34c) is energized, air is applieed t
the pneumatic mechanism to turn the drum and tbksh the proper electrical connections. If tbé c
of a magnet valve is burned out, or if the air dydpils, the reverser may be thrown manually by
depressing a button on the magnet valve. If tiggnens dead, the drum can be turned by hand.

1.33. CUTOUT SWITCH

A traction motor cutout switch is used to take mh@tors out of the circuit if there is an electrical
failure in the circuit, such as a short circuitgpound. Three types of cutout switches are useoggle
switch in each motor circuit; a multipole rotaryigli which controls all motor circuits; and contact
mounted on the reverser. With rotary or toggleoatiswitches, the control circuit to the main power
switches passes through the traction motor cutetttls. When the cutout switch is open, the main
power switches are therefore open, and the cornelpg motors are disconnected from the generator.
The switch setting should not be changed underyhkad because heavy currents are likely to arc and
burn the contactors. Before opening a power diredlie the engine by the throttle or by an isaigti
switch.
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1.34. MAIN CIRCUITS

Power from the main generator is carried by eleatebles to the traction motors, which are
geared to the driving axles. The main power ciriuthis path of current flowing from the generato
through the cables and motors, and back to thergeme Locomotives have three types of circuits:
series, parallel, and series-parallel. In a semieslit, the same current passes through eaclteand
connection in completing its path to the sourcewgply, and the total resistance of the circuggsal
to the sum of the resistance of all its portiomis.a parallel circuit, the current from the soudieides
through two or more parallel paths and the totatesu from the source equals the sum of the cuirent
the parallel paths. The resistance of a parallelit is always lower than the resistance of ahyt®
individual parallel paths. A series of Christmeeetlights in which all go out when any one buros o
(opens the circuit) is a familiar example of a egrcircuit; each bulb can stand only a portionhaf t
voltage from a house circuit. The lights in whtble other bulbs continue to burn when one burnssout
a parallel circuit; each bulb operates on houséagel If motors are connected in the same marser a
the lamps, the same circuit characteristics applye difference in operating characteristics of on®tat
different voltages is a chief reason for the relyi greater number of methods used for connecting
traction motors.

Many different designs of main power circuits ased. Each circuit is independent of the
others, except for the small wires in the whegl glilay circuit. Connections in many locomotives a
permanently joined in series-parallel. A tie betwehe motor circuits exists when portions of the
circuits are in series-parallel and no contactoes ssed. In order that full generator voltage ban
applied when the motors are in series connecti@ongactor will close if the tying circuit is in @snd
other contactors will open the circuit to and frdm generator.

In electric drive, power can be easily varied. Theottle adjusts voltage, current, and tractive
effort. While the throttle remains in the firsttob, the current, or amperage, decreases rapidiyuse
the motors, which are increasing speed, develogatey counter-voltage. If the throttle is movedt
higher position, the fuel supply is increased anel ¢ngine and generator can deliver more power.
When the throttle is advanced as far as possibigine speed and generator voltage are at their
maximum.
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Various devices are used to change the conneditotige circuit. The most common are the
contactors, interlocks, magnet valves, and relays.

a Contactorsare switches used for opening and closing circuitscircuits where the current is
low, the contactors are magnetically operated aackaergized by current from the battery. The reagn
brings a movable contact into touch with a fixecdhtemt in the main circuit; when they are not being
used, a spring pulls the movable contact away. Wheontactor is used in a traction motor circod a
has to handle heavier current, the contact tips eipressed together tightly. Operated by conspres
air, they are called pneumatic contactors althahgly use magnetic valves. When the operatingitircu
is closed and current flows through the coil, itve® the core by magnetic attraction and this moweme
opens the air valve.

b. Interlocksare auxiliary switches designed to control thensmting or breaking of circuits.
Operated by another switch or perhaps by a comtamtovalve, interlocks are called either "In"
interlocks, closed when the main switch is clos®ed,Out" interlocks, closed when the main switch is
open.

c. A magnet valveeonsists of a magnet coil and a core acting upoairavalve. The coil is in
the low-voltage control circuit and connected tlglounterlocks, automatic controls, or manual cdstro
in the same manner as the coil on a contactousually returns to its de-energized position byrgpr
action. The valve and coil are used in such appbos as shutter control, compressor synchrooizati
and sanding, as well as in reversers and powecls@satas a built-in portion of the equipment.

d. A relay a small magnetic electric switch consisting ofal and several small contacts,
changes connections in one part of a circuit ipaase to changes taking place elsewhere in theitcirc
The relay coil may be in either the high-voltagdaw-voltage circuits of the locomotive. Operatiing
much the same way as contactors, relays are noireelcto carry heavy current and are generally much
smaller. They may be adjusted to open and closaraius voltages to respond to operating condstion
When the contacts of a relay close, they closecitoeiit to the coil of the contactor or magnet \aalv
controlled by the relay. More than one contactoeimagnet valve can be controlled by a relay by
building the relay with several sets of contacts.
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Relays are used for miscellaneous purposes antaaned according to the purpose they
serve. They are basically alike in constructiod aperation. Two of the most common are the ground
relay and the wheel slip relay.

(1) Ground relay. lllustrated in figure 1.18, eognd relay is installed in the main power
circuit to warn if a ground develops. When theuait is grounded, current flows through the relag a
its contacts close circuits to an alarm bell ormaticator

1 Ground relay cutout switch 2 Reset button

Figure 1.18 Ground Relay
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light. In most locomotives, it also idles the emgiand disconnects the traction motors. In meiplit
operation, the indicating light is the only actiextending to the other units. A reset button isdut®
release the relay, and a cutout switch may be geovio make the relay entirely inoperative.

(2) Wheel slip relay. An indicating system usagheel slip relay is frequently installed on
diesel-electric locomotives. The system's relagscannected to resistors in the traction motazudir
If a pair of wheels slip, unbalanced voltage causggent to flow through the relay. When this yeis
activated, the contacts energize a governor salenbich reduces engine speed and operates a warning
buzzer, an indicator light, or both in the enginamaab. Interlocks reduce generator excitatioinet
same time. When slipping stops, balanced voltagenaexists and power is automatically restored.
The buzzer or light is transmitted to all unitsrmultiple, but engine speed is reduced only on the
slipping unit.

1.35. MAIN POWER SWITCHES

The power contactors connect the traction motorsthi® main generators. They are
pneumatically operated, heavy-duty, single-poletadwas located in the high-voltage electrical-
equipment cabinet. The contactor, sometimes calladit switch or pneumatic power switch, consists
of one fixed and one movable contact, a magneeyan arcing horn, an arc box, and a blowout coil.

When the throttle is advanced to the first nottig magnet valve admits air to the cylinder,
moving the piston to close the contacts. Whemithgnet valve is no longer energized, spring aation
the piston opens the contactor. Contactors noynoglén when traction motor current has dropped to a
negligible quantity, but provisions must be made ifderrupting heavy current when the contactors
have to open under load, as during an emergendge laaplication. Equipment for interrupting heavy
current consists of an arcing horn to carry theenr an arc box to confine the arc, and a bloveoilt
by which the magnetic field of the coil forces @me away from the tips. Arcing is a buildup of reunt
at a contact point. This concentration of curreatjsed by a collection of matter that conductsecity
burns the contacts, destroying their serviceabil¥yith the interrupting equipment, the path of #re
increases in length, its difficulty in jumping tgap increases, it is cut, and current stops flowing
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1.36. ENGINE STARTING CIRCUIT

Activated by the starting button on the operatpegel, the starting circuit provides power to
start the engine. The starting button closes tiduirsg contactors, used to connect the storageryab
the main generator. Starting contactors consistadfoperated main contacts, carrying the heavy
starting current, and smaller auxiliary contactedias interlocks. Those in the generator fialcudi
close first, followed by contactors in the generatomature circuit. If this sequence were not
established, the armature would short circuit tateby when its contactors closed. Interlocks loa t
contactors control the sequence automatically wherstart button is pressed.

The fuel supply system must be functioning andsesimbricating oil pressure does not exist in a
shutdown engine, the starting switch or relatednections must be interlocked to prevent a fuel
shutdown until lubricating oil pressure builds uphe main power controls must be interlocked in an
"off" position to stop power flow when the engirniee§. Since the voltage of the main generatoods t
high for the control circuit immediately after fig, the starting circuit must be opened automayical

1.37. POWER CONTROL CIRCUITS

Control circuits are low-voltage circuits that canhtthe switches necessary for handling the
high-voltage power circuits. A typical control @it is both manually and automatically operated.
Power is generally fed through a master controt@dwirom the source. The operating coils in the
switches appear next to the negative return linghefcontrol circuit. The intermediate equipment
between the control switch and the operating amlssists of manual controls, automatic controlsl, an
interlocks which determine when the switches aergned.

1.38. TRANSITION

In an automobile, gears enable you to vary yourafigskee power being put out by the engine; for
example, they make it possible for you to go ugsteills at a slow speed. But gears large enoagh t
give the same effect on a locomotive would be ntochlarge to be practical. Another method is used.
Called transition, it is varying the power put bytthe generator.

The amount of current required by the traction motmnstitutes the load for the generator. By
controlling the generator
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field, power taken from the engine can be regutatecteasing the field current increases the power
delivered by the locomotive; decreasing the curdEdreases it. Connecting the motors in parallel i
one of the two main methods of transition in thesdi-electric locomotive; the other is shuntingpft

of the current drawn into the circuit, forcing margrent to be drawn from the generator to repitaice

Transition, then, is accomplished by changing tobactnotors from series connection to series-
parallel or parallel connection, or by closingdishunting circuits to weaken the traction motelds.

When motors are connected in series, the samentufieavs through each motor and the
generator voltage is impressed on the entire gojupotors, resulting in a comparatively low voltage
for each motor. If the connections are changeguiomotors in series-parallel or parallel with each
other, higher voltage is impressed on each mogarltiag in a corresponding increase in power output
of the generator. When the fields of a series mate shunted, only a portion of the current cargs
to flow through the fields. This weakens the figldd the counter-voltage, or back emf. This is
equivalent to lowering the resistance of the ciramid results in an increased flow of current.réased
current in every instance increases the torque,trthetive effort, and the power drawn from the
generator; and a balanced condition for voltagereot, and tractive effort is reached at progredgiv
higher speeds.

Hand-operated transition controls are in use lartsition is usually automatic. When original
connections are made in the opposite sequence eesl sfecreases, the process is called backward
transition.

1.39. DYNAMIC BRAKING

Braking with brakeshoes puts wear on both the shodghe wheels, and the friction of the shoe
pressing against the wheel causes extra heatynantic braking, these disadvantages are eliminated.
While the locomotive is coasting to a stop, theieggnan can use the traction motors as generagors t
slow the locomotive's speed without using the bsakeDuring dynamic braking, traction motor
connections are changed; the motor acts as a genseading its current to resistors that dissipage
energy into the air. The amount of braking is tatpd by changing the field excitation of thesetian
motors; controls are built into the throttle andese levers.
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The dynamic braking system is independent of tHerake system, which may also be used on
the train. Military diesel-electric locomotiveseanot equipped with dynamic braking; they use dhéy
airbrake system.

1.40. PNEUMATIC CONTROL SWITCH

When emergency brakes are applied or under similaditions, engine power is reduced by a
pneumatic control switch that opens when the bpaje pressure is reduced. The opening of the Bwitc
stops the engine, stops the fuel pump, and turnsddcating lights. When the throttle is returrteddle
and the brake pipe pressure is restored, the svagsdts itself.

1.41. LOCOMOTIVE CONTROLS

Most of the electrical equipment on the locomotivenounted in a centrally located cabinet.
The operator's control station is located in the, cghown as item 8 in figure 1.1. Locomotive
movement is directed by a series of controls: tl@oteverse and transition levers, automatic and
independent brake valve handle, transition forisgaswitch, and control switch.

a Throttle lever The throttle controls the speed of the diesgiren and, consequently, the
power delivered to the traction motors. If a tHeofunctions through an electropneumatic or etectr
hydraulic governor, it is called an electric thimtand must be connected electrically to the gawern
one that functions through the air system is cadegneumatic throttle and must set the governor
through a pneumatic actuator. Some locomotive® lEamechanical linkage between the throttle and
governor.

(1) A typical electric throttldhas seven or eight running positions in additoristop” and
"idle." As the throttle lever is moved through dperating range, various electrical connectiores ar
made between the low-voltage control lines andstiienoids in the governor. Fingers, making sliding
contact with segments on a rotating drum or cylindethe throttle, determine the fuel setting oé th
governor. The throttle is also interlocked mecbalty with the reverser and with the transitiondef
transition is controlled manually. These featurasure the opening of the main power switches when
necessary during various stopping and reversingatipas.
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(2) A pneumatic throttles equivalent to a pressure regulating valve. pBeding to the
pressure established by the throttle, a pneumetiator determines the fuel setting of the governdr
pneumatic throttle has auxiliary contacts similarthose of the electric throttle for sequence and
interlocking features. In multiple-unit operatio@® air line furnishing air pressure equal to ¢bstrol
reservoir pressure is required between the units.

b. Reverse leverThe reverse lever controls magnet valves ineélierser, which turn the drum
to change the connections of the traction motoiddie This lever must not be moved when the
locomotive is moving because circuits may be sldorié the locomotive is unattended, the lever stiou
be taken off of the control stand in order to ilttek the controls in an inoperative position. Aee-
position reverse lever, sometimes called a comtrols used on many manually controlled transition-
type locomotives, instead of a transition lever.

c. Transition lever Ordinarily, a transition lever is provided orcéonotives having manually
controlled transition. It may also be installed lonomotives having automatic transition in order t
control circuits during multiple-unit operation Wwitocomotives having manual transition. A braking
position, for dynamic braking, is sometimes prodideBecause of the definite relationship between
current and speed, the proper step of transitiarsiglly indicated on the dial of the load ammeter
speedometer.

d. Automatic brake valve handleThe automatic brake valve controls the operatibbrakes
on the locomotive and on the cars when they arpgrhp connected. The independent brake valve
controls the operation of brakes on the locomotinly.

e Transition forestalling switchA transition forestalling switch on the contpanel is used to
prevent undesired forward transition on automagugigment. Backward transition is determined by the
operation of a backward transition relay, or byudg the throttle to the idle position.

f. Control switch A switch, usually called the control switch, oewts the control circuits to
their source of power. All controls except those the locomotive lights and, in some models, the
engine starting circuit are normally fed througls tewitch, or through interlocks whose setting is
dependent on this switch. It is, therefore, edeiviato a master switch for locomotive controlshamth
the leading locomotive and on any trailing locometio which the controls are connected in multiple.
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1.42. MULTIPLE- UNIT EQUIPMENT

When locomotives are connected but their poweresystremain independent, the process is
known as doubleheading. However, if electrical rmtions are made and all locomotives are
controlled from one cab, it is called multiple-uafieration. Equipment for connecting units in nplet
consists of a jumper with the following control @gr control switch, forward-reverse control, tHegtt
sanding, and alarm and indicating circuits, andrgery shutdown switches. The wires are connected
to a plug which is keyed in such a way that it bannserted in the end receptacle of the locomative
the correct position only. The locomotive from watioperation is controlled is called the leading un
and the others trailing units. On all trailing tsniengines are started and battery switches clostle
operation begins.

1.43. AUXILIARY POWER SYSTEM

The auxiliary generator is used to charge the gtotaattery and to power the low-voltage
circuits for lighting, control equipment, fuel pumpotor, and field excitation. It may be driven lgit
or gear from the shaft of either the engine or mh@n generator and is usually mounted on the
generator's frame. The auxiliary generator assuhlmedoad after the battery has supplied power for
starting the engines.

A breaker-type switch or a fuse disconnects thelianx generator; if this switch or fuse is open,
the battery must supply all low-voltage requirersentMany locomotives also have an auxiliary
generator field switch; it is opened when the lootwe is shut down and kept open until after the
engines are started again. On locomotives haviotf these switches, the field switch is in the
equipment cabinet.

a Voltage reqgulation The auxiliary generator output is regulated hgnging the strength of
the auxiliary generator field; if the speed of #neiliary generator increases, the shunt fieldngfite
must be decreased to maintain a constant voltAgegulator may consist of a small torque motoofbr
relays which are sensitive to changes in voltagehe movement of these elements changes the
resistance in the field circuit. The operatingnpiple of the voltage regulator is that the voltage
generated is proportional to the shunt field sttend@ he voltage regulator increases the resistahttee
field, thereby reducing the flux. If such extereahditions as generator speed, load, or intermahts
field
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resistance cause a change of torque on the torgter mrmature, the armature will move the sectors i
such a direction as to cut short field resistamceri out and re-establish the set voltage at tiheesa
voltage for every position.

b. Battery system The storage battery supplies power for crankimg engine and also to
supply power to the control and lighting circuitsfdre the engine is started. After the enginetstar
these circuits draw on the auxiliary generator.e Dhattery is beneath the underframe, beneath the ca
floor, or in the compartment next to the cab. Atslwin the equipment cabinet or on a nearby panel
connects the battery to the auxiliary generator @ntrol circuits. The battery ammeter indicates t
rate of charge or discharge of the battery; it fthandicate zero or various charge readings when th
engine is running. As soon as the engine is crtke auxiliary generator starts to restore threecu
and the ammeter should register a charging cutraiitthe battery is charged. The battery may akso
charged from shop circuits or terminal yard cirsutirough external charging receptacles. When the
engine is shut down or if the auxiliary generatolttage drops too low to charge the battery, a saver
current relay opens a battery contactor betweeratixdiary generator and the battery, preventing th
battery from discharging back into the auxiliarymwgeator windings.

1.44. SUMMARY

Measures of electrical pressure, resistance, aadtiqy are called volts, ohms, and amperes. A
volt is the unit of pressure leaving the generatdsattery; an ohm is a unit of resistance; andrapere
is the unit used to measure power available torégeiving mechanism, such as one of the traction
motors. Ohm's law states the relationship betwbese: current equals voltage divided by resistance
Voltage is measured by a voltmeter and amperagas @mmeter.

Wiring diagrams, using lines and standardized symbad abbreviations, are used in tracing
circuits and locating troubles on diesel-electocdmotives. Wiring in the electric system is budt
carry a specific load of current; current heavieant that specified is called an overload. Since an
overload in the wiring can harm equipment, fused @rcuit breakers are provided to break the circui
before damage occurs.

Mechanical energy can be changed into electricafgn or electrical into mechanical, by a
dynamo. If the mechanical energy
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is changed into electrical, the dynamo is calledeaerator; if the electrical energy is changed into
mechanical, the dynamo is a motor. A generator lmareither the alternating-current or the direct-
current type. Current is set up in the generatorsature coil whenever the coil cuts across thesliof
magnetic force between the generator's poles. Wfithlternating-current generator, the current low
through the coil first in one direction then théet unless the generator has a commutator to hern t
alternating current into a direct current. If angaator has many coils, connected to form a closed
circuit, a direct current is supplied. Direct @nt generator coils can be connected in series)unt, or

in a combination of series and shunt. Like a gatioer a motor can a also be connected in shumt or i
series. Traction motors are series-wound, diraoteoit motors and are provided with a shunt. Their
function is to convert electrical energy from thengrator into mechanical force to turn the locomti
wheels.

Because of the locomotive's size and weight, geage enough to control it would be too large
and bulky to be practical. Mechanical gear trassion of power to the wheels is therefore repldned
electrical transmission. To change the mecharfioale from the engine into electrical power, a
generator is operated by the engine's crankshdiites from the generator transmit the power totioac
motors and the traction motors turn the wheels.

Electrical circuits in the locomotive are connectadseries, in parallel, or in series-parallel, a
combination of the two. Circuits are opened amd&tl by contactors, operated either by compressed a
in heavy circuits, or by current from the battemycircuits where the current is low. Auxiliary sehes
to control the connecting or breaking of circuite aalled interlocks. A relay is a device thatraes
connections in one part of a circuit in responsetianges taking place in another part. Changing
traction motors from series connection to seriagdf® or parallel connection is known as transitidt
can be done by connecting the motors in paralldyoshunting off part of the current drawn into the
circuit, forcing more current to be drawn from tyenerator. A traction motor cutout switch is used
take the motors out of circuit if there is an elieet failure.

In dynamic braking, the locomotive's wheels aredusedrive the traction motors which, acting

like generators, slow the locomotive's speed withtausing wear of the wheels. When brakes are
applied, a pneumatic switch stops the engine, stepfuel pump, and turns on indicating lights.
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2.1. INTRODUCTION

The four categories of maintenance are organizalialirect support, general support, and depot.
Organizational maintenance is that authorized parformed by, and the responsibility of a using
organization on equipment it possesses. Diregi@tipnaintenance is that authorized and perfornyed b
designated maintenance activities in direct suppbrsing organizations. This category is limited
repairing end items or unserviceable assembliesupport of using organizations on a return-to-user
basis.

General support maintenance is that authorized pedormed by designated table of
organization and equipment (TOE) and table of itistion (TD) organizations in support of the Army
supply system. Normally. TOE and TD3 organizagiaepair or overhaul materiel to required
maintenance standards in a ready-to-issue condias®d on applicable supported army area supply
requirements. Depot maintenance activities, thmoagerhaul of economically repairable materiel,
augment the procurement program in satisfying dvArany requirements and, when required, provide
for repair of materiel beyond the capability of geal support maintenance organizations. Appropriat
technical manuals cover each category of maintenanEor example, organizational maintenance
instructions for diesel-electric locomotive, mod#RS-1, are given in TM 55-2210-201-20.

Since diesel engines range from about 59 to ar@)B80 horsepower, the servicing of these
engines varies a great deal. The engine makenscasebooks and instructions and the pertinent
technical manual should always be available toisemersonnel and referred to before any repaikwor
is attempted.

Service schedules are usually worked out accorttirgglocomotive's mileage or to its hours in

service. Hours in service is probably the bestigdor such servicing as tappet adjustment or dhgng
oil filters or oil, while mileage is a good guider fthe
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spacing of major overhauls. The time between icspes depends upon the quality of fuel and

lubrication; frequency of cold starting; engine idasfeatures; atmospheric conditions of temperature

dust, and humidity; and the load on the engineadsoof less than 50 percent maximum engine output
for extended periods will increase engine mainteaan

This chapter explains the checking, lubricationd ather general maintenance of commonly
serviced parts of the locomotive. Following thétg@a of chapter 1, maintenance of mechanical parts
discussed in section | and maintenance of eletpds in section Il. Troubleshooting is discukge
section III.

Section I. Mechanical Maintenance and Repair
2.2. GENERAL

Certain parts of the engine are repaired and otrerseplaced because they become worn. The
engine maker usually lists the expected life ofhe@art in either miles or hours of operation.
Components subjected to continuous wear includedst liners, pistons and piston rings, valvesyeal
springs and guides, bushings, injectors, timingrgeeamshatft, rocker arms, crankshaft, parts of the
governor, and parts of the fuel, lubricating, arater pumps. A regular check should be made of the
crankshaft, the most costly part of the enginean&shaft distortion, caused by misalinement of the
bearings, should not exceed 2 to 3 thousandths wich.

Auxiliary equipment, such as the traction motonimo, belts, water pump, fuel pumps, and the
various control switches, relays, and protectiveiabs, should be removed for cleaning, calibration,
adjustment, or replacement with completely recoonéd units during scheduled periodic inspections.
Fuel, water, and steam lines should be cleaneddgieally and all valves inspected and repaired.

The following paragraphs tell the procedures usedaintaining these and other parts of the
locomotive. As usual, manufacturer's manuals &edappropriate technical manuals provide the most
complete instructions for maintenance and repaidsthe instructions given here are minimal.

2.3. PISTON AND CONNECTING ROD

Following procedures given in subparagraplasd b remove and inspect cast aluminum pistons
and connecting rods at 75,000 miles and forged ialum ones at 85,000 miles. Repair as
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necessary. Piston and connecting rod assembliexa@motives used for switching may require more
frequent repair.

a Pistons Before pulling the piston, remove any ridge ba tiner with a reamer. Gaps of
rings can be measured most accurately while holtheg in place in the liner. After the piston is
removed, clean any chips out of the crankcasearQbstons and inspect them for defects; replase fi
and second compression rings. Examine pistonrgrbaaring for wear, cracks, or chips.

b. Connecting rods Clean and inspect connecting rods, making cettazt oil passages are
open. Replace any defective rods. Examine comgeedd studs, bolts, and nuts. If piston seizure
occurs before removal of connecting rod stud ot hals, remove cotter pins and check tightnessuts n
to determine if bolts have been stretched. If theystretched, they are not safe for further use.

2.4. BEARINGS

Never force bearings or bearing shells as the hgdaice may be scratched or the shell distorted.
Note the identification mark on the shell so thatan be replaced correctly. Bearings should adwsey
replaced in the same shells because their locatiamsletermine how they are worn.

To remove bearing shells, take off the crankcasesdopposite the shells to be removed and
rotate the engine so that the skirt of the pistothe opposite bank of cylinders has completelgreck
its liner. Unscrew the connecting rod nuts anddydaaking out the cap with its bearing. Tap thp c
from the rod. Figure 2.1 shows the bearing shielisoved and disconnected so that the bearingsecan b
removed.

After bearings are replaced, examine grooves anllotes to make sure that these passages are
free of obstruction. Always make a running tedble releasing the assembly for service. Idle the
engine a few minutes and then feel the bearind.slifeit is hot, smooth the high spots on the legr
and repeat the test. With a switching locomotaveest should be made consisting of light switching
duty for the first 8 hours followed by an inspeatiof the bearings at the end of the test.

Inspection and maintenance procedures for bearmggneral can be illustrated by those for
bearings of the connecting rod, crankshaft, axid,jaurnal.
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Figure 2.1 Bearing Shell Removal
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a Connecting rod bearings Periodic inspection of connecting rod bearings ®e made
without removing the piston and connecting rod ey, this is done by blocking the bearing and
backing the shaft away from the shell.

When the connecting rod assemblies are removegedhshe face and fillets of the
crankshaft journal for scored condition. If themkshaft journal is found scored in the bearin@are
smooth off all irregularities by stoning with a dirgrit stone. Do not stone lengthwise or usea fil
Check to see that the crankshaft is not out ofdothmen clean all parts.

Be sure to line up the oil holes when the conngatod bearings are replaced. In place,
they must have proper clearance on the cranksbarfbgl. Their clearance should be 0.001 inch per
inch of crankshaft diameter, unless otherwise $igegitheir thrust must be parallel with respecthe
crankcheek or adjoining bearing and they must be fo move laterally with the crankshaft in any
angular position. Connecting rod bolts shouldigbténed to the torque specified by the manufacture
or to proper bolt elongation or stretch.

b. Crankshaft bearings Under normal conditions, crankshaft bearingsirex lubrication by
the forced lubrication system built into the engiard proper bearing alinement is assured by the ri
engine frame and method of mounting. However, Imisment may occur if one or more bearings are
permitted to wear unduly. If a bearing becomes, Ithe span will be increased between the bearings
supporting the shaft and this will introduce heatrgsses in the crankpins; if the condition is peeth
to continue, it will result in a crankshaft bearfagure.

Crankshaft bearings can be checked in several ways; method follows. Locate
crankpin at upper dead center and force the slmafhdo a firm seat in the bearings. After removing
the valve levers, connect an air hose to a T ainitieator cock connection. Provide a pressureegay
the cylinder head side of the T. Lock flywheelnfreurning and maintain air pressure in the cylinaker
125 pounds or more by regulating the valves locatedhe inlet side of the T. Measure distance
between gage points on crankcheeks with micronmtestrain gage; then after locating crankpin at
lower dead center, again force the shaft into #eribhgs. Measure distance between gage pointador
two opposite horizontal positions; do not use a&spure in the cylinder. When the bearings atm@)
all measurements will be the same.
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In most diesel engines, the top bearing shellnsorable with the top cap and the lower
shell is rolled out of or into position by the ckahaft. Unless bearings are at opposite endsef th
engine, they should be removed one at a time iardttht the crankshaft may be held in positione Th
shell should be rolled out of and into positionhatihe same directional rotation of the crankshatft.

Crankshaft bearing failures often are caused blhiadt's misalinement or flexing. This
condition in turn can be traced to a low or misatdirbearing resulting from a loose or distorted ingar
support or cracked engine frame. Bearing suprtaild be tight and in perfect alinement before a
shell is installed.

When checking the wear on a bearing, measure shethess with a micrometer at both
sides, at the bottom, and at any other points stgpwiear. If any number less than a complete set of
bearings is renewed, the shells applied must Eedrwith a fine grit stone to within 0.001 inchtloé
same thickness as the adjoining bearings or obltieshell. After the new shell is sized propetly i
should roll into place freely. When installing @angplete set of main bearings, roll a shell out frome
end of the engine and install a new one; then ceptlae shell at the opposite end of the enginethitn
manner the crankshaft is kept in place while inedliate bearings are being changed and less force is
necessary in rolling in the shells.

With all the shells in place and the caps tightatethe shaft by hand to make sure that it
is free. After the engine is reassembled, idlenidler its own load for a few minutes in order toale
any friction. Then stop the engine and removesiedl at a time and scrape if necessary. Contimge
operation until all shells show a good bearing.

c. Axle bearings Typical axle bearing maintenance involves chegkhe oil depth: 1 3/4 inch
minimum, 3 1/2 inch maximum, measured on slantar@e any glazed packing, making sure that it is
packed tightly against windows and axle. Use @i@u@ump to take a sample of oil from the bottdm o
the chamber and check it for water. If water ignfd, withdraw the oil and repack the bearings with
fresh packing. Bearings normally require repaclemgry 25,000 to 30,000 miles of service or every 6
months, whichever comes first.

To pack axle bearings, first empty and clean oetpaicking chamber. The axle caps are
fitted with a spring packing pusher; insert a weldlgiveen the pusher and the axle to keep the spring
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compressed while the bearing is being packed. r&atall the packing to be used with warm oil fdr 2
hours and allow it to drain for 12 hours at a terapge of approximately 85. so that the oil will not
congeal. Fill the bearing with lubricating oil:etth open the oil well cover and gage the depth efoih

If the bearing is not sufficiently full, pour oihio the auxiliary oil well until the proper depth al is
reached: 3 1/2 inch maximum measured on slant.

d. Journal bearingsAll parts of the journal box are interchangealiteen new. After the parts
in the assembly operate together for a long timehgart wears to fit adjoining parts. For examifle
during manufacture a slight irregularity were left one part, the adjoining part would, after a ehil
wear to conform to the shape of the irregularifyor this reason, a journal box and bearing shoald b
treated as a unit and used only on the journalltieclwit belongs. The bearings are usually madanof
alloy of tin and copper called babbit metal.

A journal bearing and thrust bearing can be remawelde following manner: remove the
waste from the journal box and jack the box highugh that the locomotive's weight is not resting on
the journal bearing; remove spring caps, gaskatstdl springs, and wedge from top of journal bregri
-hold the thrust bearing so that it will not falhike the springs are being removed; insert bothanhole
in the front side of the bearing and pull outthié waste is dirty, replace it with a clean oildssé waste
pad.

2.5. V-BELTS

Correct tension should be maintained on a V-b#lta belt is too loose, it will slip and cause
both the sheave and the belt to wear and the engioeerheat; if it is too tight, bearings are sab¢d
to overload and will wear rapidly. Belt tensionyrtze checked by depressing the V-belt in the center
The amount of deflection will vary somewhat dudhe variation in drive center distances, but uguall
the proper deflection will run from 1/2 to 1 incfihe pressure exerted at the center of the belhécok
this deflection should be the normal pressure youexert with one finger without straining.

Whenever a set of belts is being applied, the cehstance of the drive must be reduced so that
the belts can be placed over the sheaves freelisiwere not done, it would be necessary toddhe
belts into the sheave grooves, causing ply breaiagecover damage and resulting in shortened gervic
life for the belts. Check
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pulley alinement after belt tension is adjusted¢csimovement of the equipment will cause undue wear
on new belts.

After a set of V-belts has been applied, the dsieuld be run for at least 15 minutes, allowing
the belts to stretch, become well seated in thevg® and equalized on both sides of the driverbefo
they are checked for tension and correct matchiAdter the belts have made this preliminary run,
check the belt deflection; it should be about hiat midspan. Run the drive at top speed, chedkiag
driven pulley speed with a hand tachometer; i&lisfwithin 5 percent of calculated speed, thesbate
tight enough. If, however, the driven pulley spemshnot be brought up to rating, check the wear
condition of the sheaves since sheaves that atg Wwadn may not deliver the proper speed.

To find the speed of the driven pulley, use théfeing formula:

Speed of driven pulley = diameter of driving pulley
speed in revolutions per minute
+ diameter of driving pulley.

The same formula is used for flat belts as for tsbe
2.6. ALINING SHAFTS

If two or more rotating shafts are coupled, propimement should be provided to eliminate
vibration and bending of the shafts. The methodewdluring satisfactory alinement will vary with the
number of bearings on each shaft and the typewflocw used. If shafts with single bearings areeal
properly, there will be no radial displacement betw the coupled ends and no angular displacement of
shafts. If each shaft to be coupled has more timenbearing, a type of coupling must be used which
will permit a small amount of radial or angularglescement since it is not always possible to a&hiev
absolute alinement between two shafts carriedparsg¢e housings.

a Radial misalinement When the centers of the two shafts do not cdaciradial
misalinement occurs. The displacement, illustratefigure 2.2, causes excessive vibration and wear
within the coupling because of radial movementhef two halves of the coupling with respect to each
other. This displacement also causes pulsatirgdsloa the bearings, shortening their life.
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Figure 2.2 Radial Misalinement

b. Angular misalinement. When the two shafts cawmgether at a slight angle, angular
misalinement, illustrated in figure 2.3, is presefrt addition to setting up vibration, such misalinent
causes bending stresses to be set up in the smaftsesults in additional bearing loads. The more
flexible the coupling, the less will be the load thre bearing and the less stress will be set upen
shatft.

Figure 2.3 Angular Misalinement

2.7. TRUCKS

Clean and lubricate trucks as required by maintemachedules and lubrication orders. When
inspecting trucks, check main castings, pedestardi and swing hangers for damage or wear; bolts,
nuts, and other fittings for tightness; centergdaand side bearings for excessive wear; and spfimg
weakness, cracks, or broken leaves. In additest,gqualizers with a magnetic tester.

Maintenance of wheels and axles and of journal ¥oge little more detailed, involving more
than a routine check for wear.

a Wheels and axlesWheels and axles may have to be turned or reshewfehe wheels are to
be renewed, remove them and the axles and testlijz¢he magnetic method. Repair motor
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mounting and axle bearings and caps and inspeetgedr. Clean and lubricate brake cylinders, check
slack adjusters, and inspect and repair the compldbrake equipment.

Jacking pads are provided on the body of the lo¢wado support the locomotive frame
when raising it from a truck. To remove a whedl anle assembly without removing the truck, use a
drop table. Give axles and axle gears nondestriatispection, magnetic particle preferred, eacte ti
wheels are removed. If the second pair of wheelgarn to its condemning limit but the axle andeaxl
gear are free of cracks or defects and the geaotido the condemning limits, new wheels may be
applied using the same axle and axle gear. liates are not inspected at each wheel removad, it i
recommended that the axle be scrapped after twe paiwheels have been worn to their condemning
limits. Axle gear, if not subjected to nondestiuetinspection, should not be used beyond thedife
two axles. When a pair of new wheels is to be nediion an axle, the wheels must be carefully mated
with a maximum variation of 1/16 inch in circumfaoe, or 0.020 inch in diameter. If new wheels are
not available within these limits or variations,ibold wheels are to be used, they should be neatcts
closely as possible and turned or ground after riogn Wheel mounting pressures referred to in the
following table are used when pressing wheels desax

Wheel Mounting Pressures in Tons

Minimum and Maximum Pressure Limits are Absolute--
No Tolerance Permitted
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b. Journal box Before repacking a journal box, clean it andneixe it for cracks that might
leak oil. Saturate the new packing* in oil at emperature of not less than°7B. for at least 48 hours.
When the packing is sufficiently drained, oil shobulot drip from it but should flow from it when
squeezed. Stored packing must be kept in tightagoers so that it won't dry out.

2.8. AIRBRAKES

Before each trip, check the brakes to insure tinatcanpressors are providing enough air for the
expected service, pressure-regulating devices am&ing properly, brake valves are working in all
positions, and water has been drained from theakebsystem. Locations of some of the airbrake
valves and gages are shown in figure 2.4. Weadaonage to brake rigging should be corrected
immediately and brake cylinder piston travel shobkl set in accordance with standard operating
practice. Adjustment is usually necessary whewetraxceeds 2 inches for each piston. When levers,
pins, and bushings have worn until brake travelrmatonger be taken up by turnbuckle adjustmesst, th
brake pull rod may be shortened by moving the pithe second hole in the rod. When it becomes
necessary to move the pin to the third hole, attspahould be replaced. Check the following parts:
piston and non-pressure head assembly, pistorctbri release spring, strainer, cylinder, andeslv

a Piston and nonpressure head assemifilyean the piston and nonpressure head assembly
with a hydrocarbon cleaning fluid unless othervgpecified. If there are any cuts or deep scratohes
the packing cup bearing surface or if it is worntisat it does not hold a proper bearing surfacéhen
cylinder wall, replace it. When applying the paxkicup to the piston, hold one side away from ainta
with the piston to allow air to escape from under packing before snapping the cup into place.s Thi
prevents an air pocket from forming between thekipgcand the piston head which might cause a bad
fit of the packing on the piston.

b. Piston lubricatar Before replacing or reapplying the packing atlpan the felt swab of the
piston lubricator by brushing it and relubricatdyt soaking the unit in oil. If the swab does hate
full contact with the cylinder, adjust it to proeighroper contact.

* Lubrication pads, approved by the AssociationAofierican Railroads, are used for packing journal
boxes. They come in sizes5x 9,5 1/2 x 10, &, xahd 6 1/2 x 12 inches.
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Figure 2.4 Airbrakes

c. Release spring If the release spring shows any dirt or rusttgpolean it and give it a
coating of approved rust preventive; if it is nlganed, dirt or rust might get on the cylinder wall

d. Strainer The strainer can be removed from the insidédefrtonpressure head by removing
the snapring holding it in place. By then removihg nonpressure head, the felt swab can be irespect
and replaced if necessary.

Brush the hollow rod packing felt to remove theface dirt; then recondition it by soaking it
in solvent. Soak the strainer seal in oil andrdrai

e Cylinder Completely coat the hollow piston rod with anstard brake cylinder lubricant and
apply the release spring, felt
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lubricator, and nonpressure head, using the samdengdixture as for dismantling. Before applyitige
reconditioned piston and non-pressure head to\tlreder, clean the cylinder walls and lubricaterthe
with a good grade of brake cylinder lubricant.thHé nonpressure head gasket is in good condition, d
not replace it; simply clean the gasket face.

f. Valves Clean, repair, and relubricate valvular partthefequipment at regular intervals; do
not dismantle them while on the locomotive; ratteenove and take them to a shop equipped for proper
cleaning, repairing, and testing.

Clean the dismantled valves and valve assembly avitlydrocarbon cleaning fluid and
dry them with air or a clean cloth. Soak felt ligator parts in standard triple valve oil, and dréiem.
Examine all rubber for wear, cracking, flatnessbefds, and other damage. Repair or replace metal
parts as necessary. In reassembling, lubricat&ietion surfaces except rotary valves sparingithw
standard triple valve oil. Lubricate rotary vahaesl valve seats with an oil having high surfaceitan
characteristics as prescribed in the appropridezeece. The rotary valve of the automatic brakives
can be lubricated between periodic cleanings withewoving the entire cylinder assembly portion.

The KM vent valve is equipped with a self-lubricafipiston. After cleaning the piston,
remove the plug in its center and saturate theniek with standard triple valve oil.

Plugs in the oil ports of the independent brakevevaelf-lapping portion which lead to
the felt expander should be removed at regulamiate and the passages filled with standard triple
valve oll.

2.9. SANDERS

Sanders are checked before each trip to see tnatoterate properly and that the jets and the
vent port are not plugged. The sand control vakeuld be checked and cleaned annually or as
conditions require. Check the spring and repladé it is weak. Clean all parts and place a small
amount of airbrake oil on the cup washer, O-rimgl @mposition rubber valve before reassembling.
2.10. FUEL PUMP ADJUSTMENT

The balance of power in the cylinders can be chétiyemeasuring the maximum pressure and
exhaust temperature for each
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cylinder. Low pressure and high temperature intdidate timing; high pressure and high temperature
indicate the injection of too much fuel.

The amount of fuel being injected is checked inftle®wing way: intake and exhaust valves are
closed and a swanneck pipe is installed in theeptdahe pump's delivery pipe and valve. Move the
pump rack bar to full-load position and bar theieagaround until the fuel stops flowing through the
swanneck pipe. The pump is then ready to be tedbedivery from each pump element is led off to a
set of test nozzles which discharge into measuwytigders. In this way, the discharge from eachmpu
can be measured under working conditions.

a Fuel flow To measure the flow of fuel, the number of pwstrpkes must be known as well
as the quantity of fuel for the desired positioh.counter measures the number of strokes in ettieer
forward or reverse direction and an adjusting sdrelicates the position of the fuel rack. The ating
screw is mounted in a sleeve which is notched @ sumanner that the fixed position of the racke;id
full fuel, and off--is maintained in the properagbnship. After one of these positions is adjdstae
screw is locked to the sleeve and the sleeve amdvatien move as a unit known as the control sleeve
unit. Other parts of the equipment provide forgaosupport, filtering, and return of fuel oil. ItEred
fuel is delivered to the injection pump throughlexible hose; relatively constant fuel pressure485
psi, is maintained by a pressure relief valve. | Faypassed by the relief valve is returned to tnel f
storage tank.

b. Other checks After making sure that the injector nozzles aweking properly (par. 2.11),
check the fuel pump discharge valve and springnalsise If load speed, timing, and water jacket
temperature remain constant, compression and &lipdessures and exhaust temperatures normally
remain constant. Check the fuel pump timing adpesit; if it is not correct, adjust the thicknessloé
shims to raise or lower the position of pump suctBapport for the individual pump.

2.11. INJECTION NOZZLES
If defective, an injector nozzle can cause cylintanock, overheating of the engine, dirty
exhaust, and increased fuel consumption with Idgsower. Tightness of all the nuts on the injector

should be checked since a leakage at this point preyent injection and allow fuel to drain into the
crankcase lubricating oil.
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Whenever an injector is replaced, nuts should tesliezck until all the air bubbles are out of thpgline
and pure fuel is flowing.

When testing nozzles, be sure the spray is diremtexy from the engine because oil must not be
sprayed into the combustion chambers. Also, ifsfay strikes the hands or face, it will penetthte
skin. Tighten the following parts and check themftiel leakage: holding nut, spring guide holdmg
and locknut, fuel lead-off stud, and the nuts hwddthe injection and overflow pipes to the holder.
Some parts of a nozzle are shown in the cut-awetckkin figure 2.5.

When fuel pipes are installed, they should notgrersg to catch the nut. If pipes do not line up
with their connections, they must be bent slighthgmp the pipes to prevent any vibration. If azie
valve sticks, smoky exhaust and engine poundinboegiur; locate the defective nozzle by cutting out
cylinders in rotation. Opening pressure of in@etnozzles can be checked by a testing devicautest
a spare pump to develop the injection pressurelksis:

Attach spare pump to the injection tube on therest. Set the fuel pump rack at 20-mm travel.
Test the nozzle by pumping the lever steadily uo@l discharges, and note the pressure indicated o
the gage. The maximum pressure noted on the daggeeh stroke is the opening pressure of the nozzle
Do not operate the lever quickly as this will cawseéremely high pressure to build up, giving an
unreliable gage reading. Turn the pressure adgisscrew on top of the nozzle holder until the
manufacturer's pressure specifications are metter Aetting the pressure of the nozzle, set thé fue
pump rack at the limit of its travel and operate tést rig to see if the nozzle operates properly.

2.12. LUBRICATING SYSTEM

If oil is changed and filters are replaced accaydio appropriate lubrication orders or
maintenance instructions, it isn't necessary tshflthe lubricating system. It may be necessaflush
the system, however, when replacing detergent ithl another brand of detergent oil or when replgcin
mineral oil with a detergent oil. It is necess&wydrain and flush the system when metal partioles
water are in the oil or when the engine is dirtgreafter a detergent oil has been used. Flushimgay
be either the regular OE used in the crankcasesdfl at a temperature of 260to 200 F., or the OE
10 light grade oil. When using the light OE 10

61



Figure 2.5 Injection Nozzle
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oil, the engine should neither be pulling a loadidted above a speed of 425 rpm.

Lubrication intervals shown on lubrication orderge &®ased on normal operation and may be
reduced or increased to compensate for locomoseevarying from the normal.

2.13. COOLING SYSTEM

All moving parts of the cooling system have to hiked periodically. Frequent cleaning and
flushing of the system can be eliminated by usiegted water or distilled water mixed with a colwos
inhibitor. Untreated water causes scale to form @re system must be flushed as follows: (1) flush
with clear water until it runs clean; (2) flush ia strong alkaline solution and rinse with cleaten;

(3) flush with a scale remover and rinse with cleater; and (4) neutralize with a weak alkaline
solution.

2.14. AIR SYSTEM

Faulty operation of the air system is most oftensea by worn parts or dirty, dry, or worn
filters, pistons, and diaphragms. The parts shbaltubricated and cleaned as follows:

Clean and oil the air filter Dry, compressed air should be directed agaesfilter. Or it can be
cleaned with an alkali-free hydrocarbon solvenedirdipped in an oil bath, and drained.

Drain condensate from the intercooler, keep therawbler core sections clean to permit free
passage of cooling air, and check the interco@éatyg valve manually to be sure it is not stuckthé
intercooler pressure is unusually high, check tperation of the high-pressure suction and discharge
valves. If the pressure is unusually low, cheak dperation of the low-pressure suction and digghar
valves. Drain the intercooler every time the m@&@servoirs are drained. A drain cock is locatetha
bottom header of each bank of intercooler tubeshemhandling the intercooler, be careful to avoid
damage to the finned tubing and also to keep framimy undue strain on the header assembly. The to
header is one piece while the bottom header isvin fiieces to accommodate expansion caused by
temperature change. The lower headers are tiethtegwith a bottom tie strap and capscrews; when
they are removed the intercooler may be liftedivalty. When handling, replace the strap to keemf
distorting the assembly.
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An orifice test shows whether an air compressooywshin figure 2.6, can maintain a specified
reservoir pressure while air is escaping througlosiice; pressure varies with the dimensions & th
orifice and the speed of the compressor. A condegriimit is usually set at approximately 80 percen
of the capacity of a new compressor. The compressould be reconditioned if air escapes from the
orifice faster than it can be pumped.

Figure 2.6 Air Compressaor

Repairs to the air compressor consist principaflyh@rough cleaning, installing new piston
rings, and renewing valves. The bearings of thecampressor crankshaft should be inspected and
replaced if necessary; unless bearing trouble peranced, the crankshaft will require little atten
for long periods.
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Occasionally disassemble and overhaul the air cesspr. Remove the compressor coupling
from the shaft to prevent damaging the bearingsfoi® disassembly, clean the compressor and mark
the parts so that they can be reassembled in the pasitions.

Maintain the oil in the compressor crankcase atp@rolevels according to maintenance
schedules. Clean out the crankcase when the athasged, but do not use any flammable cleaning
materials. If the oil pressure is too high or ko, check the oil relief valve and pump and thiefs.

Remove and inspect cylinder liners and pistons.neHall cylinders retained in service. After
honing, check the clearance between each pistorcdimdler with piston rings removed. Also make
certain that the cylinder flange face is perpendicto the cylinder bore. Replace the crankstattis
bent or cracked, or if the bearing seats are waoessively. Check valves for lift and for wear ilim
Examine main bearings for general condition ancgercend clearance. Disassemble the compressor
governor clean and oil it approximately once a year. €Gleareplace strainer element.

2.15. TEST OF REPAIRED ENGINES

Each repaired diesel engine should be operatedchecked before it is released for service.
Time, fuel, and labor spent breaking in the enguileresult in greater longevity and efficiency tife
unit. A check is made of compression pressuresaich cylinder; exhaust gas temperature for each
cylinder at various engine speeds; lubricating pressures and temperatures; cooling water
temperatures; supercharger or blower pressuresepower output under varying conditions of current
and voltage, as indicated by the main generatarachexistic curve; individual throttle position suoks
and loading; color and quality of exhaust gased; gemeral sound and action of the engine under load
and acceleration.

Action of the engine under conditions simulating #ngine under load can be tested by sending
the current from the main generator through antetedynamometer that measures the generator's
output. A "liquid rheostat" or "water box" alsoadles an engine to operate at different speeds, as
though it were installed in a locomotive pullindfdient loads. A water box is seldom used, however
because of the danger of electrocution. Othelitiasi for testing an engine include a cylindergz@re
indicator, either the maximum instantaneous pressyre or the curve drawing type; pyrometer
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and thermocouples, voltmeter and ammeter with shantd pressure gages; and thermometers and
temperature indicators--a part of the regular emgiquipment.

2.16. SUMMARY

Various maintenance services are ordinarily peréatrduring routine maintenance inspections.
Cleaning and lubrication are the major part of rreiance. Small inexpensive parts may be easier to
replace than to repair and such replacements &ee ofdered. Other parts, such as fuses and some
filters, are necessarily replaced. Balancing atjdsament of parts are also common.

Remove and inspect cast aluminum bearings evelQ0@5miles and forged aluminum ones
every 85,000 miles. Remove and check bearingagbeareful to avoid scratching them or distorting
their shells. Clean and lubricate trucks periodijcand turn, renew, or replace wheels and axles.
Periodically pack journal boxes and bearings, ddpuakes or replace brake parts, and check the fuel
system. Oil the moving parts of the cooling systamd replenish it with treated water. Whatever the
maintenance job, be sure to comply with manufactinestructions and standard shop procedures.

Section Il. Electrical Maintenance and Repair
2.17. GENERAL

Maintenance of electrical equipment involves clagniubricating, adjusting, and occasionally
replacing parts. Cleaning is done by blowing dusdtof the equipment with compressed air. If the a
is not sufficient, equipment can be brushed witlryacloth or one dampened with a solvent. Pawss ar
lubricated according to standard lubrication orderdjustments and replacements are made when
needed.

The accepted procedures for maintaining specigcgs of electrical equipment are given in this
section. Generators and motors are discussed firash main power switches, voltage and load
regulators, reversers, battery, bearings, and seguand insulation testing. Although the coil dhe
commutator are parts of a generator or a motoy, éne discussed separately for clarity.
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2.18. LINING UP GENERATOR WITH ENGINE

The proper operation of a generator set requirgsttie armature shaft and frame be in line with
the engine crankshaft, and that the air gaps ueaehn pole be equally spaced. The eccentricitheat t
coupling should be held to a minimum as this diyeatfects both balance between the parts and the
wear of brush and bearing. The airgap of the ggaemust be uniform within plus or minus 10 petcen
from average under each main pole, under each ctatimy pole, and from front to rear. The
recommended place for alining the airgap and cagps at the engine end of the generator.

a Alining airgap Where the generator installation permits, meagug airgap under each pole
at the coupling end. This is done with a longdeglage inserted from the commutator end. Sinee th
generator has a nonuniform airgap under the maiespmeasurements must be made under the tip of
the pole piece. The radial clearance betweendge ef the fan and the generator frame may be used;
one point on the fan is used for reference andfdherotated so that the measurements can be made
between this point and the frame at the top, battamd each side. If the difference in these
measurements 180 degrees apart is less than 0€I2Qhe airgap is satisfactory.

b. Alining coupling The coupling is alined by an indicator fastemec support extending
from the armature flange through a hole in thelflmde. The indicator is attached to this suppothat
the indicator plunger rides against the face ofgiheerator fan. The dial of the indicator showddsbt at
zero at the top position and readings should bent&®0 degrees apart. An allowance of plus or minus
0.010 inch at the bottom and plus or minus 0.008axh side will result in satisfactory alinementhgé
coupling is concentric with the crankshaft and daureshatt.

c. Final operations Since any movement of the generator frame afféoth the coupling
alinement and airgap, readings must be repeatdabtbrafter setting. Only full-length shims shoblel
used under each generator mounting pad. Not ni@e three shims should be used under each
mounting pad with one shim not to exceed 0.060 incthickness; taper the thickest shim to make the
airgap and coupling conform to specified limitsftek the generator is coupled to the engine, pthee
generator frame so that the single bearing atdhewutator end is located axially to avoid thrustdan
either direction. The generator has a float ofrapipnately 3/16 inch between the outer race of the
bearing and the housing, and is coupled to thenengith no clearance between the bearing outer
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race and engine side of the housing. When thekshaft is forced toward the generator, the generato
frame must be as far away from the engine as pessiibhout putting an end thrust on the coupling.
This arrangement provides the maximum amount cdratece required by expansion of the generator
shaft and engine crankshaft as they heat up. frhatare shaft is forced toward the coupling enthef
generator before coupling to the engine.

2.19. GENERATORS AND MOTORS

Inspection and maintenance procedures are the samgenerators and small motors. Both
should be protected from dust, dirt, oil fumes, keyand changes in temperature. Figures 2.7 aRd8,
2.9 show cutaway views of the main generator, @aryigenerator, and traction motor.

Standard maintenance includes inspection of tHewatg parts: engine starting contactor, field
coils and leads, armature, brushes and brush Ispldemmutator, insulation, generator or motor Inggri
assemblies, traction motor axle bearings, andaxdepinion gears. These are discussed in theniext
subparagraphs.

a Remove dust from the engine starting contaatithh a brush and lubricate the bearings with
a drop of oil. Never apply oil to the contact tip#/hile inspecting the contactor, remove the ccistéo
protect them from dust, oil, and metal particleBuring inspection, operate the contactor by hand.
Silver contacts may become blackened; this doesaffett their operation and they should not be
cleaned.

b. Field coils and leadare cleaned and repainted. Cleaning the windvigs liquid cleaner
destroys their protective coating and causes tleeanaick. They should be cleaned by a steady stream
of air and, if necessary, wiped with a dry clothlso clean, dip, and bake insulation. Retape aidtp
field coil and brush holder connections, if necegsa

c. Pull pinions at 250,000 miles and inspect arneshiaft. Clean, dip, and bake armature. A
complete rewinding of an armature consists of rang\wands, cutting coil leads to commutator,
stripping coil from core, cleaning and repairing ttore, repairing the commutator, inserting formed
coils, connecting coils to commutator, making a-toabar circuit test, applying temporary bands,
soldering, dipping, baking, and applying permarnganrtds. A banding machine holds the armature in
much the same manner as a lathe,

68



Figure 2.7 Main Generator
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Figure 2.8 Auxiliary Generatar
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Figure 2.9 Traction Motor

and turns it slowly while drawing the wire. An oper grounded circuit in an individual coil can be
repaired without rewinding.

d. Brushes and brush holders are inspected peribdic&8rushes should move freely in the
holders and the holders and insulator must be cleéaft the springs and clean the brushes by rgisin
and lowering them in the holders. Brushes thathaeen chipped or show excessive wear are replaced
with the same grade of brush. When new brushemsialed, they are sanded-in by placing a pidce o
No. 00 sandpaper under the brush and moving therpahe direction of rotation, illustrated in diige
2.10.
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Figure 2.10 Sanding-in Brushes

e If the commutatobecomes pitted, clean it with a fine commutatenst The process is
shown in figure 2.11. Be careful to keep coppestdtom the windings; after stoning, blow out the
windings with low-pressure compressed air. If denmutator has high and low spots or signs of
burning, place the armature in a lathe and turncttramutator enough to produce a uniform surface.
After the commutator has been turned, undercuirtica. Do not lubricate the commutator, but insulat
the commutator cap with insulating varnish.

f. Insulationmay be dipped and baked if necessary, but it nesg ronly a light spray coating
of insulating varnish. Avoid needless dipping dmaking because extra material on the windings
decreases heat transfer and ventilation. Sincalatisn deteriorates in service, it is tested fist
determine if repairs are needed, then again afmirs are finished.
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Figure 2.11 Commutator Grinder Installed
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g. Inspect, clean, and repack generator or motorifzpaassemblies To prevent bearing
failures, observe the following precautions.

(1) When removing coupling flange or blower faneghassembly, use a puller that does not
apply a load on the bearings.

(2) Press coupling flange or blower fan on theftsimsuch a way that the forces are not
transmitted through the bearings.

(3) Prevent bumping of auxiliary generator shidis can damage the bearings.

(4) Do not reuse bearings which have been remdned the shaft at any time; instead
replace them with new factory-packed bearings.

h. Tolerances on traction motor axle bearingsy slightly depending on the manufacturer of
the locomotive and whether it is to be used in roaswitcher service. The manufacturer's mainteaan
instructions or appropriate technical manuals sihdod followed when bearings are to be repaired or
renewed. Whenever a traction motor is removed feolocomotive, the bearing alinement should be
checked before the motor is reinstalled in the hoative. If a bearing shows a sign of cutting, peré
down to a new surface; if too badly worn, repladth\a new one. Before installing bearings, examine
the journal for roughness or cutting.

If bearings are hot, check oil level in the oil itgvexamine waste packing to make sure it
has not fallen away from journal, and check beaciegrance.

i. Traction motor_axle and pinion geare removed with a gear puller. Never heat ther ge
before pulling and never use wedges between the ayeh the bearing cap. To prevent damage to
antifriction bearings, remove the armature fromrinor frame, place it in suitable V-shaped support
and then pull off pinion gear. Never strike thaipn gear or gear puller with a sledge or any heavy
object while the armature is in place in the mdétame.

The end of the armature shaft on which the piniear gs mounted and the bore of the pinion
gear are tapered. When reinstalling the tractiotompinion gear, first clean the tapered portiébnhe
armature shaft and the bore of the pinion thoropughld remove any surface scoring. Coat the tapered
surface of the armature shaft with a very lighttowpof bluing spotting compound.
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Place the pinion on the shaft as far up as it gollon the taper by hand and rotate it slightly bac#
forth. Remove the pinion and examine both surfad&sleast an 85-percent fit has to be shown lgy th
bluing contact of the pinion bore on the armaturafts Any high spots shown by the bluing that will
prevent at least an 85-percent fit will be removed.

Record the position of gear on shaft with respeartd of shaft. Make measurements using
a micrometer depth gage set in a frame, as showigure 2.12. The points of measurement are marked
on the end of the shaft and the pinion to insuat they are mounted in exactly the same manner afte
heating.

Figure 2.12 Method of Using Pinion Gear Advance Gage

Heat the pinion gear in an oven or in oil untih@s reached a uniform temperature and is the
required number of degrees above the shaft temperaCheck shaft and pinion gear temperature with
a hand pyrometer. Never permit the temperatutheopinion gear to exceed 37b. Be sure maximum
advance is obtained, using a dummy pinion nut wheshloose threads to
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permit quick tightening. Use a suitable spanneeneh for prompt tightening of nut before the pinion
gear cools. After it has cooled, remove dummy grinhut and check pinion gear carefully by
measurement for proper advance. If the mountingassfactory, apply and tighten the regular
lockwasher and nut.

When a wheel set is removed from a truck for amgoe, the gears should be thoroughly
inspected. The condemning limits for axle and gningears are given in the inspecting procedure as
follows.

(1) Inspect visually or magnetically for brokeripped, or pitted teeth. Pinion and axle
gears should be condemned when more than 20 pattatal working surface of teeth are chipped or
pitted. Axle gears should be discarded when ettherof the working surfaces is worn to a point ighe
a step 1/32-inch deep exists in the root of the gezrh where contact with the pinion ends.

(2) Check for wear limits determined by dimensiaeross tip of tooth. The minimum
allowable dimension at this point is 3/32 inch date gears and 1/32 inch for pinions.

(3) Light scuffing is characterized by verticadpt-to-tip lines and is an indication of faulty
lubrication which, if not corrected, may resultutimate destruction of the teeth. The heat gdedras
a result of this condition may cause damage t@theture bearings.

When gears with a hump at the pitch line or stepsoat of tooth are disturbed by
application of new axle linings or mated with otlgearing, they will operate with interference séess
and torsional vibration until battered in a new imgfit. Operation under this abnormal conditioaym
lead to fatigue failure of gear teeth and shortenlife of armature windings.

2.20. CABLES AND WIRING

Cables and wiring must be inspected whenever amroppty presents itself. This includes
insulated bus bars as well as wires and it apptiespurse, only to exposed sections. Conditiothef
wires is determined by megger and high potentsibteCleaning should be done by wiping with rags o
using a suitable solvent; if a solvent is used,tates must be removed. When the cleaning is
completed, paint accessible sections, particuldabge exposed to dirt, with an insulating pairftarly
section of wiring is found to have deterioratedessively because of heat, consider relocating
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the wire to reduce such exposure since heat imaipal enemy of insulation.
2.21. COILS

The most common method of testing for short ciecintfield coils is the growler test, and many
repair shops are equipped with a transformer owlgrofor this purpose. A sketch of a growler igem
in figure 2.13. The growler test is a very simpled effective method, since no accurate electrical
measurements are required. Apply pressure toid¢he d¢oil when it is being tested, to approximate
actual conditions when it is clamped in the franlé pressure is not applied, the coil may show no
defect on the test but may give trouble from sloowduited turns when clamped between the pole tips
and the inside surface of the frame. With the itesiperation, after adjusting the knife switchesthe
desired number of turns on the transformer, positie removable portion of the core without thédfie
coil. Note the deflection of the ammeter, whicHigates the value of primary current. Open the lin
switch and place the coil in position around tlesformer core; close the switch to reapply voltage
the transformer. If the ammeter shows the samleali®i as before, the coil is free of short-citedi
turns; if there is a short circuit, a much heawaerent will flow in the primary coil of the trarmimer,
indicated by a greater deflection of the ammeter.

2.22. DIPPING AND BAKING

Coils which have been in operation 4 or 5 yearaukhbe dipped and baked as a preventive
maintenance measure. Some coils, such as fiels, eoe dipped before mounting on their core. With
armatures, the entire assembly is suspended vethxis vertical and the commutator on the upper end
and lowered into the compound up to, but not inclgdthe commutator. The varnish is hot, and the
coils or armature are cleaned and preheated ivem loefore dipping. Dip for 5 to 10 minutes, driin
5 minutes, and then place in oven for about 6 hatiebout 30T%F. When an armature is rewound, it is
baked before banding and again after banding.

2.23. COMMUTATOR
Whenever the locomotive comes in for maintenarfte commutator should be touched up with

a canvas-covered block to remove excessive formaifooil scum. On switching locomotives, this
work is done at the time of monthly inspectionextessive

77



Figure 2.13 Growler Test
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formations of scum cannot be removed with canvesuse of a fine commutating stone lightly applied
may be required; this will permit the operator tmch up the commutator lightly and maintain true
surface.

A commutator having a smooth glaze of chestnutrc@on satisfactory condition; a slight
burning often occurs at the edges of every few Haesto the method of winding to get high electrica
efficiency. No maintenance is required for thipayof defect. However, if such spots are deep gimou
to cause a brush to leave the commutator if thenwatator is dirty or smudgy and presents a raised
surface, it may be necessary to smooth its sudadebring it back to concentricity by grinding. @h
the commutator is concentric, its radii are all 8ame length. Eccentricity may be discovered by
clamping a dial gage on the frame of the generatamotor and rotating the armature by hand, one
commutator bar distance at a time. The dial gagasures, in thousandths of an inch, variations in
commutator radius. An eccentricity or differendeO®01 inch, within a distance less than the brush
spacing around the commutator, may indicate thessty of stoning. For bad burns and extreme
eccentricity, it may be necessary to turn the cotatouon a lathe.

Blackening of the commutator may be caused byroihfthe bearings or by surges of current
from stuck brushes. Leads from the armature wosliare soldered into the ends of the commutator
bars. If the armature has been overheated byaadirig and solder has been thrown out, the motor
should be replaced. Flat spots on the commutador lte caused by an unbalanced armature,
commutator out of round, commutator bars too higtoo low, locomotive driving wheels worn on one
side, or flat spots on the wheel. Burned spotshencommutator may result when locomotive power
and brakes are applied simultaneously. Burnedsdfi@ commutator segment indicate a winding or
Cross connection open in the armature.

2.24. MAIN POWER SWITCHES

Main power switches must be inspected as followdetermine the need for any maintenance or
repair. Insure clearance of all moving parts andect excessive play. Check contacts for proper
alinement, pressure, and wiping action wear, adyrn necessary. If contact tips are burned teqit
clean or replace them. Tighten electrical conoastiand contactor mounting, if necessary. Item 3 i
figure 2.14 shows the contactor mounting bolt. ¢&hiaterlock fingers and bars for worn, burned, or
pitted areas. Keep magnet in good working order.
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Figure 2.14 Engine Starting Contactor

2.25. VOLTAGE REGULATORS

Two types of voltage regulators are found on loctives: the torque-motor operated and the
relay types. The torque-motor one, sketched ioré2.15, is treated as follows: if discoloration o
sparking develops on the regulator commutator,nctba regulator as soon as possible. Inspectrsecto
and carbon rim assemblies and replace them ifdheyurned or worn. Check piston
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Figure 2.15 Torque-motor Voltage Regulator
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movement in the dashpot; if it sticks, the dashpost be overhauled. Lubricate sector bearingskeMa
sure that the voltage regulator is set to manufactispecifications. Poor regulation can reswimf
dirt in the dashpot, commutators and sectors, staaft bearings, or actuating shaft bearings.

A relay voltage regulator is serviced by checkihg following: contacts for wear; current coil
connections for tightness; electrical connectiamstightness and good contact; and coils and wasist
for burns and discoloration. Adjustments shoulttbemade unless detailed instructions for the tfpe
relay are available.

2.26. LOAD REGULATOR

A commutator load regulator, shown in figure 2.hés few moving parts. Consequently, it is
easy to keep in service and seldom needs attestiogpt for cleaning. Piping connections must h# ke
tight to prevent oil leaks and entry of air inteethystem. If pipes leak, replace the oil sealthen
operating cylinder or motor shaft. Load regulaioring is controlled by the flow of oil through the
pilot valve, item 1 in figure 2.16, to or from thegulator.

2.27. REVERSER

Remove the reverser to dismantle, clean, lubricatd,repair it. Renew piston packing; examine
pinions and racks for wear; clean and test magaktes; renew or build up and remachine contact
segments; check and adjust contact tension andoicits; inspect stationary contacts, shunts, and
springs and replace if necessary. Some of thase @fathe reverser are pictured in figure 2.17.

At intervals, the valve unit should be disassemibeg@ermit cleaning, checking, and replacing
worn valve parts. To disassemble, first removectheer. The pole plate may be lifted off and thévg
stem pulled. Taking off the large nut at the bwt@lows the removal of the needle valve and spring

A valve may stick or leak because of a depositidfahd good operation may be restored by
washing with a cleaner. If the valve still lealtse seats are probably scored and it will be nacgse
grind them with a fine grinding compound.

a Testing valves for leaksTo test the lower valve seat for leaks, coverah ports in the side
of the magnet valve housing
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Figure 2.16 Load Requlator
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Figure 2.17 Reverser

with soapy water. If bubbles form, the lower seaist be reground. To test the upper valve seasspr
down the button on the cover of the magnet valvesimg. This has the same effect as though the
magnet coil were energized. While holding the dutiown, again cover the air ports with soapy water
If bubbles appear, the upper seat must be regrotinidubbles do not appear while making the above
test, both seats fit properly.

b. Grinding valve seatslf the upper seat must be ground, coat the énldeovalve stem with
grinding compound. Replace the stem in the valeasing, insert screwdriver in the slot of the
adjusting screw on the valve stem, and move it laackforth. To grind the lower seat, insert thedie
valve after coating it with

84



valve grinding compound. Leave the valve stemhim lhousing to act as a guide for the valve, then
insert a screwdriver in the slot and move it bao#t forth. After both the upper and the lower séatge
been ground, the valve housing, the stem, anddhe should be thoroughly cleaned, reassembled, and
connected to 90 psi air pressure. If, after caraidle grinding, either seat still leaks, the valgat is so
damaged that a new needle valve, a stem, and assamnbly are necessary. Check both the needle
valve and the valve stem for damage.

c. Valve stem seats improperlylf a valve blows through the exhaust port whiea ¢toil is
energized, the valve stein is not seating properflyis may be caused by any one of the followirgged
in the order of the probability of occurrence:

(1) Dirt on valve seat.

(2) A weak battery or low voltage applied to thaél.c This will sometimes give a sufficient
pull to unseat the lower valve but not enough tselthe exhaust.

(3) Dirt under the pole plate.

(4) Valve stem worn down so that pole plate strikee core before the valve seats. This
rarely occurs until after the equipment has beeseivice for several years. If the stem is foundbe
too short, it can be slightly stretched by peertimg shank. However, it is recommended that a new
assembly be installed.

2.28. BATTERY

Proper maintenance will prolong the life of thetbat. Since batteries are ruggedly built, the
basic problem is mainly one of paying careful dttento a few important rules. These are givethim
subparagraphs that follow.

a Keep the battery compartment ventilated to degsineat. Screen openings to keep out dirt.
Leave drains in the bottom of the battery compantrse that washing solution or drain water won't ma
the paint or superstructure.

b. Block the battery to prevent movement. Cablesikhnot be subject to crushing or rubbing,
which will destroy insulation.
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c. Adjust voltage regulator to keep the battery propcharged. Too-high settings increase
water consumption and heat. Too-low settings taaulow specific gravity readings and little water
consumption.

d. In cold weather, add any necessary battery vjiasebefore the locomotive goes into service.
Water, if it stands without mixing with the eledir®, will freeze and damage the battery.

e Keep the battery clean and dry. If soda is usethe cover, be sure that none of it gets into
the cells. Keep all connections clean and tight.

f. Normal hydrometer readings vary from 1,280 whiearged to 1,160 when discharged.
g. The following safety rules are important: opee thain battery switch when working on the
battery, keep flames and oil away from it, and dblay tools on top if it.

2.29. BEARINGS

The term "antifriction bearings" is applied to BHll or roller bearings to distinguish the roller
from the sleeve bearing. If properly applied andricated, ball or roller bearings need much less
attention then sleeve bearings. They are in génm@ for main generators, armatures of traction
motors, belt-driven auxiliary generators and exsitdlower motors, and nearly all electrical rotgti
apparatus. Each time a motor is overhauled, cilaapect, and repack the roller bearings.

Clean bearing parts with kerosene or other petroleleaner. Do not allow them to lie around
with old grease in them. Do not use compressedraa bearing; it may contain moisture which would
cause corrosion of races or rollers. Do not tages apart.

Inspect bearing parts for flaking or cracks, pgtisigns of wear, and any excessive amount of
dirt. Examine side surface and bore of inner facesvidence of rubbing or turning on the shaft and
outer race and commutator-end bearings (tractiolmnfor smearing on flange and thrust collar.

To prevent corrosion, dip bearing in SAE 10 minerlheated to 203F., immediately after

cleaning. Drain bearing and wrap it in waxed pajpekeep it clean. Clean bearing housings and
adjacent parts with kerosene or other petroleuanele After
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cleaning, wipe housing dry. Dip flingers and adjatcparts in SAE 10 mineral oil, heated to Z@3and
drain. Store parts in a dry, clean place.

On any shaft having two bearings, one is suitabtetdking end thrust and is clamped
rigidly to take this thrust; the other must be fteallow end movement which results from expansion
contraction of the shaft when temperature changes.

2.30. SEQUENCE TESTING

Electrical testing instructions are issued by thenuofacturer for each group of locomotives.
These tests must be followed accurately, with nengit to adopt substitutions. The following
discussion of typical testing procedures merelistelhat is usually done and why it is done. The
operating sequencef shutdown control circuits can be tested atdpgtt/oltage by manually moving
interlocks and controls. Disconnect the generftst, however, so that it will not crank the engiar
produce power voltage. When testing, keep thevetig things in mind:

Starting circuit _interlocksmust prevent the armature contactors from closingl the field
contactors have closed.

The fuel pumpmust operate so that proper pressure shows dnehgage._The shutdown valve
in fuel line must function with any safety devicesich as low oil pressure switch or high water
temperature switch, according to the wiring in egclividual case.

Interlocksbetween the throttle and reverser and those imfator circuits and shutter control
circuits must function properly.

Any auxiliary equipmentsuch as sanders, must operate.

Traction motoffield shunting and transition must occur at theper time and sequence.

Wheel slip_relaysground relays, etc., must give proper protectod turn on the alarm and
indicator lights.

Any replaced_traction motamust be checked for proper direction of rotatiow airection of
field connections.
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2.31. INSULATION TESTING

To detect any weakness which may cause a breakdowervice, insulation should be tested
periodically at voltages in excess of the normaraping voltage. Any defects must be remediedreefo
failure occurs en route. Insulation tests areeeithe resistance test or the dielectric test.

a Resistance testResistance tests point up the presence of mejsguease, carbon, and dirt
that would cause grounds, false indications, orcelianeous failures not due to a breakdown of the
insulation. They are adequate for the low voltagetrol circuits which operate at about 75 volts.
Control circuits should be kept free from ground#&lthough high insulation resistance does not
necessarily indicate high dielectric (noncondudtisigength, low insulation resistance does inditate
dielectric strength. Control circuits of new locatiwes should have a resistance of 1 megohm, and
locomotives in service should not fall to less tloare-half of this value. An important feature bése
tests is the comparison of readings taken undetasiconditions at various timed. If wide variat®
appear in successive readings made under appretymidie same conditions of temperature and
dryness, the cause should be determined.

The recommended minimum megger reading for the paureuit of either a main
generator armature plus commutation field or atitvaanotor is 1 megohm at 7F. If the windings or
parts of the windings are oil or water soaked, damaged parts should be removed regardless of the
megger reading. Insulation resistance of the wigslivaries greatly with humidity and temperatube.
an approximation, the insulation resistance fomuutors halves for very 22F. rise in temperature.
Because temperatures of the winding cannot be megsccurately in shops, it is recommended that
the apparatus be permitted to reach room temperbgfore insulation resistance is measured.

b. Dielectric test Once a year, or whenever the insulation of egparhas been repaired,
dielectric tests of not less than 1-minute durastiould be made on the main power circuits. It is
important that:

(1) The equipment be clean and dry, and checked avimegger before making the test.

High voltage should not be applied unless the atgnd resistance measures at least 1 megohm when
the motors and generators are clean, dry, and-aboldit 77 F.
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It is considered good practice to insist on 1 megair more before applying insulation tests to any
electrical machinery. For diesel-electric equipmehe megger reading should be taken over a 30-
second period or longer. If the reading is cortstarrises steadily with continual application bkt
megger voltage, the insulation is considered samtican be safely tested. If the reading is udgtea
and rises and falls excessively with steady apitineof megger voltage, it is likely that leakagaths
may be present, caused by dirt or moisture, antiducleaning and drying will be necessary.

(2) The test leads be securely connected to thaitbefore power is applied to the test box,
to avoid surges from poor connections.

(3) The voltage from the test box be varied smigpttoth when increasing and decreasing
the setting, to avoid surges.

c. Test boxes A test box measures the voltage or amperageyfiait connected to it. When
making tests, guard against damaging the test Boxiden application or removal of test potentiadg m
result in surges as much as 100 percent more ligaimtended test voltage. Excessively burned ctsta
or contact tips on the test box may result in umdbke fluctuations in test voltage. Test boxeat thave
fixed, definite secondary steps of voltage areateiio produce surging if the primary voltage carimne
smoothly controlled from zero to maximum. The meiéective and inexpensive modification for test
boxes of 1/2 to 5 kilovolt-ampere (kv-a) capacigncbe made by adding a Variac (trade name for
variable auto-transformer) to the primary winding. Variac has the capability of varying the voltage
smoothly without steps, resulting in practically surging of voltage. To use a Variac, connecttés¢
leads to the machine or circuit being tested befm@ying power to the test box, then raise thé¢aga
to the test value with the Variac, hold for thegurébed time, and then lower the voltage to zerth e
Variac before removing power and disconnecting¢iseé leads.

2.32. SUMMARY

To operate properly, the generator's armature simaftframe must be in line with the engine
crankshaft, and its airgap space must be equalr@wabd main pole, under each commutating pole, and
from front to rear. The generator requires theesamintenance as the motor. Among the things to be
inspected in the generator or the motor are thenenstarting contactor, field windings and leads,
armature, brushes and brush holders, commutaguiation, and bearing assemblies.
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During routine maintenance, cables and wiring &ared and painted; coils and armatures are
cleaned, dipped, and baked; and main power switaheschecked for proper alinement, wear, and
burning or pitting. Electrical circuits are testedinsure that connections are all correct. laisoh
resistance tests indicate the presence of moidlinte or grease that can cause insulation failenen
though nothing is wrong with the insulation.

Clean and lubricate the voltage regulator. Repleoen parts and assure that the regulator is set
to manufacturer's specifications. Load regulasis® need regular cleaning as well as tightening of
connections, and replacing of seals to preventeakage. Care of reversers includes renewingmpisto
packing and adjusting contacts and interlocks. ntégsiance of magnet valves is also important.

The battery should be kept clean and dry, and shioeilblocked to prevent movement. In cold
weather, add the battery water just before thenmtive goes into service. The hydrometer reading
should vary between 1,280 and 1,160.

Clean the bearings and bearing parts, such asrusith kerosene or other petroleum cleaner.
Inspect and repack the bearings and replace themeaessary. When a bearing is removed, mark it to
be replaced in the slot from which it was taken.

Follow manufacturer's instructions closely for tegta locomotive's electrical equipment; do not
attempt to make substitutions or to take shortclisst insulation periodically and remedy all dédeto
avoid failures en route.

Section Ill. Troubleshooting
2.33. GENERAL

Troubleshooting is a systematic method of locatimg cause of trouble. An unserviceable
locomotive will be reported for repair with vaguengplaints about its malfunction, and the repairman
will be expected to diagnose the trouble. He sleamns that a certain symptom is caused by one of
several things. Then he checks these things trrdate which is at fault. This section gives samhe
the more common malfunctions of the locomotive &sis their likely causes. It is intended to serve
only as a general guide, since specifications &mhepiece of equipment vary. The operator mustiche
his operation and maintenance manual before tekmygcorrective action. He must report any trouble
that he or his crew is not authorized to correarganizational maintenance.
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2.34. FAULTY ENGINE OPERATION

Trouble with the engine's operation can arise froamy things. Satisfactory operation depends
upon good compression pressure and the injectidmegbroper amount of fuel at the right time. Lobs
compression or faulty injector action can cause la€ engine power, uneven running, excessive
vibration, and a tendency to stall when idling. eTbllowing troubles, with lists of possible causesl
remedies, are given to assist the mechanic in dgigg engine trouble and correcting it.

a Refuses to start If an engine fails to start, it usually meanthei weak batteries or
insufficient air pressure. Loss of compressionften caused by dry pistons and a small amountlof o
should be introduced into the cylinders. If theyiee still fails to start, check the fuel system &r
locks. An air lock in the low pressure pipelinendae cleared by opening the priming valve on the
pump; in the high pressure pipeline, by slackingkbide delivery pipe union nut at the injector wehil
the engine is turned over a few times.

When poor starting gets worse, it is probably cdusevalve trouble and maintenance is
the only remedy. At temperatures below B2 check cold weather starting aids.

b. Irregular running Several defects can cause irregular runningneSof these are an engine
valve sticking open, dirty atomizers, air in onetloé high-pressure injector pipes, a sticky fuahpu
delivery valve, and water in the fuel oil.

c. Uneven running and excessive vibration

(1) Faulty injector timing or rack setting.
(2) Insufficient fuel supply.

(3) Hunting governor. Remove all the bind fromeator control rack operating shaft
mechanism.

(4) Cooling water temperature too low. Checktiestats.

(5) Valves in bad condition. Check compressiaspures.
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(6)
(7)

High exhaust back pressure. Check exhausspre at exhaust manifold.

One or more cylinders cutting out. Determimieich cylinders are cutting out, check

valve springs for the bad cylinder, and replaceatgr with a new one. Check compression.

(8) Water in fuel system.

d. Stalling

(1)
()
®3)
(4)
(5)

Idling speed too low.

Cooling water temperature too low.

Too sudden application of load at low speeds.
One or more cylinders cutting out.

Governor is hunting (overcompensating). Reenthe bind from injector control rack

operating shaft mechanism.

(6)
(7)
(8)
9)

Choked fuel oil filters.
Unsatisfactory injectors. Replace with reatoded injectors.
Improper governor adjustment and governordgeincorrectly set.

Air in fuel system. Inspect system for leaks.

e Loss of power

1)
(@)
®3)
(4)
(5)
(6)

Injector racks not properly positioned.
Faulty injector timing.

One or more cylinders cutting out.

Air filters choked.

Insufficient fuel supply.

Choked fuel oil filter.
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(7) Airin fuel system.

(8) Unsatisfactory injectors.

(9) Improper governor adjustment.
(10) Loss of compression.

f. Will not shut off

(1) Gradual development of the condition in nornwgderation is usually caused by
misalinement of external control linkage. Whentapsis attempted, the engine continues to run
somewhat below idle.

(2) Diluted oil in air boxes and hot engine.

g. Engine knocks (detonates).
(1) Because of the diesel's high compressiorghigsacteristic sound is sometimes mistaken

for knocking. To detect true knocking, place aesairiver or bar against the engine with the othnet e
to the ear, and listen to engine sounds at vampms#tions. Hammering in a diesel can be caused by
either fuel or mechanical knocks. If a hard metddhock indicates detonation in one or more cygdirsg
the engine should be immediately stopped to pregenbus damage from the excessive pressures
accompanying detonation. Detonation is causedéyptesence of fuel oil or lubricating oil in thie a
charge of the cylinders during the compressiorkstrarhe engine should be checked for:

(a) Leaky injectors.

(b) Leaking fuel connections in cylinder head.

(c) Crankcase dilution due to fuel leaks.

(d) Leaky blower housing gasket.

(e) Leaky blower oil seals.

(H Control rack improperly adjusted.

(g) Hydraulic valve lash adjusters sticking.
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(2) Mechanical knocks may be caused by loose amwmstons, piston pins, bearings,
blowby, or loose flywheel. In a two-cycle engikeocking will be heard from a loose connecting rod
bearing because of the downward pressure on thengi®th on the upstroke, compression, and on the
downstroke, combustion. To isolate connectingkodcks, hold down on the injector plunger, cutting
out injection on the cylinder suspected; then aogé bearing will be heard.

h. Does not turn over

(1) Battery and control switches open.
(2) Battery or control fuses blown.

(3) Battery weak.

(4) Electric connections poor.

(5) Engine start switch defective.

i. Turns over but does not fire

(1) Fuel supply exhausted.

(2) Fuel lines broken or fouled.

(3) Fuel lines airbound.

(4) Fuel filter plugged.

(5) Emergency fuel shutoff closed.

(6) Fuel pump not running; check circuit.
I. Stops

(1) Fuel supply exhausted.

(2) Fuel line broken or fouled.

(3) Fuel filter plugged.

(4) Lubricating oil pressure low.
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(5) Engine obstructed. Bar engine over to sekitl&not blocked.
(6) Faulty governor or throttle linkage.

(7) Governor inoperative. Check fuel racks.

Py

. Overspeeds

(1) Faulty governor.
(2) Improper fuel pump rack setting.
(3) Overspeed trip setting.

|. Overheats
(1) Water low. Check for leaks; refill.
(2) Radiator plugged.
(3) Lubricating oil not cooling properly.
(4) Fan not operating properly.
(5) Heat exchanger (lubricating oil cooler) pludge
(6) Shutters closed.
(7) Engine overloaded.
(8) Water hose collapsed. Replace it.

a Races before picking up loadviain generator field defective. Excitation $atb build up
properly.

2.35. LOCOMOTIVE OPERATION
The locomotive:

a Does not move with engine running and throttlerop

(1) Brakes not released.

(2) Battery and control switches open.
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(3) Electric connections poor.
(4) Reverse lever in neutral.

b. Moves very slowly

(1) Drag too heavy. Cut off cars.
(2) Brakes not fully released.
(3) Main generators not delivering full power.

c¢. Remains in low speed

(1) The traction motor not making transition.
(2) All traction motors not operating.

d. Moves with throttle off Throttle valve stuck open. Close by hand ornopentrol switch
and apply brakes.

2.36. TROUBLE DEVELOPS WITH MOTOR

Insure that:

Bearings are in good condition.

I

No mechanical obstruction prevents rotation. fSkans freely.

o

All bolts and nuts are tightened securely.

1o

d. Correct voltage is actually available at the ma&sminals. Voltage drop must not be more
than 10 percent of rated voltage.

e Fuses are good and connections are tight.

The brushes make contact with the commutatordanabt bind in brush holder.

|=—h

g. Armature or frame is not grounded; check withegohm-meter.
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2.37. DIRTY EXHAUST

Black smoke will always appear when the engine rsatly accelerated and blue smoke is
common on starting. It is necessary, thereforeutothe engine for a while at low speeds and under
loads before assessing the exhaust.

Dense black smoke means incomplete combustioneoiutl, perhaps due to overloading of the
engine or to a delivery valve at the fuel pump bestuck open and too much fuel entering the cylinde
Grey smoke is caused by bad injection timing otydsprayer nozzles. Blue smoke indicates excess
lubricating oil burning in the combustion chamb@&ihe excess oil may be due to an overfilled sumg or
faulty piston ring.

2.38. BATTERY DOES NOT CHARGE
a Blown battery or charging generator fuse.

b. Faulty electric circuits.

o

Faulty generator brushes.
2.39. AIR PRESSURE

a Does not build up

(1) Main reservoir drain valve open.

(2) Brake pipe angle cock open.

(3) Pilot valve stuck open.

(4) Unloader valve stuck open.

(5) Compressor belts slip or are broken.
(6) Faulty compressor.

b. Builds up slowly

(1) Long train requires longer time to charge.
(2) Compressor belts slipping.

(3) Unloader valve stuck open.
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(4) Broken pipe or loose fittings.
(5) Faulty governor.
2.40. BRAKES

a Low braking power

(1) Too much brake cylinder piston travel.
(2) Faulty piston.

(3) Worn brakeshoes.

(4) Low brake cylinder pressure.

(5) Broken brake cylinder pipe.

I

Brakes hold after release applicatiddrake pipe under-charged or faulty distributuadyve.

Brakes reapply after reqular release

o

(1) Brake pipe overcharged. Make partial brakpliegtion and return handle to running
position.

(2) Faulty feed valve.
d. Brake cylinder pressure too high. Feed valveksar distributing valve sticks.
2.41. LUBRICATION

a Lack of pressure

(1) Oil supply in crankcase low.

(2) Crankcase oil diluted.

(3) Wear on crankshaft or connecting rod bearings.
(4) Lubricating oil pump relief valve sticking.

(5) Oil cooler choked.
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(6) Oil pump screen choked.
(7) Oil pump drive inoperative.
(8) OQil lines choked, improperly tightened, orkewey.

b. High temperature

(1) High cooling water temperature.
(2) Clogged oil cooler.
(3) Oil cooler bypass not operating.
2.42. SUMMARY
Although locomotive trouble usually shows up in ieegoperation first, the trouble source often
is not in the engine. Troubles in the fuel systamsystem, and electrical system affect all phaxe
locomotive operation and cause the engine to rwevemy or not at all. Improper lubrication and

cooling are other common sources of trouble.

Whatever the defect, experience in repair work iehe repairman to locate it.
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TRANS SUBCOURSE 656

CORRESPONDENCE COURSE OF THE
U.S. ARMY TRANSPORTATION SCHOOL

SOLUTIONS

[@ieBlectric Locomotives.

(All references are to Reference Text 656.)

A, true. (par. 1.8a
A, true. (par. 1.5)
B, false. (par. 1.4)
B, false. (par. 1.6)

B, false. (pars. 1.9,
1.11)

A, true. (par. 1.11)
B, false. (par. 1.12e
A, true. (par. 1.11)
A, true. (par. 1.11)
A, true. (par. 1.10c
B, false. (par. 1.9b
B, false. (par. 1.1ph
A, true. (par. 1.9a

A, true. (par. 1.9c

Weight Exercise
2 1.
2 2.
2 3.
2 4.
4 5.
4 6.
4 7.
4 8.
4 9.
4 10.
4 11.
4 12.
4 13.
4 14.
4 15.

B, false. (par. 1.3)

LESSON 1

Weight Exercise

4 15.
4 16.
4 17.
4 18.
4 19.

4 20.

4 21.

4 22.

4 23.

4 24.

4 25.

4 26

V, false. (par. 1.3)
A, true. (paB)l.
A, true. (paB)l
B, false. ({daB)
A, true. (pad)1l

A. (par. 1.10a

E. (par. 1.5)

w

(par. 1.10e
(par. 1.6b

(par. 1.5)

o > 0

(par. 1.9b
Independent airbrakes
control only the locomo-
tive.

B. (par. 1.7)

Treated water is used
because untreatadrwa

All concerned will be careful that neither this widn nor information concerning the same comes
into the possession of students or prospectiveestsdwho have not completed the work to which it

pertains.

1

Supersedes Trans 656, Diesel-Electric LocomotiMesember 19609.



Weight

Exercise

27.

10.

11.

12.

13.

14.

15.

16.

17.

18.

may cause chemical
deposits or corrosion
to form, clogging the
radiator.

A. (par. 1.6)

B, false. (par. 1.42)
A, true. (par. 1.40)

B, false. (par. 1.37)
A, true. (par. 1.20)

A, true. (par. 1.39)

B, false. (par. 1.42)
B, false. (par. 1.23)
A, true. (par. 1.15)

A, true. (par. 1.16)

A, true. (par. 1.18)

A, true. (par. 1.33)

B, false. (par. 1.2ba
A, true. (par. 1.26)

A, true. (par. 1.26b
A, true. (par. 1.26)

B, false. (par. 1.25)
D. (par. 1.22)

A. (par. 1.30)

Weight

LESSON 2

Exercise
19. E. (par.1.31)
20. C. (par. 1.28)
21. B. (par.1.32)
22. E. (par.1.32)
23. B. (par. LX3b
24. D. (par. 1D)41f
25. A. (par. 1.&4d
26. C. (par. 1.43)
27. D. (par.1Alc
28. E. (par. 14le
29. B. (par. 1@®n

30. C. (par. 1.4)f
31. A. (par.1.24)

32. A. (par.1.34)
33. B. (par.1.38)

Operates by coliigl
the generator field.



Weight Exercise

2 34. C. (par. 1.21)

Work is expressed in foot-pounds but the elenoériime is unimportant. Power is
expressed in foot-pounds per second.

2 35. A. (par. 1.25)
2 36. A. (par.1.32)
2 37. B. (par.1.34)
The total resistance is equal to the sum ofésestances in all portions of the circuit.
2 38. C. (par. 1.26)

Eddies form excessive heat rather than remove it.

LESSON 3
2 1. A true. (par. 2.8a
2 2. B, false. (par. 2.3)
2 3. A true. (par.2.3b
2 4. A, true. (par.2.9b
2 5. A, true. (par. 2.7)
2 6. B, false. (par. 2.4c
2 7. B, false. (par. 2.10)
2 8. B, false. (par. 2.9)
4 9. B, false. (par. 2.5)

4 10. A, true. (par. 2.14)
4 11. A true. (par. 2.3)

4 12. B, false. (par. 2.%a



Weight

4

5

Exercise
13. A, true. (par. 2.Ja
14. D. (par.2.11)
15. B. (par. 2.8)
16. E. (par. 2.13)
17. B. (par.2.6b
18. A. (par. 2.14)
19. B. (par.2.12)
20. A. (par.2.4p
21. D. (par.2.8)
22. C. (par. 2.6a
23.  A. (par.2.4)
24. A. (par.2.11)
25. C. (par. 2.15)
A water box is seldom used because of the darfgdectrocution.
26. B. (par.2.11)
Unusually high pressure may give unreliable negsli Slow movement of the lever
keeps pressure low.
27. C. (par.2.7b

Oil should not be less than°7B.



Weight Exercise

1 1. A true. (par.2.194))
1 2. A true. (par.2.21)
1 3. B, false. (par. 2.20)
1 4. A true. (par. 2.31)
2 5. B, false. (par. 2.19b
2 6. B, false. (par. 2.19a
2 7. A, true. (par.2.19c
2 8. A, true. (par.2.19e
2 9. A, true. (par.2.19c
2 10. B, false. (par. 2.1pa
3 11. A, true. (par. 2.20)
3 12. A, true. (par. 2.20)
3 13. A, true. (par. 2.20)
3 14. B, false. (par. 2.20)
3 15. B, false. (par. 2.20)
3 16. A, true. (par. 2.25)
3 17. B, false. (par. 2.25)
3 18. B, false. (par. 2.25)
3 19. A, true. (par. 2.25)
3 20. A, true. (par. 2.25)
3 21. D. (par.2.19h

LESSON 4

Weight

3

Exercise
22. A (par. 2.19d
23. E. (par. 2.28)
24. C. (par. 2)27a
25. B. (par. 2.24)
26. C. (par. 2.29)
27. E. (par. 2.27a
28. D. (par. 2.26)
29. D. (par. 2.22)
30. B. (par. 2.21)
31. D. (par. 2.4@3))
32. A (par. 2.3
33. B. (par. 281a
34. D (par. 219
35. A (par. 2)18a
36. B. (par. 2)19f
Extra materialtbe
winding does not in-
crease heat transfer
it decreases it.
37. C. (par.2.28d

Water should not be

added to the battery
until just before the
locomotive goes into
service.



Weight Exercise

2 38. A. (par. 2.198))
2 39. C. (par.2.3)a

Low insulation resistance is not desirable;wa}s indicates low dielectric strength.
2 40. B. (par.2.19b

A liquid cleaner cleans well enough but may cabeen to crack.



