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Changes In force: C 1 throughC 3

Change
No.3 }

TM 55-202/TO45A2-2-1-2
Cc3

DEPARTMENTS OF THE
ARMY AND THE AIR FORCE
Washington, D.C., 16 February 1978

OPERATION AND MAINTENANCE OF
DIESEL-ELECTRIC LOCOMOTIVES

TM 55-202/TO45A 2-2-1-2, 25 October 1965, is chang-
od as follows:

Paac 141, paragraph 127, line 25, is changed to

........ figure 74. Location of handholds and
eonphm of a foreign service type locomotive
are shown in figure 75.

Page 160, paragraph 134, General, is changed to
read:

134. Operation

a. General Routine operation of a diesel-elec-
tric locomotive is controlled by the throttle, re-
verse lever, and brake valves. Various instru-
ments, gages, protecting and regulating devices
contribute to efficient, safe operation. Specific
information for individual types is best obtained
from the operational manuals issued by the
respective manufacturers.

b. Operator Qualification. A thorough general
knowledge of various types of locomotives and
a careful observance of prescribed rules and
operating prodedures are essential to efficient
operation. Locomotive operators (or enginemen)
must possess an SF 46 (US Government Motor
Vehicle Operator’s Identification Card). It will be
annotated on the reverse side to indicate the
type of locomotive the individual is authorized to
operate, in accordance with paragraph 2a(5), AR
600-58. The commander of the rail unit or other
activity to which locomotives are assigned is
responsible for the selecting, training, testing,

‘ and licensing of locomotive operators. Railway

operating and safety rules are contained in TM
§5-200.

Page 195, paragraph 186d, Pending revision of
DD Form 1336, title is changed to read: “Thirty
Day and Annual Locomotive Unit Inspection and
Repair Report.”

Page 195, paragraph 186d, as changed by Change
1, the following is added at end of paragraph:
A copy of the DD Form 1336, annual report,
will be forwarded to MECOM, ATTN: AMSME-
MMR, (for retention in their files), by all ITO and
rail activities.

Page 200, figure 93, heading of DD Form 1336 is
changed to read: Annual Locomotive Unit 30
Day Inspection and Repair Report.

Page 200, figure 93, title of DD Form 1336 and
caption are changed to read: Annual/30 Day
Locomotive Unit Inspection and Repair Report.
Page 237, paragraph 2-15¢(7), is deleted.

Page 237, paragraph 215, subparagraph d is
changed to read:

d. Marking Front. The letter “F” shall be legibly
shown (4 inch characters) on each side of every
locomotive unit near the end, which for identi-
fication purposes, will be known as the front end.
The unit number shall be legibly shown (4 inch
characters) on each side of every locomotive unit
and shall be shown on the specification card (re-
port of inspection) displayed in the cab. The front
of a locomotive is the direction the engineman
faces looking forward, when he and the controls
are on the right side.

Page 270, paragraph 1, Army Regulations, AR
600-58. “Mechanical Equipment Operator-Selec-
tion, Training, Testing, and Licensing” is added.

 §



TM 35-202/TO4BA2-2-1-2
Cc3

By Order of the Secretaries of the Army and the Air Fores:

Official:
VERNE L. BOWERS
Major General, United States Army
The Adjutant General

Officiak
DWIGHT W. COVELL, Colonel USAF
Director of Administration

Distribution:
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JOHN D. RYAN, Generel USAF
Chief of Stafy
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Changes in force: C1 and C 2

CHANGE }

No.2

™ 55-202/2 0 45A2-2-1-2
2

DEPARTMENTS OF THE ARMY
AND THE AIR FORCE
WASHINGTON, D.C,, 11 August 1971

OPERATION AND MAINTENANCE OF
DIESEL-ELECTRIC LOCOMOTIVES

TM 55-202/T045A2-2-1-2, 25 October 1965, is changed as follows:

Page 8. Paragraph 14, line 11, add: Procedures
for the maintenance of U. S. Army-owned
diesel-electric locomotives performed by
foreign . government railways in Germany,
Vietnam and Korea, are discussed in TM
55-205.

Page 3. Paragraph 2, line 12, change to read:
Directorate of Doctrine Development, Liter-

Add Figure 4.

ature and Plans, Fort

Page 9. Paragraph 10a, line 19, change Cum-
mings to Cummins.

Page 12. Paragraph 12, lines 5-6, change to
read: (figs.2, 3, and 4).

Paragraph 14a, line 2, change to read: figures
5 and 6.

Figure 4. V-type diesel engine, side view (Caterpillar D-397 model).



Page 14. Paragraph 14b, line 8, change to read:
(fig. 7).

Paragraph 14c, line 1, delete (fig. 7)

Page 15. Figure 4, redesignate, Figure b.
Page 16. Figure 5, redesignate, Figure 6.
Page 17. Figure 6, redesignate, Figure 7.

Paragraph 1417, line 1, delete (fig. 10) and
change line 9 to read: * * * each cylinder
head is * * *

Page 18. Figure 7, delete in entirety.

Figure 8, change to read: Cylinder block,
ALCO0-244-F engine.

———1/R)

Page 20. Figure 10, change to read: Cylinder
head components.

Paragraph 147, lines 2-3, delete (fig. 11).

Figure, 11, change to read: Figure 11, Cam-
shaft, EMD 567 engine.

Page 21. Paragraph 14k, line 10, change to
read: smoke. The three cams which regulate
fuel injection and exhaust are shown in figure
11. Figure 12 illustrates the firing order of
the ALCO 244 engine. The point * * * crank
shaft.

Page 22. Figure 12 is superseded as follows.

RIGHT BANK
GENERATOR END ,

DRCICORCIC)

I'en'en'sn sk

ENGINE ROTATION
TURBOSUPERCHARGER

(D) @0 @ &0 &0

7

GENERATOR

-

FIRING ORDER
IR-IL- 4R-4L-2R-2L-6R-6L-3R-3L-5R-5L
Figure 12. Firing order, ALCO 244 engine.
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Page 25. Paragraph 18b, line 11, delete sen- Page 26. Figure 14, delete in entirety.

tence “A duplex fuel oil filter is shown in Page 27. Figure 15, Change to read: Typical i "
figure 14.” fuel oil supply pump system. . ’J
Page 28. Figure 16, change to read: ALCO

Paragraph 18d, line 7, delete (fig. 14). 244-F fuel injection pump.
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Page 35. Figure 21, change to read: Typical Page 37. Figure 22, change to read: Typical oil
type of lubricatng oil filter. lubricating pump.
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Page 41. Figure 25 is superseded as follows:

HOLES
EAL
CASING
Figure 25. ALCO 244 water pump and drive.
Page 43. Figure 26, change to read: Schematic blower.
diagram of engine water temperature control Page 52. Figure 32, change to read: ALCO
system. turbo-supercharger, 244 engine, right side.
Page 50. Figure 30, change to read: Cross sec- Page 53. Figure 33, change to read: ALCO
tion of EMD blower. * * * left side.

Page 51. Figure 31, change to read: EMD




Page 92. Figure 54 is superseded as follows:

OPERATING LEVER . AIR INLET
MAGNET
VAL VE
INTERLOCKS
AIR ENGINE
- (REMOVE COVER
CABLE SUPPORT 36 ADD OIL)
STATIONARY
CONTACT
CONNECTIONS
) MOVING
CONTACT
CONNECTIONS

COMPRESSION
SPRING

Figure 54. ALCO 244-F reverser.

Page 102. Figure 58, change to read: Typical
control panel.



Page 128. Figure 69 is superseded as follows.

CONTACTOR
CABINET

CONTACTORS |

IREVERSER —O
E E: @Lﬁ

|
|
|
|
J

CONTROL

——

TO CONTROLS/

/CONTROL AIR

RESERVOIR D

GAGE

HORN A
70 LBS ~

STRAINER
N

4?
REDUCING STRAINER AND {
VALVE CHECK

- DRAIN — —
2 COOLING PIPE SAFETY VALVE
GOVERNOR 60 LB. SAFETY ~ N - [BRAKE
VALVE NO.1 | NO.2 Mias SYSTEM
as RESERVOIR RESERVOIR [CUTOUT
{ cocK pigr |
COMPRESSOR COLLECTOR
DRAIN -
INTERCOOLER| @ DRAIN @ pRAIN T0 STEAM HEAT
. == L« BOILER ON 1000
! { CAB CUTOUT COCK | ™H.p ROAD SWITCHER
INTAKE ! = OPERATING i~ OPERATING IF USED
FILTER BREATHER VALVE VALVE
INTAKE BELL 23 LLB. REDUCING VALVE
o] FILTER ATOMIZING AIR SWITCH
ow PRESSHRE LOW PRESSURE CYLINDER BOILER FUEL SPRAY
L FILLING HOLE

CYLINDER
BAYONET GAGE

Figure 69. Typical air piping system diagram.

Page 134. Paragraph 120, add: subparagraph 1.

i. Safety Valve. Safety valves are installed
adjacent to the distributing valve, intercooler,
and the main reservoir to provide protection
in case of air compressor governor failure, The
distributing valve safety valve is usually set at

68 1b. The intercooler safety valve is set to lift
at 60 lb to protect the intercooler from exces-
sive pressure. The main reservoir safety valve
is set at 10 Ib above the air compressor gover-
nor setting.

Page 146. Figure T6® is superseded as follows:

Figure 76®. Four-wheel truck, BLH, D/E locomotive 60-ton 500-kp, 56Y2inch gage.

¢
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Add figure 76® after figure 760.

TOP VIEW

@ SIDE VIEW

26. Equalizer
Traction motor %. gﬁ??ﬁﬁls;l:g:?

Wheel
Right-hand rail guard bracket 2°° 1ail guard tie rod bracket

Side bearing wear plate
Axle

1. Truck springs 16. Right-hand rail guard
2. Truck sggings snubber 17. Left-hand rail guard
« Truck stop pin 18. Ieft-hand rail guard bracket
+ Wear sleeve 19. Journal box
. Motor bellows mounting flange 20. Wear plate
6. Bolster bellows mounging flange 21. Pedestal binder
g. 8:.1%18'3 late ring 22. Bushing
. nter p r 23. Traction motor bellows
9. Center plate sleeve 2%. Equalizer spring seat
%g Air duct mounting flange 25. Motor truck suspension
?ﬁ
15

. Figure 76®. Four-wheel truck, blk, d/e locomotive 60-ton, 500-hp, 5612-inch gage.
n



Page 147. Paragraph 130a, line 7, change to
read: (fig. 98). )

Page 164. Paragraph 145¢(2), lines 2-3, change
to read: * * * on 44- and 45- ton (380 HP)

and 65- and 80-ton * * *.

Paragraph 145¢ (7), delete and substitute the

following:

(7) Inspect position and condition of jour-
nal bearings, wedges and lubricator pads. Be
certain that the journal repack date conforms
to commercial (CONUS) or national (over-
seas) railroad requirements. Provide additional
lubrication to all journal boxes.

Page 165. Paragraph 145¢(11), delete and sub-
stitute the following:

(11) Speed restrictions may be necessary.
Prior to initiation of action to ship a loco-
motive in CONUS, the U. S. Army Mobility
Equipment Command, ATTN: AMSME-MMM-
R, St. Louis, Mo. 63120, will be contacted. This
command will contact the railroads involved,
and arrange shipping instructions to include
applicable speed restrictions.

Page 172. Paragraph 151¢£(8) line 2, change

brake to break.

Page 182. Paragraph 167g line 11, change

ligibly to legibly.

Page 190. Paragraph 183, delete lines 15-23, It
will * * * 188). Change to read: Pending
revision and republication of DD Forms 863,
864 and 865, by U S Army Materiel Com-
mand, forms illustrated may be reproduced
locally and used.

Paragraph 185, caption, delete (Not required
for Army Installations.

Page 193. Paragraph 186a, line 3, add: (This
form will be retitled to read: * * * Loco-
motives and Locomotive Cranes when
revised).

Page 195. Paragraph 186b and ¢, delete * and
two footnotes at bottom of page.

Pages 196, 197, 198, and 199, Figs. 91, and 92
this form will be retitled to read: * * * and
Locomotive cranes when revised.

Page 202. Paragraph 186¢(4) delete last sen-
tence, Diesel * * * locomotives.

Paragraph 186f. add

f. DA Form 55 (-) Air Brake Test (To be
developed).
Page 202. Paragraph 187a (1), line 1, delete
quarterly, semiannual,

Paragraph 187a(3), line 1, delete quarterly,
semiannual, : ' :

Paragraph 187c(4), line 6, change center to

Command. :

Page 203. Paragraph 188, lines 8-4, delete * * *
which are required by TM 38-750, * * *.

Paragraph 188, line 18, Change Center to
Command.

Paragraph 188, lines 19-27, delete Equipment

* * * transferred.

Page 206. Paragraph 191b, line 12, delete (AR
750-5).

Paragraph 192d, lines 11-12, change to read:
* * * are contained in technical manuals
of the TM 55-2210-XXX-85P-series.

Paragraph 192d, lines 12-17, delete DA * * *
and 2240.

Pargaraph 193, line 14, change (MWO) to

read: (DAMWO).

Page 207. Paragraph 193, lines 2-3, change to

read: * * * in DA Form 2407.

Page 226. Paragraph 205f, lines 4-7, delete * * *
ampere hours. Change to read: for example,
a 4-MS-420 battery has a capacity (at the
8-hour rate) of 420 amperes, or 525 amperes
x 8 hours = 420 amperes.

Paragraph 205h, add:

CAUTION
U. S. Army ambulance, personnel,
and other Medical Department cars
are equipped with nickel-alkaline bat-
teries. Under no circumstances will
these batteries be serviced with the
same tools and equipment used for the
lead-acid batteries commonly used on
diesel-electric locomotives.
Page 230. Paragraph 210a line 15, delete e,
change to read: MIL-P-3321.
Page 231. Paragraph 212a, line 4, delete ¢,
change to read: MIL-P-8321.

Paragraph 218a, line 2, delete ¢, change to
read: MIL-P-3321.

Page 232. Paragraph 214b, line 4, delete ¢,
change to read: MIL-P-3321.

Paragraph 216a, subparagraph a is superseded
as follows:

a. All letters, numbers, and insignia on loco-
motives will be applied with white gloss enamel.




‘T'wo coats of yellow enamel will be used for all
safety markings. Bumpers and other surfaces
as shown on the applicable figure will be
painted with 4-inch diagonal stripes alternating
colors of yellow and black. The stripes will be
inclined at 45 degrees to the left and right of
vertical to simulate an inverted V-pattern. Suffi-

cient space must be allowed on bumpers for

application of markings when specified. Peri-

pheral stripes will run the full width of all

steps and running boards.

Page 233. Figure 96, Change caption to read:
Typical letters * * *.
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Page 239. Paragraph 217¢(2), lines 12-20, de-
lete: These * * * 192¢.
Page 269. Paragraph 249b, line 2, change to:
L IR IR ] buming L IR t.
Page 270. Appendix References, change to read:
1. Army Regulations
AR 55-650 Military Railroads.
AR 108-6 Department of the Army Motion
Picture/Television Production.
2. DA Pamphlets
DA Pam 310-5 Delete.
3. Field Manuals, Line 4, ADD:
FM 55-20 Army Rail Transport Operations.
FM 55-21 Delete.
FM 55-22 Delete.

Paragraph 4, Technical Manuals, line 5, add
TM 55-205, Inspection and Maintenance of
U. S. Army-owned Foreign Rail Equipment.

Paragraph 4, line 16, TM 55-1268, Delete.

Paragraph 4, line 21, add TM 55-1273, Loco-
motive, Diesel-Electric, (5614-inch gage, 44-
and 45-ton) 42-inch gage, 47-ton) 0-4-4-0,
General Electric.

Page 271. Paragraph 4, lines 4-6, TM 55-1277,
Delete.

Paragarph 4, line 7, add TM 55-1279, Loco-
nwtive, Diesel-Electric, 5614-inch gage, 44-
ton, 0-4-4-0, 400-HP, Davenport-Besler.

Paragraph 4, line 10, add TM 55-1280, Loco-
motive, Diesel-Electric, 5614-inch gage, 80-

ton, 0-4-4-0, Davenport-Besler Model 112-
5708.

Paragraph 4, line 21, add TM 55-2088, Shop
Maintenance, 2-cd, 2-b, and 2-cbd, Air Com-
pressors.

Paragraph 4, line 22. add TM 55-2039, Shop
Maintenance, 38-cd, 3-cbd, and 3cde Air
Compressors.

Paragraph 4, lines 20-21, TM 56-2210-216-35P,
Delete.

Paragraph 4, line 23, add TM 55-4018-1, Cum-
mins PT Fuel System.

Paragraph 4, line 24, change to read: Cater-
pillar * * * 12362-2.

Page 271, Paragraph 4, line 25, add Technical
manuals, all TM’s of the TM 55-2210-XXX-
XXX series.

Paragraph 5, Lubrication orders, delete all LO’s
listed on pages 271-272 and change to read:
All LO’s of the LO 55-2210-XXX-20 series.

Page 272, Paragraph 6, Misc. Publications, line
8, change to read: MIL-P-8321.

Paragraph 6, line 14, add AAR Office Manual
of Interchange Rules. AAR Field Manual of
Interchange Rules. DOT Laws, Rules, and
Instructions for Inspection and Testinz of
Locomotives Other Than Steam.

AAR Classification of Safety Appliance De-
fects. Code of Federal Regulations (CFR),
Title 49, Transportation, Parts 191-999,

By Order of the Secretaries of the Army and the Air Force:

Official:
VERNE L. BOWERS,
Major General, United States Army,
The Adjutant General.

Official:
DWIGHT W. COVELL, Colonel, USAF
Director of Administration

Distribution:

W. C. WESTMORELAND,
General, United States Army,
Chief of Staff.

JOHN D. RYAN, General, USAF
Chief of Staff.

To be distributed in accordance with DA Form 12-25 (qty rqr block No. 809) operator mainte-

napre requirements for Rail Equipment, All

16

A




CHANGE
No. 1 }

TM 55-202
c1

HEADQUARTERS
DEPARTMENT OF THE ARMY
WasHINGTON, D.C., 1 August 1968

OPERATION AND MAINTENANCE OF DIESEL-ELECTRIC LOCOMOTIVES

TM 55-202, 25 October 1965, is changed as follows:

Page 180, paragraph 162, line 8. Change “12
months” to read 18 months.

Page 181, paragraph 164. Delete and substitute:

164. Cleaning

a. The filtering devices or dirt collectors lo-
cated in the main reservoir supply line to the
airbrake system must be cleaned, repaired, or
replaced as often as conditions require to main-
tain them properly in a safe and suitable condi-
tion for service, and not less frequently than once
each 6-montl jeriod.

b. Brake . _linder relay valve portions, main
reservoir safety valves, brake pipe vent valve
portions, and feed and reducing valve portions
in the airbrake system (including related dirt
collectors and filters) must be cleaned, repaired,
and tested as often as conditions require to main-
tain them properly in a safe and suitable condi-
tion for service, and not less frequently than once
each 12-month period.

c. All other valves and valve portions in the
airbrake system (including related dirt collectors
and filters) must be cleaned, repaired, and tested
as often as conditions require to maintain them
properly in a safe and suitable condition for ser-
vice, and not less frequently than once each 24-
month period. This rule governs the following
valves and valve portions in the airbrake system:

(1) Distributing or control valve (all oper-
ating portions).

(2) Automatic brake valve (all operating
portions).

(3) Equalizing piston portion.

(4) Brake application valve (all operating
portions).

(5) Independent brake valve.

(6) Rotair valve.

(7) Relayair valve for
(a) Remote control of E-P valve.
(b) Suppression of safety control.
(c) Brake quick release.
(d) Transfer valve function.

(8) Charging cutoff pilot valve.

(9) Reduction selector valve.

(10) Selector valve.

(11) Foot valve (safety control).

(12) Diaphragm cutoff valve.

(13) Magnet valve (for overspeed).

(14) Double check valve (to direct air to
the relay valve from either the automat-
ic or independent brake valve).

(15) Check valve (between Nos. 1 and 2 main
reservoirs).

(16) Related dirt collectors or filters.

(17) Suppression valve (in conjunction with
train control).

(18) Timing valve (pneumatic portion in con-
junction with train control—not used on
Government-owned locomotives).

(19) Any valve, however designated, which is
used in a non-steam locomotive to per-
form the same or substantially the same
function in the air brake system as that
of any valve listed above, must likewise
be cleaned, tested, and repaired in ac-
cordance with this paragraph.

d. The date of testing or cleaning, and the
initials of the shop or station at which the work
is done, hall be legibly stenciled in a conspicuous
place on the parts, or placed on a card displayed

1



under transparent cover in the cab of each loco-
motive unit.

Page 181, agraph 167c. Delete and substi-
tute:

c. Lost motion in drawbars and pins when
used between units or trucks shall not exceed
one-half inch at each pin, and shall be checked
by tramming.

Page 182, paragraph 167d. Delete and substi-
tute:

d. Lost motion in articulated connections
when used between units or trucks shall not ex-
ceed one-half inch at each pin, and shall be
checked by tramming.

Page 188, paragraph 177b. Delete and substi-
tute:

b. Cable connections between units and jump-
ers that carry current having a potential of 600
volts or more shall be thoroughly cleaned, in-
spected, and tested as often as conditions require
to maintain them in safe and suitable condition
for service, but not less frequently than every 3
months, by immersing the cable portion in water
and subjecting each conductor with another, and
with the water to a difference in potential to not
less than one and three-fourths times the normal
working voltages for not less than 1 minute. Date
and place of inspection and test shall be legibly
marked on the jumper or cable or on a tag se-
curely attached thereto.

Page 195, paragraph 186d. Delete and substi-
tute:

d. DD Form 1336 (Monthly Inspection and
Repair Report of Locomotives and Locomotive
Cranes Other Than Steam). Not less than once
every 30 days a report shall be made, DD Form
1336, covering each locomotive unit in use, which
shall show the condition of the unit as determined
by an inspection made in accordance with the
law and applicable rules and regulations. The
responsible activity may perform the inspection
required by this rule within the 5 days next fol-
lowing the expiration of the 30-day period, if
conditions beyond the control of the responsible
officer render such additional time necessary;
and in that event proper notation shall be made
on the reverse of the report, DD Form 1336. This
repart shall be made on a good grade of pale
blue paper, size 6 x 9 inches, and subscribed and
sworn to before an officer authorized to admin-
ister oaths, by the inspectors who made the in-

2

spection, and by the officer in charge (fig. 93). A
duplicate copy of this report shall be filed in the
office of the mechanical officer having charge of
the locomotive and for locomotives used in inter-
change with CONUS commerecial railroads within
10 days after each inspection of such locomotives
one copy shall be transmitted to the United States
District Inspector.

Page 202, paragraph 187a(4). Delete and sub-
stitute:

(4) Before the inspected locomotive is put
into service a copy of the last inspection
report shall be displayed under trans-
parent cover in a conspicuous place in
the cab of each unit. This copy must be
a duplicate in all ways of the report
filed with the transportation group rail-
way headquarters, the United States
Army Mobility Command, or in the case
of locomotives used in interchange ser-
vice, with the district inspector of the
Department of Transportation. This copy
need not be sworn to, and in the event it
is destroyed or becomes lost or illegible
it may be replaced by a conformed copy.

Page 203, paragraph 187d. Delete and substi-
tute:

d. Out-of-Service Reports.

(1) When a locomotive is withheld from ser-
vice for 30 or more consecutive days or
was out of service when it would other-
wise be due for inspection, an out-of-
service report covering such locomotives
shall be made on the reverse side of
DA Form 1336, (fig. 93). The out-of-
service time shall be totaled and re-
corded on the reverse of the form and
the interval prescribed for any particu-
lar test or inspection required by U.S.
Army regulations and directives or Fed-
eral Railroad Administration rules (loco-
motives in CONUS used in interchange
service with commercial railroads are
governed by Department of Transpor-
tation, Federal Railroad Administration
regulations) may then be extended by
the number of such consecutive out-of-
service days recorded since the date of
the last previous test or inspection, un-
less otherwise provided herein. The re-
port shall be made on each date on which
an inspection or test would have been




@)

due except for the extension and shall
show the name of the installation and/or
activity, the place where made, the ini-
tials and number of the locomotive, the
place where unit is out of service, and
the reason for being out of service.

The out-of-service report, for locomo-
tives used in interchange service, shall
be transmitted to the United States Dis-
trict Inspector in charge within 10 days
after the 30-day inspection period for
which it is to cover. One copy of the re-
port will be retained in the office of the
mechanical officer having charge of the
locomotive. In other cases the responsi-
ble officer will retain the original copy.
The copy need not be sworn to, but must
be signed by the officer-in-charge of the
locomotive.

(3) When an out-of-service report has been

filed, an inspection must be made and

new report prepared on DD Form 1336
before the locomotive is again returned
to service (para 186d).

Page 205, paragraph 189. Add subparagraph c.

c. The time for making inspections and tests
on units and boilers which are out of service for
30 or more consecutive days may be extended
without application as hereinafter provided. Time
out of service shall be properly accounted for by
out-of-service reports and notations made on the
back of each subsequent inspection report and
cab card for time claimed out of service. Less
than 30 days out of service shall not be counted
toward extensions.

Page 234, paragraph 215a (3). Delete the first
three lines “the words “Transportation Corps”
will be placed as shown.”

Add: The letter “F” (7-inch letter, fig. 96)
shall be legibly shown on each side of every loco-
motive unit near the end, which for identification
purposes, will be known as the front end.



By Order of the Secretary of the Army: 1
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KENNETH G. WICKHAM,
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PART ONE

GENERAL

CHAPTER ]
INTRODUCTION

1. Purpose and Scope

& This manual is published for the
use of personnel engaged in the opera-
tion, inspection, and maintenance of
diesel-electric locomotives. It may be
used as a general reference for
regulations, standards, and prooedures
governing such work. It desoribes the
construction of a typical diesel-eleotric
locomotive and its components, the pro-
oedures to be followed in routine and
emergency locomotive operation, and the
requirements for adequate inspection and
maintenance of the locomotive. Because
of the variety of makes and models of
Government-owned diesel-eleotric loco-
motives, it is not practical to present
specific details for all locomotives. At
times it will be necessary to refer to
Department of the Army overating and
maintenance instruction manuals covering
a specific loocomotive for complete infor-
mation. The following items are among
those discussed in the various portions
of the manual.

b Construction of the locomotive and
its components includes the principles
of design and operation of generators,
transmission equipment, diesel engines,
fuel, lubricating and ocooling systems,
governors, superchargers, turbo charg-
ers, air and oil filtration, compressors,
acoessories, airbrakes and brake rigging,
and standard and multiple-gage trucks.

o. Operation oovers normal locomotive
movement in addition to inspections and
precautions to be observed before and
after operation to avoid damage, and

. ties is a general guide on where the work

or give detailed discussion on how the
work is to be done.

6. The material presented herein is
applicable without modification to nuclear
and nonnuclear warfare.

2. Changes and Revisions

Users of this manual are encouraged
to submit recommended changes and oom~

be forwarded direot to Commandent, U.S.
Army Transportation School, ATTN:
Director of Dootrine and Literature, Fort
Eustis, Va. 33604.

3. Advontages of Diesel-Electric Locomotives

& Diesel engines were long recognized
as desirable prime movers or sources
of power. Before it was practical to use



not sufficient to meet all service require~
ments. The electric drive was then de-
veloped. The operating characteristics
of eleotric equipment (embracing various
relationships of torque, current, voltage,
and speed) proved to be an excellent
solution to the problem. The application
of diesel engines was then expanded from
rail cars to switching service, and then
to heavy through traffic in freight and
passenger service. Diesel-electric loco-
motives were available for service a
greater percentage of the time thansteam
locomotives. This was due to reduced
servicing requirements. Major compon-
ents are often repaired on the replace-
ment basis, reducing the time a loco-
motive is out of service for repairs.

b. Greater flexibility in coupling units
for various train assignments is possible
by using multiple-unit controls, whereby
one cab oontrols several units. This
makes available a wide range of horse-
power, plus a high degree of standardiza-
tion of repair parts for maintenance shops.
Electric traction, in general, has reached
its present extensive application because
of its superior operating characteristics;
its economy in fuel and repairs; and its
cleanliness, simplicity, and reliability.
Steam turboelectric and gas turboelectric

power has not reached a stage of develop=-
ment for locomotives comparable to that
of diesel-electric systems, while rail-
road electrification, which is comparable
in service, requires a costly wire
and correspondingly high traffic density to
justify its use. More even weight dis-
tribution over the rails is accomplished
by use of diesel-electric locomotives.
c. Modern . diesel-electric locomotives
are an assembly of many component parts.

Details vary considerably depending onthe
make and model, but all types are generally

similar. The automatic operation of much
of the equipment is designed for ease of
control of the locomotive as a unit,
The operation of a diesel-electric loco-
motive is very simple. The diesel engine
produces mechanical power which the
generator comnverts to electric power to
drive the traction motors geared to the
axles, To vary the output and speed
of the locomotive, the operator (engine-
man) has only to move the throttle which
controls both powerplants, Moving the
throttle lever upward from the first
position permits more fuel to the diesel
engines which speed up and deliver more
power to the generators and, thus, to the
traoction motors.




CHAPTER 2
DIESEL ENGINE PRINCIPLES

4. General

& Description. A diesel engine is an
internal combustion fuel oil burning engine

employing.compression ignition. The
engine, frequently referred to as a prime
mover, oonverts heat energy into mechani~
cal energy. An internal combustion engine
is one which derives its power from the
buring of a charge of fuel within a confined
space ocalled a oylinder. (An external
combustion engine is operated by the

expansion of gases which have received
energy from fuel burned in a separate
chamber, as in a steam engine.) Com-
pression ignition

and hence highly heated, air in cylinders.

The advantages of
prime movers, and even
s of diesel engines, vary

ﬁ‘gg

high percestage of Britishthermal
units (Btu's) that are converted to
useful work also exceeds that of

bon monoxide fumes).

(5) Compression ignition eliminates
the need for an ignition system.

(6) The engine is highly reliable under
s variety of weather conditions.

o. Classification.

(1) Diesel engines are classified by
the following principal operating
characteristios:

(a) Operating cycles. Two-stroke
oyocle or four-stroke cycle (para

10).

(d) Co))vlinder arrangement. Chief-
1y in-line or V-type.

(c) Piston action. Single-acting, op-

posed piston.

(d) Speeds. Trend is from medium
to high speed engines (partio-
ularly on locomotives).

(e) Method of fuel injection. Pre~
dominantly mechanical injection
types are used in locomotives.

(2) Diesel-electric locomotives are
olassifled according to the type
of service they are designed to
perform.

(a) Switchers.

(b) Road switchers (freight, pas-
senger, and yard service).

(o) Passenger. (None of these in the
military fleet).

S. Principles of Operation
& Heat Energy and Mechanical Energy.

28
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hamber,

b. Reciprocating Motion to Rotary
Motion. The downward movement of the
piston is transformed into rotary motion
through a connecting rod and crankshaft,
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in which suction, compression, ignition,
expansion, and exhaust take place in the
order listed. If the engine requires four
strokes of the piston and two revolutions
of the crankshaft to complete a cycle,
it is known as a four-cycle engine (1,
fig. 1), while an engine completing the
cycle in two strokes of the piston and
one revolution of the crankshaft is known
as a two-stroke cycle engine (2, fig. 1).
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The gases continue to exert force om
the piston until it reaches bottom dead
center. At this time, the exhaust cam
opens the exhaust valve. The crankshaft
has made ancther half turn during this

Stroke. The events of compression, in-
jection, and expansion take place in the
same order as they do in a four-stroke
oycle. The upstroke of the piston com-
presses the air. Injection of the fuel
oll oocurs when the piston nears the
top of the stroke. The hot gases expand
against the piston forcing it downward
on the power stroks.

& Two-Stroke Cycle Power Stroke
When the piston nears the bottom of the
power or expansion stroke, the exhaust
valve in the top of the cylinder opens.
The hot burned gases rush past the
valve. As the piston moves farther down-
ward, the air intake air ports in the
cylinder wall near the lower end are
uncovered. Intake and exhaust take place
at the same time. Fresh air enters the
lower end of the cylinder forcing the
remaining burned gases the ex-~
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INTAKE STROKE COMPRESSION  POWER  EXMAUST STROKE
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@ FOUR-STROKE CYCLE

EXF

N

INTAKE AND COMPRESSION INJECTION AND EXPANSION
EXHAUST STROKE COMBUSTION STROKE

@ TWO-STROKE CYCLE

Figure 1. Cycle ¢f events in engine cylinder.
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PART TWO
DIESEL ENGINE
CHAPTER 3
RAILWAY DIESEL ENGINE

12. Power Requirements

Power ratings per looomotive unit in
general use vary from about 300 horse-
power in light switching servioe to 5,000
horsepower in heavy road service. The
engines which supply this power (figs. 2 and
3) must supply power for all
equipment on the locomotive, Fans, blow-
ers, pumps, compressors, heaters, lights,
and similar equipment may increase the
total power requirement by as much as 10
peroent above that required for
the train, Two-stroke oycle or four-stroke
cycle engines of in-line, V-line, or
opposed-piston cylinder arrangements are
used. The lack of a foundation
and the limitations in allowable width and
height had to be taken into acoount in
designing the engine for railroad use, The
engine speed is varied to accommodate
the output of the powerplant to changes in
trailing tonnage, train speed, and grades.
Many railways operate where significant
changes in altitude and temperature ooour
in a comparatively short time. The power
output decreases as the altitude or tem-
perature increases because the amount of
air drawn into the engine decreases. This
causes the fuel to burn slower. Decreased
air intake is due to expansion of air when
heated, or to low pressure of high altitudes,
Many combinations of engine power, gear
ratio, and speeds are available in indi-
vidual locomotives; however, a multiple-
unit oontrol has been which
enables one operator to control several
:‘i'nmarpal::rmm«nmmlooomo-

es ooupled together to act as a single
locomotive (paras 3b, 86, and 147),

13. Powor Unit

A ocomplete engine generator set is called
& power unit, Some locomotives have two

power units on one underframe. Limited
space on railway equipment is a great
factor in the design of a power unit. Bach

main generator employs an additional field
ocoil. This converts the generator into a
motor, when oonnected to & power source
such as a lead acid battery, thereby sup-

plying power and a means of cranking the
main diesel engine,

14. Construction

& General. Typical section views of an
engine appear in figures 4 and 5. The brake
horsepower of an engine is the actual power
measured at the end of the orankshaft by
a dynamometer or Prony brake. Indicated
horsepower is the formula computation of
the total power developed within the cylin=
ders. They differ by the power absorbed
by the mechanical losses within the engine,
The horsepower ouput of an engine is
based on three factors — the pressure on
the piston, the cylinder displacement which
is the product of the piston area and
stroke, and the number of power strokes
in a given time. This is expressed as a

formula—
PxLxAxN
HP = 3 -
P is the mean effective pressure in pounds

per square inch; L is the length of the
piston stroke in feet; A is the cylinder




Figure 8. V-type diesel engine, side view (EMD-667 model).

Figure 3. V-type diesel engine, front three-quarter view (AL CO-244 model).
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area in square inches, and N is the number
of power strokes per minute,

Note. S8ince one horsepower is equal to 33,000
foot-pounds per minute, P x L x A x N must result
infoot-pounds, and horsepoweris derived by dividing
-by 83,000. N is the number of cylinders times re-
volutions per minute in a two-stroke cycle engine
and is half this value in a four-stroke cycle en-
gine because only half the strokes are power
strokes. N x L gives the total feet through which
the pistons are working, and P x A gives the total
pounds at work. A typical engine specification of a
four-stroke oycle, six-cylinder engine—

Pressure = 94 pounds P = 94 pounds

S8troke = 15.6 inches L = 1.3 feet

Bore = 13 inches A = 133.7 square inches

Speed = 625 rpm N=1,878
Using the formula with these figures re-
sults in about 921 indicated horsepower.
Friction within the engine reduces this to
about 850 brake horsepower. Allowing 75
horsepower for auxiliaries, the approxi-
mate rated power to traction motor would
be 775 horsepower, Various portions of the
engine are discussed below,

b. Main Frame. The lower supporting
structure for the engine consists of abed-
plate (fig. 6) which is mounted on the loco-
motive frame. This structure serves as a
housing for the crankshaft and as a
reservoir for the engine lubricating oil,
and is sometimes called an oil pan. In-
spection openings are provided in thebase
for access to the crankcase, oil pan, bear-
ings, and other parts.

c. Crankshaft. The crankshaft (fig. 7)
transmits the useful power developed by
the reciprocating action of pistons to the
rotary drive at the external engine oou-
pling. Main bearings support the crank-
shaft between each pair of cranks. Cranks
are counterbalanced to offset centrifugal
force and are designed for a specific fir-
ing order in the cylinders to insure an
even distribution of forces through the
shaft, The bearings are usually pressure
lubricated through drilled passages. Oil
flows from a header through individual
lines to each main bearing, then to con-
necting rod bearings and piston pin bear-
ings. Proper clearances and alinement of

and crankshaft are very impor-
tant. The manufacturer's instructions for
checking these parts should be followed,

d. Cylinder Blocks. The cylinder block

“

(fig. 8) is the main structural part of the
engine, It forms the upper part of the
crankcase and also houses the cylinders.
Engines differ in details, but usually watexr
jackets and headers, or manifolds for
water and lubricating systems, are built
into or are attached to the cylinder block.

e. Cylinder Liners. The cylinder liner
is made of cast iron with an integral water
jacket formed by a cored annular space
between the inner and outer walls, The
liner is secured to the cylinder head by
studs and nuts and the assembly is held in
place in the engine by the cylinder head
crab studs. Apilot stud locates the cylinder
liner in proper angular relation to the
cylinder head and assures alinement with
the piston cooling pipe assembly, The
scavenging air inlet ports are located in
the wall of the liner just above the top of
the piston when it is at bottom center,

£, Water Jacket. A water jacket sur-
rounding the cylinder liners is part of the
water circulating system. It may be formed
by a cored annular space between integral
inner and outer walls, or by a liner fitted
to the frame according to individual design,
Water circulates from an inlet header
through the jacket, then upward through
the cylinder head to an outlet header.

& Piston. The piston (fig. 9) is oylin-
drically shaped and fits closely into the
cylinder liner. Piston rings seal the com-
bustion chamber so energy from the burn=-
ing fuel has full effect on the piston without
loss from leakage. The number of rings
on each piston varies with the engine's
design. The rings near the top of the piston
are called compression rings and are
essential to effective combustion. The
rings below the ocompression rings are
called oil rings and are provided to dis-
tribute and wipe off excess lubricating oil
along the cylinder liner. Oil must lubri-
cate the entire liner without carbonizing
or restriocting the free action of the com-
pression rings, The rings are usually made
of softer metal than the liner and piston,
80 that they will absorb a large portion of
the wear. Lubricating oil serves as s
cooling agent by circulating under pres-
sure throughdrilled passages leading from
the oconnecting rod through the piston pin

4




Figure 4. Cross section of V-type diesel engine (EMD-567 model).
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Figure 6. Engine main frame.

crown and eventually discharging
by gravity to the sump. Generally, pistons
are made of light material, such as alumi-
num or cast iron alloy to reduce weight.
h. Connecting Rod. A connecting rod is
mounted between the piston and the crank-
shaft to convert the up and down motion
of the piston to rotary motion of the crank-
shaft (fig. 9). It is usually made of drop-
forged, high-strength alloy steel, because
it is subject to forces in all directions.
Combined vertical and sideway forces tend
to make a twisting force, which reverses
direction frequently and abruptly. The
bearing at the crankshaft end is called the
connecting rod bearing. The bearing at the
piston end is called the piston pin bear-
ing. These bearings must be fitted
accurately.
L Cylinder Heads and Valves. Individ-

ual cylinder heads (fig. 10) are fastened
to each cylinder in V-type or vertical
inline engines. There are no cylinder
heads on opposed-piston engines. The
head is cast with drilled water passages,
which line up with those in the liner and
the water outlet header or manifold. On
four-stroke cycle engines, each head is
provided with intake and exhaust valves,
a fuel injector opening, and occasionally
an indicator valve opening. There are no
intake valves on two-stroke cycle engines
because the air ports are in the liner,
Rocker arms are mounted on the cylinder
head to operate the valves. The rocker
arms are actuated by the camshaft through
push rods and have adjusting screws and
locknuts to adjust the valve tappet clear-
wnces and, in some models, the injectors.

j- Camshaft and Drive. The camshaft

7
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Figure 7. Crankshaft.

Figure 8. Cyltider dlock.




Figure 9. Piston and connecting rod assembly, exploded view.
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Figure 10. Cylinder Aead, exploded view.

regulates and times the exhaust, intake,
and fuel injection for each cylinder (fig.
11), It must be timed accurately with the
piston movement. It is driven by either a
gear train or chain drive, which main-
tains this timing., On a two-stroke cycle
engine, the intake valve cam is omitted.
The shaft extends the length of the engine
and has a set of cams for each cylinder;
therefore, when one cylinder is correctly
timed, all cylinders are correctly timed.

There is a shaft for eachbank of cylinders
on a V-type engine,

k. Timing. It is necessary to time the
opening and closing of exhaust valves (and
intake valves on four-stroke cycle engines)
at the start and finish of fuel injection,
Improper timing may result in inoomplete
scavenging or exhaust, too little air in-
take, and too early or too late fuel injeo-
tion which would cause inoompleted fuel
combustion and cause the engine to knook

Figure 11. Camshaft.

{




mMmmmm o mm !
wm i mmmm www w«
m

m [} mm
2 m m mm»o m
mw w Hit
|

hhdmw
ammmmw
Wmemm
¥ Mm
ammwzw

ke

¥

L m«: Balancer. Heavy vibra- mal



TOP DEAD CENTER
SPRAY OPENS SPRAY CLOSES

SCAVENGING ‘36:
N T
EXHAUST TR S EXHAU
PORTS e“'e;"g{-.-" PORTS
CLOSE | OPEN

BOTTOM
cs,,;,g,f"’ SCAVENGING

TOP DEAD CENTER

PILOT VALVE STARTS
PILOT VALVE PORT OPENS SPRAY OPENS
SPRAY CLOSES,

EXHAUST VALVE CLOSES

PORT CLOSES

PILOT
VALVE SEATS

BOTTOM DEAD CENTER
EXHAUST VALVE OPENS INTAKE VALVE CLOSES

Figure 18. Camshaft timing diagroma.




CHAPTER 4
FUEL SUPPLY SYSTEM

15. General

Fuel is pumped from a fuel tank through
strainer filters and related fixtures to a
fuel oil manifold and header, then dis-
charged under pressure to injection
equipment at each cylinder (fig. 13). The
pump is usually driven by an electric motor
and is designated as a supply pump, fuel
transfer pump, or booster pump. It should
always be clearly distinguished from the
fuel injection pumps. Relief valves are
provided to protect the fuel pump and
motor against excessive overload, and to
keep excess oil in the fuel oil header from
returning to the tank. A pressure gage in
the ocab tells whether adequate fuel oil
pressure is being maintained inthe supply
line. The fuel tank is usually suspended
beneath the underframe between trucks
and can be filled from either side. Air
comes through openings protected by a
flame arrester. A fuel gage is provided
near the fill pipe to show fuel level. Some
locomotives also have a fuel gage in the
cab. The fuel tank has a drain plug for
cleaning purposes and a condensation
drain valve. Drain plugs in filter housings
or suction lines should be opened only
when the engine is stopped, so the pump
does not draw air and lose its prime. It
is essential that sludge, water, and air
be kept out of the system.

16. Fuel Oil Requirements

& General. Specific fuel oils are used
to obtain high power at a low rate of con-
sumption and minimize corrosion or other
causes of excessive maintenance. High
heat content, as expressed in Btu's, is a
major requirement. A standard fuel is
usually provided for all locomotives in a
given area and the crew will seldom find
it necessary to make a seleotion, Cleanli-
ness, viscosity, and ignition quality as
expressed in cetane ratings are the most

important properties of diesel fuel.
b. Cleanliness. Diesel fuel must be

clean; otherwise fuel pump and injector
difficulties will occur. Fuel acts also asa
cooling agent for the pump and injector
parts. Diesel fuel is heavier and more
viscous than gasoline and will hold dirt
in suspension for longer periods of time.
Every precaution must be taken to keep
dirt out of the fuel system or to eliminate
it before it reaches the pumps. Water in
diesel fuel will cause uneven operation
and corrode the fuel system. Any corrosion
or erosion of the accurately machined
surfaces in the injection equipment will
cause it to become inoperative.

c. Viscosity. Viscosity is the resist-
ance offered by a fluid to change in shape
or motion. The higher the viscosity, the
greater the resistance to flow, When oil
is hot, it will flow more rapidly than when
it is cold. Oil should be thin (low viscosity)
in cold weather and heavy.(high viscosity)
in hot weather. The viscosity of a diesel
fuel must be sufficiently low toflow freely
at the lowest temperatures encountered.
It must also be high enough to properly
lubricate the oclosely fitted pump and
injector plungers. There must be suffi-
cient viscosity to prevent leakage at the
pump plungers and dribbling at the
injectors. The viscosity determines the
size of the fuel spray droplets which, in
turn, govern the atomization and penetra-
tion qualities of the spray. Viscosity, as
measured by a viscosimeter, is indicated
by the number of seconds required for a
given volume of liquid at a predetermined
temperature to flow through an orifice.

d. Cetane Ratings. Cetane ratings are
the measure of the ignition quality of the
fuel oil. These ratings are established by
laboratory tests which compare the com-
bustion, pressure, and ignition lag of oil
with a test fuel of varying percentage of
cetane, Pure cetane is graded 100, Better
quality fuels have high cetane ratings.
Manufacturers' recommendations on
cetane ratings of fuel should be followed.
Use of fuel with too high a cetane rating

23
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usually causes preignition. A determina-
tion of oetane number is an involved

e. Miscellaneous / Fuel
oll should burn completely without leaving
ocarbon residus; it should not clog the
system or cause corrosion dus to the
presence of sulpbur. The flashpoint and

18. Fuel Oil Filters

& Thorough and careful filtration of

fusl oll is especially necessary to keep
diesel engines efficient. Diesel fuels are

all the fuel
through the filters before

:achlngthe injection pumps. Filters must

i
5
E

able. Most cloth or fabric elements must
be replaced when they become dirty. Diesel

the filter during operation and adrainplug
in the bottom for removing sediment.

d Metal filters are used as primary
filters because the fine particles that may



Figure 14. Fuel oil filter.

spool and out the ports to the inside to the
bag. The dirt, solids, abrasives, carbons,
etc., are caught in the bag, and the clean
fuel passes outward and tothe filter outlet.
The bag can be turned inside out to expel
the dirt and may be washed and reinstalled.

19. Fuel Oil Supply Pump

A motor-driven positive displacement
pump (fig. 15) is used to draw fuel oil
from the tank and pump it to the fuel oil
header so that the injection pumps are
supplied at all times. Injection pumps do
not have enough suction ability of their own
to draw the oil. Cummins fuel pumps com-
bine fuel injection pump and a suction
pump in one unit and therefore do not
require a separate suction pump. The fuel
oil is discharged from the pump at a
pressure of about 35 to 40 pounds per
square inch (psi). A relief valve on the
pressure side, set at about 75 psi, protects
the pump in case a blocked fuel line
overloads the pump. Fuel delivered bythe
pump is then metered and timed (para 11)

26

by an injection pump system or a unit
injection system. Unit injectors combine
the injection pump and nozzle in one hous-
ing.

20. Fuel Injection Pump

Each oylinder in multiple-unit systems
has an individual injection pump (fig 16)
which meters fusl and delivers it under
high pressure to the spray nozzles leading
into the combustion chambers. The pumps
are operated by a cam. The plunger stroks
remains constant at all loads. The plunger
is turned axially by a fuel control rack
connected to the governor. The angular
position of the fuel pump plunger with

to the barrel ports determines the
quantity of fuel injected per stroke. The
actual metering is done by a helical groove
cut intothe plunger which alternately opens
and closes a port in the barrel (fig. 17). The
port on the left is an inlet portand the port



Figure 15. Fuel oil supply pump.

the no~fuel position, the plunger is turned
80 the vertioal groove connects the space
immediately above the plunger with the
bypass port throughout the entire stroke,
the pump exesrts no pressure on the
to the injector. At the point of maxi-
mum fuel delivery, the plunger is turned
axially so it completes almost a full stroke
before the helix uncovers the bypass port
to release pressure. The plunger foroes oil
to the injector nozzle as it moves. At any
position between no-fuel and maximum fuel
delivery, the plunger assumes a corre-

axial position; the helix uncovers
the bypass port at intermediate portions
of the stroke and a proportionate amount
of fuel is foroed to the injector nozzle
before the pressure is released.

21, Fuel Injector Nozzle

The injector nozszle direots the fuel into
the oombustion chamber in a definite

to lift the wvalve against spring pressure.
When it is open, fuel oil is delivered
through the nozsle orifices tothe combus-
tion chamber. The injector shown infigure
18 is a unit injection pump and nozzle com-
bined, which inocludes a helical metering

nt similar to the one described

nozzle. A simple injector nozzle, for use
with separate injection pumps, is similar
but less involved in design and operation,
Some injectors have built-in filters to
protect the working parts. The fuel
provides adequate lubricaticn of the

moving parts,
22. Emergency Fuel Cutoff Valve

The emergency fuel cutoff valve fur-
nishes a means of off the flow of
fuel from the tank to the diesel engine in

This valve is located in the suction line
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Figure 17, Injection pump plunger passages.



Figure 18. Unit injeotor.
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Figure 19. Emergency fuel cutoff valve.
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CHAPTER 5
ENGINE LUBRICATING SYSTEM

3. Genero!

a Mineral oil (from petroleum bases)
8 used in most internal combustion en-

gines for lubrication purposes. Lubri-
sating oils are graded according to their
riscosity by a series of Society of Auto-
motive Engineers (SAE) numbers. The
U. S. Army has standardized its engine
>ils og three grades: SAE 10, SAE 30,
and SAE 50. The higher the SAE number,
the more viscous or heavy the oil. This
method of classifying oils has no connec-
tion with the quality of the oil. Engine
lubricating oils have four functions: to
srevent metal-to-metal contact in moving
aarts of mechanisms, thus reducing fric-
tion; to assist in carrying heat away from
the engine; to clean the engine parts as
they are lubricated; and to form a seal
between the piston rings and cylinder
walls to preveat blowby of combustion
gases.

b. The lubricating system supplies oil
to lubricate the moving parts of the en-
gine. An engine-drivem pump draws oil
from the engine base and circulates it

vary with the normal oil pressure in the
various parts of different systems.

24. Properties of Lubricating Oil

& General Crude oil is distilled to
obtain lighter volatile products such as

:
!
;
i

flows. It is important in cold weather
operation, because congealed oil has mo
lubricating value and offers excessive
resistance to motion,

d. Flashpoint. Flashpoint is that tem-
perature at which oil vapor above the ofl

primarily to determine the safety factor
in storing oil.

e. Carbon Residue. Carbon deposits
are formed by the residue left after
volatile matter in the oil has evaporated,

leaky, sticky valves and rings and may
score the cylinder liners.

£ Qxidation. Every effort is made when
the oil is refined to remove materials
which have a tendency to oxidize. Deposits
from oxidization are objectionable for the
same reason as given in e above. The
lubricant must resist oxidation when sub-
jected to the flame of combustion.
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8. Emulsion. Oil in the crankcase of
an engine becomes emulsified when mixed
with water. This condition comes about
through exhaust gases (which always con-
tain some water) reaching the crankcase,
leaking head gaskets, damaged cylinder
blocks, excessive condensation, etc. Oil
should be checked frequently and drained
at regular intervals.

h. Sulphur. Excessive sulphur may
cause chemical reactions which promote
corrosion and increase friction resistance
of wearing parts.

25. Purification of Oil

& General. Oil does not wear out but
it becomes contaminated soon after it is
used within an engine, However, the lubri-
cation properties are still effective if the
impurities are removed. This is often done
by gravity settling and passing oil through
filter beds, or by centrifuging the oil in a
rotary separator whose operation is based
on the relative specific gravity of the oil
and impurities. Proper maintenance can
assist in preventing contamination., The
engine interior, cylinder heads, air boxes,
and crankcases should be cleaned when oil
is changed if these locations are readily
accessible, When oil is changed without
first remedying the fault of contamination
that is responsible for the poor condition
of the oil, the same results can be expected
to recur immediately after the change.
The condition of the oil and its contents
are indicative of many troubles; by testing
samples removed from the system, reme-
dial measures may be taken when the
results of the test are revealed, When all
the items of tests made at frequent inter-
vals have been fully correlated, the record
should show the extent of the fuel dilution,
soot, water; wear of cylinder sleeve,
liners, and other parts; and oxidation of
oil,

b. Filters and Strainers. Dirt is a very
damaging element in an engine, Cleanli-
ness of the oil has a direct bearing on the
life and service of an engine, Even when
oil is supplied under ideal conditions,
carbon deposits, sludge, tar, and gum may
form and should be removed by filters or
strainers (para 18b).

M4

(1) Filters. Filters consistof a casing
oontaining removable elements or
cartridges (fig. 21). The elements
are generally a metal cage packed
with wasteé or similar loose fibrous
material. The elements should be
renewed often enough to keep the
oil clean, The interior of the casing
is cleaned at the same time, Ele-
meants of a type which can be re-
packed are returned to the shop
for new packing. These eléments
can be repacked by maintenance
personnel,

_(2) Strainers. Strainers consist of
various arrangements of metal
straining elements., A scraping
element in contact with the strain-
ing element is provided for the
frequent removal of accumulated
deposits, A handle extends through
the casing and should be turned
regularly for this purpose (turn in
one direction only when so speci-
fied). The foreign matter that is
scraped off drops tb the bottom of
the case, Strainers are removed
for cleaning when oil is ¢
or at other suitable intervals,
Specific directions for dismantling
and replacement as well as suit-
able cleaning solutions appear in
the various manufacturers' bulle-
tins. Strainers may give a good
indication of the condition of main
or connecting rod bearings, since
they trap the metallic particles
worn from the bearings before
they reach the pump,

26. Lubricating Oil Pump

Lubricating oil pumps are driven by the
engine by means of a gear train. Some oil
systems have two pumps, one for a scav-
enging system and the other for
pressure lubrication. The ALCO pump is
typical of those in general use. This pump
consists of apumping element of the helical
gear type housed in a bronze casing assem-
bly made in two sections. The casing
sections are joined together in metal-to-
metal fits and the parts are held in
assembly by studs and ream bolts. The

¢



Figure 81. Lubriceting oil filter.



uppermost section of the pump is provided
with a flange by means of which the pump
assembly is secured to the drive casing.
The upper end of the pump drive shaft
is machined to engage the spline ocoupling
which connects the pump shaft to the
vertical shaft of the drive assembly. The
pump has a capacity in excess of actual
requirements, and the surplus is dis-
charged to the sump through a built-in
spring-loaded relief valve set at 75 psi.

Component parts of a lubricating oil pump
are shown in figure 22,

27. Lubricating Oil Cooler

The high engine temperature encoun-
tered by the lubricating oil in various
engine passages (especially in the piston)
make it necessary to ocool the oil by oir-
culating it through radiators or coolers.
Oil may be circulated through radiator
cores which are adjaceant to, and similar
to, the radiator cores in the engine ocool-
ing system. Another type of cooler con-
sists of a heat exchanger, also known as
a lube oil ocooler, throughwhichbothwater
and oil ciroulate. Heat is transferred from
the oil to the water through a large number
of thin-walled tubes designed to carry the
flow of these fluids close to each other. It
is generally necessary to clean the oil side
of the cooler more frequently than the
water side,

28. Accessories in Oil System

a Qages. Pressure gages show whether
normal ofl pressure is being maintained
in the engine lubricating system and inthe
turbocharger when installed. The gages
should be observed frequently, and any
deviation from the normal readings should
be investigated. Deviations in oil pressure
may be due to:

(1) Low oil level,

(3) Fuel dilution,

(3) Leaks in lines or connectious.
(4) Faulty pump.

(5) Clogged filters or strainers.
(6) Clogged cooler.

(7) Defective relief valves,

(8) Improper oil viscosity.

b. Valves. Relief valves are provided
to bypass a filter or cooler if deposits
retard the flow of oil so that the pump
builds up excessive line pressure, Bypass
valves should be set at areasonablepres-
sure above the normal pressure drop in
the equipment it protects. A system relief
valve at the outlet of the pump is set at a
considerably higher pressure andpermits
oil to return to the sump if restricted flow
builds up sufficient pressure to trip this
valve,

c. Low Oil Pressure Protection. O1il
pressure must be maintained when the en-
gine is running. K oil pressure drops dan-
gerously low, a switch (fig. 23) mounted
on the oil line trips to close an engine
shutdown (or engine idling) cirocuit. En-
gines with an electrohydraulic governor or
pneumatic-hydraulic governor have the
low oil protection incorporated in the shut-
down ocircuit of the governor. With other
types of governors, a separate magnet
valve sounds an alarm and shows a warn-
ing light, Oil pressure depends on several
conditions such as engine temperature
and engine speed in addition to those listed
in a above. No fixed operating pressures
can be tabulated. Pressure should build
up promptly when an engine is started. If
the engine is very cold, the pressure may
exceed the setting of the relief valve, Lu-
brioating oil will congeal during a oold
w:ather shutdown for any lengthy period
of time,
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Figure 23. Low oil pressure switch.



CHAPTER 6
ENGINE COOLING WATER SYSTEM

29. G.ﬂ.fﬂ'

The ocare and servioing of the cooling
system is an important maintenance mat-
ter. The cooling system is designed to
ocarry away and disperse the excess heat
generated in the engine. It usually con-
sists of a water oirculating pump, radia-
tor, expansion tank, a heat exchanger,
lube oil cooler, fans, shuiters, various
gages, valves and filling,

permit a small amount of water to drip
through the packing gland. This water
serves to lubricate the packing and pre-
vent bearing seizure. If there is a drop of
water every few seconds, the nut should
not be tightened any further. Excessive
leakage at the packing can be caused by a
worn shaft bushing, which can be recog-
nized by a continual chattering of
the shaft,

31. Radiators and Shutters

Radiators generally consist of two core
units located on each side of the loco~
motive just below the roof or on each
front side. A core oconsists of several
bolted sections with a water header for
piping connections. Tubes of thin rectan-
gular ocross sections are held by contin-
uous fins extending across the core

assembly. Copper fins and seamless tubes
are silver-soldered and the tube ends are
brazed to the tube sheets to form a rigid
assembly. Air drawn through grills beside
the radiators is exhausted upward through
the roof. The radiator and fan openings in
the roof and sides are usually covered by
shutters. Shutters are sometimes omitted
in tropical service or insulated for very
tight olosing in very cold regions. Shut-
ters may be opened or closed automatiocally
by connecting them to a temperature con-
trol system or they may be set manually,

32. Temperature Control

a The efficiency of the diesel engine
depends a great deal on maintaining an

oven water temperature in the cooling

system. The thermostat controls coolant
temperature into the engine while the
temperature gage in the cab tells the op-
erator how hot the engine water is as it
leaves the engine (approximately 10 de-
grees difference at full load). If the engine
is too covl, fuel combustion is retarded.
If the engine is too hot, there will be a
breakdown of lubricating oil and possible
serious damage to the engine. If an auto-
matic temperature control system is not
installed, the operator should set the shut-
ters manually to restrict the flow of air
when water temperature is too low, or to
open the shutters when water temperature
is too high. If temperature is regulated
automatically, thermostatic controls open
and olose the shutters and change the
speed of the fans when they are motor
driven. Automatic systems can be regu-
lated manually if the thermostatic controls
ml.

b The designs of control systems vary
widely. A complete automatic system con-
sists of a temperature control operating
a shutter oontrol valve, a pneumatically
operated shutter, contactors in the fan
motor oircuits, and an alarm and protec-
tive device. The electrical portion of the
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system is described in the electrical
section (para 90). Air for the pneumatic
portion is supplied from the main air
reservoir through reducing valves (fig.
26). A thermostatic air valve installed
in the engine waterline controls the flow
of air to other pneumatic equipment. The
temperature controller as shown infigure
26 is a group of pneumatic relays. These
relays can be set to open and close elec~
trical switches in a definite sequence, as
variations in temperature change the air
pressure on the relays. The switches de~
termine the setting of fan motor contac~
tors, or of resistance in the eddy current
clutch field, according to design. These
settings determine the speed of motor-
driven fans. The shutters are set by a
shutter operator which may be a simple
enclosed air piston or a grad-u-stat or
grad-u-motor which has regulatory
features.

c. A simple air piston will probably
have a shutter magnet valve in its air
line (not shown in fig. 26). Such a valve is
set by the temperature controller toclose
the shutters if water temperature is quite
low (fans not running) and to open the
shutters as temperature rises, especially
anytime that the fans are running. Ifthere
is a manually set shutter valve on the lo-
comotive, it is a simple open-shut valve
in the air line leading to the shutter oper-
ator. All portions of the alarm and pro-
tective features are electrical, except the
temperature element in the hot engine
switoh. The electrical descriptions of this
equipment are contained in chapter 11.
Shutter limit switches, if installed, are
set by mechanical linkage to the shutters
and are arranged so that electrical oir-
cuits are interlocked with the shutter
position. Certain electrical equipment is
thereby prevented from operating unless
the shutters are set properly.

33. Water Supply

a Water Level. The water expansion
tank is located at the highest point in the
system and is equipped with a sight level
glass and overflow pipe. Keep the cooling
system full, Water should always show in

Q

the sight glass, If leaks in the water sys-
tem are suspected, the engineman must
endeavor to locate them while the engine
is warm and report such leaks on the
daily inspection worksheet, DD Form 862
n‘. 81).

b. Filling the System. Most locomotives

from the other side. The filler pipe onthe

plugs. Be sure that the water can flow
freely from the engine block, radiator,
turbocharger, oil cooler, heat exchanger,
water heater, and cab heaters.

d. Water Treatment. Engine cooling
water is treated to remove hardness, to
minimize corrosion, and to remove sus-
pended impurities. The proper conocentra-
tion of water treatment compound must be
maintained at all times. Hardness is a
term to express the presence of scale-

scale. Scale and sludge restrict heat
transfer and circulation and are difficult
to remove. The "hardness'" can be re-
moved by using a water softener. The
manufacturer's instructions on the use of
commercial compounds approved by the
Department of the Army should be fol-
lowed. Do not use boiler water treatment
compounds or oil. Avoid compounds that
will attack hose connections, cylinder
head gaskets, or fitted joints. Do not pour
dry compounds into the radiator as they
may oclog the system. Treat the water in
a separate container first and allow any
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CHAPTER 7 |
GOVERNOR

3S. General

‘The purpose of the governor is to regu-

late the speed of the engine in accordance
with the various throttle settings. As the
throttle is moved through its various
positions, the governor adjusts to and
maintains the engine speed in eachposition
regardless of load. The governor also
Pprovides emergency engine shutdown pro-
tection. Engine Speed in a diesel

. engine
is regulated by the amount of fuel injected,

which is controlled by the operation of the
fuel injection pumps. The engine is able to
deliver power in proportion to the amount
of fuel introduced into the cylinders. When
the load decreases, the fuel injected is
more than sufficient to deliver the needed
power, and the engine will speed up until
the governor acts to reduce the fuel in-
Jection. When the load increases, there
is a tendency for the engine to slow down
until the governor permits an inorease in
fuel injection. The sensitivity of the gov-
ernor is determined by the amount of
speed change the governor .is required to
make to take corrective action, A
governor that is too sensitive will haunt,
which carries the governor beyond the
proper position, This will result in an
alternate excess and deficiency in fuel
injection as the governor seeks the exact
position for the existing load. Stability is
attained by a compensating system which
prevents hunting and minimises speed
changes after the load . Two views
of governors appear in figures 37 and 38,

36. Types of Govemors

& Governors are usually ooatrolled
from the throttle by an electropneumatic,
electrohydraulic, or pneumatio-hydraulic
mechanism. Some locomotives, especially
small industrial locomotives which are
not equipped for muiltiple-unit operation,
have a direot mechanical linksge between
the throttle and the governor control shaft,
. Governors on all these installations have

four essentia’ portions which are similar,
namely — the oil supply, the speed control
column,  the power piston, and a oom-
pensating mechanism, Figure 29 is a cross
section of a typical hydraulicgovernor and
is shown schematically.

(1) The oil supply is a self-contained
system oonsisting of a storage
tank, rotary gear pump, ball check
valves, and pressure equalizer
piston. The oil comprises the hy-
draulic medium of the governor and
it also acts as a lubricant for the
moving parts.

(2) The speed control oolumn consists
of ball head flyweights and a related
pilot valve plunger whose position
is determined by the rotating fly-
weights, The plunger controls the
supply of oil which actuates the
power piston,

(3) The power piston supplies the force
to move the injector control racks
(through injector linkage), thereby
determining the amount of fuel
injected into the cylinders.

(4) The oompensating mechanismpre-
vents the engine from racing or
hunting by stopping the movement
of the power piston after it has
traveled a sufficient amount to
bring the speed to normal for the
specific throttle setting.

b. Speed oontrol connections from elec-
tropneumatic and electrohydraulic
governors extend from solenoids within
the governor through a cable and conduit
to an electric throttle. From pneumatic-
type governors an air line is oonnected to
an actuator which responds to throttle
settings. In each case, the action of a
conventional flyball assembly, as in a(3)
above, is regulated by the changed oom-
pression of the speeder spring as the
solenoids, or the actuator shafts, respond
to throttle settings. The throttle does not
at any time move the fuel oontrol rack
directly,
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Figure 87. Electrohydraulic governor,
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& manual shutdown plunger which may be
pushed by hand to stop the engine,

d. Oil pressure shutdown is built inzo
the governor in some instances to protect
against failure in maintaining oil pressure.
An oil line from the lubricating
system to the shutdown mechanism of the
governor normally transmits engine lubri-
cating oil pressure to the governor, which
is then free to respond to the throttle in a
normal manner, If the engine ofl pressure
is too low, a shutdown piston in the gov-
ernor moves the power piston and fuel
control shaft to shut off fusl and stop the

engine,
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Figure 28. Pneumatic-Agdraulic governor,

37. Operation

Governor linkages have many adjust-
ments which should be studied in specific
governor bulletins when detailed infor-
mation is required. Oil should show inthe
upper sight glass at all times. The oil

supplied to the governor must be of the
proper weight and possess nonfoaming
qualities, Care must be taken when adding
oil to prevent the entrance of dirtor other
foreign matter.
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CHAPTER 8
ENGINE AIR INTAKE

38. General

A diesel engine must an
supply of air in order to burn the
completely. A full charge of fresh air is
drawn into each cylinder during each

supercharged. If air is supplied at a
pressure greater than atmospherioc
pressure and maintained until compres-
sion begins, the engine is said to be
supercharged. This pressure inocrease
wvaries from 3 to 14 pounds. By forcing
more air into the oylinder, a corre-
spondingly greater amount of fuel can be
burned and an engine of a given size can
do more work.

39. Air Intake Filters

A diesel engine must have clean air for
efficient operation. Dust is an abrasive
and will cause excessive wear of liners,

40. Types of Superchargers

Superchargers may be positive-
displacement blowers or centrifugal

delivery of air when the engine is heavily
loaded and needs it most. Some blowers
are used to provide additional air to the
engine for forced scavenging purposes.
Such a blower operates the same as a
blower used for supercharging. However,
at the time the compression stroke be-
gins, the air pressure in the cylinder is
back to atmospheric pressure.

41. Construction of Blowers
and Turbochargers

& A blower oonsisting of a pair of two-
or three-lobed rotors revolving in a
closely fitted housing supplies a large
volume of air at low pressure (figs. 30
and 31). The housing may be attached to
the engine box or it may deliver air
through a manifold. Large blowers of
this type are normally gear driven by the
engine; small ones may be belt driven.
Each rotor is pressed on a tubular steel
shaft. The engine ends of these shafts
form journals which turn in bearing
blocks at the blower end plate. At the
other end, flanged hubs with a serrated
bore are pressed on serrated shafts to
provide rugged structural relationship of
rotors and gears. These hubs serve as
bearing journals. All bearings are pres-
sure lubricated through drilled passages
in the blower end plates. The rotor gears
are lubricated by a reservoir
of oil which permits the teeth to dip into
oil as they turn. Oil seals are fitted in
the end plates to prevent leakage.

b. The turbocharger consists of a cen-
trifugal blower driven by an exhaust gas
turbine (figs. 32 and 33). Both blower and
turbine are mounted on a common rotor
shaft and separated by a water-cooled
diaphragm. The exhaust gases are con-
veyed through muiltiple manifolds to the
turbocharger casing at the end of the en-
gins. After passing through the turbine,

they are discharged to the atmosphere.

(1) The blower casing is divided at
the centerline of the shaft into

9



“ K Figure 30. Cross section o

upper and lower halves, The casing
is securely bolted to the other
parts of the turbocharger housing.
One of the two rotor shaft bearings
is carried in a housing mounted
in the blower casing. The impel-
ler is housed in a suitably shaped
space in the blower casing and the
outer rim of the impeller is sur-
rounded by the stationary bladed
diffuser. Axially converging en-
trance passages surround the
bearing housing. The air flows

[ . blower.

from these passages into the im-
peller and is discharged from the
impeller tothe diffuser. The blades
in the diffuser are shaped to de-
crease the velocity of the air and
at the same time increase its
pressure. The air discharged
radially from the diffuser is col-
lected in a spiral chamber and
delivered to the air manifold of
the engine through a connecting
pipe. Some engines are fitted with
cover plates for the turbocharger

(
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air intake filters in order to block
off the outside air when, in colder
weather (below 40° F,) it is advan-
tageous to use the warmer engine-
room air,

The central portion of the turbo-
charger is made up of twocastings
with the dividing line on the hori-
zontal shaft centerline. The lower
half has an integrally cast foot for
mounting the entire assembly on
its foundation. A large opening in
the upper half provides the con~
nection to the exhaust stack. On
the exhaust side, a nozzle ring is
mounted on the exhaust ocasing
which serves to direct the exhaust
gases against the turbine blades
at the proper angle. The turbine
blades rotate within the rim of
the nozzle ring. Gas from the noz-
zle ring flows across the blades
and leaves the blades in an axial
direction. The collection and dis~
charge chamber, which is part of
this central portion, is provided
with water-cooled walls through-
m.

Figure 31. Blower.

A

(3) The turbine consists of a forged-

steel, one-piece shaft mounted in
bearings at each end. The air
impeller, described in (1) above,
is fitted near one end of the shaft,

lashing wire passes through a hole
blade and is silver sol-

lace. The wire is made
several lengths so that groups
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Figure 38. Turbocharger.
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nozzle ports, there are eight cast-
in-steel vanes.

(4) The exhaust inlet casing is pro-

vided with suitable passages for
conducting the exhaust gases from

is
carried in a housing mounted in
this casing. The rotor is carried

i
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turbocharger oil line is
the oab and should be observed

odically as a check on normal
on.

is acoomplished by oircu-
engine water through
r casings. In this sec-
view of the tur
(fig. 33), water enters at the bot-
tom of the intermediate casingand
is discharged at the top. Water
temperature rise through the tur-
bocharger should not exceed 30° F.
The engine idling period for cool-
ing prior to shutdown is also
essential for cooling the turbo-
. Drain pk are
bottom of
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PART THREE
ELECTRICAL SYSTEM
CHAPTER 9
ELECTRICAL FUNDAMENTALS

Section |. ELEMENTARY ELECTRICITY

‘20 G‘ﬂ.l’ﬂ'

Electricity is a form of energy. It is
actually a movement of electrons through
a conductor or, as it is most commonly
called "a flow of current."” This flow of
current can be utilized to perform various
tasks; it is discussed in following para-
graphs. Personnel who are required to
operate or maintain diesel-electric
locomotives must have a good under-
standing of basic electrical principles.
The basic principles which govern the
flow of electricity and its related magnetic
effects are explained in this section. The
application of these principles in the ocon-
struction of locomotive equipment appears
in paragraphs 55 through 65. Frequent
reference should also be made to the
electrical terms contained in section II
of the glossary.

43. Electrical Energy

a Sources. In a previous chapter itwas
shown how the energy stored in fuels is
transformed into mechanical energy by
internal or external combustion engines. A
hydroelectric plant uses the kinetic energy
of falling water, Modern power systems
are chiefly concerned with the conversion
of such mechanical energy to electrical
energy. Electricity may be obtained by
chemical action, as in a dry cell, but the
quantity is small, Electricity from a
storage battery is not entirely chemical
in origin since the battery is charged by
power from mechanically driven genera-
tors. The type of mechanical energy chosen
to drive a generator depends largely upon
the engine or prime mover. Such factors
as fuels, economic operation, and space

limitations must be considered. In the
diesel-electric locomotive, as the name
implies, electrical energy is produced by
a generator driven from the diesel engine,
b. Uses aof Electrical Energy. Electri-
cal energy may be used to supply heat,
as in welding equipment, domestic cooking,
and hot water heaters. It may be used to
supply light, to operate communication
equipment, to energize magnets for small
relays and oontrol apparatus, in electro-
lytic processes such as the manufacture
of aluminum, and for many other purposes.
But, the most familiar use of large
quantities of electric power is to drive
machinery by means of motors.

44. Electrical Circuits

& General. The ease with which elec-
trical energy can be distributed in large
or small quantities over long or short
distances is one of the advantages of
electrical systems. Since energy can
seldom be harnessed at its source and
mechanical transmissions are limited in
size, extent, and flexibility, the transfer
of electrical energy finds many applica-
tions. To visualize the transfer or
distribution of anything, it is necessary
to know what is moved, over what path it
is moved, and what moves it, Then, further
questions naturally arise concerning how
much is moved, how big apath is required,
and what forces are involved.

b. Comparisons. A few simple com-
parisons withfamiliar items having a close
resemblance to electricity will assist the
reader. The big difficulty is that electricity
cannot be seen or gathered and the speed
at which the energy travels baffles the
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imagination. The mystery may be largely
removed by recognizing the similarity
between a hydraulic system and an electric
system. Remember, electricity is defined
as a form of energy. An elementary trans-
fer of energy can be demonstrated by
applying enough energy longitudinally a

the end of a stick of wood to move it. Th

other end moves at once and any workdone
at the far end is equal te the work done
at the near end less the work done on the
stick itself. This basic fact applies to the
system illustrated in figure 34. The path
of the water system (pipe) is obvious .and
compares to the wires of an electrical
system. The path, or group of intercon-
nected paths, through which energy is
transmitted in an electrical system, is
called a circuit. The energy supplied by
the pump and absorbed by the water turbine
compares with the energy supplied by the
generator (or any other electrical source)

and absorbed by the motor (or any other

electrical use). It is evident that water
moves in the hydraulic system but, like
the stick mentioned previously, it does
not move fast although the effect is quickly
noticed throughout the system, In an elec-
trical circuit, it has been demonstrated
that electrons, or chargedparticles, move
slowly (silver plating is a relatively slow
process), However, the effect of the move-
ment is quickly noticeable throughout the
circuit. The arrangement of particles in
the path (the conductor) is different when
current is flowing than when no current
is flowing. Scientists have described it
as a haphazard versus an orderly arrange-
ment of molecules, A military man might
describe it as''at ease" versus "attention,"
The effect of a call to attention is quickly
noticed throughout the ranks, although
call-off progresses less rapidly.

¢. Factors. Any attempt to describe the
hydraulic circuit in figure 34 would have
to be based on data giving the strength,
size, and ocapacity of the system., The
factors are reflected in working pressure,
resistance to flow, and quantity trans-
ferred. Similar factors describe the
electrical circuit.

(1) The pressure supplied by thepump

varies with its speed, size, and

design. As thepressure increases,
an increased amount of energy can
be transferred within certain
limits. If too much pressure is
applied, the pipe is overloaded and
bursts. The proper size of pipe
must, therefore, be used for the
particular pump to be used.

(2) Resistance of the flow of liquid
varies with the size of the pipe.
Even though an increased pressure
will increase the flow within the
pipe, the working range of each
size has limits beyond which
another size of pipe should be used.

(3) Quantity, or rate of flow, varies
with both pressure and resistance
(or size of pipe). It is measuredin
gallons per minute, or cubic feet
per seocond, or some similar com-
bination of volume and velocity,
and any variation in either factor
varies the amount of work, in a

+ like manner,

d Units of Measure. The above factors
of pressure, resistance, and quantity in a
hydraulic cirouit act in like manner in an
electrical circuit where they are called
volts, chms, and amperes, respectively.,
Scientists spent much time studying
elementary electricity before they arrived
at definite methods of measuring these
factors. It will suffice here to say that all
basic elements of energy and work in
other systems exist and are measured in
a like manner in electrical systems. This
fact is of great significance when studying
magnetic forces and electrical machinery
later in this manual, because electrical
energy is oconverted to.mechanical energy
by acombination of electrical and magnetic

‘circuits,

o. Basic characteristios of electrical
circuits frequently require the use and
measurement of resistances of amillionth
of an ohm, or amillion ohms. Heavy cables
and much power apparatus have little
resistance, which is measured in mil-
lionths of an ohm, For convenience, aunit
called the microhm is used to denote small
resistances. Very high resistances are
used in some electrical circuits, such as
radio, and, for convenience, a unit called
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Figure 3}. Similerity between Aydreulic end electric systems.

the megohm is used to denote 1,000,000
ohms. The series of commonly used
prefixes large and small units of
ocurrent, resistance, voltage, etc.,, are —

Mego —denctes = = ~==-==~ 1,000,000
Kilo—denotes ~~=ccccce=s 1,000
Centi —dencteg = ==ccccccaa1/100
Milli =denctes ~==c=ce===1/1,000
Mioro —denctes ===---1/1,000,000

An ampere is the rate (or intensity) of
flow of electric current. The magnetic
field set up by a current flowing in a wire
to another magnetic field
of a magnet) will create a

ro® giving the wire a side thrust. The
relationship between current and force is
definite, but difficult to measure accu-
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rately. The measure agreed upon after
many years of experiment is that an
ampere is that flow of unvarying current
which will deposit a specific weight of
silver from a standard silver nitrate
solution under standard prescribed oon-
ditions in one second. Standards of
instrumentation are based on such basic
facts but the chief importance of the
ampere to the power electrioian lies inthe
measure of power. When an electromotive
force causes current to flow in any portion
of a simple series circuit, the same
current flows through all portions of the
circuit. In a parallel cirocuit of several
branches, the sum of the current in all
branches equals the total current supplied
by the electromotive force (emf).

46. Resistance

Some materials carry electric current
easily, while other materials offer much
more resistance to the flow of current,
Those which carry current easily are
called conductors. All conductors offer
some resistance to the flow of electricity
similar to the resistance of friction which
restricts the flow of fluid in apipe system,
The resistance depends on the material of
which the conductor is made, the lengthof
conductor, its size or cross section area,
and several minor factors such as tem-
perature. To measure the resistance, an
electrical unit known as an ohm is used.
An ohm is aunit of resistance which allows
one ampere of current to flow when one
volt is applied to its terminals, Scientists
who must establish definite standards of
measurement for these important units
have defined the ohm as ''the resistance of
a column of mercury of a specified length,
cross section, mass and temperature."
Resistance is a physical part of the circuit
and is changed only by paysical changes in
the circuit. Any increase in resistance
decreases the current because the voltage
or pressure has greater obstacles to
overcome. Any decrease in resistance
increases the current,

47. Voltage

Voltage has just been described as the
pressure that forces current through a
58

circuit. In a hydraulic system, no fluid
flows unless there is a pressure to move
it The same is true in an electrical
system. An electrical generator or a
battery is the device which supplies the
pressure, which is often called the poten-
tial difference of emf. When there is no
potential difference, no current will flow.
The potential drop through the circuit
equals the emf applied to the ocircuit.
Scientists have established a standard
reference for a volt as the emf of a
Weston cell (of standard construction and
temperature), but the units of current and
resistance described above are more
readily produced and maintained. Inprac-
tice, a volt is more readily defined as a
"potential difference that will cause one
ampere to flow through a resistance of
one ohm,"

48. Insulators

Materials which offer very great resis-
tance to the flow of current are called
insulators. There is no perfect conductor
or perfect insulator, but there is a clear
distinction between the two groups. In
general, metals and carbon are good con-
ductors while organic and vitreous
substances such as rubber, oil, glass,
and quartz are poor conductors. The
resistance of insulators is expressed in
megohms and is measured by an instru-
ment called a megger. This instrument is
used in routine shop inspections of loco=-
motive circuits.

49. Ohm's Law

Ohm's law is one of the most commonly
used fundamentals of electricity. It is
essential to fully understand and remem-
ber the relationship which it establishes
between the voltage, resistance, and am-
perage of a direct current cirouit. It was
discovered about 1827 by Georg Ohm, a
German physicist. 1t states that in a simple
closed oirouit of fixed resistance, the
current in the circuit is equal to the
voltage divided by the resistance. (In
alternating curreat ocircuits, the same
factors exist, but must be studied in
combination with additional new factors.)
The cumbersome form of any written
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formula is simplified by adopting abbre-
viations or symbols to represent the
factors in a circuit, Resistance is repre-
sented by R (the first letter of the word),
voltage is represented by E (the first
letter of electromotive foroe), and current
is represented by I (the first letter of
intensity of flow).

Neote. 8slection of symbols is naturally limited
due to the use of certain lettérs for other factors of
mofe complex ocircuits. The law as stated above
can now be written—

B
l= ) 1
This formula can be expressed in three possible

arrangements, all of which conform to basic trams-
formation in mathematics. They are—

1=F

R
or the current in the circuit equals the voltage

divided by the resistance.

R E
T
or the resistance of the cirouit equals the voltage
divided by the current. E = RI or the voltage ap-
plied to the circuit equals the current muitiplied
by the resistance. Any factor of the circuit caa be
changed, so variations in statements of the law are
~for a fixed resistance, current varies directly as
the voltage; for a fixed voltage, current varies in-
versely as the resistance; for fixed current, voltage
varies directly as the resistance. A graphie aid ia
memorizing Ohm's law appears in 1, figure 38. The
symbols are arranged es shown in the left-hand
circle. If any symbol is covered, the relative posi-
tion of the othertwo eymbols is ideatical with that
in the formula. Thus, if I is covered, the positioa—

5
completes the formula given above for I. If R is
covered, the position-

E

I
completes the formula for R. If E is covered, the
position IR completes the formula for E. The same
rule applies in uaing the power equation formula 3,
figure 38—P = Power, E = Voltage, I = Curreat.

is expressed as foot-pounds per second,
“-

m.DhtuoexForoe.;ng:

In estimating the capacity of early steam
engines, they were rated about equal to
the horses they displaced. A strong horse
could work for a short time at the rate of
33,000 foot-pounds per minute. Machines
were then rated in horsepower on the
basis of their work per minute divided by
33,000, or —

n«w-"”

r minute

Eleotrical power is the product of volts

X amperes and the unit of power is known
as the watt. If the output of a motor is
measured by a Prony brake (absorption
dynamometer), the work done in one revo-
lution is Distance (circumference of the
brake x Foroe), ang the work done per
mimte is Distance x Foroe x Revolutions
per minute. Sinoe this can be readily

lished. The relative values, which should

be remembered, are: 1 Horsepower = 746
watts; 1 kilowatt (1,000 watts) = 1.34
horsepower

b Power and work are often confused
and further simple illustrations are war-
ranted to picture these units in the mind.
The work done in raising 20 pounds of
water 10 feet (in 1 and 3, fig. 36), is 200
foot-pounds. All work done on a body can
be accounted for by an increase in its
potential energy, an increase in its kinetic
ensrgy, or by the production of heat in
opposing friction. Kinetic energy is the
mechanical energy a body possesses be-
cause of its motion. Potential energy is
that possessed because of its position.
‘The potential energy of the water has in-
by 200 foot-pounds. If, in 2,
figure 36, the water is allowed to run
down ths pipe, its potential energy be-
oomes kinetic (energy in motion) which
can be harnessed by using the pump as a
water wheel and the motor as a generator.
Of course, this is a poor way to get water
power. However, hydroelectric-power-
generating plants work on this principle.

E
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time and the Tesult is watt-hours, or for
convenience, kilowatt-hours. This is ex-
pressed in symbols as P = EI. This can
be transposed to show current —
1=f
or voltage as —
E P
*T
A memory aid similar to that for Ohm's
law appears in 2, figure 35.
o. Power loss in a circuit is due to the
resistance of the circuit and produces un-

desired heat, except in processes like a
heater where power is put toworkas heat.
In a motor, the power input is distributed
between mechanical work and heat losses.
Mechanical work is the product of voltage
and current where voltage is termed a
back-emf, and is almost equal to the ap~
plied voltage. Heat 1088 can be

by the power formula, but to separate it
clearly from the total power, the equiva~
lent of E as expressed in Ohm's law is
substituted in the power formula. P = El
then becomes P = RII, or more familiarly,

BUCKET
OF WATER
;'7, ZO}UNDS
# j‘
BUCKET fr e __
OF WATER
20 POUNDS MOTOR PUMP WATER
o' 0" TANK 10'0"
T
j,:!  stutn pindn
:Z:‘b‘i.:::::;j
T
100’ 0"——

Figure 36. lllustration of work.



I2R. The important fact in this formula
is that heating increases as the square of
the ourrent. This characteristic should
be clearly remembered in connection with
load limits and traction motor blowers
when they are discussed later. Another
important loss from a generator to a
motor is the line loss. Line loss not only
produces undesired heat but decreases
the delivered voltage. These factors are
the responsibility of the designer (in
contrast to motor overloads being the
responsibility of the operator), but a
knowledge of this factor is a part of basic
electrical fundamentals. The voltage drop
in a line is E = RI where R is the resist-
ance of a line, and I is the current. The
power loss in a line is P = I2R. See 1 and
3, figure 37, for typical meter circuits.

51. Magnetic Field

a A conductor carrying current is sur-
rounded by magnetic forces set up by the
ocurrent. The space affected by these
forces is called a magnetic field. Thus, a
magnetic field is a region wherein mag-
netic forces act. A tic needle in a
magnetic field takes a fixed position in
line with these forces. The direction of
the field can be traced by moving a com-
pass through it because the compass
needle will continually point along the
lines of force. These lines form concen-
tric circles around a freely suspended
wire. On 1, 2, and 3, figure 38, the direc~
tion of the magnetic field is indicated by
the arrows on the lines of force, A simple
rule has been set up to find the direction
of the magnetic field when the direction
of the current is known. This rule is the
right-hand rule for determining the di-
rection of the magnetic field about a
current-carrying conductor, and stated
simply, is as follows: Grasp the con-
ductor in the right hand with the thumb
pointing in the direction of the current
flow. The finger will point in the direc-
tion of the magnetic field (para 55b).
The strength of the field has been found
to increase as the current increases and
to decrease as the distance from the
wire inoreases. These lines of force are
also ocalled flux and their strength, as
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pictured by the number of lines in a given
area, is called flux density. If the con-
ductor carrying the current is turned into
a coil, the strength of the field increases
as the number of turns increases. Energy
is necessary in setting up a field, but
after the field is established no energy is
required to maintain it at a constant
strength, Additional current is needed to
increase the strength of the field. If the
strength of the field is decreased, energy
is released and delivered back to the oir-
cuit as electrical energy. Therefore,
changes in field produce a current. The
change can take place by opening.a simple
cirouit as just described or by any change
in the position or strength of neighboring
fields which are not electrically connected
to the circuit and current being affected.
The motor and generators are built on
this principle which is described in detail
in paragraphs 66 through 78.

b. Field, current, and forces or motion,
therefore, constitute three related factors
whose fundamental relationship should be
clearly understood in order to understand
power equipment. A coil with a current
flowing through it in the direction shown
in'1, figure 38, sets up a field in accord
with the principles stated inaabove. When
the field of a coil is at angles to the lines
of force in the field of an instrument, the
coil will tend to turn and, if freely pivoted,
will turn. Several laws or visual aids will
be helpful in remembering this fact and
determining the direction of motion.

(1) A conductor carrying current
across a magnetic field tends to
move at right angles to both the
direction of the field and the di-
rection of current.

(3) Currents through oconduotors
which make an angle with each
other produce fields which tend to
force the conductors into parallel
paths with their currents flowing
in the same direction (4 and 5,
fi‘. 38).

(3) Two coils carrying current tendto
place themselves 8o that they will
embrace the largest possible num-
ber of lines of force.

(4) There is no such thing as two dif-
ferent lines of force at a given
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Figure 37. Typical meter circuits.

point because they merge into one
resultant force. The densities and
directions of these lines at dif-
ferent points around the movable
coil may be likened to stretched
rubber bands, which tend to

strengthen and force the coil to
turn in the direction indicated
(T = torque). A conductor carry-
ing current will always move from
a strong magnetic field to a weak
magnetic field. In 5, figure 38, is
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shown the final position of a freely-
suspended coil under these con-
ditions. In an instrument, the coil
turns against a spring until such
time as the force of the spring
balances the turning torque of the
coil. In a motor, the current re~
verses as soon as it passes the
neutral point shown in 5, figure 38
(current flow out from X), and
torque is in the direction shown in
6, figure 38. Another set of coils
comes into the position shown in
4, figure 38, and the process is
repeated again and again, causing
rotation. If the coil is moved by
an outside force, as in a generator,
the same principles apply.

52. Direct Current Measuring Instruments

& The principle on which most instru-
ments operate is that a coil may 8o be
placed in a magnetic field that the coil
will turn when a current flows in it. The
principles of the magnetic field are dis-
cussed in paragraph 51, and must be thor-
oughly understood in order tocomprehend
completely the construction of in-
struments, generators, motors, and other
electrical equipment. This paragraph is
concerned mainly with the use of instru-
ments,

b Current is measured with an am-
meter. Since it measures a quantity of
flow, it must be placed in the path, or
circuit, like a watermeter. The total load
ourrent passes through it or its related
shunt. No ammeter is complete without
a shunt, A shunt is a bypass which car-
ries most of the current and it must be
carefully designed to work with the am~
meter so that there is a definite relation
between the current flowing through the
shunt and the current flowing through the
coil of the ammeter. If this were not done,
the turning effort of the coil would be an
unoertain quantity. When it is sodesigned,
& pointer can be attached to the coil which
turns against a carefully designed spring
80 that the deflection is proportional to
the ourrent, The dial over which the
pointer swings can then be marked toread
amperes, or quantity of current flowing.

Unless the meter has zero at the middle
of the dial which permits the pointer to
swing in either direction, the positive and
negative terminals must be connected in
the corresponding directions in the cir-
ouit so the needle will not swing backward
and be bent. The meter and its shunt have
very low resistance and any voltage con-
nected to it will result in a short circuit
which burns out the instrument. Always
connect an ammeter in the circuit
in series with the load. When this is done,
as shown in 2, figure 37, all the current
through the load goes through the amme-
ter and nearly all the voltage from the
source is applied to the load because the
resistance and voltage drop of the am-
meter are almost negligible.

.c. Voltage is measured by a voltmeter.
There is no difference in the principle of
the moving coil in a voltmeter or amme-
ter. However, it must have a very high
resistance in order to avoid short cir-
cuiting the voltage. Therefore, the coil is
connected in series with this resistance
and no shunt is permissible. This resist-
ance is built into a voltmeter but it is
often impractical to have an ammeter
shunt built into an ammeter. Voltmeters
are connected across the line or across
the load, which is distinctly different from
the connections for an ammeter. Since
voltage has been likened to pressure, a
voltmeter can be compared to a pressure
gage. It should be noted that neither a
voltmeter nor a pressure gage has any-
thing to do with the main flow. A volt-
meter must have its connections com-
pleted to the low voltage (pressure) side
of the line. A significant difference in
the appearance of voltmeters and amme-~
ters is that ammeters have heavier
terminals to which the wires are con-
nected. The proper positive and negative
connections are designated on voltmeters
as well as ammeters.

d Power has been shown to be the
product of volts x amperes. Some care is
neoessary in order to obtain true values
of voltage and current. Meters connected

as shown in 1 figure 37, measure true
tqe the load, but the ammeter
reads the sum of the current through the

load and through the voltmeter. Meters
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connected as shown in 2, figure 37,
measure true current through the load,
but the voltmeter indicates the sum of
the voltage across the load and the am-
meter. The percentage of error depends
on the refinements of the instruments
and the nature of the load. The best con-
nection to use for large loads is 1, figure
37, because the current diverted through
the voltmeter instead of the load is negli-
gible and has negligible effects on the
ammeter reading. However, if the am-
meter reading is high, the voltage drop, if
included in the voltmeter connections,
might be significant. The best connection
to use for small loads is 2, figure 37, be-
cause the current of the voitmeter may
be an appreciable percentage of the cur-
rent through the load, and the connection
as shown gives an ammeter reading which
applies to the load only. However, because
of the small current, the voltage drop in
the ammeter is negligible and the volt-
meter reading is substantially the same
regardless of its point of connection.

e. To further {illustrate the possible
error in careless connections, assume
that it is desired to measure the wattage
of a 25-watt incandescent lamp and that
the instruments are first connected as
shown in 1, figure 37. The instruments
used are a 0.300-ampere ammeter having
a resistance of 0.17 ohm and a 150-volt
voltmeter having a resistance of 15,000
ohms. The ammeter scale indicates 0.218
ampere and the voltmeter scale indicates
119.5 volts. The indications obtained from
1, figure 37, are —

Apparent

Power = Volts x Amperes
= 119.5 x 0.218 = 26,05 Watts

Voltmeter
Watts = Volts x Volts

‘Ohms
_119.5 x 119,56
B 15,000
True
Watts = 26,05 - 0.95 = 25,10 Watts
Percent 0.95
error = mx 100 = 3,78 Peroent

Since the ammeter has a resistance of
0.17 ohm and is carrying 0.218 ampere,
the voltage drop across it is, by Ohm's
law -
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= 0.95 Watts

Volts = Amperes x Ohms

= 0,218 x 0.17 = ,037 Volt
The true line voltage is then the sum of
the voltage across the load plus the drop
across the ammeter,
Line Volts = Load Volts + Drop across

Ammeter

= 119.5+0.037 + 119,537 Voits
It is often practical to read omnly to the
nearest half of a scale division which is
0.5 volt., Therefore, with the instruments
connected as shown in 2, figure 3T, and
the same line voltage as in 1, figure 37,
the voltmeter would still indicate a read-
ing of 119.5 volts. However, use the
calculated figure given above in order to
work out the error in this method of
measurement. If the voltmeter is then
connected outside the ammeter, as shown
in 2, figure 37, the ammeter will read
the true current passing throughthe lamp.
This current will be equal to the ammeter
reading for 1, figure 37, less the current
passing through the voltmeter.

Voltmeter Volts

Current = m
. %796%6 = 0.008 Ampere
Current passing throughthe lamp is then —
0.218 = .008 = 0.210 Ampere
Apparent
Power = Volts x Amperes
= 119.537 x 0.210 = 25.102
Since the true wattage is 25.10 watts —
Error = 25.102 -25.10=0.002 Watt
Percent

0,002
Error = 25.10 x 100=0,008 Peroent

The error is 8o small as to be negligible.
When tests are made on larger loads re-
quiring several thousand watts, the loss
in the voltmeter becomes so small in
comparison to the amount of power meas-
ured that it is negligible. However, the
losses in the leads and connections be-
tween the point where it is convenient to
connect the ammeter and the load to be
measured become important factors which
must either be accounted for or elim-
inated from the calculations altogether.
The exact amount of losses in the leads
and connections is difficult to determine,
since they consist of not only the ohmic
resistance of the conductors and shunt but

{



also include the losses due to contact re-
sistance wherever there are joints. Be-
cause contact resistance is variable and
not easily measured, precautions should
be taken in testing to eliminate its effect
as much as possible. When small currents
are to be measured, ths error due to
oontact resistance is small and, when
care is taken in making comnections, will
have very little effect on the meter indi~

£ A wattmeter is an instrument inwhich
the deflection of the moving coil is pro-
portional to both voltage and current. It,
therefore, has a second coil to create a

(or kilowatts) at any instant and fluctuates
with the current on any line having con~
stant voltage. However, if both the ocur-

g.Awatt-hour meter is used to deter-
tho total power delivered over a
od of time. The second formula in
paragraph 50a can be transposed to read
x Time = Work. The watt-hour
is similar to the wattmeter except
that the coll is arranged to rotate at a
rate dependent on the power delivered by
the oircuit. It, thereby, acocumulates the
total work obtainable from the power sup-
ply in much the same manner as

on an odometer indicate the total mileage
traversed over a period of time at varying
rates of speed.

Ei

53. Magnetic Circuit

In studying lines of magnetic foroe, many
points of similarity to electrical circuits
appear and the path of these lines of foroe
has become known as a magnetic circuit.
Their path forms a oclosed loop; there

of electrical circuits. The force sustain-

ing an electrical current is ocalled elec~
tromotive foroe; that sustaining a mag-
netic ocircuit is ocalled otive
force. The restriction to the flow
of current is called resistance; the re-
striction to the path of a field is called
reluctance. However, a current is closely
confined to its conductor, while a field
(or flux, as it is called) experiences con-
siderable through the surrounding
medium. In order to get the greatest flux
density at the desired points, materials
with a low reluctance are used to carry
as much of the flux as possible. For this
reason, a metallic core is used for most
oolls in pole pieces, magnet valve relays,
and similar equipment.

$4. Kirchoff's Laws

& The study of complex circuits re-
quires more rules than those given by
Ohm's law. The application of Kirchoff's
laws is used in solving many problems,
They are also applicable to magnetic
oircuits by substituting magnetomotive
force for voltage in the first law and flux
for current in the second law below.

b. Law 1 states that the algebraic sum
of the voltages around any closed path in
a network is zero. For example,the volt-
age of a generator (algebraically positive
as a source of power) equals the voltage
impressed on powerlines and motors
(algebraically negative) which consume
power,

o Law 2 states that the algebraic sum
of the currents arriving at or leaving any
junction point is zero. Bridge circuits
make extensive use of Kirchoff's laws and
Ohm's law. They are widely used in instru-
mentation where four resistances are con-
nected in a diamond-shaped circuit with
voltage applied at two opposite corners
(for example, second base and homeplate),
and an instrument connected to the other
two corners (first base and third base).
When resistances or voltage drops in the
network are balanced, no current flows
through the instrument. Bridge circuits
have other applications, chief of which in
locomotive circuits are the wheel slip
relay connections in which the coil of the
relay is connected as an instrument and

67



the traction motors are arranged as the

tions actuate the relay as described in

resistances (in a series-paralle! motor paragraph 96.

circuit). Balanced or unbalanced condi-

Section |l. PRINCIPLES OF POWER EQUIPMENT

55. Dynamo

& A dynamo is a machine that converts
mechanical energy into electrical energy,
or electrical energy into miechanical
energy. When the output is electrical en~
ergy, it is called a generator and when the
output is mechanical, it is called a motor.
A generator and motor have the same
basic construction and either may be
called a dynamo. Dynamos are reversible
and capable of operation as either a gen-
erator or a motor. In practice, there are
minor differences in design and adjustment
for efficient performance, and they are,
therefore, designated according to
the service they perform. Dynamos have
the following essential parts:

(1) Magnetic field.

(2) Armature winding,

(3) Commutator or collecting rings
(except in certain induction
motors).

(4) Mechanical parts which support
the core and bearings. The rela-
tion previously described between
fields, currents, and motion
creates electromotive forces nec-
essary to convert mechanical and
electrical energy. It makes nodif-
ference whether the relative mo-
tion is obtained by stationary fields
or moving fields. However, in lo-
comotive applications, the fields
are stationary and consist of mag-
netic pole faces bolted to the
frame. Coils wound around the
field poles are called field coils
and the amount of current in these
colls determines the strength of
the magnetic field. The magnetic
field, or flux through the poles, is
called field excitation. The sta-
tionary poles and frame are called
the stator. The rotating coils are
called the armature or rotor and
carry the load current.

b. The relation that exists between the
direction of the field, the direction of the
motion, and the direction of current should
be remembered. Any one of these can be
determined if the direction of the other
two is known. The determining method
for generators is Fleming's right-hand
rule and for mators is Fleming's left-
hand rule (fig. 39). In each case, the
thumb, forefinger, and middle finger are
held at right angles to each other. 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. When
a foroce causes a conductor tomove through
the field, the current which flows is caused
by an induced emf or voltage and the ma-
chine is a generator. When an impressed
voltage sets up fields which cause the
conductor to move and do mechanical
work, the machine is called a motor.

56. Basic Generators

a Since electromotive force (emf) is
related to changes in field and motion, it
logically follows that the amount of emf
is related to the amount of change in field
and motion. The value of the emf depends
upon the rapidity of the changes, which is
generally termed the rate at which lines
of magnetic force are cut. The following
three factors have the greatest effect on
the emf of a generator:

(1) Changes in speed of rotation (or
revolutions per minute) of the
armature will cause a correspond-

ing change in emf, other things
remaining unchanged.

(2) Changes in flux density will cause
a corresponding change in emf,
other things remaining unchanged.
Flux density is changed by changing
the current flowing in a givenfield
colil, or by changing the number of
turns of wire in the field coil (as



when a manufacturer builds a new
design).

(3) Changes in size of the field or the
size and turns of the rotating coil
(a new design) will change the area
of the flux path.

b. While the emf of a machine will vary
in the manner outlined in a above, the
emf in any single armature coil will vary
while the speed of rotation and flux density
remain constant. Figure 40 shows the
position of the coil as it makes a half turn.
The discussion which follows is concerned
with the length of wire which sweeps the
pole face which extends perpendicularly
into the drawing. This is the wire along

which emf is induced in figure 38. At the

position shown, 0° in figure 40, no flux is
being cut because the coil moves tangent

with the flux (tangent being ''along' instead
of "across" the flux). At 20°, 1 line has
been cut. At 40°, 4 more lines have been
out in the same period of time, since it
takes as long to turn 20° at anypart of the
circular path when speed of rotation re-
mains constant. At 60°, 6 more lines have
been cut. At 100°, 7 more lines have been
cut. The emf varies with the number of
lines which have been cut and is zero at
0* and a maximum at 90°. These values
can be plotted as a curve in which the
circular path of one revolution is repre-
sented as a straight line and the emf at any
point along the path 1s represented by the
distance away from the line (1, fig.41). At
180° the emf is zero for the same reason
as given above for 0°. A curve of the same
pattern is developed between 180° and 360°
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Figure 40. Relation of electromotive
force to spesd.

which brings the coll back to zeroposition.
However, the emf is in the opposite direc-
tion (Fleming's rule) and the curve is
drawn below the line. This curve follows

classificatione of power systems. In an

57. Basic Commutator

There are many uses for a power system
in which the current does not alternate.
When the current always flows inthe same
direction it is termed direct current. A
generator which supplies a direct current
(do) system is called a do generator. Since
the current in the armature is always
alternating, some means must be provided

E+ MAX.

E — MAX.
(@ a-c SINE wavE

.\s -

@comuuwreo SINE WAVE

Figure 41. Sine waveform.

58. Direct Cuirent Generators

‘The direct ourrent power supply de-
oorlbedmmb‘lunotm
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59. Types of Direct Current Generators

& Generators are classified into three
general types depending on whether the
fields are connected in series, shunt, or
a ocombination of the two (fig. 45). A
series-wound generator has its field
winding in series with the armature. A
shunt-wound generator has its field in
parallel with the armature. A generator
that has both a series field and shunt
field is called a compound-wound gen-
erator. A shunt field circuit must have
a comparatively high resistance in order
not to take too great a proportion of the
total armature current. A drop in voltage

. It would be difficult to regulate the

field strength and generator output by
the currents in self-excited

i
i

;

g

:

:

in motor, it ocours behind the neutral
point. If the brushes are not set at the
point of sero emf, a current is broken as
the commutator turns and there is spark-

ing at the brushes. Brushes are mounted
so they can be shifted to a leading or
lagging position to avoid this sparking.
However, a self-induced emf exists in a
ooil at the neutral point, and the brushes
are always in the fringes of flux between
poles in such a manner that it is difficult
to obtain satisfactory commutation. The
most satisfactory solution has been to
introduce a separate flux which will pro-
duce a desired flux density in the neutral
zone. This is done by small narrow poles
called interpoles or commutating poles
located between the main poles.

b. Laminations. Field cores and arma~
ture cores are built up of layers of sheet
steel to reduce strap currents called eddy
currents, Since iron is almost as good a
conductor of electricity as copper, elec-
trical currents tend to flow almost as
readily in the iron as in the copper, but
they lack-an outside circuit. They, there~
fore, oiroulate within the cores and gen-
erate excessive heat which represents lost

. These eddy currents are much less

and they are punched to provide passages
through which air can circulate and carry
away heat.

c. Self~Ventilation. The generator is
provided with a built-in blower on the

general, coils in a lap winding overlap
each other and are connected in parallel,

whnoamvowindmgprooeedsmlerm
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ocurrent is lower in lap-wound oolls than
in wave-wound coils.

61. Direct Current Motors

used in certain work. In general, voltage
produces speed and current produces
torque. Shunt motors are used where a
substantially constant speed is desired.
They are, therefore, suitable for driving
the fuel supply pump, fan motors, and

seriously damaged. Series motors have
several operating 8 in traction

caution given later in the operating in-
structions). A locomotive requires high
torque (and ourrent) for starting and ac-
oeleration, but when speed increases, less

Since

torque
voltage is the significant factor with re-
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flow (para 44c(2)). The combination of
ourrent and resistance has been shown to
produce heat and also voltage drop. Con-
duotors, or wires, are kept small to keep
costs and space requirements low. In a
powerline or in a piece of equipment, the
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63. Locomotive Circuits

& The three basic types of oircuits are
series circuits, parallel oircuits, and
series-parallel ocircuits. In a series oir-
cuit, the same ocurrent passes through
each device and connection in completing
its path to the source of supply and the
total resistance of the cirouit is equal to
the sum of the resistance of all portions

in which the other lamps continue to burn
when one lamp burns out is a parallel
lamp circuit, and each lamp operates on
house voltage (3, fig. 46). If motors are
oconnected in the same manner as the

necting traction motors.
b. The power from the main generator

tors which are alsc inoreasing speed
develop a greater countervoltage or back-

emf and the power delivered by the loco-
motive decreases. The engine and genera-
tor can deliver more power if their speed
is increased by moving the throttle to a
higher position, which increases the fuel
supply as desoribed in paragraphs 35
through 37. This iuncreases generator
voltage and amperage and locomotive
tractive effort. While the throttle remains
in this position, the current again de-
oreases. The various positions of the
throttle represent a continual adjustment
of voltage, current, and tractive effort to
get from the engine the power which it is
capable of delivering. The principal lim-
its are the electrical overload limitations
and tendency of the driving wheels to slip
or spin. When the throttle is advanced as
far as possible, the engine speed and gen~
erator voltage are at their maximum.,
However, the locomotive speed continues
to increase, the current decreases as be-
fore, and power output (the product of
ourrent times voltage) decreases. Under
these conditions, the power which the
diesel engine can deliver is no longer
being used. Fuel-power output can again
be put into use if the current can be in-
ocreased. This can be done by ¢

the traction motor connections. In starting
a train, the following requirements are
encountered:

(1) High pulling power (tractive
effort).

(2) High ourrent (amperage is neces~
sary because the torque of a motor
is proportional to the amperage).

(3) Low voltage is sufficient to pro-
duoe high current when the loco-
motive is standing still or traveling
very slowly. The diesel engine and
generator are turning at a low
speed because the throttle is at a
low notch.

ever, the operation and maintenance of
all types are essentially the same. The
low voltage coatrol circuit energiszes an
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flexibility in installation makes it

burning
d. Interlocks are auxiliary switches
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mounted on and ocontrolled by another
switch, contactor, valve, or similar equip-
ment. The controlling switch is operated
by a cam or linkage which opens or closes
the contacts in a definite relationship to
the position of the main piece of equip-
ment, The purpose is to control the making
or breaking of related circuits only when
proper oonditions exist. Interlocks are
classed as "in" interlocks (closed when
main switch is closed) and "out" inter-
locks (closed when main switch is open).
Several interlocks may be mounted on a
piece of equipment in any required "in"
and "out" combination.

e. A magnet valve consists of a magnet
coil and a core acting upon an air valve,
The coil is in the low voltage control
circuit and connected through interlocks,
automatic controls, or manual controls
in the same manner as the coil on a
oontactor. It usually returns to its
deenergized position by spring action.
The valve and coil are used in such
applications as shutter oontrol, com-
pressor synchronization, and sanding, as
well as in reversers and power switches
as a built-in portion of the equipment.

£ A relay is a small magnetic type
electric switch which consists of a coil
and several small contacts. The device
changes connections in one part of a
circuit in response to changes taking
place elsewhere in the circuit. The coil
may be in either the high voltage or
low voltage circuits of the locomotive.
Relays operate in much the same manner
as oontactors, but are not required to
carry heavy current, and are generally
much smaller. They may be adjusted
to open and close at various voltages to
respond to the various operating con-
ditions, When the contacts of a relay
close, they close the circuit to the
solenoid of a contactor or magnet valve
which is controlled by the relay. More
than one contactor in a magnet valve

can be controlled by a relay by building
the relay with several sets of contacts,

64. Symbols

. When an electrician or designer de-

cides to connect electrical equipment
in a certain way, he must put the in-
formation in some form that conveys
the same information to anyone who wants
to build it or needs to repair it at some
future time. Pictures of the parts in a
circuit are sometimes used for training
purposes in elementary work., For any
large circuit they would be difficult to
draw and to read. If the equipment is
represented by simple sketches with
specific meanings, the circuit can be
easily drawn and read. These sketches
are called symbols. Symbols most
frequently used in locomotive circuits
are shown in figure 47. There are so
many advantages gained in using them
that universal standards are adopted so
they convey the same information. There
are revisions or deviations from time
to time, but familiarity with their normal
usage will clarify many problems. The
symbols represent basic parts of
apparatus instead of a separate symbol
for each piece of equipment. For example,
the ooil of a ground relay, a wheel slip
relay, a field shunting relay, and others,
are aways represented by the same
symbol for an operating coil and the
contacts are always represented by the
same symbol for contacts. They always
perform the same basic function, An
operating coil always magnetizes and
moves a plunger which opens or closes
the contacts in electromagnetic equip-
ment, or opens or closes a valve in
electropneumatic equipment. The drawing
symbols are, therefore, supplemented by
letters which are often an abbreviation
of the equipment, such as GR for ground
relay, or WS for wheel slip relay. These
letters tend to become standardized with-
in a given field, but a legend is so readily
supplied that it often appears on each
drawing. The symbols for various parts
of a piece of equipment are often
separated in a wiring diagram, For ex-
ample, a ground relay is used to pro-
tect the high voltage power circuit and
its operating coil is in that circuit. The
response to a closed relay consists of
lights, bells, and idling controls, all of
which are in the low voltage circuit.
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65. Schematic Diagroms

apparent, The addition of only
symbols in the existing line of the
schematic disgram will clearly

tracing a cirouit, it is well to assume a
starting point at the source of power.
This is designated as the positive side
of the circuit in direct current systems,
which are used exclusively for diesel-
electric looomotive power and power con-
trol apparatus. The main power circuit
(fig. 49) is one of the easiest to trace,
Recalling that current flows from positive
to negative, a glance at any motor circuit
in the disgram shows that current must
pass through a power switch, the motor

trol oirocuit, the positive side of the

auxiliary generator, or battery, is the
source of power which establishes the
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circuits must be supplemented by
experience, and thorough training on a
specific oircuit is necessary to fully
understand how to trace a circuit, This
is seldom necessary in locomotive opera-
tion but Is extensively done in mainte-
nanoe work, Fundamentally, the replace-
ment of a fuse, the closing of a circuit
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CHAPTER 10
MAIN POWER SYSTEM

Section |. POWER TRANSMISSION SYSTEM

66. Main Power Circuits

a The main power circuits are those
carrying heavy current at high voltage
from the main generator to the trac-
tion motors through heavy-duty power
switches, reversers, field shunting con-
tactors, and related equipment. If the
locomotive has no ac power system,
motor-driven engine cooling fans (when
used) are operated in the main power cir-
cuit. The circuit is remotely controlled by
apparatus in the control circuit. Power
wiring diagrams are relatively easy to
trace. Many different circuits are used.
Figure 49 shows a basic series, series-
parallel, and series-parallel-shunt motor
connection for a four-motor transistion-
type locomotive., Each motor circuit is
independent of the others, except for the
small wires in the wheel slip relay circuit.

b. Motor connections in other type loco-
motives are permanently connected in
series-parallel and no contactors are
used. A tie between the motor circuits
exists when the unused portion of the
motor circuits is in series-parallel. When
the motors are in series comnection, a
contactor closes when the tying circuit is
in use and other contactors open the cir-
cuit to and from the generator so that full
generator voltage is not applied to any one
motor circuit but is applied to the motors
in series. The mainpower circuits operate
at voltages ranging from 600 to 1,200
volts, or more. The generator, motors,
and electrical equipment cabinet are the
chief points of possible exposure. Person~-
nel should keep clear of reversers, con-
tactors, generators, motors, and cables
when locomotive is under load. Adequate
safety precautions must be observed,

67. Main Generator

a The main gemerator oconverts the
power output of the diesel engine into

electrical power for the operation of the
traction motors (fig. 50). It furnishes
direct current at varying voltages up to
about 1,200 volts. It is mounted on and
driven by the diesel engine and the speed,
therefore, varies with engine speed be-
tween approximately 350 and 1,800 rpm,
It is self-ventilated by a fan mounted on
its shaft. The generator fields are espe-
cially designed to meet requirements
peculiar to diesel locomotives. The main
field is supplied by a battery or an exciter
which is under the control of a load regu-
lator. A differential field is wound to op-
pose the main field. It is in series with
the generator output and the strengthof the
opposing field varies with generator out-
put. The purpose is to vary the total field
strength so that a constant kilowatt

is obtained. There are other fields, such
as starting fields used when cranking and
commutating fields, which improve per-
formance.

b. The main pole pieces are of lam-
inated steel carefully riveted together and
held to the frame by tapbolts or studs
through the frame. The field coils are
impregnated and baked with insulating
compounds to guard against movement and
chafing within the coil and to permit free
flow of the internally developed heat to the
surfaces. The armature is built to with-
stand high speed and all of the vibrations
(lateral and torsional) incurred in operat-
ing with a diesel engine, It is dynamically
balanced both before and after winding to
reduce vibration, and is supported at one
end by the antifriction bearing and at the
other end by the engine crankshaft. Typical
construction provides adequate ventilation
without allowing pockets for the acoumu-
lation of dirt and moisture,

68. Traction Motors

The traction motors convert the electri-
cal energy of the generator to mechmion'ls
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Figure 60. Main generator.

energy at the wheels in the form of trac-
tive effort. They are series-wound direct
current motors (fig. 51). The motors are
mounted in the locomotive trucks and are
geared to the locomotive axles. About half
of the weight of the motor is supported on
the truck frame through a nose on the
motor frame and the other half is sup-
ported by bearings on the axle, They may
be connected electrically in permanent
series-parallel connection or may be ar-
ranged for transmission from series to
series-parallel connection. The armature
turns on roller bearings in the motor
housing. The axle bearing is a split-sleeve

type with waste-pack oil lubrication.
Torque reaction is a greater load than
that due to the weight of the motor, and
lubrication of the bearing is a more diffi-
cult problem than the somewhat similar
packing and lubrication of journal boxes.

69. Traction Motor Blowers

Blowers are provided in larger locomo-
tives to force a large quantity of cooling
air through the traction motors. This
forced ventilation of the motor is nec-
essary to prevent it from overheating. A
LOCOMOTIVE MUST NOT HAUL A

\



Figure §1. Traction motor.

TRAIN UNLESS THE TRACTION
MOTORS ARE ADEQUATELY COOLED.
The heat generated by heavy currents
a Will damage the motors if it is not
.carried away. Blowers are mounted on

the floor of the locomotive and ducts
carry the air through the under-
frame to the motors. (On ALCO MRS
models, the rear blower is attached
directly to the power takeoff gear unit of
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the main generator.) Blowers may be me-
chanically driven by the engine or electri-

cally driven. Protection against failure of

electric power is provided by a relay (para
111). Mechanically driven blowers should

be inspected periodically to guard against
failure,

700 ExCi“f

The exciter is mounted on the gearbox
of the main gemerator and is gear driven
by a shaft extension inside the gearbox. it
supplies the main generator field current.
It is a small, specially wound generator
that maintains power output asnearly con-
stant as possible., To avoid overloading
the engine, the strength of the main gen~
erator field must be varied so that the
generator voltage is decreased as the cur-
reat demand is increased. ts own field is
supplied by several sets of windings which
are independent of each other in order to
obtain the desired ouput charsdcteristics
(tig. 52). One set of windings is the four-
pole field which is emergized by the bat-
tery, or auxiliary generator, at astrength
determined by a load regulator which is
installed in the circuit. Another set of
windings is a two-pole field which is fed
by the exciter armature, A third set of
windings is a differential (reversed) field
that is energized by current from the main
generator, When current from the main
generator to the traction motors is high,
the differential field opposes the other
exoiter fields which thereby reduces the
exoiter output tothe maingenerator fields,
and maintains a main generator output
which approximates the engine power
capacity throughout the speed range of the
engine,

71. Load Regulator

& Control of the power ouput of the main
generator, so that the engine speed will
not fall below that called for by the throttle
setting, is known as load control. As load
is imposed on the engine, the governor
admits more fuel until the fuel limit for
that speed is reached. Any attempt to in-
crease the load beyond this point will cause
the engine to slow down. At such time,

a load regulator in the generator excita-
tion circuit automatically reduces the
power output of the generator by reducing
its field excitation and the diesel engine
continues to run at normal speed. The load
regulator is an automatically operated
rheostat controlled by a pilot valve in
electrohydraulic governors or pneumatic-
hydraulic governors. Engine oil pressure
is used to move the rheostat, as directed
by a pilot valve, loading the engine
aocoording to the throttle setting in the cab,
The only external wiring connections are
two leads to the gemerator battery field
circuit. The load regulator has two com-
ponents—
(1) The pilot valve.
(2) A self-contained unit consisting of
a hydraulic vane-type motor at-
tached to the commutator-type
rheostat.

b. For the purpose of load regulation,
the engine horsepower output is de-
termined by the rate of fuel consumption,
Thus, for each throttle position (as shown
on the governor) there is a definite fuel
oconsumption as indicated by the position
of the governor power piston, which con-
trols opening of the injector racks, If the
load of the engine should be suchthat more
fuel (consequently, power) is demanded
than the predetermined balance point (be-
tween load and fuel consumption), the load
regulator will automatically reduce the
engine load by reducing the battery field
strength, This reduces the fuel consump-
tion and, correspondingly, power output.
If the engine requires less fuel than the
predetermined setting, the load regulator
increases the load on the engine by in-
creasing the battery field excitation of the
main generator. In this manner, battery
voltage, temperature changes in the gen-
erator windings, or locomotive speeds do
not cause overloading or underloading of
the engine and a constant power output is
maintained for each throttle setting.

72. Main Power Switches

The power oontactors illustrated which
connect the traction motors to the main

generator are pneumatically operated,



AUXILIARY_GENERATOR

e L LT
BATTERY
LOAD REGULATOR  EXCITER 4-POLE FIELD
L—nnn W
EXCITER

EXCITER 2-POLE FIELD
EXCITER DIFFERENTIAL FIELD

MAIN
GENERATOR FIELD

MAIN GENERATOR

GEN. COMMUTATING FIELD

TRACTION MOTORS

Figure 68, Emoiter cirouit.



heavy-duty single-pole switches rated at
approximately 1,200 volts and 800 amperes
(fig. 53). They are located in the high volt-
age electrical equipment cabinet. The
contactor (variously called a unit switch
or pneumatic power switch) oconsists of
one fixed and one movable contact, amag-
net valve, an arcing horn, arc box, and
blowout coil. The magnet valve is en-
ergized by the low voltage control circuit
when the throttle is advanced to the first
notch, This is usually accomplished
through an intermediate power oontrol
contactor in order to obtain proper inter-
locking and avoid cumbersome wiring to
the throttle which would be necessary if
all related equipment were connected
directly. An energized magnet valve ad-
mits air to the cylinder, thereby moving
the piston and linkage to close the contacts,
Spring action on the piston or linkage opens
the power contactor when the control cir-
cuit no longer energizes the magnet valve,
Even though circuits are designed so such
contactors normally open when: traction
motor current has dropped to a negligible
quantity, provision must be made for inter-
rupting heavy current when the contactors
occasionally open under load, as during
an emergency brake application, Standard
construction for such conditions consists
of an arcing horn to carry the current and
avoid pitting the main contact tips, an arc
box to confine the arc and prevent burning
other parts of the contactor, and a blowout
coil by which the magnetic fieid of the coil
forces (or "blows") the arc away from the
tips. As the path of the arc increases in
length, the difficulty in jumping the gap
increases, the arc is ruptured and current
ceases to flow, These contactors are also
used to establish the various connections
of the traction motors between each other
during transition, in addition to the connec-
tions with the main generator. The coil of
the magnet valve of a contactor in the
transition circuits must be connected to
the transition controls which determine
when the contactors open or close. When
the transition controls are in seriesposi-
tion, only the power contactors in series
motor connections are energized (closed);
when the transition controls are in series-
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parallel position, only the power con-
taotors in the series-parallel motor con=
nections are energized.

73. Reverser

The reverser is an electropneumatioc
switching device which reverses the oon-
nections of the traction motor field wind-
ings (figs. 54). The traction motors change
their direction of rotation when the fields
are reversed, thereby changing the direo=-
tion of travel of the locomotive, A rotating
cylinder, or drum, is the main switching
element of the reverser. Copper segments
on the surface of this drum are so arranged
that contact is made with different com-
binations of sliding-fingers as the drum
rotates through a small angle. It is con~
trolled by the reverse lever at the control
stand in the cab. When this lever is in the
forward or reverse position, the corre-
sponding magnet valve on the reverse is
energized and air is applied to the pneu-
matic operating mechanism (air engine)
to turn the drum and establish the proper
electrical connections (the actual turning
may occur only after other controls are
set, depending on individual design). i the
coil'of a magnet valve is burned out, the
reverser may be thrown manually by de=-
pressing a button (pin) on the magnet valve,
The shaft may also be turned manually if
the air supply fails, by applying leverage
to a handle at the base of the drum, A neu-
tral position is seldom desired but is
available on some types of reversers.
When the engine is dead, the drum can be
turned by hand. Small cams are mounted
on the drum to operate interlocks in the
control circuit. The magnet valves on the
reverser are fed through interlocks on the
main power switches (or related equip-
ment) so that the reverser will not turn
except when the power circuits are open,
The reverser does not break any current,
and there should be no burning or pitting
of the main contacts.

74. Traction Motor Field Shunting Equipment

Traction motor fields are provided with
shunts which divert or bypass a portion
of the field current when the full power
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Figure 54. Reverser.




field-shunting transition, plus the manual

sembling shunting contactors, care must
be taken to never drop the piston, or
piston head, or cylinder head. These parts
require acourate tolerances and a mar
may ruin the machined surfaces.

75. Load Ammeter

An ammeter connected to the main
power cirocuit is mounted near the control
stand where the operator can readily ob-
serve it. It is frequently connected in one
of the motor oircuits, in which case other
motor oircuits are ocarrying an equal
amount of current and the main
ocurrent is the sum of all motor currents.
The socale of the ammeter may be divided
into oolored zones which indicate short
time ratings for overload operation. In
addition to figures showing the current in
amperes, it may be marked in minutes to
the overloaded portion of the scale which

instruction plate below the ammeter gives
directions for the use of these short time
ratings.

Note. If the ammeter is in a oirouit whioh is
opened by the traction motor outout switoh, it will
not indicate any current, but proper transition and
overloading limitations must be observed.

76. LoadLimits

& Continuous Rating. A diesel-electric
looomotive will overload itself without
stalling the engine. Therefore, it is nec-
essary to provide the operator with
limiting controls. The limitations cannot
be speocified in detail for all conditions of
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b. Overloads. Any ammeter indication
greater than the continuous rating consti-
tutes an overload. Electrical apparatus
will safely carry an overload for a lim-
ited time if maximum allowable tempera-
ture has not been reached. There are
many times when it is desirable and safe
to use this overload capacity in a loco-
motive, but the greater the load, the
sooner the limit is reached. The loads
allowed under such conditions are called
short-time ratings. A 1-hour rating means
that, starting cold, the continuous temper-
ature will be reached in 1 hour. A 30-
minute rating is permissible for 30
minutes, and a 10-minute rating for 10
minutes, under similar coircumstances.
The dial of the ammeter may be marked
in like manner; for example, 20 peroent
greater current (load) for about 20 per-
cent less time than that required to reach
maximum temperature at continuous rat-
ing, or 40 percent greater current for 40
percent less time. Any overload whica
begins when the motors are partly warm
should not be imposed for as long a time
as when starting cold, and any motor
which has been operating at the contin-
uous rating for a long time does not have
any overload capaoity. If the point remains
between two different overload ratings,
the operator can estimate an intermediate
permissibie time. If the load changes, the
operator is again confronted with a situa-
tion where judgment must be exercised.
For example, a train acoelerates from a
oold start with the locomotive ammeter
at a 10-minute short-time rating, but in
10 minutes has reached a speed where it
is working at the 30-minute short-time
rating. Even though the ammeter shows
danger, it is safe to continue the load for
10 more minutes. Assuming the locomotive
enters an upgrade where it works at the
20-minute short-time rating, and half the
allowable overload (heat accumulation)
has been consumed in the first 10 minutes
of acoeleration, there remains a 10-minute
period in which the locomotive may climb
the hill at the 20-minute short-time rat-
ing. Trains in routine railroading are
made up so that locomotives may suc-

cessfully negotiate the ruling grade. If
part of the locomotive's power is lost (or

out out), load limits on a judgment basis
assume great significance for the re-
maining power in use. When Army per-
sonnel find it necessary to operate in
strange territory, the load limits must be
promptly ascertained from any available
records or established by railway per-
sonnel who thoroughly understand the
various factors involved.

77. Transition

Transition is the act of changing trac-
tion motors from series connection to
series-parallel or parallel connection, or
closing field shunting circuits to weaken
the traction motor fields. Its purpose is
to change the flow of current to obtain a
more effective use of power. Field shunt-
ing is relatively simple and can be done
in two or more stages if desired. Auto-
matic shunting relays usually control the
changes. Transition of motor connections
is frequently done automatically, although
hand operated transition controls are in
use. Transition ococurs when the proper
circuit values prevail on either increas-
ing or decreasing locomotive speeds. It
is normally ocalled backward transition
when ‘original connections are made in
the opposite sequence as speeddecreases.
When motors are connected in series, the
same ocurrent flows through each motor
and the generator voltage is impressed on
the entire group of motors, resulting in a
ocomparatively low voltage for each motor.
If the connections are changed to put mo-
tors in series-parallel or parallel with
each other, higher voltage is impressed
on each motor resulting in a corresponding
inorease in current through each motor
and a oorresponding increase in power
output of the generator. When the fields
of a series motor are shunted, only
a portion of the current continues to flow
through the fields. This weakens the field
and the countervoltage, or back-emf, This
is equivalent to lowering the resistance
of the circuit and results in an increased
flow of current. Inoreased current in every
instanoe increases the torque, the tractive
effort, and the power drawn from the gen-
erator, and a balanced condition for volt-
age, current, andtractive effort is reached
at progressively higher speeds.
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78. Dynamic Braking

Locomotives are often provided with
additional electrical equipment through
which the energy of a train moving down-
grade is converted to electrical energy
which is dissipated as heat in special re-
sistors. The speed of the train is kept
down by the force required to generate
the electricity, and the feature is known
as dynamic braking. Its use, particularly
on long grades, reduces wear on brake-
shoes throughout the train, prevents
excessive heating of the wheels, and elim~
inates operating stops for cooling wheels.
The traction motors act as generators
driven by the axles during dynamic
braking. The motor connections are
changed during braking, and the amount
of braking is regulated by changing the
field excitation of these motors. The
controls are built into the throttle and
reverse lever. This system is indepen-
dent of the airbrake system which may be
used simultaneously on the train, although
the airbrakes are automatically inter-

locked out of action on the locomotive to
prevent sliding the wheels, Dynamic brak-
ing necessarily bunches the train; there-
fore, slack should always be adjusted
gradually. Controls are simple, but
detailed instructions for each model
should be obtained from the appropriate
instruction manual., The technique of grad-
uated release and application of brakes is
simpler than with airbrakes, but the tech-
nique of handling longtrains in conjunction
with airbrakes should be carefully studied.
Individual relays and contactors are in-
spected and maintained in the same
manner as other relays and contactors.
Maintenance and adjustment of an installa-
tion on the locomotive must follow individ-
ual testing instructions on sequence, relay
pickup, and loading. Operating instructions.
must be obtained for each locomotive, but
a brief summary of typical operation is
given in the operating section. U, S. Army-
owned diesel-electric locomotives are not

equipped with dynamic braking.

Section [l. POWER CONTROL SYSTEM

79. Power Control Circuits

Control circuits are low voltage circuits
that control through relays on contactors
the heavy switching equipment necessary
for handling the high voltage power cir-
cuits. The equipment is a typical control
circuit (fig. 56) and is both manually and
automatically operated. The principal
manual controls are at the operator's
position shown in figure 57, but there are
many automatic features in the circuit to
insure a proper sequence in closing and
~pening switches, thereby removing much
burden and responsibility from the en-
gineman, Other apparatus is entirely
automatic such as the field shunting con-
trols. Power is generally fed through a
master control switch from the source,
The operating coils in the heavy switching
equipment appear next to the negative re-
turn line of the control circuit. The
intermediate equipment between the con-
trol switch and the operating coils con-
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sists of manual controls, automatic
controls, and interlocks which determine
when the heavy switching equipment is
energized. Abbreviated illustrations of
tracing a circuit are shown in figure 56.
Except on small locomotives, a reverser
valve must be energized to throw the re-
verser. This requires that the control
switch be closed, the throttle be advanced
(the contactor symbol on the throttle
'rides" the segment on the ON line when
the throttle is advanced from OFF), and
the reverse lever be in FOR or REV (the
contactor symbol on the reverse lever
"rides" the segment on the REV line
when in the REV position). A pneumatic
throttle is shown. An electric throttle
functions similarly in the portion of the
circuit just described, but is more com-
plicated, because it has eight "on'" posi-
tions. In the diagram shown, interlocks
on the reverser close to complete the
circuit between the reverse lever and the




power cutout switch and engine control
switch. If circuit conditions are satis-
factory, the power control coil is ener-
gized. The power control contactor then
closes, which (other interlocks permitting)
sets up the oircuit to the coil ofthe power
switches. When these coils are energized,
the power switches close. The combined
reverser and the power switch settings
have not connected the traction motors to
the generator. It is fundamental that all
heavy-duty contacts of control apparatus
appear in the main power diagram and
the low=-voltage operating coils appear in
the control diagram. Diagrams for spe-
oific use in manufacturing and repairing
the equipment carry wiring details showing
all coils, contacts, and interlocks in one
assembly. Wires are identified by num-
bers. For example, a detail of power
switch P1 would have coil connections
identified as 52 and N (negative), inter-
lock connections as 43 and 44 in accord
with the control circuit diagram, and main
contactor connection designated for proper
wire connections to the number one motor
in accord with the power circuit diagram,
These numbers are generally painted on
the equipment and banded to the wires on

a stamped tag.

80. Control Station

The operator's control station located
in the ocab includes a ocontrol stand,
brake stand, control panel, instrument
panel, speed indicator or recorder, head-
light switch, and all essential equipment
for controlling locomotive movement
(fig. 57). All locomotive movement is con-
trolled by four (or five) handles: the
throttle, reverse lever, transition lever,
if installed, automatic brake valve handle,
and independent brake valve handle. Some
looomotives have dual control stands in
the same ocab, but they are interlocked
80 that the locomotive can be controlled
from only one stand. Much of the
accessory equipment is not duplicated
in dual control installations.

81. Operating Instruments and Controls

' a The throttle lever controls the speed
of the diesel engine and, consequently,

the power delivered to the traction motors.
The throttle that functions through an
electropneumatic governor or electro-
hydraulic governor is called an electric
throttle and must be connected electri~
cally to the governor. A throttle that
functions through the air system is called
a pneumatic throttle and must set the
governor through a pneumatic actuator.
Some locomotives have a mechanical
linkage between the throttle and governor.
(1) A typical electric throttle has
seven or eight running positions
in addition to a stop position and
idle position. As the throttle lever
is moved through its operating
range, various electrical connec-
tions are made between the low
voltage ocontrol lines and the
solenoids in the governor. Fingers
making sliding contact with seg-
ments on a rotating drum or
cylinder in the throttle, thus deter-
mine the fuel setting of the
governor. The drum may alsohave
auxiliary contacts to maintain
proper sequence or interlocking
of other equipment, the most
typical of which is in the control
circuit to the mainpower switches.
The throttle is also interlocked
mechanically with the reverser and
with the transition lever if
transition is controlled manually.
These features insure the opening
of the main power switches when
necessary during various stopping
and reversing operations.
(3) A pneumatic throttle is equivalent
to a pressure regulating valve,
The pneumatic actuator responds
to the pressure established by the
throttle to determine the fuel
setting of the governor. It has
auxiliary contacts similar to the
electric throttle, for sequence and
interlocking features. Except for
notches at the ends of its arc
of travel, the throttle moves
smoothly through an infinite num-
ber of positions. Multiple-unit
operation of locomotives with
pneumatic throttles requires an
air line at control reservoir
pressure between the units.
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b. The reverse lever controls magnet
valves in the reverser, which is thereby
turned to change the connections of the
traction motor fields.

(1) There are several types of reverse
levers all of which are easily
handled. For any information or
modification, not clearly under-
stood from the following typical
descriptions, refer to the instruc-
tion manuals for the specific loco-
motive. In its simplest form, the
reverse lever has three posi-
tions—FOR, REV, and OFF. In the
OFF position, the mainpower con-
tactors will not close when the
throttle is advanced. In the FOR
position, the forward magnet valve
of the reverser is energized, which
turns the drum and changes motor
connections as described in para-
graph 73. In the REV position, the
reverse magnet valve is energized.
This lever must not be moved when
the locomotive is moving, because
circuits are likely to be short-
circuited. It can be removed from
the control stand when it is in the
OFF position (and, depending on
model, with throttle and tran-
sition lever in idle or offposition).
It should be removed if the
locomotive is unattended, even
briefly, in order to interlock the
controls in aninoperative position.

(2) A five-position reverse lever may
have dynamic braking forward and
reverse positions added. The lever
is, of course, moved tothe braking
position while moving, but should
be moved between FOR, OFF, and
REV only at standstill, asdirected
above for the three-positionre-
verse lever.

{3) A seven-position reverse lever
(possibly called controller by
some manufacturers) has an off
position, three forward positions,
designated series, series-parallel,
and reduced-field, and three re-
verse positions similarly desig-
nated. Such a lever is used on
certain manually controlled tran-

sition-type locomotives, and the
transition lever (c below) is
omitted.

¢. A transition lever (or selector lever)
is provided on locomotives having
manually controlled transition. It may
also be installed on locomotives having
automatic transition, principally for the
purpose of controlling trainlined tran-
sition circuits during muitiple-unit op-
eration with locomotives having manual
transition. It usually has five or six
positions— OFF, 1, 2, 3, and 4. A braking
position is sometimes provided for
dynamic braking. The proper step of
transition is wusually indicated on the
dial of the load ammeter, or speed-
ometer. The relationship between current
and speed is sufficiently definite to per-
mit either instrument to be used as a
guide for transition. Transition should
be made when speed (or current) changes
to a different range, in both acceleration
and deceleration. It should also be changed
when decelerating with throttle in the
idle position, even though no current is
registered on the ammeter, to avoid
a subsequent advance of the throttle with
the traction motors improperly connected.
Approximate appropriate speeds for the
various positions of the lever are position
2 between 17 and 23 mph, position 3
between 23 and 49 mph, and position 4
above 49 mph. (This information is
descriptive and should be checked for
any given locomotive.)

d. A transition forestalling switchon the
control panel is usedtoprevent undesired
forward transition on automatic equip-
ment. An example of its usefulness is an
upgrade operation with short intermediate
dips which may result in frequent changes
of speed (and current) into a different
range and consequent excessive changes
in motor connections if transition con-
tinued automatically. In a typical installa-
tion when the switch is in the up-auto
position, forward transition will take place
automatically at the proper time. When
forward transition is not desired, the
switch is placed in the down-series
position, Traction motor connections will
then stay in series or series-parallel,




by the operation of the backward tran-
siton relay, or by reducing the throttle
to the idle position. The operation of
the transition forestalling switch is not
trainlined. In muitiple-unit operation, the
forestalling switch in each unit must be
placed in the position in which it is de-
sired to operate the locomotive,

e. The automatic brake valve comntrols
the operation of brakes on the locomotive
and on the cars when properly connected.
The independent brake valve ocontrols the
operation of brakes on the locomotive
only. A separate portion of this manual
describes the air system,

£ A switch, usually designated as the
control switch, is mounted at the control
stand to connect the oontrol circuits to
their source of power. The locomotive
lights can be lit and the engine starting
circuit will function (on some models)
without closing this switch. All other
control equipment is normally fed
this switch, or through interlocks whose
setting is dependent on this switch. It
is, therefore, equivalent to a master
switch for locomotive ocontrols on the
locomotive and on any tralling loco-
motive to which the controls are oon-
nected in multiple,

& The instrument panel consists of
& load ammeter and two duplex air pres-
sure gages showing pressure in the main
reservoir, equalizing reservoir, brake
pipe, and cylinder. These instruments
together with the speedometer (if in-

engine. It also contains the
resistors, rectifiers, capacitors, and
wiring, comprising portions of the speed
ocontrol and alarm circuits. The diesel
engine is started at the oomtrol station.
The starting button, fuel pressure gage,
fuel pump switch, and auxiliary generator
field switch are part of the control station
(tig. 57). The battery charging ammeter,
the warning lights in alarm circuits, and
a few switches are on the control panel
and instrument panel (fig. 58). In general,
the oontrol station is used in starting
an engine or when special operating
problems arise such as isolating an engine
and resetting the ground relay. The equip-
ment should be handier than the less
frequently used manual equipment inside
the equipment cabinet, but need not be
placed where the operator observes it
constantly.

i. Miscellaneous coatrols such as the
horn, bell ringer, sander, and deadman
pedal are found at the control stand. These
items are used frequently as described
in separate paragraphs. Various selector
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cocks, doubleheading coocks, and. similar
air system fixtures may be on the brake
pedestal, or may be under the floor. If
they are under the floor, they may be ac~
cessible by trap door, or from an outside
door which is perfectlyfeasible since their
setting is changed only when standing still.
Control stand switches in circuits to var-
fous lights, heaters, and acoessories are
clearly identified by nameplates.

82. Electrical Equipment Cabinet
& Most of the electrical equipment on

-the locomotive is mounted in a centrally

locsted cabinet which is the "nerve
oenter" of electrical circuits. Unless the
apparatus does work on some mechanical
part, or has work done upon it, it is
usually mounted in such a cabinet. Some
large locomotives may have a second




is
sponds directly to temperature or
pressure, and a shutter valve or radiator

oooling control is mounted on the radiator
bulkhead. Figure 59 shows typical equip-
ment found in an equipment cabinet from
which wires run to all parts of the loco~

apparent roundabout wiring is more then
offset by many amplifications. For exam=
ple, one reverser serves all traction
motors and any interlocks such as those

83. Traction Motor Cutout Switches

& A traction motor cutout switch is
used to take the motors out of the cirocuit
if there is an electrical failure, such as a
short circuit or ground, in the circuit.
There are three types of cutout switches —

(1) A simple toggle switch in each
motor circuit which has an open
position and closed position.

(2) A multipole rotary switch which
controls all motor circuits ac-
oording to designations on its
nameplate.

(3) Manually set contacts mounted on
the reverser as on the MRS-I
locomotive (electric motor driven
only).

b Only one rotary switch is needed for
each unit, In installations of rotary or
toggle-type cutout switches, the control
oirouit to the main power switchespasses
through the traction motor cutout switch.,
When the cutout switch (para 72) is open,
the main power switches are deenergized
(opened) and the corresponding motors
are disconnected from the generator. The
switch setting should not be changed under
heavy load because heavy currents are
likely to arc and burn the contactors. Idle
the engine by the throttle, or by anisolat-
ing switch, before opening a power cirouit.

84. Engine Shutdown Controls

There are so many methods of stopping
a diesel engine that only general descrip-
tions can be given here. However, after
basic information is aoquired, the opera-
tion of various installations is more
readily understood. Operators should
clearly recognize the difference between
routine stopping and emergency stopping,
and familiarize themselves with the var-
ions provisions thereof on different loco-
motives, The fuel supply is shut off by
the various stopping controls listed below,
but some act more promptly than others,
and some act on an individual engine
only, while others stop all engines in
multiple-unit operation.

& Stop Position on Throttle. When a
throttle is provided with a stop position,
the fuel control shaft on the engine is
turned to the no-fuel position, usually by



Figure §9. Typical electrical ¢

a solenoid in the governor, or a related
shutdown valve which is not built into the
governor, but acts on the fuel conmtrol
shaft in the same manner. The throttle
is provided with interlocking which pre-
vents unintentional movement to the stop
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pment cabinet.

position. The stop position of the throttle
stops all engines in multiple.

b. Governor Shutdown Plunger. A
plunger on the governor may be pressed
by hand to shut down the engine. The fuel
control shaft is turned to the no~fuel posi-



all engines in multiple.

d Automatic Controls. Any protective
device may be connected tostop the engine
if desired. Low lubricating oil pressure
protection is universally incorporated with
.tq:ptng controls. Hot water protection

and ground relay protection may be in
either a stopping cirouit or an idling cir-
ouit and are desoribed in detail under
their respective headings.

e. Miscellaneous Fuel Supply Coatrols.
The engine will stop if fuel is shut off by
opening the fuel pump switch, opening the
oontrol switch, or tripping the emergency
fuel cutout valve operated by pull rings.
These are seldom used as routine or
emergency stopping methods and are listed
here for information only.

85. Pneumatic Control Switch

Engine power output should be reduced
when there is any emergency brake ap-
plication or penalty applicatione from
safety control, overspeed comtrol, train
oontrol, or similar devices. This is done
automatically on many locomotives by a
pneumatic control (PC) switch which is
normally closed, but which trips open
under oertain brake pipe pressure reduc-
tions. Eleotrical connections differ on
varions models, but, in general, relays or
interlocks are brought into action which
idle or stop the diesel engine, stop the
fuel pump (on some installatione), and
turn on lights. The switch auto-
matically resets itself when the throttle is

returned to idle and brake pipe pressure
has been restored (para 151¢).

86. Multiple-Unit Equipment

In multiple-unit operation, all connected
locomotives are controlled from one cab
(para 147). In addition to the conventional
coupling of drawbars and air lines, the
electrical control circuits of the two
locomotives must be comnected to each
other. A jumper for this purpose con-
tains a number of wires connected to a
plug which is keyed so it can be inserted
in end receptacles on the locomotives in
the correct position only (fig. 60). Con=-
trols are set in multiple-unit operationso
that the power and brakes on all units are
oontrolled from only one cab. The loco-
motive from which operation iscontrolled
is called the leading unit, and all other con-
nected units are called tra.mng units. As

the lead or control unit. (The
usually happens to be the lead-
ing actual practice, but any unit
can be the so-called leading unit regard-
less of tion among several coupled
The engine on all trailing
units is started at the control panel on
each unit. The battery switch (and a few
other switches on some models) is kept
closed. In all other respects, operation
is oontrolled from the leading cab in the
manner as a single unit. Locomo-
must be of similar design toconnect
them in multiple. A clear distinction
should be noted between multiple-unit op-
eration and doubleheading operation.
Operation when coupled to a steam loco-
motive, or a diesel locomotive which

E
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Typical control wires in the connecting
jumper are as follows:

& Control switch.

b Forward-reverse control.

¢. Throttle cirouits,

d. Sanding cirouits.

e. Alarm and indicating circuits.
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£ Compressor wvalve (if compressors
are synchronized).
& Fuel pump motor (except on some
models, the closing of the control switch

Figure 60. Multiple-unit end receptacle.



CHAPTER N
AUXILIARY POWER SYSTEM

Section |. POWER SYSTEM AUXILIARIES

87. General

The auxiliary power system
low circuits (usually 64-74 volts)
fed by the battery and auxiliary generator.
This includes control apparatus, engine
starting oirouits, battery charging oir-
ocuits, lights, and electrical accessories.
Some equipment operates paitly in the
main power. circuit but is described here
in its eatirety. Muchof the equipment func-
tions automatically. Details of the installa-
tions vary greatly between models, Oper-
ators need little information beyond the

includes all

88. Auxiliary Generator

An auxilary generator of about 10 kw
oapacity is used to provide auxiliary power
to operate control equipment, charge the
storage battery and to supply the low volt-
age coircuits for lighting, fuel pump motor,
and field excitation. It may be belt driven

geuer

the frame of the main generator. The
tage is slightly above battery
voltage, and the auxilary generator as-
sumes the load after the battery has sup-

plied power for starting the engines.
8. Avxiliery Generator Switch

A two-pole auxiliary generator switch
disoonnects the auxiliary generator whea
opened. It may be a breaker-type switch
which automatically gives protection
against exoessive current, or a simple
double pole, single throw knife switchwith
protection against excessive current fur-
nished by a fuse. If this switch or fuse is
open, the battery must supply all low volt-
age requirements.

Warning: Replace this fuse only after
opeaning the auxiliary generator switch.
Most recent locomotives also have an
auxiliary generator field switch or
breaker. If this switch is open, the auxil-
fary generator will not supply the low voit-
age system. On locomotives having both
these switches, the field switch is usually
on a panel in the cab and the auxiliary
generator power switch is in the equip-
ment cabinet, The field switch is opened
when the locomotive is shut down and kept
open umntil after the engines are started
again,

90. Temperature Controls

Water temperature in the engine cooling
system is regulated automatically on
larger locomotives. Aswater temperature
changes, a thermostat operates tempera-
ture switches which activate fan motor
contactors in definite relationships to the
water temperature (para 95b).

91. Fan Motors

Some engine oooling fans are motor
driven and receive their power from an
alternating current generator (alternator),
Various ocmbinations of fan oomtactors
provide for fan operation through an inter-
mediate tap in the traction motor circuit,
The fan contactors are energized through
the temperature oontrols described in
paragraph 90. A double~throw fan switch
is usually provided in the control circuit,
If the automatic oontrols do not function,
continued operation may be assured by
throwing this switch. Refer to figure 61
for typical circuits,

92. Eddy Current Clutch

a QGeneral, An eddy current clutch
is a magnetic clutch through which power
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is transmitted to drive the ccoling fans

Thus, the amount of slip between the
inner and outer rotor may be varied to
adju.tfgnupoedwtthenglnerevolutiom.

first, and a further increase in tempera-
ture closes the full-speed relay. As water
temperature drops, the same series of
events takes place in reverse order.

93. Shutter Valves

When shutters are positioned auto-
matically they are operated by pneumatic
cylinders which are actuated by air
supplied from the main reservoir through
magnet valves. In a typioal installation,
the magnet valves are energized by the
shutter relays which, in turn, are op-
erated by the engine temperature con-
trol switch, The ocontrol switch is
connected by a capillary tube with a
temperature bulb located in the cooling
system between the engine and the
radiators. Current for the temperature
control switch and the magnet valves
is taken from the low voltage system.
When the engine temperature control
switch of each engine closes, it energizes
the corresponding shutter relay. Closing
of the shutter relay energizes magnet
valves, which admit air to the operating
oylinders of the corresponding shutters,

|
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causing them to open. In each set of
shutters, a system of linkage operates
both the right- and left-hand shutters.
The linkage is connected to a lever
which is latched to a notched quadrant.
The quadrant is moved by the action
of the air cylinder, carrying the lever
with it and thus operating the shutters.
This construction permits manual oper-
ation of the shutters should any failure
of the electropneumatic shutter control
system occur. During automatic opera-
tion, the lever is left latched in the
closed notch of the quadrant.

94. Water Temperature Switch

A water temperature switch is provided
on some locomotives to close an alarm
circuit if the engine cooling water be-
comes too hot. The switch may be con-
nected (directly or through interlocks) to
light an indicator lamp, ring a bell, and
idle the engine. It can be connected to
stop the engine, but it is better to dissi-
pate some heat at idling speed if possible.
Some locomotives have only the bell
alarm for hot engine trouble, and when
locomotives are used in multiple-unit
operation, only the bell alarm fs train-
lined to other units, The switch is closed
by a thermal element which responds to
engine water temperature. The point of
closing is adjustable to temperatures
ranging between about 160° and 200°F.
The point of opening when water cools is
determined by a differential adjustment
screw.

95. Ground Relay

A ground relay is installed in the main
power circuit to warn the enginemen if a
ground develops in this circuit. When con-
nected, as shown in figure 63, no current
will flow through the relay until some
portion of the circuit is grounded. When a
grounded condition actuates or closes this
relay, its contacts close circuits to an
alarm bell or indicator light and, in most
designs, idle the engine and disconnect
the traction motors. This is acoomplished
through a throttle valve or corresponding

solenoid on a governor whose circuits are

fed through the ground relay or related
interlocker. Typical connections are
shown in figure 63. A holding coil keeps
the ground relay closed after it is ener-
gized even though it was closed by a
transient condition which has cleared up.
A ground relay reset button is provided
to release the relay in such instances. A
ground relay cutout switch may be pro-
vided to make the relay entirely inopera-
tive. A single from the power
circuit to the frame will not seriously
affect the unit, but only limited operation
should be attempted because a break
through another point of weakness would
be very serious. It is, therefore, possible
to move a locomotive, and a train if need
be, to a siding or terminal even though a
ground persists. However, judgment
should be exercised as to the urgency of
the movement, and any rules governing
the use of the ground relay cutout switch
should be strioctly observed. In multiple-
unit operation, the indicating light is the
only action usually extending to other
units,

96. Wheel Slip Relay

A wheel slip indicating system is in-
stalled on the larger diesel-electrit
locomotives such as the 120-ton MRS-I
(tig. 97). Wheel slip relays, as shown,
are connected to resistors in the traction
motor circuit (fig. 64). Under normal op-
eration, balanced voltage conditions inthe
motor circuit do not result in a flow of
current through this relay. When a pair
of wheeis slip, unbalanced voltage condi-
tions cause ourrent to flow through the
relay. When this relay is energized, the
contaots energize a governor solenoid
which reduces engine speed and operates
a buzzer warning and/or indicator light
in the engineer's cab. Interlocks reduce
generator excitation at the same time.
When slipping stops, balanced voltage
conditions exist and power is automatically
restored. The buzzer or light is train-
lined to all units in multiple, but engine
speed is reduced only on the slipping unit.
The discussion of bridge cirouits inpara-
graph 54 describes the fundamental
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principles involved. Various motor con-
nections require modification of the
relay's connections, but the same general
objective is obtained. The voltages at
which the relay picks up and drops out
are adjusted to avoid continual response
to minor fluctuations. The operating coil




wheel slip relay (WSR) that closes ener-
gizes auxiliary relay (WSA) which has
three contacts. These contacts energize
and deenergize coils in the governor con-
trols and energize the warning devioes in
the indication (WS) circuit.

97. Miscellaneous Relays

Many relays are used for miscellaneous
purposes and take a name derived from
the purpose they serve. They are essen-
tially alike in operation and construction
exocept for the number of contacts desired
on one relay. Typical examples follow,

a. The signal relay (sometimes ocalled
alarm relay) is generally connected to
sound the alarm bells when any indicator
lights give warning of faulty conditions.
The various alarms actuate individual
lights for each type of failure and, in
multiple-unit service, adtuate the faulty
unit indicators only. However, the bells
ring on all units for all types of faults
for which a bell warning is desired. Flex-
ibility is, therefore, needed and the details
of wiring are more readily accomplished
by employing a separate relay.

b. A time delay relay consists of a
pneumatic time delay unit, magnet coil
assembly, and a snap switch., The relay
is located in the electrical cabinet. The
pneumatic time delay unit is mechanically
actuated by a magnet coil assembly of
plunger design. Time delay is dependent
upon the transfer of air from the upper
to the lower chamber of the pneumatic
unit through a regulated orifioe. Rotation
of a knurled knob gives a wide range of
timing adjustment. Air returns from the
lower chamber to the upper chamber
through a clapper valve for instantaneous
reset. The clapper valve is located in the
upper chamber and is normally closed.
The timing operation is initiated when
the force of the spring-loaded (magnet
coil) armature acting on the bakelite con-
tact operating block is removed by ener-
gizing the magnet coil. This allows the

block spring to apply foroce to
the block which is coupled to the dia-
phragm through a bracket. The operating
block follows the magnet coil armature
at a rate depending upon the pneumatic

n2

time delay unit setting. The relay is used
when it is necessary to delay an auto-
matic change in electrical connections
until any transient or residual effects have
died down.

98. Sanding Magnet Valve

Magnet valves in the equipment cabinet
control the flow of sand through the sand
nozzles when sanding is oontrolled eleo-
trically. A forward sander valve controls
sanding in front of the whesls and a
reverse sander valve oontrols sanding
in back of the wheels, The magnet valves
are energized through a sander switch
which may be manually operated in the
cab on some locomotives or pneumati-
cally operated by a ocontrol sand valve,
The circuit is interlocked through the
reverser 8o that sand is automatically
applied to leading wheels only (that is,
in the direction of travel). Sanders on all
units connected for multiple-unit operation
are similarly operated from the ocon-
trolling cab thrmghatra.‘lnlmedomdm
wire. The equipment is arranged to apply
sand automatically during an emergency
brake application, For sanding equipment
which has no electrical connection, see
paragraph 1281

99. Overspeed Valve

Loocomotive overspeed devioes are of
several types. An overspeed signal may
be given by a speed recorder, an axle
generator, or a governor in train control
systems. In a simple form, an overspeed

magnet valve acts to sound a warning
whistle in the cab and apply the brakes.
If the device is equipped with a recapture
feature, a prompt brake pipe reduction
will avoid a penalty application. After a
peaalty lppuommhmwod.thoenﬂro
recovery routine must be followed before
normal operation is resumed. On some
models, an overspeed device functions
through a pneumatio control switch instead
of through an overspeed valve,

100, Fuel Supply Pump Motor

The fuel supply pump (transfer pump)
is driven by a small motor normally






connected to the control circuit. It operates
at constant speed to maintain fuel oil
pressure at the fuel injection pump when-
ever the engine is running or being started.
The pump is operated by a fuel pump
switch, the control switch, or through a
remotely controlled fuel pump contactor,
depending on model. Small motors should
be inspected often enough to prevent failure
in service. Unless faults develop, pro-
perly maintained small motors should run
5 or 6 years before removal for general
overhauling. When any replacement is
made, maintenance men should connect
the pump and motor carefully according
to manufacturer's instructions. For
example, Bulletin 802 for maintenance of
MRS-I locomotive states that proper
clearance must be provided in the coupling
between the two coupling halves and the

centerpiece to prevent end thrust on the
pump shaft which, in turn, can damage
the motor. Both single and dual pump
units are equipped with a coupling, which
should have a distance of 1/2 inchbetween
the two coupling halves withthe endplay of
the motor armature taken into considera-
tion. There should be approximately 1/16-
inch clearance between the composition
centerpiece and the two die-cast coupling
halves with the pump bolted in place and
the motor armature pulled toward the pump
shaft to its farthest position. It is a very
common error in assembling not to take
into consideration the end play of a motor
armature. These pumps are not designed
to take end thrust toward the pump cover,
and extreme care must be taken to prevent
thrust in this direction,

Section Il. BATTERY SYSTEM

101. Battery

a. General. The principal purpose of the
storage battery on adiesel locomotive is to
supply power for cranking the engine, It
also supplies the control and lighting
circuits before the engine is started. The
auxiliary generator normally supplies the
control and lighting circuits after the
engine is running, The battery is made up
of 32 cells, furnishing 64 volts nominally,
depending upon the working schedule of
the locomotive and seasonal temperature
changes. It is located beneath the under-
frame, or beneath the cab floor and
adjacent running board, or in the com-
partment next to the cab, Abattery consists
of a group of positive plates meshed with
a group of negative plates with wood or
porous separators between them. The
plates are immersed in a solution of
sulphuric acid and water, called the elec-
trolyte. In a fully charged battery, the
acid is in the electrolyte and the specific
gravity is at maximum, As the battery
discharges, acid from the electrolyte
combines chemically with the plates to
form lead sulphate, When the battery is
being charged, the reverse action takes
place.
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b. Battery Switch. This is a manually
operated double-pole single-throw knife
switch in the equipment cabinet or on a
nearby panel which connects the battery
to the auxiliary generator and control
circuits (fig. 65). Personnel must not work
on battery or in battery compartment
without first opening the main battery
switch. All flames such as lighted matches,
cigarettes, or sparks must be kept away
from batteries. Tools must not be laid
on top of cells,

c. Baftery Ammeter. The battery am-
meter indicates the rate of charge or
discharge of the battery. It should indicate
zero or various charge readings when the
engine is running, depending on the con-
dition of the battery. Immediately after
cranking an engine, the auxiliary generator
starts to restore the current and the
ammeter should register a charging cur-
rent until the battery is charged. An
excessive charging period may be duetoa
poor condition of the battery or voltage
regulator. Continuous discharge will drain
the battery. Both conditions require
corrective maintenance.

d Battery Charging. The battery is

4
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charged by the auxiliary generator. The
voltage regulator maintains constant vol-

tage across the battery at all engine
speeds. The battery may also be charged
from shop circuits or terminal yard
oircuits through external charging re-
ceptacles. Be sure to connect with a
properly rated circuit for this purpose,
and be sure to disconnect the external
circuit before starting the engine (unless
the shop circuit is capable of furnishing
the heavy current involved). Approved or
distilled water should be added once a
month or before the level lowers to the
splash cover. Do not add higher than 1/8
inch below the bottom of the filling tube,
After adding any water, replace and se-
curely tighten vent plugs. Written record
should be kept of the amount of water
added each month. Harmful overcharging
is indicated if the monthly requirement is
more than 1/2 inch per cell per month,
If less than 1/2 inch per cell per month is
required, undercharging is indicated.
These figures on water addition arebased
on the locomotive being in daily service.
Lesser amounts will be used in lighter
service,

102, Reverse Current Relay (RCR)

& A reverse current relay opens a
battery contactor between the auxiliary
generator and the battery when the engine
is shut down or if the auxiliary generator
voltage drops too low to charge the battery.
This prevents the battery from discharging
back into the auxiliary generator windings,
The relay is magnetically operated by a
voltage ooil and a current coil, The com-
bined field of both coils closes the relay
when the auxiliary voltage builds up to a
charging value and while current flows in
the rightdirection (that is, charging). When
the current flows in the opposite direction,
the resulting field and spring action opens
the relay.

b The reverse currert relay on the
MRS-I locomotive consists of an armature
yoke with a voltage ooil and current ooil
mounted on a common magnetic circuit,
The ourrent ooil circuit terminates at the
two large studs at the bottom and the

16

voltage oircuit terminates between one ¢
these large studs and one of the smalle
studs at the top. The two adjustable resis
tors at the top are in the voltage coi
circuit. A hinge armature, with one nox
mally closed and one normally opes
interlock, makes contact with the station-
ary front and rear contact studs. Thu
armature is held in the normally opes
position by a return spring. The armature
yoke assembly consists of an upper anc
lower iron core bridge assembly. The
upper oore holds the voltage coil and the
lower ocore holds the current ooil,

103. Battery Contactor (BC)

dur!ng engine starting.)

104. Voltage Regulation

& The oorrect voltage setting is cne
which will maintain the specific
of the electrolyte at about its full chi
without generally the water loss
given in paragrsph 101d The voltage
regulator setting to use is not a fixed

tive's work schedule and should be
increased. K gravity checks continuocusly
at full charge value and the electrolyte
temperature is more than 15° F., above
the outside air, or the amount of water
added each month exoceeds the maximum




(para 101d), the voltage regulator is set
too high and must be lowered.

b. Voltage regulation of the auxiliary
changing

decreased. A regulator may consist of a
small torque motor or of relayswhich are
sensitive to changes in voltage. The move-
ment of these elements changes the
resistance in the field cirouit. Hunting

to maintain constant voltage. By this
method a very small movement of the
rque motor armature is multiplied into
much greater movement of the contact
sector, with oconsequent rapid changes in
shunt field resistance,

o. The operating principle of the voltage
regulator is that the voltage generated is
proportional to the shunt field strength,

-1

tion, the torque motor armature will tend
to change position with a change in voltage
of the auxiliary generator but is restrained
by the main spring.

d. The torque motor and the main spring
settings are adjusted at the factorysothat
the voltage is required to balance
the armature against the countertorque of
the main spring for any position. Thus, if

h
in or out shunt field resistance and rees-

armature does not balance at the same
voltage for every position.

e. Any change from this "flat" charac-
teristic of the armature will caus. a cor=-
responding error in voltage at different
speeds and loads of the generator. A new
main spring should be used in preference
to changing the factory setting. As the
actuating shaft assembly moves, the recall
spring causes movement of the dashpot

the antihunting feature of the regulator; it
makes the restraining effect on the

after a change occurs. The antihunting
characteristic is adjusted by means of
the slides on the lever and the needle
valve on the dashpot. The travel of the
torque motor armature is limited by the
pointer on the actuating shaft which oper-
tes between the two stops.

"ws



Section lll. ENGINE STARTING SYSTEM

105. Starting Circuit

The
neot the
erator for starting the diesel engine.
These contactors are energized (closed)
when the start button (switch) is pressed

tactors control this sequence auto-
matically when the startbutton is pressed.

107. Starting Pushbutton
The engine starting contacts are ener-

bypasses
sure cwltohandhheldtnmﬂlnorml
lubricating oil pressure is built up,

108. Engine Relay (ER)

& On a looomotive equlppedwitha
Woodward e

is in 6 or bring the engine to
idle in any other throttle position. This
relay is electrical cabinet. For

%
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(1). Isolation switch not fully in the
run position.

(2) Failure of the ac supply, causing
the NVR relay to open.

(3) Ground protective relay, GR,

tripped.

(4) Fuel pump circuit breaker open.

(5) Control circuit breaker open.

(6) PC switch tripped open, PCR de-

energized.
(7) Control switch open.
(8) Main battery switch open.
b When the throttle is moved to the
stop position, it will cause the D solenoid

to be ene: rglzed in all units in which the
isolation switch is in the run position;
this causes the englne in those units to
stop. A ﬂfth solenoid (0 to ORS) is in-

cluded in the governor which affects
engine loading only and does not change
engine speed.

¢. On locomotives equipped with a safety
relay, the relay is activated due to over-
speed, engine stop button, and low oil
pressure, and causes the clutch coil of
the governor to be deenergized. Deener-
gizing the clutoh coil moves the fuel rack
to shutdown position.

Section IV. AUXILIARY EQUIPMENT

109. Lighting System

& General Locomotive lights (para
173) are comnected to the low voltage
auxiliary power system. Most of them
operate at battery voltage. Any lamp with
a low voltage rating has a resistor in-
stalled in series with the lamp to drop
the voltage at the same time to its proper
value. A few essential lamps, with their
individual switches, are connected directly
to the battery. All other lamps will re-
ceive power only after the battery switch
is closed except when using standby cir-
cuits. Standby lighting is frequently pro-
vided through a transfer switch,
transformer, and outside receptacle. The
transfer switch throws the lighting circuit
from the locomotive supply lines to out-
side supply lines which are connected
through the outside receptacle. The
transformer reduces the voltage of outside
circuits to that used on the locomotive. It
is essential that the rating on the primary
side of the transformer match that of the
outside power supply. Lighting switches
which are not adjacent to the light have
nameplates designating their oirocuit.
Modern switches are small oircuit
breakers which protect the circuit from
faults® or overloads. Earlier switches of
the t or pushbutton types req\nred
fuses in the line for protection. Some
oircuits have dimming rheostats which
may be part of the switch or be mounted
separately.

b. Lights. Lights are designated as
follows:

(1) Cab lights, usually in the caboeil-
ing, are to illuminate the cab.

(2) Engineroom lights illuminate the
engine compartment (called hood
lights on some models).

(3) Instrument (or gage) lights pro-
vide dim lighting of indicating
instruments when cab lights are
out,

(4) Cabinet lights are installed in the
equipment cabinet and should be
used whenever necessary to iden-
tify any manually controlled equip-
ment in the cabinet.

(5) Running lights consist of number
lights, classification lights,
marker lights, and track lights,
which are installed according to
the operating conditions for which
the locomotive was originally
built. Red and green lenses are
provided for each classification
light and can be moved into a po-
sition between the bulb and the

buil's-eye. To accomplish this, a -

locking pin is removed, the de-
sired lens is swung into place, and
the locking pin is replaced. The
oolored lenses are acoessible from
the outside of the hood since the
classification lights are mounted
on a hinged portion of the hood.

-,



When both red and green lenses
are out of position, the permanent
bull's-eye lens will show a white

thus making three colors
avail. dle.

(6) Headlights are usually provided at
each end. Each light has its sep-
arate switch in the cab and can be
set to bright, dim, or off positions.
These two switches may be incor-
porated into one 5-position switch
(headlight dimming switch) which
can be set to rear-full, rear-
medium, dim (front and rear),
front-full, or front-medium
position (1, fig. 67). Headlight cir-
cuits for locomotives used
in multiple-unit operation may be
run through the end jumpers to a
special selector switch (remote
headlight switch) in the controlling
cab. The nameplate on the switch
gives instructions for using this
switch (2, fig. 67).

110. Cab Heaters and Detrosters

Cab heaters are installed on most 1oco-
motives tokeep the enginemen comfortable
in cold weather. The hot water type is
connected to the engine water system
which supplies the heat. A small electric
fan is built into the heater to circulate
air over the water coils and into the cab.
The heater switch in the cab conneocts the
fan to the auxiliary powerlines. Fan speed
can be varied by a rheostat which is in-
corporated with the switch. Cocks are
provided for shutting off the flow of water
and for draining the heaters, An all-
electric heater is essentially the same as
the hot water heater except that the heat-
ing element i8 an electric coil. Defrosters
work on the same principle and have a
separate control switch. Another method
consists of ducts through which air from
the engine radiators is forced to the cab
and cab windows.

111. Auxiliary Power Systems

& An alternator is provided on some
locomotives to supply alternating current
power to fans and blowers. The stator

oontains the 3-phase output winding and
the fields are wound on the rotor. The
field current is supplied by the auxiliary
generator. A no-voltage relay is oon-
nected in the output circuit to give pro-
tection against failure of alternating
ourrent power. A fuse or circuit breaker

alternator varies with the
frequency of their power supply which
varies with the engine speed.

b Other types of auxiliary power may
be installed on a locomotive but have
nothing to do with the locomotive as a
unit of motive power. There may be such
equipment in a separate utility car in
some operations. Army personnel are not
likely to encounter such equipment. These
systems vary in voitage and frequency
according to purpose. They can be usedto
supply train lighting, train communica-
tions, train comntrol which requires
constant specially regulated power, or
special loads in trailing cars, mostly in
passenger trains.

112. Steam Generator

& A steam generator is installed on
locomotives used for passenger trains and
ambulance trains to provide steam heat
for the cars in cold weather. Itis an inde-
pendent oil-fired heating unit which oper-
ates automatically after being started.
Full operating steam pressure is reached
within a few minutes. The steam generat-
ing part of the unit consists of three sets
of ocolled water tubing, nested and
connected in series to form a single tube
several hundred feet long. Feed water,
after passing through the heat exchanger,
goes through the economizer coil and
from there to the main coils of the steam
generator. As the water progresses
through the ocoils it is converted into
steam. Heat is furnished by the combus-~
tion of the diesel fuel oil which is sprayed
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sludge are removed before the steam
flows into the trainline. The excess water
oollects in the bottom of the steam sep-
arator. Water above the level of the re-
turn outlet flows out through a steam trap
and through the heat exchanger where it
gives up its heat to the incoming feed
water. From the heat exchanger, the re-
turn water passes through return water
flow indicator back to the water supply
tank, One do motor drives the oonverter,
the blower, water pump, and fuel pump at
a constant speed.

b. The water regulator automat=
ically controls steam generator

admits fuel

amount of air for efficient combustion of
is

separator

blowdown valves on all units in muitiple),
A trainline shutoff valve button, and pos-
sibly some shutdown indicators. Power
for the steam generator motors and
controls is obtained from the locomo-
tive's low voltage system through proper
, fuse or circuit breaker protection. All
other equipment for the generator is part

of the independent unit, and details cover-
ing coperation, maintenance, and trouble-
shooting should be ohained by referring
to the instruotion manual for the specific

ited to break the Iline relgy coil circuit
when it is open. With the control switch
turned to "fill” or "run," the alarm rings
and the motar converter will not operate.
Under overload conditions, the excessive
ourrent passing through the motor into

the motor overload relgy coil will open

§

relay contacts and break the /ine re~-
lay cirouft, the alarm rings and the unit
shuts’ down. The control switch must be
turned off to stop the alarm. After the
overload condition is corrected, the over-
load ocontacts must be manually reset
before the unit can be started. A short in
the ooatrol oirouft will blow a control
fuse, a short in the ignition circuit will
blow an ignition fuse, and a short in the
motor coaverter coircuit will blow a fuse
in the Jocomotive main control panel; The
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CHAPTER 12
AIRBRAKES AND ACCESSORIES

115. Air Supply System

Compressed air is used to operate the
airbrake system; reverser; electropneu-
matic contactors; sanders; window wipers;
bell; and on some designs a shutter valve,
throttle valve, pneumatic control switoh,
and similar equipment. The main res-
ervolir is kept at a pressure of 125 to 140
pounds. Air is suppliedtothe brake system
from the main reservoir through a feed
valve. A 70-to 90-pound control air system
is supplied by the main compressor
through reducing valves, control air res-
ervoirs, suitable strainers, and check
valves (fig. 69). The system includes
necessary cutout cocks and gages. If air
pressure is too low, the reverser and
electropneumatic contactors will not oper=
ate and the locomotive will not move,

116. Air Filters

& A large supply of clean air is required
for air compressors. Dirt, grit, or any
foreign matter taken into the equipment
with the air causes wear and equipment
failures. Service is improved and mainte-
nance is reduced by good air filters (fig.
70). The principal requirements in a good
air filter are —

1) Small resistance to the passage of

) ngh dust-retaining capacity.

(3) Ease of cleaning.

(4) Ability to operate a long time
without cleaning or attention.

(5) Small and compact.

(6) Moderate first costs.

(7) Low operating expense.

b The oil impingement type filter con-
sists of layers of wire mesh, ocoated with
oil which collects the dust and dirt while
the air passes through. Filters may be
flat or oylindrical in shape. As dirt collects
on the mesh, the filter either becomes
ologged or the oil is absorbed, dries out,
or otherwise loses its adhesive properties.
All these factors lower the effectiveness

of the filter, andproper oiling and cleaning
should be regularly performed.

c. The two air intake strainers, one for
each of the low pressure cylinders, are of
the "cartridge" type which permits re-
moval of the strainer element without the
necessity of dismounting or disconnecting
from the air compressor. Air passing
through the strainer unit enters the com-
pressor intake. The strainer element
should be cleaned in an alkali-free hydro-
oarbon solvent, dried, and then dipped and
given a lubricating oil bath. After the oil
has been drained off, it is ready to be put
back into service. Dirt deposited on the
metal wire mesh cover may be dislodged

by jarring the strainer and by using dry
compressed air.

117. Compressors

& General. The air supply is provided
by air compressors which may be engine-
driven either directly by belts or through
a flexible coupling to the shaft of the main
generator (fig. 71). Independent motor-
driven installations are found on some
locomotives. The major features of
various compressors are similar to each
other (see para 233 for maintenance pro-
cedures). A description of a typical
compressor follows.

b Coastruction. A typical compressor
consists of two low-pressure cylinders
and one high-pressure cylinder. The two
low-pressure cylinders are the ones at
either side and can readily be distinguished
from the high-pressure one because of
their larger diameter. The three automo-
tive type connecting rods are of forged
steel and are identical. They are applied
to a common throw of the crankshaft. Each
rod has its individual bearing on the shaft,
Lubrication for the crankshaft end of the
connecting rod is by pressure feed through
the drilled crankshaft. The connecting rod
is rifle drilled to the wristpin which also
is supplied with lubricant under pressure.
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The cast iron pistons are fitted with four
piston rings, two compression rings, and
one oil ring above the wristpin and one oil
ring below the wristpin. All piston rings
should be applied so that the scraping edge
is toward the crankcase. Piston wristpins
are of the full-floating type and are sup-
ported in the connecting rods by bronze
bushings. The wristpins are prevented
from having excessive end movement by
retaining rings which snap in a recess in
the piston and thus prevent the wristpins
working out against the cylinder wall. The
main bearings are the radial ball type, one
at each end of the crankshaft., They are
lubricated by throwoff from the connecting
rod bearings. An oil seal is provided at
each end of the crankshaft to prevent oil
leakage and also to guard against entrance
of dirt. There are two inlet valves and one
exhaust valve for each of the low-pressure
cylinders and the high-pressure cylinder.

FILTER UNIT

They are of the double-washer type and all
are located in the compressor head. The
compressor crankcase is vented by means
of a breather with cap. It has a quantity of
copper mesh supported between suitable
screens, retained in place by means of a
snap ring. The breather is also fitted with
a check valve so arranged that any pres-
sure in the crankcase will be relieved to
atmosphere, but any tendency for air to
flow from the outside of the compressor
into the crankcase is prevented. This check
valve is felt-sealed for quiet operation.

c. Intake Strainers. The two air intake
strainers, one for each of the low-pres-
sure cylinders, are of the cartridge type
which permit removal of the strainer
element without the necessity of dismount-
ing or disconnecting from the air
compressor. Air passing through the
strainer unit enters the compressor in-
take,

Figure 70. Oil impingement type air filter.
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Figure 71, Air compressor.

d. Intercooler. A compressor of the
compound type is fitted with an intercooler
through which the discharge air from each
low=-pressure cylinder passes tothe intake
of the high-pressure cylinder. The use
of an intercooler reduces the temperature
of the discharge air and improves the
volumetric and power efficiency of the
compressor. The intercooler is of the
radiator type, employing finned copper
tubing mounted between cast ironheaders.
The intercooler is divided in two halves,
one for each of the low-pressure cylinders.
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The low-pressure discharge air enters
the intercooler through a side header
leading to the top or upper header where
it is directed down through part of the
tubes in half of the intercooler and back
up through the remaining tubes in that
half, In this way, the air from each low-
pressure cylinder is so directed through
its half of the intercooler that, in passing
to the high-pressure cylinder, the air has
traveled approximately twice the length
of the intercooler tube. Suitable baffles
are employed to insure that the air follows



MRS-] intercooler are set at 55 psi).

e. Lubrication. The compressor has its
own pressure lubrication system. Oil is
carried in the base which is equipped with
a gage, filler and drain connections, filter,

ol supplied to the pump is first filtered.
The filter consists of a housing, incorpo-
rating a fine screen strainer of large area,
through which the oil is drawn on its way

118. Compressor Control

& A motor-driven compressor is oon-
trolled through a master governor which
the line switch in the power

always pumping air) whenever the engine
is running. This requires a load and unload
type of oontrol for maintaining reservoir
pressure within the desired limits. The
inlet valves of the two low-pressure and
of the one high-pressure oylinders are
equipped with unloaders which are ocon-
trolled by a governor. They are so ar-
ranged that when the oompressor has
restored the pressure in the reservoir
system to the desired point, the com-
pressor will unload and cease to deliver
air to the main reservoirs. The tapped
opening in the ocapnut of each of these
unloader cylinders oconnects to a copper
pipe header which leads to the compressor
governor. When the compressor has built
up the desired pressure in the main res-
ervoir, the governor admits main res-
ervoir air through this tapped opening in
the capaut onto the face of the unloader
valve. This pressure immediately moves
the unloader valve intowards the cylinder,
carrying with it the intercooler pressure
seal valve, This, in turn, acts through the.
unloader plunger which has a part of the
plunger, a head with fingers or prongs on
its lower side. These prongs extend
through openings in the-inlet valve seat,
With the pressure admitted as described
above, these fingers will push the inlet
valves off the seat and the compressor is
then unloaded as no compression takes
place as long as the inlet valves are thus
held open. Complete movement of the
unloader valve on which the main reservoir
pressure first acted results in its seating
and preventing leakage of main reservoir
air through the unloader assembly to the
atmospheric vent, When the pressure in
the main reservoir has dropped to the
point where it is desired to cause the
compressor {o operate, the governor as-
sumes the cut-inposition which vents main
reservoir air from the face of the unloader
valve. The return and unloader springe
then move the unloader valve outward,
carrying with it the unloader plunger and
the fingers (prongs) which unseated the
inlet valves. The inlet valves are seated
then by the valve springe, and the com-
pressor resumes delivery of air to the
main reservoir,

A



¢ The air compressor governor, type
NS16, is of the pneumatic double-safety-
‘valve type and oonsists of two distinct
portions, the operating portion and the
pipe bracket. Pipe connections to the com-
pressor and to the main reservoir are
provided for in the pipe bracket so that
the operating portion may be removed for
repairs or replacement without breaking
any pipe joints, The operating portion
casting is marked HP and LP., The ad-
justing screw in the HP section is used to
regulate the point of air compressor
cutout or unloading point while the ad-
justing screw in the LP section is used
to regulate the point of air compressor
cut-in or loading point. Therefore, it is
necessary to set two pressures when
adjusting the governor —the high pres-
sure, where the governor unloads the
compressor, and the low pressure, where
the governor loads the compressor. H
all compressors on multiple-unit locomo-
tives load and unload simultaneously, the
governor functions with an air-operated
switch which oontrols a magnet valve in
each locomotive. The magnet valve con-
trols the flow of main reservoir pressure
to the air compressor unloader valves in
its unit, The control circuit to the magnet
valve is trainlined to all units connected
in multiple so that when the pressure is
sufficiently low on any unit to load its
compressor, all compressors are loaded
at the same time, All compressors are
thereby required to share the load.

119. Airbroke System

& General. Without sturdy, quick-act-
ing, remote~controlled braking equipment,
it would be impossible to operate modern
trains. Air has been used to operate the
brakes on trains for such a long time, and
with such a good record of performance,
that the importance of proper maintenance
and operation is not initially apparent,
However, it is absolutely essential for
personnel who have to do with
train handling, either directly or in-
directly, to have a thoroughunderstanding
of the basic principles of this highly
important part of train control. Engine
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crews must be able to make required
brake tests to insure that the system
remains in operating order and operate
the brakes to secure the best resulis
under different conditions existing on the
track, locomotive, and train, Maintenance
men are more concerned with the internal
construction of the equipment, Many im-
provements have been made in designs in
order to meet various modern needs, and
reference to appropriate manufacturers'
instruction manuals is necessary for
adequate understanding of any specific
installation. The information whichfollows
gives a general basic understanding which
has many broad applications. A clear
distinction must be made between the
following principal types of airbrake
systems.

b Automatic Airbrake System. The
automatic airbrake system controls both
locomotive and train brakes, and consists
chiefly of a compressor to supply air, a
reservoir for storing an adequate supply
of air, a governor to control compressor
pumping, duplex pressure gages, brake
cylinders whose pistons apply the brakes
through mechanical linkage called ‘brake
rigging, distributing valve and automatic
and independent brake valves to control
the flow of air from the reservoir to the
brake pipe. Pressure is maintained in
the brake pipe the entire time the train
is operating, and a reduction in pressure
applies the brakes while an increase in
pressure releases the brakes, Brakes on
the rear cars of long trains respond much
sooner with improved automatic equipment
than in a straight airbrake system, and
there is positive protection against a leak-
ing brake pipe or broken hose connection.
Additional equipment on each car in the
train oonsists of an auxiliary reservoir
which holds the air for use in the brake
cylinders and a trip valve which responds
to the changes in train brake pipe pres-
sure in a manner which admits air
promptly from the auxiliary reservoirs
to the brake cylinders.

o Straight Airbrak e System. The
straight airbrake system utilizes the air
compressor and reservoir on the locomo-
tive to supply air pressure to the brake



oylinders of each ocar in the train, The
system {is necessarily slow in action
compared to the automatic system because
pressure must be built up by a passage
of air from the locomotive reservoir to
the last car in the train,

d. Independent Airbrake System. The
independent airbrake system ocontrols the
locomotive brakes only by means of a
separate valve on the brake pedestal. A
decrease in brake pipe pressure applies
the brakes, and an increase in brake pipe
pressure releases the brakes. The system
is not satisfactory for trains of more than
a few cars in length, as in shifting cars in
industrial plants or work trains, because
the car brakes are inoperative which
causes rough operation and slow stops.

o. Independent and Automatic Systems.
Loocomotives have both independent and
automatic systems installed on them to
attain greater flexibility in control. They
have two brake valves at the operator's
position called the independent and the
automatic brake valves, The independent
brake valve controls locomotive brakes
only and the automatic brake valve controls
the locomotive and train brakes. Locomo-
tive brakes may be applied or released
independently of the train brakes or in
oconjunction with the train brakes, It isnot
necessary touse more than one brake valve
at a time,

£f. Vacuum Brake System. MRS road
switchers (fig. 97) and other diesel-
electric locomotives in the military fleet
which are designed for foreign service are
equipped (or can be equipped) with vacuum
brake valves in order to handle trains in
oversea areas where all the rolling stock
is equipped with vacuum brake systems,
In train vacuum brake operation, the com-
pressed airbrake pipe is cut out and the
vacuum brake valve connected. The loco-
motive and train automatic brakes are
then controlled by the vacuum brake valve
and the independent brake by the
independent brake valve handle (com-
pressed air)., Details of the method of
operation of vacuum brakes on such
loocomotives are ocontained in TM 55-2040,

120. Airbroke Equipment
In addition to the compressor, governor,

unlt operation, the brakes of the trailing
unlt or units are fully operative, but con-
trols are out out, and the brakes are oper-

Double-heading or pushing

much like muiltiple-unit operation, but the
locomotives need not be coupled to each
other and the engineman of the subordinate
locomotive may find it necessary to re-
lease brakes to keep the wheels from
overheating when the lead locomotive is
applying train brakes. In deadheading
operations, the locomotive brakes act like
the brakes of a train.

b. Gages. Duplex air gages have two
pipe connections and two dial indications.
Equalizing reservoir pressure and main
reservoir pressure are indicated on one
gage and brake pipe pressure and loco-
motive brake cylinder pressure are indi-
cated by the other gage.

o. Equalising Reservoir. An equalizing
reservoir adds volume to the space above
the equalizing piston in the brake valve
80 that reductions in brake pipe pressure
may be properly made during servioce ap-
plications of the brakes.

d. Distributing Valve. A distributing
valve, when actuated by the brake valves,

permits air to flow to the locomotive
brake cylinders, maintains brake cylinder
pressure against leakage when brakes are
held in applied position, or permits air
to exhaust from brake cylinders to atmos-
phere when releasing brakes.

e. Feed Valve. A feed valve automat-
fcally maintains a predetermined air
pressure in the brake pipe.



£ Reducing Valve. A reducing valve
reduces main reservoir pressure for
straight air operation or for air signal
system,

& Quick Release Valve. A quick re-
lease valve provides a rapid release of
brake oylinder pressure during the re-
lease operation.

h. Emergency Brake Valve. This valve,
found on some locomotives, is connected
to the brake pipe air line. It provides a
means of quickly venting the brake pipe
pressure through the discharge opening
to the atmosphere. It operates like the
conductor's emergency valve found in ca-
booses. A pull cord attached to the oper-
ating lever is located in the cab above the
fireman's position (left side). When the
cord is pulled, the operating lever trips,
opening the valve, obtaining an emergency
brake valve application. When the cord is
released, the valve will reset, preventing
further loss of brake pipe air. This valve
should be used only in emergencies where
an emergency brake application cannot be
quickly obtained from the automatic brake

121. Airbrake Operation

& Charging the System. An adequate
supply of air is necessary to operate the
brake system. Under some conditions, it
may take from 5 to 10 minutes to build
air pressure up to normal in the brake
pipe of a long train and, if a long train
has been made up of cars with a depleted
air system, it may take 30 minutes to
charge the entire system. By placing the
reverse lever in the OFF position and
advancing the throttle ("rev up'" the en~
gines), air may be pumped at a fast rate
to reduce the time necessary to charge
the system. This can be done while a
train is coasting as well as at standstill,

b. Independent and Automatic Brake
Valve Positions. The independent brake
valve controls the locomotive brakes in-
dependently of the train brakes. It is of
the self-lapping type. The independent
brake valve has two positions, release
and brake or service application. The

latter spans an operating range which will
134

enable the engineman to secure the de-
sired braking effect. The brake valve
handle is kept in release position during
movement of the locomotive. Type 6-BL
equipment has six positions of the auto-
matic brake valve —

(1) Release position. The purpose of
this position is to provide a large
and direot passage from the main
reservoir to the brake pipe. It is
used under some oircumstances
to speed up the release of train
brakes. However, its value is lim-
ited and many railroads have
abandoned its use entirely. If the
handle were allowed to remain in
this position for any length of time,
the brake system would be charged
to main reservoir pressure. To

(2) Running position. This is the

charges up under feed valve con-

piston equal. The dutrihutmg
valve release pipe releases air
into the atmosphere.

(38) Service position. This position
gives a gradual reduction of brake

(4) Lap position. This position isused
while loading the brakes applied
after a service application until it
is desired either to makes a further



permitted to flow intothe sandpipe
in case air sanders are connected
to the brake valve or to the emer-

genoy relay valve.
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be applied before detaching the
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longer than 10 minutes, and not at
all if the grade is very steep or
the condition of the brake is not
good. The safest method is to hold

start.
(10) When leaving the 1coomotive, while

doing work about it or when it is
, always leave the inde-
pendent brake valve handle in ap-
plication position,

|

(11) After an emergency application of

pressure. After the train stops,
the cause of the application should
be located and remedied before

proceeding. Before leaving the
roundhouse, the engineman

.To determine adjustment of the

safety valve, move the automatic
brake valve handle to emergency
position, After the safety valve
opens, return the brake valve
handle to‘lap position and note the
pressure at which the safety valve
oloses. The safety valve should be
adjusted to 68 pounds. It is as-
sumed that this test will always
be made on the locomotive alone,
that is, before the brake pipe is
oonnected to the train.

(12) When two locomotives are coupled

together, the brake pipe hose must
be coupled between the two loco-
motives and their angle cocks
should be opened. Where there are
two or more locomotives in a
train, the instructions already
given remain unchanged so far as
the leading locomotive or the lo-
ocomotive from which the brakes

UL
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release position.
brake of the second locomotive
oan then be operated from the first
locomotive the same as those in
the train. But, if the engineman on

a5

release position. Also, if the brake
on the second loocomotive is applied

by depressing the independent
brake valve handle in release po-
sition. The brake can be reapplied
later by using the independent
braks valve handle in the usual
way, provided the handles on the
independent and automatic brake
valve on the second loocomotive

(



are, as hefore, left in release and
running positions, respectively,
after the operation. This does not
in any way interfere withthe brake
on the second locomotive. The
pressure in the braks cylinders on
the second locomotive should never
be thus reduced, exoept where ab-
solutely necessary.

122. Sefety (Deadman) Contrel
Deadman control is a safety device
usually a foot valve which must be de-
pressed at all times when the locomotive
g lnm:;unleuaserkuppl&’::
on brake (approximately
pound brake pipe reduction) is already in

foroe. It safeguards against the incapaci-
tation or negligence of the operator. A
release of the deadman pedal (or cor-
responding manual control) causes a
warning whistle to sound for approxi-
mately 4 seconds after which the brakes
are automatically applied. A brake appli-
cation can be avoided if the deadman
is depressed again within the
period. Individual installations
braking (emergency or service

and inpower interruption. The
by & sa

i

:

returned to idle automat-
a safety oontrol application or
be necessary for the operator to
it by the usual movement of the

15
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PART FOUR
DIESEL-ELECTRIC LOCOMOTIVE
CHAPTER 13
STRUCTURAL FACTORS

123. General Description

a. A diesel-electric locomotive is pri-
marily a powerplant mounted on wheels,
with oontrols whereby the power can be
used in the propulsion of railroad ve-
hicles. Electrical has been
found to be the most satisfactory method
of transmitting power from large internal
combustion engines to the driving wheeis.
The principal task of the electrical trans-
mission system is to receive mechanical
energy from the engine, convert it into
electrical energy, and transmit it totrac-
tion motors which convert the energy back
into mechanical energy at the wheels.
There are several advantages to this
double conversion of energy, such as the
ease of transmitting the energy, the pre-
cision of the controls, and the flexibility
in meeting the power demands.

b Typloal diesel-electric locomotives
are shown in figures 72 and 73. The oenter
cab arrangement is normally used when
there are two power units on one frame.
A power unit consists of a complete en~
gine, generator, and motor system. Each
power unit has its own cooling system
and air compressor and operates inde-
pendently, exoept for the master oontroller
and battery which function with units, Many
features of braking, sanding, and similar
auxiliaries are similar on all types of lo~
comotives, While locomotives are fre-
quently used interchangeably between
several types of service, they are built to
meet prevailing requirements in three
distinot types of service. Switching serv-
foe requires high tractive effort and good
aoceleration in the frequent start, stop,
and reversing movements. Freight serv-
fce requires sustained tractive effort at
moderate speeds. Passenger service
generally involves less tonnage than

138

are furnuhed by the locomotive. Various

requirements are met by changes in gear
ratio, truck construction, and accessory

equipment.

124. Mechanical Considerations

& In order to have good tracking char-
acoteristios, a locomotive must be able to

tives but give more trouble on
curves, Swivel trucks decrease the
wheelbase. Swing bolsters and long center
pin spacing improve the riding qualities.

b The weight of locomotives in common
use varies from about 44 tons to 175 tons.
Smaller locomotives are usually olassed
as industrial locomotives. Axle loadings
up to 60,000 pounds are standard prac-

The weight on the driving wheels varies
with the total locomotive weight and the
number of wheels.

c. Wheel arrangement varies from

Each axle has its own traction motor as a

rule. Pﬂwlpnomopummthew
motor on a four-wheel
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models. The axle gear is pressed on the
axle in the same manner as the wheel.
Pinions and gears should be scrapped if

127. Arrangement of Equipment

The location of equipment is determined
by basic design requirements, operating
requirements, servicing require-
ments, and repair requirements. Radia-
tors and shutters are usually built into
the outside walls or roof section for max-
imum cooling. Locomotive controls are

ouped at the operator's position. Power
unit controls are grouped together and are
mounted in the cab near the locomotive
oontrols but may be in the engineroom of
larger locomotives. For adequate servic-
ing, fills and drains for fuel, water and
supplies are readily accessible on both
sides of the locomotive. Removal for re-
pairs requires working clearance which
will permit a maximum of neighboring
equipment to remain undisturbed. Many
engine parts may be lifted by cranes
through roof hatches. Jacking or lifting
lugs areprovided for supporting the under-
frame when it i8 necessary to remove the
entire body from the trucks. Typical loca~
tions of major items of equipment on a
looomotive are shown in figure 74. Opera-
tors should be familiar with allfillers and
drains. Typical locations are shown in

75.

a Water fills, for the engine ccoling
system, generally supply all cab heaters,
turbochargers, and heat exchanger ccol-
ing lines. Add water slowly.

b Water fills for steam generators for
train heating or auxiliary angine heating
(arctic service) are on the steam gen-
erator or auxiliary water tanks underneath
the locomotive.

C. Water drains are located at many
points, When draining to prevent freezing,
search for separate drainson engine radi-
ator, cab heaters, steam generator, turbo-
charger, and heat exchanger, as well as
low spots where condensed water may be
drained from air compressors, air reser-
voirs, turbocharger, etc.

d. Lubriocating oil drains and fills are
provided in the diesel engine,

& Fuel oil fills are usually adjacent to,
or above, the tank, The tank may be sus-
pended from the underframe between
trucks or mounted on the wheel frame at
the end of the locomotive,

a
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Figure 74. Arrengement ef eguipment on @ typiosl dissel-electric lecemetive.
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£ Sandboxes aregenerally located in the
superstructure above the sand traps, and
sand flows into the trap by gravity.

128. Locomotive Accessories

a Handbrake. The handbrake is mounted
on the front or rear of the engineroom
hood or in the cab and should always be
released before moving the locomotive, It
is a holding brake, applied only at stand-
still, and is not intended for use in stop-
ping. The handbrake is applied by turning
the handwheel clockwise as far as it will
go. To release the handbrake, rotate the
wheel counterclockwise against the fric-
tion locks. The handbrake is connected to
one brake cylinder lever only. Apply the
handbrake whenever the locomotive is to
left standing by itself for any period of
time. Remove the reverse lever from the
controller and apply this brake whenever
anyone is working around the locomotive,

b Horn. Horns are operated by air
valves. The air chime horn on the MRS-I
locomotive is mounted on top of the cab
just forward of the rear headlights. Two
pull cords located above the control stand
operate the double stem air valve which
allows a full or soft tone to be emitted by
the horn, The front pull cordgives the soft
tone while the rear pull cord gives the
full tone, The horn shutoff cock is located
in the horn valve air line slightly above
the floor in front of the controller,

c. Bell. The locomotive signal bell is
usually under the locomotive floor behind
the pilot or switchman's footboards on the
right side of front end of locomotive. The
bell is stationary with a movable clapper
operated by an air valve located at the
engineman's station.,

d. Speed Recorder. The speed recorder,
located in front of the control stand, is a
hydraulically operated speed indicator
with a speed recording tape and an
odometer. It isdriven from an axle through
a flexible cable, A speedometer is similar,
exoept for the omission of a tape,

e. Window Wipers. Windshield wipers
are controlled by valves over the cabwin-
dows on each side of the cab. The wipers
are operated by air from the compressed
air system and function independeatly of
each other. They should not be runon a

“

dry window as dirt on the glass or blade

will scratch the glass.

£ Sanding System. The sanding system
is used to deliver sand, when required, at
the oontact between the tread of the wheel
and the rail, Sand is stored in sandboxes
located above the sand trap -and flows into
the sand trap by gravity. Air pressure
moves the sand from the sand trap, through
the sand delivery pipe, to the rail, There
are three major units to a sanding sys-
tem - the operating device, the control
valve, and the sand trap. The operating
device can be an independent sander oper-
ating valve or a sanding valve which is
incorporated in the automatic brake valve

when brake is used in emergency.
Both of these devices can actuate the con-
trol valve directly or, where electropneu-
matic sanding 1s used, they actuate a
magnet valve which, in turn, actuates the
control valve, The valve is either marked
for forward and reverse direction or, in
the case of electropneumatic sanding, a
2-position on-off control energizes magnet
valves which are interlotked for direction,
One ocontrol valve supplies air to all sand
traps. It is acutated by air supplied from
the independent operating valve or the
magnet valve. Sand always covers the air
nozzle in the sand trap, and the air moving
against this sand delivers a uniform flow
to the rail,

& Fire Extinguisher. Portable fire ex-
tinguishers are provided in the cab and in
the ‘engineroom, Sometimes a builtin sys-
tem in installed in which case the nozzle
can be used anywhere within range of the
hose, about 50 feet. Everyone should be
familiar with the operating instructions
posted at each extinguisher,

h. Sandproofing. Ordinary air filters
are not adequate for desert operations
where sandstorms are encountered. Cabs
and engine compartments for locomotives
in such services are built for tight sealing,
and all air for engines, compressors,
blowers, and crew is received through a
rugged sand precipitator, A typical cledner
is motor operated and removes air by
centrifugal force, The crew must keep the
seals tight and be familiar with switches,
fuses, or breakers in the powerline to the
cleaner. All regular air filters are re-
tained in service.

(




CHAPTER 14
TRUCKS

129. Conventional Trucks

a Swivel Trucks. Swivel trucks are
used on all but the smallest types of
diesel-electric locomotives (fig. 76). Each
truck has a center plate which supports
the superstructure and allows the truck
to swivel freely on curves. Small loco-
motives on a short wheelbase, usually
of only two axles, may be built with a
running gear that is rigid with the cab
frame. A truck must carry the weight
of the superstructure vertically, must
absorb the lateral thrusts, must support
the tilting tendency of the locomotive,
must traverse uneven track without dis-
tortion or excessive stress in any of its
members, must carry the brake rigging,
and must carry the motors onelectrically
driven locomotives. Many different types
of trucks have been designed to meet a
great variety of conditions. The principal
types of trucks in locomotives larger
than 40 tons are four-wheel rigid trucks,
four-wheel swing bolster trucks, and six-
wheel swing bolster trucks. In all types,
a truck bolster with a center bearing
having a renewable plate, mates with the
body bolster to carry the superstructure.
Side bearings with renewable wear plates
are mounted between the underframe and
the truck frame to limit the tilt of the
superstructure. The guides extending from
the frame to hold the journal boxes are
called pedestals. Pedestal liners, or wear
plates, are renewable to compensate for
wear. They should be kept lubricated to
reduce wear. Some locomotives have
safety chains attached to a corner of the
truck and the underframe to limit the
swing of the truck in case of derailment.
If the swing is otherwise limited, the
linkage is called an antislewing or antisway
g:;ioe Other details differ as described
Wo
b Four-Wheel Rigid Trucks. The bol-
ster and frame are cast together in rigid
: trucks. The only lateral motion provision

is in the journal boxes. Single coil springs
rest in pockets inside the pedestal jaws.
Additional support is provided by a spring
(typically semielliptical) under the side
frame which rests on hangers between
equalizing bars extending between the
journals. All wheels are drivers, but some
small locomotives have only one motor,
in which case the motor is geared to one
axle and side rods connect the two pairs
of wheels.

¢c. Four-Wheel Swing Bolster Trucks.
The principal difference between a swing
bolster truck and a rigid bolster truck
is the independent suspension permitting
lateral motion of the bolster with re-
spect to the truck frame. Riding qualities
are improved because the bolster absorbs
some of the lateral blows between the
truck and body. They are better suited
to heavy road service. Triple-coil springs
and sets of elliptical springs are often
used.

d. Six-Wheel Swing Bolster Trucks.
Six-wheel trucks distribute the locomotive
weight more evenly along the rail than do
four-wheel trucks. Most of the wheels are
driving wheels in large locomotives, but
some medium-sized locomotives for light

" track can obtain enough tractive effort

from four driving wheels, in which case
the extra pair constitutes idling wheels. A
truck with idling wheels is smaller than
one with six drivers, since one motor
mounting is eliminated. Adjustable brake
rigging is provided to take up slack caused
by wear of brakeshoes. Compensation for
brakeshoe wear and turned wheels is ac-
complished by either adjusting a hand
slack adjuster or changing pins from one
hole in the brake levers to another, or
both. Brake cylinder piston travel is
measured with the locomotive airbrakes
set (8-5 in. allowable). Generally, minor
brake adjustment on locomotives using the
hand slack adjuster may be made while
the airbrakes are set. This is done by
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closing a cutout cock in the application
lines to the brake cylinder, thus releasing
the brakes on the cylinder or truck being
worked on.

(1) The hand slack adjuster is used to
take up slack in the brake rigging
caused by brakeshoe wear and to
keep the brake ocylinder piston
travel -constant. Bralee cylinder
piston travel should be adjusted at
the maintenance point by replacing
worn shoes or changing brake lever
pin positions if necessary. Leave
the hand slack adjuster as near
full travel as possible. Any pos-
sible adjustment that may have to
be made en route can thenbe inade
with the hand slack adjuster, with=
out the necessity of changing pins
on the road. Hand slack adjusters
with 8-inch travel have enough ad-
justment to wear a brakeshoe down
completely to its condemning lirhit
and still maintain the 2-inchpiston
travel if the pins and bushings are
not badly worn,

(2) The automatic slack adjuster is
used in addition to the hand slack
adjuster on the six-wheel truck
passenger locomotive. The func-
tion of this device is to take up
automatically any slack in the
brake rigging, due to brakeshoe
wear, while the locomotive is en
route on long sustained high speed
and long distance runs with sub-
sequent heavy braking, and also to
maintain a constant piston travel
throughout the trip.

(3) Brake adjustment on all locomo-
tives should be made when main
reservoir air pressure is pumped
up. When making adjustments to
the brale rigging, release the
handbrake and set the independent
brake- valve inapplication position,
setting locomotive bralees. There
is no necessity to apply or release
the brakes while adjustments are
being made. For safety reasons
brake adjustments are made after
cutting out the applicable truck

with a three way cut-out cock lo-
cated under the body over each
truck.

e. Wheel Set. An assembly of two
wheels on an axle is generally considered
a "wheel set" in railroad parlance. For
diesel-electric locomotives, an axle gear
is also mounted on the axle, except in
*idler" wheel sets used in six-wheel
trucks. The idler wheel is so designated
because it mounts no traction motor; its
purpose is to help equalize the weight
distribution of the locomotive.

f. Axles. Axles are usually solid car-
bon steel forgings. There are many axle
speocifications for various services. Where
the journal boxes are friction type, pro-
vision is made to take lateral thrust by a
collar on each end of the axle. Roller
bearing type axles have no collar at end
of the journdl. Axles are manufactured
in six classifications, based on journal
sizes, designated A to- F, or 3-3/4x7
inches to 6-1/2 x 12 inches. Only the
larger sizes are found in diesel-electric
locomotive trucks.

130. Multigage Trucks

& General. Multigage trucks are des-
ignated to permit adjustment of wheel
spacing to accommodate diversified use
of the locomotive on different track gages.
The Military Railway Switcher (MRS)
multiple-gage diesel-electric locomotive
(fig. 97) has two six-wheel trucks with a
traction motor on each axle. Since this
truck was designed primarily for military
use in various parts of the world, it had
to be adaptable for track gages of 4'8"
(standard), 5' 0", 5' 3", and 5' 6", To ac-
commodate the widest wheel gage, the
frame is constructed wider than for any
other truck used under locomotives. For
field operation, wheel sets already as-
sembled will be available for the different
gages. Where facilities for wheelworkare
avallable, the standard spacing wheel set
can be repressed to the gage required. A
change of wheel gage necessitates a change
in the brake rigging and sand pipes to
conform to wheel spacing. These compo-
nents are so designed that they can be
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readily changed. The steps necessary to
make these changes are discussed below.

b. Frame. The frame, figure 77, is a
steel casting having two side frames con-
nected near the center by two transoms
or crossmembers. The transoms have
four spring pockets cast on top near the
junction with the side frames and spring-
loaded wear and stabilizer plates as up-
right projections at these points. Six
brake hanger bosses are cast integrally
with the transoms, two on each end of
one transom, and one on each end of the
other transom. A pocket for a lateral
shock absorber is centrally located on
top of each transem. Each side frame has
three pairs of pedestal jaws and two
spring pockets cast integrally. The spring
pockets are underneath the side frame
between the pedestals.

c. Bolster. The bolster (fig. 78) is an
"H" type casting with center casting on
top and spring pockets underneath at the
four ocorners. The spring pockets rest on
the bolster ooil springs which suspend the
bolster and car body on the truck. A steel
wear bushing is pressed into the center
casting, Wear plates are mounted at the
four corners of the bolster. The center of

each edge of the bolster casting, which
rides over the transoms in notched out
so that it fits over the lateral shock
absorbers in each transom to take up the
lateral or sidewise motion of the car body.
Wear plates are provided at these points.

d. Equalizers. Four pairs of equalizers
are used to connect the journal boxes on
the inside and outside of the pedestals. A
spring seat is bolted between each pair
of equalizers near the outer pedestals.
Each of these four seats carries two single
coil springs upon which the frame rides.

e. Coil Springs. Four heavy-duty dual
coil springs, called bolster springs, are
used to transfer the weight of the locomo-
tive between the bolster and the frame,
Four pairs of single coil springs carry
the frame and ride on spring seats bolted
between equalizers.

f. Journal Box. The journal box (fig.
79) is a plain pedestal-type box, consisting
of a cast steel housing with a dustproof,
spring-closed lid, 6-1/2- x 12-inch journal
bearing. A general discussion of friction
bearing journal boxes is contained in
paragraph 131,

8. Axles. The axle (fig. 80) is tubular
and extra long so that it can be used for

Figure 77. Truck frame.




Figure 78. Truck bolster.

wheel spacings of 53-3/8-inch, 56-7/8-
inch, 59-7/8-inch, and 62-7/8-inch. The
wheel seats are the portions of the axle
that have been increased in length to allow
the wheels to be pressed onto the different
gage widths., Since the journal boxes are
friction type, provision is made to take
lateral thrust by a collar on each end of
the axle, Spacers (fig. 80) are used when
a wheel set is changed to a wider gage.
Normally, the three spacers are on the
outside of the wheel for standard gage.
The spacers have three threaded holes
which are used to pull the spacers before
wheel and axle gear removal, The inner
spacer is not threaded all the way through,
and it also has a polished surface which
must be next to the motor journal bearing
when this spacer (or spacers, depending
upon gage) is placed on the inside of the
wheel. To mount spacers, heat in hot oil
(350° F.) and shrink in place. As indicated
above, the spacers can be removed by
using a puller,
h. Brake Rigging.
(1) The brake rigging on the multigage
truck consists of two 10~ x 8-inch
brake cylinders mounted on each

2

side of the truck frame and attached
to two horizontal cylinder levers,
The inner ends of these cylinder
levers are attached, by means of
a flexible clevis, to the top of the
two end truck levers. The two
horizontal cylinder levers are con-
nected between the ends to an
intermediate horizontal lever by
means of two pull rods, with the
necessary pins. This intermediate
horizontal lever is provided with
a fulcrum point between its ends,
and its inner end is attached by
means of a flexible clevis to the
top end of the middle truck lever,
The brake cylinders, the horizontal
cylinder levers, the intermediate
horizontal lever, and the necessary
lever guides are mounted on two
detachable brake cradles. These
cradles are secured to the truck
frame by three 1-inchbolts and are
kept in position on the frame by a
shear lug on the frame at eachend
of the cradle. These cradles each
have twelve 1-1/16-inch holes
spaced as shown in figure 81 for

149



®

LBEARING

")
N N
TR
4\\\
%
W00 A oSSy Y o, N
"'/"';' S S 54 ’/ 7, R .Y
- /, .
"/';/ ’.”I' A ,’ 4
-~ 4N
N

,,
7/,

<SS

AN
’I//Il gb

TN o

-~ — o

ASUA RN SRS N AR RN

Figwe 79. Frioton-type journal boa.

the front cradle, and figure 82 for
the rear cradle, These holes are
designated A, B, C, and D, as shown
figures 81 and 82, That portion of
the frame which supports each of
the cradles isprovided with 6 holes
tapped to take 1-inch bolts, and is
anged as shown in figure 83 for
frame under the rear cradle,

tapped holes are designated
2, as shown in figures 83 and

three truck levers on each side
the truck are, as previously
ed, connected at their top
to the horizontal levers by
eans of a flexible clevis. To the

2&‘??5
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ng&?

lower ends of the truck levers are
attached the brakeheads which hold
tb brakesms. On 4' 8-1/2" gue.
nut and spring holding brakeshoe
to brake lever are on the "outside."
For wider gages, nut and spring
must be on the "inside.”" At apoint
between the ends, these truck
levers are attached to the truck
frame by means of a 3/4-inch
diameter pin, designated "U" in
figure 85, This pin is secured by
a 1/2-inch keeper bolt, designated
"V" in figure 85. The truck lever
is spaced laterally by four spacers,
d“w uw.n nx." "Y," and"2"
in the same figure, which are 2,
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Figure 83. Freme et frent credle.
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Figure 84. Freme at reor credle.

1-1/4, 1, and 1/2-inch thick, re-
spectively. The inner end of the
S-inch pin is supplied with a 3/4-
inch tapped hole into which a
3/4-inch eyebolt may be inserted
to facilitate removal of the pin,
1. Wheel and Axle Assemblies The
standard dimension between wheels, back-
to-back on locomotives designed to operate
on 4' 8-1/2" gage track is 53-8/8-inches.
(For other gages, see Specification Table,
table 1.) It has been customary to provide
a machined surface on the inside hub of
the wheel to be used as a seatfor the dust
seals in the gearcase and the traction
motor bearings. Since it is intended to use
the same traction motors andgearcases on
all gages, it is necessary that spacers be
employed between the wheels in order to
obtain a seat for the dust seals. Hence, in
order to convert a wheel and axle assembly
from 4' 8-1/2" gage to a wider gage, it
requires the removal of the wheels from
the axle, the mounting of suitable spacers,
and the reapplication of the wheels to the
axle, Where the equipment for making
such a change would not be available in
the field, it will be necessary to prepare
a separate wheel and axle assembly, com-
plete with gears and suitable spacers for
each gage. Wheel and axle assembly part
numbers are indicated in table 1.
J. Sanders. The sander arrangementon
the MRS truck oonsists of a short piece
of 1-inch pipe welded to an oblong steel
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k. Rallguard. When the MRS locomotive
(fig. 98) is operated in CONUS, it will be
equipped with footboards or a pilot mounted
on the end plate, as is customary in this
country. When used in European countries,
however, the coupling arrangement will not
permit the use of a conventional pilot.
Hence, when so used, the pilot will be re-
moved and replaced with a railguard ar-
rangement somewhat similar to that used
on European locomotives. Provision has
been made for bolting a railguard support,
designated as "G," figure 86 above, onthe
sander brackets with two bolts, shown as
“H." This support is provided with two
slots, "L" and "M," made to fit the rail-
guard "J." The railguard is held in place
by two bolts, "K." The railguard is not
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Figure 88, Sénder and religuerd arrengement.

made straight but is offset 1-1/3 inches,  below must be performed while the motors
as shown in figure 86, as a provision for are out of the truock,

dnﬁmﬂed'wthutﬂnrwm m To Change From 4' 8-1/3" to 5' O"
renewed withwheels of smaller diameters. (1) Remove pedestal tie bars,

L Gage Changing Procedures The (3) Disconnect traction motor lead
steps indicated below outline, in sequence, wires,
the prooedures for changing gages om (® Disconnect flexible clevis top of
multigage trucks. In all cases, "IN" mesns truck levers.
toward the oenterline of the locomotive; ) Remove wheel and axie assembly

"OUT" means away from the centerline. with traction motor still in place
Procedures in m(8), (9), (10), and (11) on axle. I a drop pit is available,
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(3) Same as m(3).

(4) Same as m(4).

(5) Same as m(5).

(6) Remove end wheel and axle assem~
bly No. 8175150 or center wheel
and axle assembly No, 8182772
from motor and replace with end
wheel and axle assembly No.
8175153 or center wheel and a.xle
assembly No, 8182778,

(7) Same as m(7).

(8) Same as m(8).

(9) Same as m(9).

(10) Place spacers "W," "X," "Y," and
"Z," figure 85, on inside of brake
lever.

(11) Same as m(11).

(12) Same as m(12).

(13) Same as m(13).

(14) Remove 1-inch bolts in front and
rear cradles. Remove two boits
from brake cylinder pipe clamp
bracket. Push cradles out until
holes "D," figures 81 and 82, in

Table 1. Specification Tabdle

oradles line up with tapped holes
2, figures 83 and 84, in frame.
Reapply bolts in cradles and brake
cylinder pipe clamp bracket.
Same as m (15).

Remove the bolts "E," figure 86,
in the sander brackets and place
the spacers "B." "C," and "D’"
figure 36, on the inside of the
sander pipe block. Reinstall bolts
"E."

(17) Remove railguard bolts 'K," fig-
ure 86, and move railguard "J" to
slot '"M." Offset in railguard should
be. turned outward. Reapply bolts
"K."

. (18) Same as m(18).

(15)
16)

D Specification Table. The table illus-
trated (table 1) is presented herein as a
summary of the positions the various
parts should be in for operation of the
MRS locomotive (truck) on the various

gages.

Whee!l Hole | B. i 8 7 “.':lll.la‘bl.ll. 3 Rail guard

1) Te ors hmon m Spacers ﬂ aocers 8

. Gage spaoing o:u.ll: l:nnon l:::do outisde _(on” (oenter) l’alldo ozuodo Blot b"ﬂ.:!
4°8% in.|58-83/8in.| A 1 None | WXYZ |8175150 | 8182772 | Nome | B,C,D L IN
5°0in. | 56-7/8in. B 2 X,2 W, Y |8175151 | 8182774 B C,D M IN
5°3in. |59-7/8in.] C 1 w,X Y,z |8175152 | 8183779 B,C D L ouT
5'6in. | 63-7/8in. D 2 WXYZ | None |8175153 | 8182778 | B,C,D| None M -OUT

131. Journal Box (Friction Bearing)

A journal box consists of a cast steel
housing with a dustproof spring-closed
1id, wedge, journal bearing, thrust bear-
ing, dust guard, and spring packingwaste,
in ‘addition to gaskets, lock wire, and
bolts. In special cases, a thrust bearing
lateral spring pack is added (fig. 79).

& . Channels on each side of the journal
box fit over the truck pedestals, holding
the journal box in place in the truok
frame. A tie bar is bolted across the two
lower ends of the pedestals. This serves

as a reinforcement for the pedestals and .

also prevents the journal box from drop-
ping out of the pedestal in case of derail-
ment. The wedge affords a solid contact

between the box and the bearing. It has a
smooth finish and is easily installed or
removed.

b. The journal bearing is a bronze-
backed, babbitt, solid type bearing. It
rides on the top side of the axle journal
with tBe radlus toward the wheel. The
thrust bearing, or thrust block as it is
sometimes called, is a steel casting with
a bronze face. It is located in the front
part of the journal box and contacts the
end of the axle if lateral thrust is exerted.
It also houses a lateral spring and the
snubber lateral springs. An oil passage
is bored in the recess of the thrust bear-
ing housing to the bearing surface for
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lubrication which is supplied by oil-
soaked cotton or wool waste, or mechan-
ical lubrication devices.

c. The dust guard fits in a slot in the
back end of the journal box. When the
journal box is assembled on the axle
journal, the felt dust guard fits on
the shoulder of the axle next to the wheel
to prevent oil from leaking out of the box
and also to prevent dust and water from
entering the box. Oil-soaked spring pack-
ing waste or a lubricating device is
placed between the bottom of the housing
and the axle journal. Oil-soaked cotton
or wool waste is also placed in the recess
of the thrust bearing to provide lubrica-
tion between the thrust bearing and the
end face of the axle.

132. Joumnal Box (Roller Bearing)

Roller bearings consist of heavy cylin-
drical inner and outer races and tworows
of large diameter solid rollers retained
in heavy bronze cages. The bearing rollers
and races are fabricated from hardened
alloy steel. The inner race is shrunk on
the axle ‘journal. The wheels may be re-
moved without disturbing the inner race.
The rollers are cylindrical with flat ends
and are retained in one-piece cast bronze
cages. Each bearing contains two rows of
rollers which are spaced longitudinally by
a floating spacer ring which contacts the
ends of the rollers. The outer race is
driven into the journal box housing. The
rollers are retained in the proper longi-
tudinal position by hardened surfaces
on the retainment rings. These retain-
ment surfaces come in contact with the
ends of the rollers only.

a. The journal boxes may be fitted with
plain or combination front covers. The
plain covers have no provision for auxil-
fary attachments; whereas, the combina-
tion covers are fitted for the attachment
of speed indicator drives, braking speed
generators, overspeed control attach-
ments, or similar devices. The journal
box housing is a steel casting bored to
receive the outer bearing race, retain-
ment ring, and oil seal bushing (if used),
and to center the front cover and retain-
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ment ring. The lower portion of the
housing forms the oil reservoir and sump.
The pedestal ways on the sides of the

‘housing are lined with renewable wear

plates welded in place. The top of the
housing forms a seat for the subequalizer.
Depressions in the housings are provided
for the application of heat indicator.

b. The outer retainment ring is an iron
casting, the outside of which is turned to
fit the inner bore of the housing. It fits
between the end of the outer race and a
shoulder at the end of the housing bore
and is prevented from turning by the en-
gagement of the oil pour spoutwithbosses
cast into the inside of the housing. Grooves
in the retainment ring conduct the lubri-
cant from the roller bearing operating
cavity to the thrust block. The thrust
block is cast from hard bronze and is
mounted on the inner side of the fromt
cover. The thrust block is designed for a
lateral clearance between its face and the
end of the axle to allow the axle to float
laterally within the truck. Shim adjust-
ment is provided to maintain any desired
lateral clearance between the end of the
axle and the thrust block. The thrust
block receives the entire lateral thrust of
the axle.

c. An oil seal bushing is pressed into
the inner end of the housing and provides
the oll seal and the inner retainment sur-
face for the roller assemblies. It does not
touch the axle; therefore, no wear will
ocour. An inwardly extending flange
surrounds the inner race with small
clearance. Oil which passes this flange
is flung outwardly by centrifugal force.
An annular space is provided in the oil
seal bushing to catch this oil and drain it
back into the oil reservoir. This pre-
vents any oil from collecting at the under-
side of the axle. A baffle interrupts any
upward surge of oil from the reservoirs

rear of the housing. The inside
dlameter of the oil seal bushing shrouds
the dust guard diameter of the axle with
a olose clearance.

133. Flonge Oiler

Flange oilers are provided on some
equipment operating over numerous sharp




. Olling the flange reduces the wear
the flange and the rail and re-
the tendency of a wheel to ride up
override the rail, Flange oilers can
installed in the track or on the loco-

I

g8

motive., Those on the locomotive are
mounted on the truck. Lubricant of a
specified grade should be fed in limited
quantity. The feed stick should ride the
correct part of the flange.
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PART FIVE
OPERATION OF DIESEL-ELECTRIC LOCOMOTIVES
CHAPTER 1S5
OPERATING INSTRUCTIONS

134, General

Routine operation of a diesel-electric
locomotive is controlled by the throttle,
reverse lever, and brake valves, Various
instruments, protective devices, and
regulating devices contribute to efficient
routine operation. A thorough gemeral
knowledge of various types of locomotives
and a careful observance of prescribed
operating procedures are essential to the
best operation. Rugged construction will
not eliminate the effects of ignorance and
abuse, Specific information for indtvidual
types is best obtained from the respective
operational manuals issued by the manu-
facturer.

135. Preparation for Service

a General. It is necessary to inspect
the locomotive at maintenance terminals
as well as at intermediate points fo

layovers or crew changes. Such an inspec-

tion acquaints the operator with the
condition of the equipment and supplies.
The following procedures are taken before
starting the engine:

(1) Check aupplyoffueloil. lubricating
oil in engine and air compressor,
oil in engine governor, engine cool-
ing water, and sand. For prepara-
tion under extreme oold weather
conditions, see paragraph 114,

(2) Check all lights, (Switches are
identified by nameplates.)

(3) Make certain all manually operated
valves and electrical switches are
in their oorrect positions. The
handle of duplex fuel oil filters,
when installed, must be in proper
position (para 18b),

(4) Check for oil leaks or water leaks,
Leaks are more probable on a
warm engine under pressure, and
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subsequent check under such con-
~ ditions is also advisable,

(5) For muiltiple-unit operation, be
sure that all trainline jumpers and
brake pipes are oonnected prop-
perly.

(6) Make oertain that ragsor tools are
not left carelessly near the loco-
motive, the diesel engine, genera-
tor, or other equipment.

(7) Check for loose or draggingparts,
worn or missing brakeshoes,

(8) Inspect for visible wheel defects.

(9) Check proper operation of coupler
knuckles at both ends of locomo-

tive,

(10) K engine hasnot runfor aprolonged
period, test” for aocumulation of
water in the oylinders. Open all
cylinder test valves and turn engine
& oomplete rovolution with an

engine turning jack,

b Starting Diesel Engine. Each engine
and its related power unit, being controlled
from an indtvidual control panel, must be
operating before using locomotive ocon-
trols. Take the following actions:

(1) Be sure outside batterychmlm
recoeptacle is not oconnected
outside powerlines,

(2) See that locomotive controis are in
a neutral, or off, position (throttle,
reverse lever, eto.).

(8) Close the battery cutout switch in
the cabinet and the main control
switch at the oontrol stand; also
olose the fuel pump switch if the
motor is not supplied through the
oontrol switch,

(4) The auxiliary generator switch is
generally opeh to avoid the load
of turning it through an energised
field while oranking. Other
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switches, such as fan, ground re-
lay, and motor cutout, should be in
their normal positions as directed
in instruction manuals for individ-
ual models.

(5) Press the start button firmly,
Press No. 2 start button to start
No. 2 engine on locomotives so
equipped. Do not hold in for pro-
longed intervals if engine does not
fire, because oontinued cranking
will discharge the battery. Lubri-
cating oil pressure should be
normal before releasing the start
button, or the low lubricating
oil pressure shutdown device,
which is bypassed during starting,
will stop the engine,

(6) After starting the engine, close
the auxiliary gemerator switch,
Check the battery for proper
charging by observing battery am-
meter, Idle the engine until engine
water reaches normal operating
temperature,

136. Brake System Inspections

& While engine is running, the brake
system should be checked to make sure
that —

(1) Brake oylinders and linkages
operate properly.

(3) Air ocompressor is providing ade-
quate supply of air,

(3) Pressure is regulated properly
by compressor governor,

(4) Independent and automatic brake
valves operate properly.

(5) Condensate is drained from res-
ervoirs.

(6) Piston travel is properly adjusted.

b Pump air at a high rate by placing
the reverse lever in the OFF position
and advancing the throttle until the de-
sired pumping rate is reached, This should
be done at standstill when making up a
train, or when coasting downgrade to
recharge the line. With the reverse lever
off, an advanced throttle "revs up" the
engine without applying power, and the
compressor speed increases as engine
speed increases.

137. Inspections During Operation

Operators will inspect the following
equipment before moving the loocomotive
and at appropriate intervals thereafter to
insure proper operation.

& Fuel oil pressure gage.

b Lubricating oil pressure gage.

¢. Turbocharger oil pressure gage.

d Engine water temperature gage.

6. Main and control air system pressure

gagoes.

£ Horn, bell ringer, sander, and window
wipers.

& Radiator fans, automotive and man-
ually operated radiator shutters,

A. Traction motor blowers (alocomotive
must not move a train unless the traction
motors are adequately oooled),

i Battery ammeter (should not show

)e
J- Water level gage, .
k. Engine lubricating oil level,
1. Handle of metal edge lubricating oil
strainers.

138. Moving Locomotive Without Train

a General. Movement of a locomotive
without a train (light locomotive) involves
certain elementaryprocedures whichwar-
rant discussion and separate consideration
from proocedures used when moving witha
train, The following sequence should be

followed by enginemen or operators:
(1) Test airbrakes and release hand-
brake

(3) Place the reverser lever in
forward or reverse position, de-
pending upon desired direction.

(3) Place foot on foot lever on "dead-
man oontrol" (para 122), if so
equipped, and release airbrakes.

(4) Advance throttle slowly, The first
faw seconds are oconsumed by the
automatic closing of power cir-
cuits, following which the load
ammeter should register a flow
of current. The throttle may be
advanced rapidly for further ac-
celeration. f starting on an
upgrade, do not release brakes
until the throttle has been opened
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sufficiently to preveant the loco-
motive from drifting backward
(para 141),

(5) As speed is increased, manually
operated transition equipment
should be handled as directed in
operating instruction manuals for
that specific type of loocomotive,

(6) Retard throttle as required to
reduce power for slowing down or
stopping, then apply brakes,

b. Precautions. Locomotive should
never be moved until engineman or opera-
tor has assured himself that it is safe to
do so, and that no one is in a position to
be injured by the movement. Locomotives
should never be operated at speeds faster
than those speed limits posted in the cab,
This restriotion applies whether the
locomotive is operating on its own power,
coasting, or being deadheaded or towed,
because the speed of rotation of the trac-
tion motors (which are geared directly to
the axles) is limited. Excessive speedwill
loosen armature ocoils and » reduce
airgap, and cause rubbing which injures
insulation and causes circuits to become
defective.

139. Moving Locomotive With Train

Many additional factors are involved
in handling trains properly (para 149),
Routine procedures, in addition to those
in paragraph 138, are summarized below:

& Couple to the train and oonnect brake
hose, ‘

b Pump air to charge the trainline,
0. When starting, take slack gradually,
d Avoid slipping (spinning) the wheels

it possible, Temporary slipping corrects

itself, Persistent slipping should be cor-
rected by retarding the throttle slightly,

Note.. Do not apply sand while wheels are slip-
ping. A sudden grabbing of driving wheels may

cause surges of current, flashovers, eto. S8and is
used to prevent wheel slip; use it sparingly.

140, Stopping Locomotivo

a Service Stop. Move the throttle to
first running position and hold it there
until the load ammeter indicates that the
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current has dropped. This prevents open-
ing the power cirouits while heavy current
is flowing. Then move the throttle to an
idle or off position (not a stop position on
controllers which stop the diesel engine
in this position), Transition should take
place when slowing down as well as when
aocelerating. The brakes may be applied
ooncurrently with power reduction, but
power should be entirely shut off before
the stop is ocompleted (see para i57a),
Do not use the independent brake to stop
& heavy train, Release deadman pedal
after the brakes have been applied,

b. Emergency Stop. Move the automatic
brake valye to emergency position, Power
should be shut off. On some locomotives,
this is done automatically, but in any event,
it is necessary to move the throttle to
idle or off position before resuming
service.

c. Layover. After stopping, if engine-
men leave the cab while diesel engines are
running, precautions against unauthorized
or accidental movements must be taken,
The prinocipal precaution oconsists of re-
moving the reverse lever. The

141. Reversing Locomotive

& Make a service stop. Come toa com-
plete stop before attempting to reverse.
Do not move the reverse lever while the
looomotive is still in motion. Do not drift

motors will short circuit the generator
due to the lack of a back-emf,

b. Change the reverse lever to the
opposite direction,

c. Release the brakes and advance
throttle in the normal manner,




142. Coutting Out Traction Motor

H an electrical failure such as short
oirocuit or ground ocours in a traction
motor, disconnect it by means of the
traction motor, disconnect it by means of
the traction motor cutout switch,

& Idle the engine. Do not out out motors
under load. I several power units are

servioe by merely returning the isolating
switch or engine oontrol switch to its
normal position,

144, Stopping Diosel Engines

& General. Diesel engines are stopped
by shutting off the fuel supply (para 84).
The method of doing this varies with the

individual design of the engine. Operators
must be familiar with these methods and

’ follow the procedure applicable to the

b. Normal Stop. Cool the engine at
idling speed and then shut off the fuel
supply. An engine control switch, stop

the engine. (In the rare event that power
to the motors isnot shut off when a throttle

(1) Stop the engine in the normal
manner,

(2) Remove reverse lever.

(3) Set handbrake and release air-
brake., Block wheels.

(4) Open battery switoh,

(5) In oold weather, take necessary
precautions to prevent engine
freezeup,

145, Deadheading Locomotives

& QGeneral. The proceduresforpre-
paring diesel-electric locomotives out of
service for shipment between various



Army areas, activities, installations, and/
or ocommercial repair facilities follow:

b. On Flatcars.

Prepare all 28-, 25-,

and 45-ton (300 horsepower) locomotives
for shipment loaded on commercial
flatcars, as follows:

(1) Close or seal all ventilators and
oover exhaust stacks.

(@) Close and lock all doors and
windows,

(3) In freezing weather oonditions,
drain entire engine cooling system
and steam generator (if so equip-
ped) if antifreeze protection has
not been provided.

(4) Remove the two end battery con-
nection leads. Tape and secure the
loose ends of these leads.

(5) Place all applicable manuals,
accessories, inspection record
forms, and data reocord sheets in
the locomotive cab toolbox. In
addition, place the applicable parts
and tools listed as initial issue
iftems shown in the appropriate
manual in the toolbox,

(6) Lock locomotive cab toolbox, For-
ward keys to the receiving activity.

¢c. On Own Wheels. Prepare locomo=
tives other than those indicated in b above
to be shipped dead on own wheels as
follows:

164

(1) In addition to the first six items
listed in b above, block reverser
in neutral and the throttle lever
in "idle" position., Open battery
and traction motor cutout switches
and all other manually operated
electrical switches.

(2) Remove pinion gears and apply
loose fit dummy bearing spacers
on 44-, 45-, and 47-ton (380 hp)
and 64-ton diesel-electric loco-
motives with single or double
reduction axle drive,

(3) On 80-ton diesel-electric locomo-
tives equipped with hypoid gears,
disengage the intermediate shaft
gear from traction motor pinion
gear by shifting the intermediate

gear shafting, and relocate the

-hatt spacer oollar to the opposite

side of the hypoid gear unit hous-
ing. Maintain proper lubricating
oil level. MRS 120-ton locomotives
should be placed at rear of train
with traction motor brushes and
pinion gears in place and reverser
drum centered and locked in posi-
tion,

(4) Maintain required lubricating oil
level in the traction motor support
bearings. Check for proper con-
dition and position of wick
lubricators.

(5) Provide adequate lubrication to
reduction gearcase.

(6) Lubricate all mechanical moving
parts, such as brake pins, levers,
etc. Check oondition of brakeshoes
and airhoses; renew as required,

(7) Inspect position and ocondition of
journal bearinge, wedges, and
packing. Tuck in all loose ends or
strands of packing. Be certain
journal repack date conforms to

Army requirements, Provide ad-
ditional lubrication to all journal
boxes.

(8) Remove the brushes from all trac-
tion motors.

(9) Generally, prepare all airbrake
systems on diesel-electric loco-
motives being hauled dead on own
wheels as follows:

(a) Reduce the adjustment of the
safety valve on the distributing
valve to 23 pounds.

(b) Place the automatic brake valve
handle in running position and
the independent brake valve in
release position, For additional
protection, either clamp or wire
the handles.

(c) Close the doubleheading oock
(when equipped) and open the
dead engine ocock to "dead" posi-
tion,

(d) Set each airbrake cylinder piston
travel at § inches,

(e) Open both angle cocks,

(10) Procedure for setting "dead
engine” on 6-SL brake systems
equipped with doubleheading fea-
tures in as follows:
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(a) Couple together the brake pipe
hose; open the brake pipe hose
angle cocks.

(b) Place handles of both brake
valves in running position,

(c) Set the N-1-A brake application
valve K-3 rotair valve in dead

position,

(d) Open the dead engine oock on
the 6-DKR distributing valve,

(e) Plug the equalizing discharge
valve vent. This will require
the removal of the equa.uzlng
discharge fitting and use of a
plug in its place. The looomotive
brake will then operate like that
of a car in the train,

(f) When a loocomotive has been in
use as a "live" engine prior to
being set up as a dead engine,
the main reservoir pressure
should be reduced to 20 pounds
below brake pipe pressure.

(§) When it is desirable to keep the
maximum braking power of a
locomotive lower than standard,
reduce the adjustment of the
safety valve on the distributing
valve as indicated in (9) (a)above.

(11) Speed restrictions should be held
to 35 miles per hour. MRS 120-ton
locomotives may be towed at 50
miles per hour,

(12) When locomotives are prepared as
previously outlined, messenger
service is not required on the
locomotive or locomotives being
shipped as freight on their own
wheels, K available and desired,
sulfur heat pad or stink bombs
may be placed on the journal
bearing and/or traction motor
support bearings in order to indi-
cate hotspots or hotboxes. The
train crew should be advised when
these safety items have been ap-
plied,

146. Operating as Pusher or Doubleheader

In pmhor or doubleheader service,
power is oontrolled on each looomotive
independently by a separate operator,
but service brake applications are made

by the leading locomotive only. However,
the independent brake valve can be used
so that the noncontrolling locomotive can
release its own brakes only to avoid
sliding or overheating its wheels, See
instructions for individual types of brake
equipment for correct settings of rotair
valves, dead engine ocock, and double-
heading cock. Doub differs from
multiple-unit operation in that the loco-
motives need not be of the same type and
each locomotive has its own operator.

147. Connecting Units in Multiple

Multiple-unit equipment previously dis-
cussed in paragraph 86 is provided for
the purpose of operating two or more
coupled locomotives as one locomotive
from one cab. Not all locomotives with
multiple-unit equipment (fig. 60) can be
connected in multiple, Individual operating
instructions for specific locomotives
should be strictly observed in this respect.
Only the general objectives can be dis-
cussed here. Controls for the throttle,
transition, and brakes must be similar
on oonnected locomotives, The reverse
lever is removed from trailing units in
order to deactivate the electrical con-
troller. The oontrol switch is opened in
trailing units because the electrical
jumpers between units connect the related
circuits. The doubleheading cock on the
brake pedestal is placed in trailing posi-
tlon. The air system is otherwise kept
fully operative, and the battery switch is
kept closed in trailing umits, If engine is
not running, it must be started at its own
control panel. If both engines are running
when locomotives are coupled, there is
an interval when some circuits may be
connected to twopower sources (depending
on individual designs). Undesirable cur-
rents may flow during this interval until
the oontrol switch of the trailing unit Is
opened, but it is usually practical to
oonnect units in this manner without stop-
ping the engine on the trailing unit during
the coupling operations.

148. Changing Oporating Ends
When an operator moves oontrols to



another oab, coantrol of both the power
system and air system must be established
(out in) at the new station and out out at
the station being deactivated. In general,
a service appliocation is made on the brake
system, the reverse lever handle ls re-
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at very slow speed (2 or 3 miles per hour)
to avoid splashing the motors.

b Crossing Other Tracks. When
crossing other tracks, reduoce the throttle
to the fifth notch or equivalent to avoid
exoessive jarring which, under a heavy
load, may ouase pitting of the commu-

ltbbuttommthodordlodlooomoﬁve
with another pusher. However, if power
ocan be kept off the derailed wheels by
opening the proper traction motor cutout
switoch, or by isolating a power unit on
two-unit loocomotives, power may be ap-

;
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On looomotives having an indicator
light connected to a pwmmo
control switch or power ocutoff
switoh, the light goes out when the
equipment has reset.
(5) Return brake valve to running po-
sition,
£ Handling Long Trains. The three
main factors in handling a long train are
throttle, braking, and slack action plus a
howlodue dthermteomwuohltu
operating. Improper handling can readily
result in a broken coupler. Complets in-
formation must be obtained looally from
printed regulations, verbal information,
or aotual experience. Only a few typical
oiroumstances oan be given here to em-

the importance of a thorough
of such matters.

i
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Figure 87. Resetting overspeed trip.

& Starting Train. Starting a train de-
pends not only on the class of locomotive
being used but also on the type, length,
weight, and the amount of slack (free play
at oouplings) in the train in addition to
grade and weather conditions. It is im-
portant that the airbrakes be completely
released before to start the
train. On a 100-car train having average
uniformly distributed leakage, as muchas
9 minutes may be needed to completely
release the brakes. It requires approxi-
mately 30 minutes (with 130 pounds main
reservoir pressure) to completely charge

the train has been stretched. Sometimes
it is advisable to reduce the throttle a
notch the moment the looomotive begins
to move in order to prevent stretchingthe
slack too quickly. The engineman must be
the judge of the acceleration and the con-
ditions under which the train is being
started. When the locomotive has moved
far enougb to completely stretchthetrain,
the throttle may be advanced, but should
not be advanced so quickly that slipping
results. It is never necessary to move
the throttle hastily except in an emer-
gency. The throttle should be opened with
a steady motion but gradually enough to
move the load without slipping the wheels.

h. Slack Aotion. Avoid quick runout of
the head end to avoid breaking a coupler.
Quick runout ocan be caused by releasing
the head end to free rolling while the rear
is still braking. Thia is especially:likely
if the independent brake has been used. If
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a rear end helper cuts off from the train
at the top of a grade without stopping the
train, care is necessary to avoid rough
slack adjustment. Always adjust slack
gradually whether in or out. When not ad-
justing slack, keep the train stretched,

except when deliberately bunching for a
stop or other special circumstances.

i Terminal Brake Test. A terminal
brake test consists of a thorough inspec-
tion of brakes on newly made up trains
after brake pipe has been . Make
a continuous service reduction ot brake
pipe pressure of about 15 pounds and hold
(lap). Brake pipe pressure gage should
show that leakage will not exceed § pounds
per minute. If this condition is satisfac-
tory, make an additional reduction to a
total of 20 pounds. The crew then walks
the length of the train to see that all
brakes are applied (all cocks must be set
so that all reservoirs charge and henoce
all brake cylinders respond). Pistontravel
is also checked visually for eachcylinder.
Signal is then given to release the brakes
from the locomotive, and the crew walks
the length of the traintosee thatall brakes
release, all retainers are down (that is,
not holding brakes) and all handbrakes are
released. The train is now ready to oper-
ate, but brake tests are made by

slight application and release en route
immediately after leaving terminal. Run= -

ning brake test is also made prior to
certain downgrade operations.

j. Brake Pipe Pressure. Thefeed valve
may be set to give various brake pipe
pressures desired for freight or passenger
service. Regulations sometimes specify
that normal pressure for smooth braking
over rolling terrain will be increased for
edditional braking on certain downgrades.
When locomotives are interchanged be~
tween freight and passenger service, re-
set the feed valves to give standard brake
pipe pressure for the service in which
they are operating.

k. Brake Pipe Charging. See paragraph
136 for quick pumping. The train should
not be stopped on a grade unless —

(1) It is certain the trainline can be
fully charged and all brakes fully
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released before the speed of the
train has been reduced to less
than 10 mph.

(2) Retainers will hold the train while

charging.

(3) Cars are equipped with a type AB
control valve which is sensitive to
quick pressure changes in the
brake pipe, even at low brake pipe
pressures, which will respond to
an emergency application if brakes
are needed before normal pres-
sure is built up.

~ (4) Brakes are kept applied on a mov-
ing freight until stopped when —

() Forward end is on downgrade
and rear end on level or ascend-
ing grade.

. (b) There is a curve on the rear end

acting as a brake.

(c) Loaded cars are on front and
empty cars on rear of train,

(d) Excessive brake pipe leakage
has developed en route. All of
these conditions are equivalent
to extra braking on the rear end,
and a release would probably
permit a quick runout of the
head end of sufficient force to
part the train.

L Retainers. It may be necessary to
release brakes while running if brake
pipe leakage causes too great a trainline
reduction; or if an intermediate level
grade or upgrade on a long mountain
desoent would cause the train to stop if
brakes were not released; or to recharge
the auxiliary reservoirs so they do not
fall below predetermined pressures for
that run. Retaining valves are provided
on oars to retain braking effort while
charging. They are set on certain cars to
keep the brakes applied on these cars and
prevent the train from running awaywhile
the trainline is being recharged (it is
neocessary torelease in order torecharge).
The number of cars on whichthe retainers
are set varies with the grade and the ton-
nage of the train. Information must be
obtained from local operating rules gov-
ornlng movements on a specific grade.

retainers provide for a gradual




release the brakes on the rear of the train.
It is, therefore, advisable to make a 15~
pound reduction on an 80-car train, a
20-pound reduction on a 120-car train,
and a 35-pound reduction on longer trains
in order to insure subsequent release of

mmm

p Mixed Train Reetriotions. Mixed
trains of both freight and passenger cars
are usually restricted to freight train
mmmmmmm
sure. Passenger equipment is generally
placed next to the locomotive if heat and
water raising equipment is kept cperating.
The graduated release feature should be
set for direct release. Some freight cars
are equipped for passenger service with-
out any adjustments.

150. Operating Difficulties

& General. When faults develop which
require departure from routine operation,

b Low Oll Pressure Alarm. Low oil
pressure indication is given on all engine
shutdowns and it is, therefore, necessary
to determine whether there is any other
reason for an engine shutdown. Since the
same alarm bell rings for all alarm indi-
ocators (exoept wheel slip), the crew should
first observe indicator lightstodetermine
whether ancther device, such as a water
switch or ground relay, has
the engine. If several units are
for muitiple-unit operation, the
bells on all units, but the indicator
lights come on only for the faulty unit.
Low oll pressure on a single unit must
to operate. When
units are comnected in multiple, the op-
erating unit may continue to operate after

|

!

2
z

%
|



d Ground Alarm. Press the groundre-
lay reset button at the lit ground indicator
light to attempt to resume servioce if the
ground was a condition. If the
ground indication persists and it is neoc-
essary to use the unit, open the ground
relay outout switch. Such operation is for
emergency use only, and the information
in paragraph 96 should be followed exactly
when this situation arises. If the ground
is thought to be in a traction motor, out
the motor out of the cirouit (para 83).

o. Wheel Slip Indication. Power is au-
tomatically decreased when wheels slip
and then restored when slipping stops. It
is not necessary to reduce the throttle
because of momentary wheel slipping.
Repeated slipping under poor rail condi-
tions requires a reduced throttle. The
proper use of sand will minimize wheel
slippage. Sand should be used to prevent,
but not to overcome, wheel slippage.

151. Troubleshoeting

& General. Operating difficulties which
cannot be offset by alternative operating
methods desoribed in paragraph 150 re-
quire further observation of trouble
symptoms to determine whether minor
remedies will make it possible to oper-
ate. The most prevalent troubles are open
circuit breakers, burned out fuses, dirty
or clogged oil or air lines, leaks, defec-
tive interlocks, and loose or broken elec-
trical connections, For methods of
correcting operating difficulties, refer to
specific trouble directione appli-
cable to respective models of locomotives.
Some failures which develop during
operation, including difficulties in start-
ing, are caused by careless departure
from operating routine instead of defective
equipment. The following list includes
those failures most common on diesel-
electric locomotives. The usual causes
of these failures are also indicated. The
list can be used only as a general guide,
sinoce specificatione for each piece of
equipment vary. The operation or mainte-
nance manual which applies to the equip~
ment in question should be referred to
before taking corrective action.
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b Engine Does Not Turn Over.
(1) Battery and control switches may
be open; clone them.
(3) Battery or control fuses may be
blown.

(3) Battery may be down; recharge.
(4) Electric connections may bepoor.
(5) Engine start switch may be defec-
tive.
(6) Engine heat may be too low for
starting (start hot water heaters).
o. Engine Turne Over But Does Not Fire.
(1) Check fuel supply.
(3) Fuel lines may bes broken ox
::iomd; governor may be inoper-
ve,
(3) Fuel lines may be airbound. If so,
prime them.
(4) Fuel filter may be plogged, If so,
olean ft.
() Emergency fuel shutoff may be
closed.
(6) Fuel pump not running; check cir-
. oult,
(7) Water may be in fuel.
i:e tmomoti‘;oa%a’;:lotuow With En-
e
¢ (WanotbegauM
(2) Battery and control switches may
be open (close).
(8) Electric connections may be poor.
(4) Reverse lever may be in neutral
(move to proper position).
e Locomotive Moves Very Slowly.
(1) Drag may be tooheavy; cut off cars.
(23) Brakes may not be fully released.
(Bleed line.)
(3) Main generators may not be
delivering full power.
£ Loocomotive Remains in Low Speed.
(1) The traction motor is not making
transition,
(3) All traction motors are not operat-

ing.
& Looomotive Moved With Throttie Off
Throttle valve is stuck ocpen, Close by hand
or open control switch and apply brakes.

ine St
‘(ﬁ"ﬁ n:;iy is exhausted; refill

(3) Fuel line is broken or fouled; re-
lace.
3 g\nlmmuplmed.



(4) Low lubricating oil pressure.

(5) Bar engine over to see that it isnot
blocked by an obstruoction.

(6) There is a faulty governor or
throttle .

(7) Governor is inoperative; check fuel
racks,

i Engine Overspeeds.

(1) There is a faulty governor.
(2) Improper fuel pump rack setting.
(3) Low overspeed trip setting.

j. Engine Overheats.

(1) Water is low. Check for leaks and
_refill faulty water pump; replace.

(2) Radiator is plugged or dirty.

(3) Lubricating oil not cooling prop-
erly.

(4) Fan belts are slipping; renew.

(5) Heat exchanger (lubricating oil
cooler) is plugged.

(6) Shutters closed or not functioning;
check operation.

(7) Engine overloaded.

(8) Water hose collapsed; replace.

k. Engine Races Before Picking Up Load.
Main generator field is defective. Excita-
tion fails to build up properly.

1. Battery Does Not Charge.

(1) Blown battery or charging genera-
tor fuse; renew.

(2) Faulty electric cirouits.

(3) Generator brushes faulty; clean.

m. Air Pressure Does Not Build Up.

(1) Main reservoir drain valve open;
close.

(2) Brake pipe angle cock open; close.

(3) Pilot valve stuck open; close.

(4) Unloader valve stuck open.

() Compressor belts slip or are
broken; replace.

(6) Faulty compressor; repair.

8. Air Pressure Builds Up Slowly.

(1) Long train requires longer timeto
charge

(2) COmpr;uor belts are slipping.
(3) Unloader valve stuck open; close.

(4) Broken pipe or loose fittings.
(5) Faulty governor.
o. Brakes Reapply After Regular Re-
lease.
(1) Brake pipe is overcharged. Make
brake application and
return handle to running position.

(2) Faulty feed valve; replace.

P Brakes Hold After Release Applica-
tion. Brake pipe undercharged or faulty
distributing valve.

q- Low Braking Power.

(1) Too much brake cylinder piston
travel; adjust.

(3) Faulty piston.

(3) Worn brakeshoes; replace.

(4) Low brake cylinder pressure.

(5) Broken brake cylinder pipe; renew.

r. Brake Cylinder Pressure Too High.
Feed valve stuck or distributing valve
sticks.

8. Sander Does Not Operate.

(1) Wet or dirty sand. Clean out trap
and refill box with clean, dry sand.

(2) Kinked hose or pockets in hose.
Clean out and straighten hose.

(3) Blocked sandpipe. Clean out pipe.

(4) Broken sander; replace.

t Broken Brake Pipes. Many brake
pipe troubles are similar on all types of
brakes, but reference must be made toin-
dividual diagrams for full servicing work.
Typical description for 6-BL brakes fol-
lows:

(1) Main reservoir pipes. If the main
reservoir pipe breaks between the
reservoir and the brake valve ped-
estal in such a way that it cannot
be repaired, the locomotive brake
cannot be applied by either brake
valve.

(2) Main reservoir branchpipes. If the
the branch pipe fromthe mainres-~
ervoir pipe tothe distributing valve
breaks between the main reservoir
pipe and the cutout cock, plug the
main reservoir side of the break
and close the branch pipe cutout
cock. The locomotive brake is then
inoperative. The train brakes can
be operated in the usual manner.

(3) Brake pipe. f the brake pipe
branch to the distributing valve is
broken, plug the end leading from
the brake pipe. The train brakes
may then be operated in the usual
manner, but the locomotive brake
cannot be operated by the automa-
tic brake balve. The locomotive
brake can be operated by the inde-

(7))



plugged without brake op-
eration. If the break ococurs be-
tween the branch pipe tothe distri-

pending upon where the break
ocours. If the break cannot be re-

paired, close the cutout cockinthe
pipe leading to the broken pipe. If

supply pipe to the distributing
valve. The locomotive brakes can~
not be applied, but the train brakes

oan be operated normally.

(5) Application cylinder pipe. I the

application oylinder pipe breake,
plug the pipe on the distributing
valve side of the break. The loco-
motive brake cannot be applied with
the independent brake valve, and
the emergency maintainingfeature
is lost; the locomotive brake can,
however, be applied as usual by the
automatic brake valve and released
by that valve in running position.

(6) Distributing valve release pipe. If

the release pipe breaks, the holding
feature is lost and it is impossible
to keep the locomotive brake fully
applied with the independent brake

valve unless the opening from the
distributing valve side of the brake
is closed. Closing of this break
should not be done exoept possibly
in switohing service where the in-
dependent brake valve is mostly
used, Then, it is necessarytokeep
the independent brake valve handle
in release position at all times
when it is desired to release the
locomotive brake. On road loco-
motives, the distributing valve side
of the brake should be left openand
the brakes controlled by the auto-
matic brake valve until repairs
“m. To-
Equalizing reservoir pipe. In case
of breakage of the equalizing res-
ervoir pipe, plug this pipe at the
brake valve and alsoplugthe brake
pipe service exhaust. Then, to ap-
ply the brakes, move the handle of
the automatic brake valve grad-
ually toward emergency position,
making the desired brake pipe
service reduction gradual and di-
ect. Then return the handle grad-

ually to lap position.

(8) Safety control pipe. In case of a
brake

between the safety comtrol
outout cook and the N-1-A brake
application valve, and there is no
overspeed control or train control
on the locomotive, move the cook
on the application portion cover to
OUT position, Otherwise, plug the
break on the application valve side.
The brakes may be operated nor-
mally, but safety control is nulli-

(9) Application pipe (No. 10). It the
break

oocyrs on the branch to the
safety comntrol volume reservolr,
plug the break on the application
pipe side. In this case, only the
safety control warning time period
is lost. If the break oococurs else-
where, the cock on the application
portion cover of the N-1~A brake
application valve may be moved to
out position. This nullifies all con=
trol applications.

(10) No. 8pipe. If this pipe breaks, plug




the broken pipe on the application
valve side. The brakes may be

matic brake valve handle torelease
the brakes after a control applica~
tion is lost. Also, during a safety
control application, the application
valve will oycle.

(11) Egualizsing pipe. Regardless ofthe

12)
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location of the break, plug the break
on the distributing valve side, set
the transfer valve operating cook
on any units operated in multiple~
unit control to lead position, and
close all equalizing pipe end con-
nection cocks. The brakes will
operate normally except that inde~
pendent brake valve comntrol of a
trailing unit will be lost.

Transfer valve operating pipe.
If this pipe breaks, turn the trans-
fer valve operating cook to lead
position or leave itinthatposition.
The brakes will operate normally
except that, if the locomotive is
operated as a trailing unit, inde-
pendent brake valve comtrol of
brakes on that unit will be lost.
Main reservoir equalising pipe
(trainlined on multiple-unit ar-

rangement oaly) If this pipe breaks
between the mainreservoir and the
No. 18 connection of the three~
position brake pipe cutout cock or
N-1-A brake application valve, the
break must be repaired. Other-
wise, there will be no pressure to
keep either type of brake pipe cut=-
out cock seated. If it breaks inany
other location on a unit between the
the end oonnection cutout cocks,
plug the main ressrvoir side of
the break and close all main res-
ervoir end connection cutout cocks.
If the break occurs on an end con-
nection between units, close allend
connection cutout cocks. If it is
necessary to close any of these
cutout cocks on units equipped with
compressor governor synchroni-
zation, the governor system must
be set to permit the governor on
each unit tocontrol its compressor
independently. Thia is imperative
to avoid excessive main reservoir
pressure on the trailing unit. The
brakes will operate normally, but
the main reservoir supply of air
for train braking will be limitedto
that of the lead unit system.
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CHAPTER 16
LOCOMOTIVE APPLICATION

152. Application Problems

The selection of the proper type and
size of locomotive for a particular opera~-
tion, or group of operations, requires
detailed study of many variable factors
involved in train movements. These
factors are briefly described here for
general information. A thorough under-
standing of them is needed by experienced
personnel who are responsible for re-
lated decisions. Many days of calculation
by experienced transportation men are
required todetermine power requirements
or make tonnage ratings for speocific
motive power. In Army operation where
capacity movements, schedules, and oper-
ating routines are uncertain and often
governed by expediency, approximate
ratings may be made temporarily in
shorter time. However, heavy tonnage
which would load a locomotive beyond its
short-time ratings must be avoided in
making up trains or in operating trains
when faulty equipment requires outting
out en route part of the locomotive's power
equipment, Significant factors affecting the
application problem are discussed sepa-
rately in paragraphs 153 through 189,
Some factors are normally uniform in the
United States but must necessarily be in-
cluded in any study of universal applica-
tions,

153. Track

& Gages. The need for proper matching
of wheel spacing to track gage should not
be overlooked. In foreign countries, many
different track gages exist, The multi-
gage truck is provided for such situations,
but changing locomotive gage requires
time and shop facilities. Amultigagelooo-
motive 1s depicted in figure 97,

b Weight of Rails. Allowable axle
loading varies with the waight of rail,
speed of operation, and other factors. Rails
weighing 60 pounds per yard or less will
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handle about 500 pounds of axle load (2
wheels) per pound of rail weight (that is,
about 30,000-pound axle loading for 60-
pound rail, 25,000-pound axle loading for

154. Operating Limitations

& Bridges. If standard operating prao-
tices are not known, information should
be obtained from Corps of Engineers re-
oonnaissance or other reliable sources
conoerning the limitations in capacity and
speed with which trains may be safely
operated over a bridge. In oversea areas,
considerable reinforcement and strength-
ening of bridge members may be required
before the hsavier Army locomotives can
be used. ,

b. Clearances. The overall height and
width of looomotives and overhand at
curves should be determined if there is
any question about tunnels or other fixed
structures oonstituting an obstruction to
the movement of trains. U, 8. built motive
power and rolling stock will generally
require wider clearances than that found
in oversea areas.

resistance to train movement than straight
track, Resistance increases with the de-

railments or damage to couplers if
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wrong type of locomotive is dispatched.
A l-degree curve is one in which 100 feet
of track is 1/360 of a complete circle,
Curve resistance varies with trucks, bank-
ing of track, etc. A value of 1 pound per
ton of train weight per degree of curva-
ture is used in calculating train move-
ments.

d. Speed Limits. Many conditions of
track and traffic impose speed limitations
below the maximum capabilities of the
locomotive. The characteristics of the
load and its duration affect the study of
motive power applications, For example,
a speed limit approaching an upgrade (due
to a sharp ocurve) will create a load for a
locomotive on the grade which differs
considerably from the load for the same
train on a corresponding grade approached
at higher speed. Speed limitations apply
while any portion of the train is in the
restricted zone, even though the loco-
motive has reached a straight, unre-
stricted section of track,

e. Types of Couplers. Couplers in the
United States are standard AAR types,
34-1/2 inches high, with springs in the
draft gear to absorb some of the shocks.
They swing enough to permit free move-
ment around curves. Couplers in most
foreign oountries differ greatly from the
American couplers. Locomotives must
have couplers which conform.to the roll-
ing stock utilized. All U, S, Army foreign
service type diesel-electric locomotives
are designed to use Willison (41 inch
height) couplers.

£ Types of Brakes. Vacuumbrake sys-
tems are used in some foreign countries.
A proper exhauster and brake applica-
tion valve must be part of locomotive
equipment in such service., Compressed
air systems are described in paragraph
119,

155. Profile

& The profile gives the elevation of
the track at all points, from which can
be obtained the rise or fall between
points, Portions of track having a oon-
sistent general trend of rise or fall are
grouped for analysis, and the slope of any

section is expressed as the percentgrade.
Any traffic movement upgrade naturally
requires extra power which must be con-
sidered when determining locomotive
applications. The grade which limits the
size of train that can be moved by a given
locomotive is called the ruling grade of
a section or division. The actual grade
is the rate of uniform rise or fall of a
track and is calculated by dividing the
difference in elevation between two points
by the distance between the points. It is
expressed in percent. A 2-percent grade
means there is a difference of 2 feet
elevation in a 100-foot length of track. If
the actual grade varies slightly in adjacent

sections, an average grade for all sec-

tions may be used in studying train move-
ment. The selection of points between
which the average grade is suitable for
use in train calculations is a matter of
judgment and experience.

b. Grade resistance is calculated at 20
pounds per ton for each percent of grade,
A ton (2,000 pounds) must be raised 1 foot
for each 100 feet traveled on a 1-percent
grade, If the grade is 2 percent, the train
is raised 2 feet and the grade resistance
is 40 pounds per ton. If the grade is 0.50
percent, the train is raised 1/2 foot and
the grade resistance is 10 pounds per ton.
On a downgrade, gravity helps move the
train and a oorresponding negative figure
is used in the calculations, When the nega-
tive downgrade resistance balances the
other forces retarding the train, it will
coast at constant speed without power,
When the negative downgrade resistance
exceeds the other forces retarding the
train, it will coast at increasing speed and
require an application of brakes when
maximum allowable speed is reached.

156. Types of Service

There are three types of railway train
service; passenger, freight, and switching,
Passenger service, such as ambulance
trains, may require a steam generator on
the locomotive for train heating, Highgear
ratio is preferable in passenger service,
and the braking system should have a
rotair valve for adjusting braking power
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to the type and length of train, In light
switching service, track oonditions may
require a light locomotive and low gear
ratio with high starting tractive effort,
Independent brake applications are often
sufficient if only a few cars are being
moved, and it is impractical to connect
airhose. Long trains should not be stopped
with the independent brake. Road freight
service generally uses equipment designed
for intermediate speed. Helper service and
humping service are special applications
of the above three groups of service,
Structural changes are required in insu-
lation for operation in severely cold ter-
ritory, in filtering during operation in
extremely dusty surroundings in mines
and mills, and in desert operations. The
many basic similarities between different
designs permit interchangeable use of lo-
comotives, but when a locomotive is as-
signed to a different service, it must be
operated under restrictions described
elsewhere in this manual, or it must be
modified in gearing, braking, etc., in the
shops.

157. Troin Resistance

Train resistance is the sum of the forces
which oppose the motion of a train at con-
stant speed on straight level track in still
air, It is made up of rolling friction, journal
friction, and normal air resistance., Many
formulas have beendevised for calculating
the resistance values of different types
of trains, Resistance value varies withthe
speed of the train, the type of bearings,
and the axle loading. Extremely cold
weather increases journal friction. The
Davis formulas are most widely used and
can be found in numerous railroad text-
books, However, the entire family of
ourves derived from these formulas nar-
rows down to an approximate value of §
pounds per ton of train weight for speeds
below 30 miles per hour, Above 30 miles
per hour, the resistance will vary from 6
to 12, and even more, pounds per ton of
train weight, It is a significant factor in
the speed which a given locomotive can
attain with a given train, These factors
are studied in detail in regular railroad
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operation where costs and competitive
schedules are important, The elementary
analysis in paragraph 158, plus observa-
tions from experience, will serve most of

the requirements in the Army,

158. Train Acceleration

a The power required to accelerate a
train at a rate of 1 mile per hour per sec-
ond is about 100 pounds per ton. Freight
trains usually accelerate at about 0.1 to
0.2 mile per hour per second, and apower
requirement of 10 pounds to 20 pounds per
ton of train weight is a reasonable value,

b. Accelerating rates are often confus-
ing. If a passenger train increases its
speed from standstill to 20 miles per hour
in 20 seconds, it increases its speed 1
mile per hour during each second of time,
In 30 seconds, it would be traveling 30
miles per hour. If a freight train requires
80 seconds to reach 20 miles per hour, its
accelerating rate is 1/4 mile per hour per
second, It is essential to express aoceler-
ation as a change in speed per unitof time
(feet per second per second or miles per
hour per second).

c. The adhesion, or coefficient of fric-
tion, between the driving wheels and the
rails determines the maximum tractive
effort that can be exerted without slipping
the wheels, If two surfaces are pressed
together, it requires force to slide one
along the other. There isusually adefinite
relationship between the sliding foroe re-
quired and the pressing force existing be-
tween two surfaces. The ratio of
foroe over pressing force is called the
coefficient of friction or adhesion, Various
tests have been made to determine the
coefficient of friction between train wheels
and steel rails, the foroe pressing the two
together being the weight on the points of
oontact. A consistent set of tests of awide
variety of electric locomotives, over a
long period of years, show starting adhe-
sive values varying from 48 peroent down-
ward, It has been found that on a clean
dry rail, a factor of 30 percent is usually
obtainable at start and a factor of 20 to
35 percent is normal on a wet rail if sand
is used. However, asthe train speed rises,




various factors tend to reduce the weight
on drivers momentarily and thereby allow
driving wheels to slip. The maximum use-
ful adhesive value decreases as the train
speed increases.

159. Train Movement

Train movements require power to
overcome grade resistance (para 166),
curve resistance (para 154c), and train
resistance (para 167), plus the power re-
quired to acoelerate the train from stand-
still or from intermediate slowdowns en
route, After it has been determined what
size train can be started on the ruling
grade by a given loocomotive, it must be
established whether the looomotive will
be traveling at a speed within the continu-
ous load rating after the short-time ratings
have been used up to the available over-

the time spent on these grades. Adetailed
study called a speed-time-distance calcu-
lation is The complete calcula-

ance, curve resistance, train resistance,
and acoeleration at various speeds. The
time spent and the distance traversed at
each stop are not shown. The values that
shown are for a given speed, and the
and distance calculations must apply
from one speed to another speed. The
various steps of speed must be assumed
at intervals sufficiently close so that the
various tractive effort and resistance
values remain approximately constant

that step. The significant facts
shown in table 2 are—

& The tractive effort of the locomotive
decreases as speed increases (as shown
in any locomotive tractive effort curve) —
oolumn 3,

b. The train resistance increases as
speed increases — column 6,

c. The net tractive effort available for
acceleration is greatest dt low speeds —
column 8,

d. The train reaches a balancing speed
(constant speed) at line 3awhere all avail-
able tractive effort is used to overcome
the various resistances to train movement.

e. The train resistance is a greater
percen of the total as speed increases,
If at line 3b the grade is assumed to
change from 0.3 percent to 0,15 percent,
a tractive effort of 5175 becomes available
for further acceleration. The average rate
of acceleration is then shown to be 0.14
mph per second, and in line 5, thebalanc-
ing speed is again reached for the new
conditions. On level track or straight
track, a still higher balancing speed would
be reached. Any subsequent increase in
grade or ourvature will reduce the train
speed. It can be seen that train movement
is a oonstant adjustment to a balance be-
tween many continually varying forces.
The use of speed-time-distance calcula-
tions for steam locomotives is largely a
study of schedule performance and an
assurance against stalling on heavy
grades. The study for diesel-electric loco-
motives takes on an additional significant
factor with respect to the extent and dura=-
tion of overloads. If it is necessary to
study locomotive application by testoper-
ations, most satisfactory results and
regulations are obtained if the basic fac-
tors of an engineering ocalculation are
understood. (Additional columns in table 2
would be the average acceleration between
any two lines, the time spent in acceler-
ating between the selected speed values
in column 2, and the distance traversed
in that interval, These figures actually
occupy an intermediate, or in-between,
line in the calculation, If tables are seen
with all entries mads on a straight line
for sake of convenience, the analysis is,
nevertheless, understood to apply to the
respective blocks as just described.)
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Table 8. Typioal Data for Speed-Time-Distance Caloulations for a Train of 1,786 Tone
0.8% grade to line 3a, 0.18% grade after line 8a, one degree curve '

1 ] 3 4 [ ] ] 7 ] ]
Speed Total Tractive Rate of
(miles teac- Grade Resistance offort acoeleration
per tive resi for (mph Peor
hour) offort tanoce Curve Traia Total _ acceleration seoond)
1 (] 63,500 10,380 1,728 8,070 20,148 43,358 246
2 17.5 27,000 10,350 1,738 8,880 20,985 6,048 .087
3a 21.8 21,635 10,330 1,738 9,850 21,625 (1] 0
3b 21.5 21,638 5,178 1,738 9,880 16,480 *5,178
4 23 19,000 5,175 1,728 9,700 16,600 2,400 014
5 24.8 16,890 5,178 1,738 9,990 16,890 0 0

Column 8 is column 8 minus column 7.

Column 9 is columa 8 divided by train tonnage, dividod by 100 (para 188a).

*Available at the instant the grade changes. The approximate average tractive sffort and uto of acoeleration be-
tween 31.5 mph and 34.8 mph is shown in line 4.
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PART SIX
INSPECTION AND MAINTENANCE
CHAPTER V7
REGULATIONS GOVERNING INSPECTION AND TESTING

Section |. BRAKE EQUIPMENT

160. General

Before starting each trip, enginemen
will ascertain that the looomotive brakes

are in safe and suitable condition for
service, the air compressor or com-
pressors are in condition to provide an
ample supply of air for the service in
which the locomotive is placed, the de-
vices for regulating all pressures are
properly performing their functions, the
brake valves work properly in all posi-
tions, and the water has been drained
from the airbrake system.

161. Safety Valves

& The main reservoir system of each
unit will be with at least one
safety wvalve, the capacity of which will
be sufficient to prevent accumulation of
more than 10 pounds pressure psi above
the maximum working air pressure fixed
by the chief officer of the unit operating
the locomotive,

b A suitable governor will be provided

that will stop and start the air com-
pressor within 5 pounds above or below
the pressure fixed.

o. The compressor governor, whenused
in connection with the automatice air-
brake system, will be so adjusted that
the compressor will start when the main
reservoir pressure is not less than 15
pounds above the maximum brake pipe
pressure fixed by the railway equipment
superintendent of the theater. It will not
stop the compressor until the reservoir
pressure has increased not less than
10 pounds.

d Compressor or compressors must
be tested for capacity by orifice test
as often as conditions require and not
lmo:'oqnntlythanonoemha-month

(1) The diameter of orifice, speed
of compressors, and minimum
main reservoir air pressures to
be maintained during test of com-
pressors in common use are shown
in table 3,

Table 3. Mechenically Opereted Air Compressors

Compressor (o) Diameter Minimum main
o¢ motoe (m) of test reservoir
Type speod oritice alr pressure
compressor (inches) (pounds)
Gardner-Denver

ABE ..... EEEEEEEEEEEX 000(0) 18/0( 58
ADx ® 0 0 0 0 00 00 0 0 0 00 L] ow(o) la/“ 51
'xn L] L] LK ) LN} ® 000 .oo (°) l/‘ 7‘
WXO ¢oecosscccocasncs o 600 (o) 9/32 74
wXG se0c0c0 e seesc e 000(0) 23/84 74
ADS ceecece seces e 900 (o) 1/8 96
ABO ¢cccocococcencnns . 600 (o) 13/64 72
ABX ooooo ‘seo 00 e . M(c) 18/0( 57
ADR-9001. ..o cc0coos000e0 M(o) # .9 drill 59
Amlm' e 0 0 0 0 00 000 00 o0 m (°) am oo
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Table 3. Mechanically Operated Air Compressore —C ontinued.

Compressor (o) Diameter Minimum maia
or motor (m) of test reservoir
Type speed orifice air pressure
compressor (rpm) (inches) (pounds)
General Eleotric:
(0] - 200 (o) 9/32 64
CP=88 «:ccocecosonnsccce 1,000 (m) 15/64 107
CP-137 cccicoccescoscne 1,450 (m) #41 drill 85
CP-180 «ceccvececcsccocs 1,470 (m) #34 drill (.11
CP=83-A.ccccosescssccnse 360 (o) 13/64 118
CP-82D.ccccoceccoconsns 360 (o) 18/64 115
CP-88 ¢ coovvceessococnss 235 (o) #3238 drill 104
CP‘so‘A ooooooo s e 000 ; o o0 818 (o) 15/0‘ 118
TCPABOAL ... ccovvvocons 288 (o) 15/64 95
Westinghouse:

3-CDand 8-CDB «.cccvsvoe 400 (o) 17/64 17
8CDC v eocesocssssscnse 400 (o) 17/64 53
2CDA .t cocoeosssscoscse 400 (o) #13 drill (&4
DeBeF . cocovonccosssonse 200 (o) #36 drill 86
DH-20 ¢« ccocvsoceocecsse 273 (o) #41 drill 86
DH-28 . cccocoosesseecses 200 (o) #36 drill 86
XQ27 ¢ cocovceoscos oo 100 (o) #34 drill 86

(3) Consult manufacturer's specifica-
tions for orifice tests of air com-
pressors not listed in table 3.

(3) Test specifications indicated above
must be used for altitudes to and
including 1,000 feet. For altitudes
over 1,000 feet, amount of air
pressure shown may be reduced
4 peroent for each 1,000 feet
increase in altitude.

e. The minimum capacity of any com-
pressor permitted in service will be
approximately 80 peroent of the capacity
of the compressor when new.

£ Air pressure regulating devices must
be adjusted for the following pressures:

(1) Minimum brake pipe airpressure,
70 pounds.

(3) Minimum differential between
brake pipe and main reservoir
air pressures, with brake valve in
running position, 156 pounds.

(3) Safety valve for straight airbrake,
40 to 56 pounds. .

(4) Safety valve for LT, ET, No.8-EL,
No. 14"214. No. C'DS. No. c‘BL.
and No. 6~SL equipment, 40 to 68

pounds.
(5) Safety valve for HSC and No. 24-RL
equipment, 40 to 75 pounds.
(6) Reducing valve for independent or
straight airbrake, 30 to 50 pounds.
190

(7) Self-lapping portion for eleotro-
pneumatic brake (minimum full
application pressure), 656 pounds.

(8) Self-lapping portion for inde-
pendent airbrake (full application
pressure), 30 to 50 pounds.

9) Reducing valve for air signal,
40 to 60 pounds.

(10) Reducing valve for high speed
brake (minimum), 50 pounds.

162. Hydrostatic Test of Main Reservoirs

Every main reservoir will be subjected
to hydrostatic pressure of not less than
25 percent above fixed maximum working
pressure. A report will be made on DD

Air gages will be so located that they
may be read coanveniently by the engine-
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purpose of testing gages. Air gages found
incorrect will be repaired before they
are returned to service.

164. Cleoning
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locomotive. Levers, rods, brake

hangers, and pins will be of
strength and will not be fouled
way which will affect the proper
of the brake. All pins will be
seoured in place with cotters,

]

i

split keys, or nuts. Brakeshoes will be
properly fastened in place and kept
approximately in line with the tread of
the wheel.

b. Piston Travel. Minimum brake cyl-
inder piston travel will be sufficient to
provide brakeshoe clearance when the
brakes are released. Maximum brake cyl-
inder piston travel, when locomotive is
standing, must not exceed the following:

(1) Driving wheel brake, 6 inches.

(2) Swivel type truck brake with brakes
on more than one truck operated
by one brake cylinder, 7 inches.

(3) Swivel type truck brake equipped
with one brake cylinder, 8 inches.

(4) Swivel type truck brake equipped
with two or more brake cylinders,
6 inches.

166. Main Reservoir Leakage

Leakage from main air reservoir and
related piping must not exceed an average
of 3 pounds per minute in a teat of 3
minutes duration, made after the pressure
is reduced 40 percent below the maximum
pressure. Brake plpe leakage must not
exceed 5 pounds per minute. With a full
service application from maximum brake
pipe pressure and with communication
to the brake cylinders closed, the brakes
must remain applied not less then §
minutes.

Section Il. DRAWGEAR AND RUNNING GEAR

b

67. Drawgear and Connections

& Drawgear between units of any loco-
motive and connections between trucks
will be of ample and will be
maintained in a safe and suitable condi-
tion for service.

6. Drawbars and pins, when used be-
tween units of any locomotive, will be
removed as often as conditions may re-
quire or at least once every 6 months.
When used between trucks, they will be
removed each time the loocomotive is
shopped for general or echelon repairs
or at least once every 18 months. When
drawbars and pins are removed, they
and their connections will be inspected
carefully for defeots. Date of the last
inspection will be stamped legibly on
the heads of the pins and drawbars.



d. Lost motion is articulated comnec-
tions will be kept to a minimum and will
not exceed 1/4 inch at each pin. Pins
of articulated connections between units
of any locomotive will be removed at
least once every 6 months and pins of
articulated connections between trucks
will be removed at least once every 18
months. When articulated connection pins
are removed, they will be inspected care-
fully for defects. Date of last removal
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motives ample strength, securely
attached, and maintained in a safe and
suitable condition for service including
oouplers and all operating gear. Standard
couplers measuring 5-1/8 inches or more
between point of knuckle and guard arm

168. Running Geor
& Axles. Driving and truck axies with
any of the following defects will be con-
tinued in servioce:

(1) Cracked or bent axles, or out
journals that cannot be made to
run cool without turning.

(2) Seamy journals in steel axies.

(3) Transverse seams in iron axies
or any seams in iron axles
causing journals to run hot.

(4) Driving and truck axies unsafe
on aocount of usage, aoocident, or
derailment.

() Driving or truck axies more than
1/3 inch under original diameter.

b Gear Guards.

(1) Exposed gears will be provided
with safe and suitable guards.

(3) Gears or pinions with any of the
following defeots will not be con-
tinued in service:

(a) Gears or pinions loose on shaft,

(b) Gears or pinons broken, oracked,
or with badly worn teeth,

(c) Broken or defective rim fasten-

ings.
(d) Gears or pinions out of alinement

or improperly meshed.
(e) zig‘ gears with loose or missing

o. Lateral Motion. The total lateral
motion between the hubs of the wheels and
boxes on any pair of wheels will not ex-
oeed the following limits:

(1) Truck wheels, 1 inch,

(2) Driving wheels (more than onepair
of wheels), 3/4 inch,

(3) The lateral motion will in all in-
stances be kept within such limits
that the driving wheels, rods,
crankpins, or armatures will not
interfere with other parts of the
locomotive,
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Frames and Parts. Frames, deck

plates, tailpieces, pedestals, and braces
will be maintained in safe and suitable
condition for service and will be cleaned

and

-thoroughly each time the

inspected
Jocomotive is in shop for generalor eche-

lon

repairs,
e. Spring Rigging:

(1) Springs and equalisers will be ar-
ranged to hisure the proper distri-
bution of weight and to cushion
shocks to the various wheels. They
will be maintained approximately
level,

(@) Springs or spring rigging with any
of the following defects will be re-
newed or repaired properly:

(a) Top leaf broken, or two leaves in

top half, or any three leaves in

spring broken, (The long side of
spring is considered the top.)

) &:ringa with leaves working in

(c) Brohen ooil springs,

(d) Broken, cracked, or badly worn
driving-box saddle equalizer,
hanger, bolt, gib, or pin,

£ Trucks.

(1) Truck center plates will fit prop-
erly, and the male center plate will
extend into the female center plate
not less than 3/4 inch, except on
motor trucks constructed to trans-
mit tractive effort through center
plate or center pin. The male cen-
ter plate must extend into the
female ceater plate not less than
11/2 inches and the center plates
will be fastened and maintained
seourely, When trucks are re-
moved for any reason, female cen-
ter plates will be cleaned of any
aooumulated scale and lubricated
with lard stick grease before re-
placing trucks.

(@) Center pins with substantial head,
key, or nut at each end, or other
suitable means that will hold the
carrying bolster on the truck will
be provided. All centering © vices
will be maintained proper., .

(3) A suitable safety chain of minim..
oonsistent length will be provided

at each oorner of all four-wheel
and six=wheel trucks, except where
oonstruction prevents truck sluing
in case of derailment,

(4) All parts of trucks will have suf-
ficient glearance to prevent them
from seriously interfering with any
other part of the locomotive,

(5) Truck bolsters will be maintained
approximately level,

(6) Suitable means for securing radius
bar pins in place will be provided.
Inverted radius bar pins will be
held in place by plate or stirrup,

() Trucks with any of the following
defects will not be continued in
service:

(a) Cracked arch bar,

(b) Loose oolumn, pedestal, or jour-
nal box bolt,

(o) Cracked or broken frame, unless
properly repaired.

(d) Loose tie bar.

(e) Broken or defective motor sus-

pension hug, spring, bar, or boit.
(f) Broken or cracked center cast-

ing.
(8) Cracked or broken equalizer,
hanger, gib, or pin,

(8) Motor suspension lugs or barswill
be of ample strength and provi-
sions made to prevent nose-sup-
ported motors from falling incase
of failure ot motor supports.

§ Side

(1) Side bearincawﬂlbetastenodso—
curely in place. Friction side
bearings with springs designed to
carry weight will not be continued
in service with more than 25 per-
cent of the springs broken in any
one nest,

(3) Friction side bearings unless de-
signed to carry weight will not be
run in contact. Maximum clearance
of side bearings will not exceed 1/4
inch on each side or a total of 1/2
inch on both sides. When more than
two side bearings are used under
the same rigid superstructure, the
olearance on one pair of side bear-
ings will not exceed 1/4 inch on
each side or a total of 1/2 inch on



both sides. The other side bearings
under the same rigid superstruc-
ture may have 1/2 inch clearance
on each side or a total of 1inch on
both sides. These clearances apply
where the spread of the side bear-
ings is 50 inches or less. Where
the spread is greater, the side
bearing clearance may be in-

creased in proportion. Side bear-
ing clearances may be modified if
investigation shows that operating
oonditions and oconstruction war-
rant such modification,

h. Clearance Above Top of Rail. No part
or appliance of locomotive, except the
wheels, will be less than 2-1/3 inches
above the top of rail,

Section IIl. WHEELS

169. Wheels Tight on Axle

& Wheels will be pressed securely on
axles, except wheels and axles of special
design and construction where other
proper and safe means are provided for
holding the wheels on the axles. Wheel
mounting pressures are listed in table 4,
(para 229). Prick-punching, shimming
wheel fit, or driving pins in ends of axles
will not be permitted.

b. When wheels or tires are applied or
turned, the diameter of the wheels on the
same axle will not vary more than 8/32
inch. When all wheels or tires are turned
or new wheels applied in rod-connected
driving-wheelbases, the diameter of such
wheels will be within 3/32 inch of the
average diameter of the other wheels in
the same driving-wheelbase.

c. Wheels used on standard gage track
will be out of gage if the inside gage of
flanges, measured on base line, is less
than 53 inches or more than §3-1/3 inches.

d. Counterbalance, when used, will be
maintained in safe and suitable condition
for service,

e. On locomotives used in road service,
the minimum height of flange measured
from tread will be 1 inch, On switching
locomotives, the minimum height will be
7/8 inch, except where construction does
not permit the full height of flange on all
driving wheels in any rigid wheelbase. In
such exceptions, the height of flange on at
least two pairs of drivers will be not less
than 1 inch for road locomotives and not
less than 7/8 inch for switching looomo-
tives. The others have flanges with
minimum height of 5/8 inch, Where plain

tires or 5/8-inch flanges areused on front
or rear drivers, trucks will be provided
foréafoly guiding the locomotive (fig.
88 4).

£ The maximum taper for tread of driv-
ing wheels from throat of flange to outside
of wheel for loocomotives used in road
service will be 1/4 inch. On locomotives
used in switching service, the taper will
be 5/16. inch, The maximum taper for tread
of truck wheels from throat of flange to
outside of wheel will be 5/16 inch,

& The minimum width of wheels for
driving and truck wheels of standard gage
locomotives will be §-1/3 inchee for flanged
tires and 6 inches for plain tires, The
minimum width of tires for driving and
truck wheels for narrow gage locomotives
will be 5 inches for flanged tires and 51/3
inches for plain tires.

h. The limits prescribed in o, e, and g
above may be modified if, upon spplication
to the oo oﬂioer. investigation
shows that conditions warrant such modi-
fication,

170. Wheel Defects

Wheels with any of the following defects
will not be ocontinued in service. (Defects
listed are in acocordance with provisions
of the Association of American Railroads
Wheel and Axle Manual, the standard rail-
way reference on this subject.)

asudﬂat.whenthoﬂatq:otun/z
inches or over in length or if there are
two or more adjoining spots each 2 inches
or over in length,

b. Broken or chipped flange, if the chip
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exceeds 1-1/2 inches in lengthand 1/3 inch
in width,

c. Broken rim, if the tread measured
from the flange at a point 5/8 inch above
the tread is less than 3-8/4 inches in width,

d. Wheels with defective treads on ao-
count of cracks, or shelled-out spots 2-1/3
inches or over, or so numerous as to en-
danger the safety of the wheel.

e. Any seam running lengthwise and
within the limit of 3-8/4 .inches from the
flange,

£f. Wheels with flanges having a flat ver-
tical surface 1 inch or more
from the tread or flanges 16/16 inchthick
or less, gaged at a point 3/8 inch above
the tread, will not be continued in servioe.
Cast iron or cast steel wheels on axles
with journals 5 by 9 inches or over will
not be continued in service with flanges
having flat vertical surfaces extending 7/8
inch or more from the tread or flange 1
inch thick or less gaged atapoint 3/8 inch
above tread.

& Wheels with tread worn hollow 5/16
inch on locomotives used in road service
or 3/8 inch on locomotives used in switch-
ing service.

h. Wheel cracked outward from the
wheel fit, cracked tread, cracked plate,
one or more cracked brackets, or wheel
loose on axle.

1. Loose, broken, or defective retaining
rings, tires, or bolts,

j. Flanges more than 11/3 inches from
tread.to top of flange.

k -Thickness of tires less than that
shown in paragraph 171a

1. Wheels or tires out of gage.

m Rolled steel whesls 13/8 inches or
less in thickness through throat of flange
or 1 inch or less in thickness at rim when
used in road service; or 11/8 inches or
less in thickness through throat of flange
or 8/4 inch or less in thickness at rim
when used in switching service (fig. 88(2).

a. The limits shown in m above may be
modified if, upon application to the com-
manding officer, investigation shows that
conditions warrant such modifications.

171. Minimum Tire Thickness

& Minimum thickness for driving wheel
tires on standard and narrow gage looco-
motives is 1 inch when used in road serv-
ice and 3/4 inchwhen used in yard servioe,
Wheels will not be reapplied to axle when
tire thickness, after turning, is less than
1/4 inch above minimum (fig. 88Q2).

b. The thickness of tires may be modi-
fied if the commanding officer approves
and investigation shows that oonditions
warrant such modifications,

Section IV. CABS, LIGHTS, WHISTLES, BELLS, SANDERS, AND SIGNALS

172. Cabs

& The word "cab" as used in these
rules and instructions means that portion
of the superstructure utilized for housing
the enginemen and parts of the loocomotive
and through which a passageway is pro-
vided for the use of the enginemen,

b. Cabs and superstructures will be at-
tached securely and braced, Cab windows
will be located and maintajned so that the
enginemen will have a clear view of track
and signals from their usual and proper
positions in the cab,

c. Front cab doors or windows which are
in line of enginemen's vision when they
look ahead from their usual and proper
positions in the cab will be equipped with

an appliance that will clean the outside of
the windows over sufficient space to pro-
vide a oclear view of track and signals
ahead. They may be equipped with a window
which is hinged at the top and is so placed
in the glass of each of the doors or win-
dows that it can be closed or opened and
fastened in desired position in the cab.
Hinged windows will be 5 inches high, and
the lower edge will be without obstruotion
and as nearly as possible in line with the
engineman's vision when he is seated in

the cab.

d. Deck plates and floors of cab pas-
sageways and compartments will be kept
free from aocumulations of oil, waste, or
any obstructions that create unnecessary



hasards. Deck plates and metal floore will
be roughened properly or other provisions
made to afford secure footing.

e. Floors of enginemen's compartments
will be oconstructod of, or covered with,
heat-insulating .x.erial, '

£ Enginemen's ocompartments will be
provided with beating arrangements that
will maintain therein a temperature of not
less than 50° F. Temperature will be taken
at substantially the center of the compart-
ment under normal winter weather condi-
tions, under the running conditions of the
looomotive, and with doors and windows
closed.

& Aprons or oover plates, when used
between units or compartments, will be of
proper length and width to insure safety.
They will be hinged or fastened
and or other provisions willbe
made to afford secure footing.

173. Lights

& Headlights.

(1) Each loocomotive in road servioce
between sunset and sunrise willbe
equipped with a headlight of suffi-
cient illumination to permit aper-
son in the cab of the locomotive to
see, in a clear atmosphere, adark
man-sized object at least 800 feet
in front of the he Such a
headlight will be maintained in good
ocondition.,

(2) Each locomotive which regularly
is to run backward for
portions of its trip will be
equipped with a rear beadlight
which meets the requirements of
(1) above.

(3) Such a headlight, as desoribed in
(1) and (2) above, will be pro-
vided with a device whereby the
light may be dimmed at stations
and in yards or when meeting
trains,

(4) When two or more locomotives
are used in the same train, the

required

(6) Each locomotive used in yard
service between sunset and sun-
rise will have two lights, ons

located in front of the locomotive

.person in the cab of

b. Classification or Marker Lights.
Bach locomotive will be provided with
such olassification and marker lamps
as may be required. When such lamps
are used, they will be maintained in good
working order; classification lights will
be lighted eleotrically.

o. Cab Lights.

(1) Each locomotive unit will have
cab lights which will provide
sufficient illumination of the con-
trol instruments, meters, and
gages to enable the enginemen

(3) Lights will be located, constructed,
or shielded so that the light will not
interfere with enginemen's vision
of track and signrls.

(4) All lights may be supplied entirely
from storage batteries if desired.
Where lights are not supplied from
storage batteries, there will be two

187



or mmnmmmtafn-
viding {llumination mwm,
(3), and (3) above: Battery etm-
tainers will be mlym
d Blackout Operations. Whén ‘Opee -
ating under tactical conditions or i pre=..
sovibed blackout areas, al MDW
lights will be hooded or
udtreotedhyloodow

174. Whistles, Bells, Scndm od ‘rm M

& Whistle. Rach loom 'm “ o
provided with a suitable whistle & 8- ' ‘yondaot
equivalent, located so- that it may b : " g

operated conveniently by theé =T
from his customary positigs ﬁgﬁ.g b

heh Sanders. Rach
eqnippedwithprcpormm
Sandpipes must be tumpumu

umwmmmp.

. ¢ Huadllights, Sanddoxes, Bells, and
Whistive. ‘Headlights, sandboxes,
ulm.wmulm in safe and
places. Where looomotives are

s.m.. v Mcmmmtut

175. General S L :

a Current-Carrying Parta. An Ql!‘
rent-carrying parts oonnedtdd to elrouity
with potential of more than 160 voits will:

be uohted.mnlm.cmw
acoidental contact.

b. Doors and Cover Plites W

Dmgor All doors and guard- -

ing high-tension equipment will be.
securely fastened in pladce and leipt-
marked with the word DANGER and will
state mmmwwh
parts so protected.

o. Rheostats and Grid umm
rheostats and resistors will bemain~ . .
tained free acoumulations of dist or
extraneous matter.

d.bnlatlm MAM& |

spection of all inbulation. and
eloo&toalomottmwﬂ!bomut

leuthmmoomymmmm“ |

repaired.

176. Hond-Operated Switches -
& All

carrying curremnts with a potential
than 150 wolts, will be

may be cperated while wundet load, - .
be inoloeed ta &

M or preporly covered and be
Mn from the outside; means will
show whether switches
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ocondition for service, but not less than
‘once every 3 months, Each jumper ocarry-
ing current having a potential of 600 volts
or more will be tested by immersing
the ocable portion in water and subjecting
each conductor with another and with the
water, to a difference in potential of not
less than 1-3/4 times the normal working
voltage and for not less than 1 minute.
Date and place of inspection and test will
be stenciled legibly on the jumper or
stamped on a metal tag attached securely
to jumper. ‘
0. Cable connections between units and
jumpers with any of the following defects
will not be continued in servioce: broken
or badly chafed insulations; broken or
defective plugs, receptacles, or ter-
minals; broken or protruding strands of
wire; and jumpers of improper length.

178. Motors and Generators

Motors and generators will be fastened
securely in place. Axle collars will be
maintained tight on the axle, Axle bearing
and armature bearing caps will be bolted
securely in place. Motors or generators
with any of the following defects will not
be oontinued in service: broken and loose
or excessively worn bearings; exoessive
sparking or flashing over a commutator;
defective collector ring, brush holder,
yoke, or insulator; loose or broken
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armature coil bands or wedges; and
short-circuited armature or field ootl.

179. Voltmeters and Ammeters

All voltmeters and ammeters on units
reoeiving power from an outside source
will be tested whenever any irregularity
is reported and at least once every 6
months, Voltmeters and ammeters on
units driven from power generated within
the unit will be tested whenever any

{rregularity is reported and at least onoce

every 12 months. Meter readings more
than 5 percent in error will be corrected.

]80. Insulation Dielectric Test
An insulation dielectric test of not less

cirouits and parts carrying current with

;
2
g
g
§
]
i

remedied before the

returned to servioe.

fuel reservoirs will be provided for each

cause personal injury will be isolated or
guarded against personal contact.



Section Vil. REPORT FORMS

183. General

The officer in charge of locomotive
maintenance shops or facilities is re-
sponsible for maintaining all daily,
monthly, semiannual, and annual report
forms. He checks to see if they are
properly completed, signed, and oerti-
fied to, as applicable, and posted or
filed as required. Appropriate forms will
be requisitioned through normal supply
channels from Adjutant General publica-
tion centers by installations within and
outside CONUS (see AR 810-1 and DA
Pam 810-2), Samples of certain forms
are illustrated and discussed in following
paragraphs. It will be noted that certain
of these forms, DD Forms 863, 864 and
8656, are no longer required for Army
use. The required information, taken from
inspection checklists in the manuals
applicable to the particular locomotive,

will be recorded on DA Forms of the 2400

series in accordanoce with TM 38-750 (see
para 188),

184, Accident Reports

K an accident causing serious injury
or death results from failure from any
cause of a looomotive or unit or any
of its parts, or from oontact with an
electrically emergized part of an
appurtenance of such part, the unit which
operates such a locomotive will trans-
mit report of such accident immediately
to the transportation railway group head-
quartsrs in the theater of operations or
to the appropriate Army headquarters in
the oontinental United States. This re-
port will give specific information as
to the nature of the aocident, the place
where the aocident ooourred, and the
location where the looomotive or unit
may be inspected. DA Form 285
(Accident Report) (not shown herein),
letter, or electrical means will be used

as appropriate,

185. DD Form 865 (Daily Assignment
Worksheet for Locomotives and
Locomotive Cranes) (Not required
for Army Installations)

This form (fig. 89) will be completed

is especially directed to the reverse
side of DD Form 865. Only such data
as the date repairs are made, job order
number, and a brief desoription of repairs
will be recorded here. The job order

forms will be used in connection with
the repair of the equipment.

186. Inspection Worksheets

& DD Form 862 (Daily Inspection
Worksheet for Diesel-Electric Locomo~
tives) This form (fig. 90) will be com~
pleted by the operator and maintenance
personnel of the using unit.

(1) Each locomotive will be inspected
by the operator after each day's
work, If any defects are found,
they will be reported on this form.

(2) This form will show the number
of the locomotive, hours in op-
eration, date and place of inspec-
tion, and the signature of the
road inspector and/or operator.

(3) The form is then given to the
maintainer who checks all the
items lsted on his section of
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DAILY IRSPECT 10N WORKSHEET FOR
DIESEL ELECTRIC LOCOMOTIVES

UsA 181)
TWSYITTRYTON

Yort Sustis, Virginie

Nechasicel deficicacies eucosstered dnh’ .operatiocs
will be recorded by equipmest Operator, ia the "A -
tors R * portios of ferm The remeisiag items

11 be oted qualified malatessace persossel.
Check oach item "0K" or "Defective”. Naistajser iai-
tials and daten teo the right of item marked "Defec-
tive® to sigeify secessary repaire were accomplisheds

A - OPERATORS REPORY

Items which are sot
isapected 3bould de me

asd type of equipmest.

1icadle te the oquipment dein

ed “N/A®. la the remeark eol-'
-ester additiosal work or other qualifyiag dats, asch
as: Repairs required deyosd the acope of orgaaisatios
meistosasce. Por details ie repairs, meiatesance aséd
isspectios, sse the applicadle massals for eachk model

1TEN
SNgER

REPAIRS NEEDED (Reported by Read Inspector or Opereter)

(Nechenic’ e
Initiol)

1l | left front windshield wiper dces not operate

locomotive does not meke transition sutomatically

B R

2. LUBE O1L PRESSURE 3. WATER PRESSURE 8,  BATTERY AMMETER S. - LOAD METER
WUNSER 1 WUNSER 2 WUNBER 1 nunstR 2 wUweER 1 WURBER 2 WURBER 1 WUMBER 2
3» == .- - Charge - 800 -
6. MAIN RESERVOIR PRESSURE|?7. EQUALIZING RESERVOIR | 6. SRAKE PIPE PRESSURE 9. CONTROL AIR PRESSURL
Ol  20# PESSURE 704 704 04
IGNATURE OF ROAD INSPECTOR SIGNATURE OF OPCRATOR
S Jees, PEC
K4 OATE
B - MAINTAINER'
INTAINER'S REPORT 4 Nov 64
MECK OW HECK
chEcK One CORRECTED cuecs ont CORRECTED
ITENS ox | otrFEC- (Neechonic's ITEMS ox | oerec- (Mechonie'e
Tive Iaitial) TIvE Inktial)
LUSRICATE COMPLETE LOCO- SRAKE EQUIPMENT, SANGERS
WOTIVE 18 ACCORDANCE wITN o 4 4
Lo APPLICABLE A LUBRICATION SWTTERS, ETC. X
onecn X
2. CHECK AND REPLENISN: i R T ) CO0LING FAR ARG DRIVE X
8. WATER sSuPPLY X 6. COVPLERS, LOCKS AND LEVERS X
o, FUEL . "
X M 1. ORAKE RIGEING AND PINS X
. SRAKE SNOES AND BRAKL
€. SATTERY maTER X €. CYLINOER PISTON TRAVEL 1
CAB WEATER AND
d- samo X . STAmseY meateR x
FOOTEOARSS, DOORS, 6RA® |
s. WNEEL FLANGE luuutn'm 10, | aons & SAPETY OEVICES "
e prnnint it el rem? A 11. LOOSE ELECTRICAL WiIRES x

DD .2%.862

Figure 90. DD Form 868 (Daily Inspection Worksheet for Dissel-Electric L ocomotives).

REPLACES 00 FORN 70, 1 OCT %9, WNICh 1S OBSOLETE.




CNECK ONE

coRRFCTED CORRECTED
ITENS ox| PErEc- | (Weohonis®s ITEnS (Bochonie’e
TivE Tadtdel) Yive Teledel)
- WAIRTATHER' S REPORT (Coatinwed)
v INTARE ANO
12. 00 e Phas X 4 gxmAVST SYSTEM X
13. ALL wo3ES AWD DELTS X 29. eNCELS AWD JovaNALS p 4
Y . ORAIN NOISTURE PROW AR
e, Leans: % 20, JEtaverns b 1arencootens | X
SRAIN AIR SOXES AND

o. rueL awe use svsTEws | x 17. CHECK OPERAT 10N OF X
*. COOLING SYSTEW x 18, cuecs ron wwusuaL worses | x
o AIR SVYSTEN X 19. CRECE ENGINE BARN VP X

€< ADDITIONAL WORX OF

QUALIFYI A

BNy
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Figure 90-Continued.
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The form (fig. 91) for these inspections
is divided into six sections from A to F
the speocific items to be checked.

(1) Section A, mechanical, requires

(3) Sootian B, engine, requires a

complete inspection ¢f engine
lubricating oil, fuel oil intake, and

(3) Section C, airbrakes, requires a
complete inspection of the com-
pressor and its operation, air
gages, brake details, and air
reservoirs

(4) Section D, electrical, requires a

(5) Section E consists of a thorough
check of the steam generator.

*Not required for Army installations.

(6) Section F requires the inspection
of fire extinguishers and lubrica-
tion system and a test run of the
locomotive,

o. *DD Form 864 (Annual Inspection
Worksheet for Diesel-Eleotric Locomo~
tives) The annual inspection will be per-
formed by qualified and authorized main-
tenance personnel. The form (fig. 92) for
annual inspections is similar to that
desoribed in b above. The locomotive and
all of its acocessories are given detailed

and inspections. All gages are
tested and calibrated, and all fuel injectors
oleaned and tested. Measurements are
taken of the crankshaft thrust clearance,

coupler heights, and footboard heights.
d DD Form 1336 (Monthly Inspection
and Repair Report of Locomotives and

repairs made, if any; and defects not prop-
erly repaired, if any. Spaces are provided
for the signatures of four inspectors in
that several branches of a m