A0 <HMApH Z0——>

Sy oo g =

HATIONAL TRANSPORTATION SAFETY BOARD
Washington, B. C. 20591

oy 2 pertd

REPORT NUMBER. NTSB-RAR-72-5
TS R R A BT S L ERRLRY



s ; i

) /} ﬁ ':»5 "w ]
Lo e LRT N OF %\
A SH S \ oA sponTATION
Rt - v
7708 6 07

oRsaY
i i sk

l-_'“ ——) AW -

. SS-R-17
RAILROAD ACCIDENT REPORT,

DERAILMENT OF AMTRAK TRAIN NO. 1
WHILE OPERATING ON THE
ILLINOIS CENTRAL RAILROAD NEAR
SALEM, ILLINOIS
June 10, 1971
ADOPTED AUGUST 30, 1972

./ WATIONAL TRANSPORTATION SAFETV RGARD |
B} Washingion, D. €. 20591
Report Mumbei: NTSB-RAR-72-5,

oo R L §




TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2.Government Accession No. 3.Reciplient's Catalog No.
NTSB-RAR-72w5

H.ETitle and Subtitle Derailment of Amtrak Train No, 1 5.Report Date
While Operating on the Illinois Central Rallroad near August 30, 1972
Salem, Illinois, June 10, 1971, 6.Performing Organization
: Code

7. Author[s) B.Performing Drganization
: Report No.

9. Performing Organization Name and Address 10.Work Unit No.

National Transportation Safety Board
Bureau of Surface Transportation Safety
Washington, D, C. 20591

11.Contract or Grant No.

13.T7ype of Report and
Period Covered

12.Sponsoring Agency Name and Address Railroad Accident Report
June 10, 1971

NATIONAL TRANSPORTATION SAFETY BOARD

Washington, D. C. 20591 14.5ponsoring Agency Code

15.Supplementary Notes

16.Abstract
Amtrak train Neo. 1, a southbound passenger train operating on the tracks of the

Illinois Central Railroad between Chicago, Illinois, and New Orleans, Louisiana,
derailed near Salem, Illineis, on June 10, 1971. Two locomotive units and the first
saven cars ware turned over on thelr sides. The derailment resulted in 1l fatalities
and 163 injuries.

The National Transportation Safety Board determines that the probable cause of
this accident was the displacement of the east stock rail of the southward main
track by the false flange on the left-hand wheel on the leading axle of the rear
truck of locomotive unit 4031, This wheel slid flat when the traction-motor armature
bearings failed and locked the driving wheels. Failure to detect the sliding wheels
was caused by an inoperative wheel-slip indicator,

The cause of six of the eleven fatalities was the ejection of passengers through
the large side windows which broke when the cars overturned. The other fatalities
were cauvsed by passengers being ejected fromthe end of the car, being struck by a cross
tie, and being hurled around the inside of the car. A total of 163 passengers and
employees were injured when impacted against injury-producing surfaces inside thecars

17.Key Words Rallroads, Train Accldents, AcCLdent 18.Distribution Statement
Investigation, Passenger Car Derailment, Passenger Car

Windows, Passenger Car Design, Locomotive, Locked Released to Publie.
Wheels, Slid-Flat Wheels, Traction Motor, Seized Unlimited Distribution.

Armature, Armature Bearings, Wheel-Slip Device,
Locomotive Controls, Locomotive Circuits.

19.5ecurity é]assification 20.5ecurity Classification |21.No. of Pages | 22.PrTce
(of this report) {of this page)
UNCLASSIFIED UNCLASSIFIED 66

NTSB Form 1765.2 (11/70)
ii



FOREWORD

This teport of facts and citcumstances and detetmination of probable
cause by the National Transpottation Safety Board is based upon infotma-
tion developed in a field investigation and a public hcaring The field
investigation was conducted by the Safety Board in cooperation with the
Federal Raikoad Administration (FRA) and the Civil Aecromedical Institute
(CAMI) of the Fedeial Aviation Administtation Much of the information
obtained concerning the injuries and the crash-wotthiness of the passenger
cars is the result of CAMI’s investigation and is contained in the Institute’s
final report of theit investigation of the accident, titled “Application of
Commeicial Aitciaft Accident Investigation Techniques to a Railioad
Detailment.” The public heating was conducted by the Safety Board in St
Louis, Missouii, on July 13, 14 and 15, 1971
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NATIONAL TRANSPORTATION SAFETY BOARD
Washington, D.C 20591

RAILROAD ACCIDENT REPORT

Adopted: August 30, 1972

DERAILMENT OF AMTRAK TRAIN NO 1 WHILE
OPERATING ON THE ILLINOIS CENTRAL RAILROAD NEAR
SALEM, ILLINOIS
JUNE 10, 1971

I. SYNOPSIS

Amtrak train No. 1, consisting of 14 pas-
senger cars and an Illinois Cenetal Railtoad
Company {ICRR) fout-unit diese] electiic loco-
motive, while operating southwaird from
Chicago, lllinois, to New Orleans, Louisiana,
over the tracks of ICRR, derailed near Salem,
HMinois, on June 10, 1971. The fitst two
locomotive units and the first seven cats were
turned over on theit sides. The accident resulted
in 11 fatalities and injuties to 163 people

The National Tianspoitation Safety Board
determines that the piobable cause of this
accident was the displacement of the cast stock
rail of the southward main ttack by the false
flange on the left-hand wheel on the leading axle
of the rear truck of locomotive unit 4031 This
wheel slid flat when the traction-motor aimatuie
beatings failed and locked the diiving wheels
Failure to detcct the sliding wheels was caused
by the dispatch of the locomotive with an
inopeiative wheel-slip indicator

The cause of six of the eleven fatalities was
the ¢jection of passengeis through the latge side
windows which bioke when the cars overturned,
The othar fatalities wete caused by passengers
being ejected from the end of the car, or being
sttuck by a cioss tie, o1 being hurled against the
inside of the cat. A total of 163 passengers and
employees wete injured when impacted against
injury-producing surfaces inside the cars.

II. FACTS
A Location of Accident

This accident occuired at Tonti, [llinois,
111.2 miles south of Champaign, Illinois, in the
Champaign Distiict of the Illinois Cential
Railroad (ICRR), which extends 122.2 miles
southwatd from Champaign to Bianch Junction.
Tonti, about 1.5 miles notth of Salem, Illinois, is
only a station point on the raitroad.

In the vicinity of the accident, the two main
ttacks run north and south The west tiack is
designated for southward movements and the
east track for notthward movements. The tracks
ate straight for a considerable distance to the
point of the accident and the grade for south-
ward trains varies from slightly descending to
level.

A trailing-point crossover for the designated
movements connects the two main tracks The
south switch on the southward main tiack is 983
fect noith of the Tonti station sign. A siding,
designated as the business tiack, patallels the
southwaid main track on the west., The notth
switch of the siding is located 29 feet south of
the south switch

The derailment occurred on the southwaid
main track, 12 fect south of the point of switch
of the trailing-point c1ossover.

State highways, county roads, and buildings
in the vicinity are shown in Figme 1
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B. Methaod of Operation

Trains moving with the curient of tiaffic ate
operated by timetable, by tiain mrders, and by
cab signals of an automatic, continuous,
inductive train-stop system Wayside signals ate
not used The cab signals can indicate only
ptoceed (green) or pioceed at resnicted specd
(red)

The tules and tegulations of the ICRR’s
opetating department iequite all tiain crew-
members to inspect the train as frequently as
possible, giving special attention to sliding
wheels and other defective conditions which
might endanger the movement of the train
Station employees, including opeiatots, ate
iecquited to be out of buildings and on the
gtound o1 station platforms when tains are
passing, in order to inspect for defects. Th=
station employees are requited fuither to convey
the tesults of their inspections to the traincrew
by signals.!

In addition to the rules of the operating
depaitment, engineers on the ICRR ate tequired
to be familiar with the contents of boocklets
fuinished by the Electio-Motive Division (EMD)
of the General Motois Cotporation on the
opetation of vaticus designs of EMD-built loco-
motive units The following requitements are
contained in one of these booklets which is
titled “Engiveman’s Operating Manual Model
E8;

“Wheel Slip Relay The wheel slip relay is
located in the electiical contiol cabinet,
behind the power contactors If one pait of
wheels should slip while locomotive is under
power, this 1elay will pick up, lighting the
wheel slip light inteimittently to warm
engineman as the wheels slip, stop slipping
and slip again. The throttle should be reduced
to stop slipping, and sand applied to prevent
slipping when thiottle is 1copened.

“Alarm Indications For One Pair of Wheels

Sliding 1{ one pair of wheels should slide

lAppcndjx A contains cxecipts fiom ICRR Rules and
Regulations of the Qperating Department

when staiting a wtain, the wheel slip light will
flash on and off intermittently, but as the
train speed incicases, the light will stay on
mote or less continuously, and will not go out
when the throttle is reduced and sand applicd
The light will go out when thiottle is closed

to idle.
Undesr this conditon, the engine crew

should make an immediate investigation to
deteimine the cause The wheels may be
sliding due to a locked biake, a broken geut
tooth wedged between the pinion and ring
geat, or a motot bearing may have scized

* ok ok ok

IF A POWER PLANT IS ISOLATED BE-

CAUSE OF REPEATED WHEEL SLIP

** % THAT UNIT SHOULD NOT BE

ALLOWED TO REMAIN IN THE LOCO-

MOTIVE CONSIST UNLESS 11T IS

CERTAIN THAT ALL OF ITS WHEELS

ROTATE FREELY.”

Further, trip ot daily inspection is required
of all locomotive units by the Code of Fede1al
Regulations (CFR), Title 49, Section
230,203.2

C Desaiption of Locomotive Unit 4031

Diescl electric unit 4031 was an EMD, E-8A,
cat-body type, rated at 2,250 hotsepower and
built in June 1952. Its total weight was 323,320
pounds The control compattment, located in
the forward section, had a tounded nose in fiont
of and below it. The unit had two six-wheeled
roller-beating tiucks. {See Figuie 2.) Each of the
two outside paits of wheels of cach truck was
propelled by a tiaction motor mounted between
the axle of the wheels and a crossmembet of the
tiuck The motor, which was supported on the
axle by two friction type suspension beatings
and on the tiuck fiame by a rubber nose
suspension pack, drove the wheels by means of a
ditect connection between a 25tooth pinion
gear mounted on the traction motor and a
52-tooth 1ing gear mounted on the axle {Sec

2 Appendix B contains cxeerpts from 49 CIPR 230
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A Six Wheel Truck
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Figute 3} The center pair of wheels of cach
tiuck was not powecied A geatcase, which
enclosed the gears, carricd the grease for their
lubrication Grease could be added, as needed,
by means of a filler cap in the geatcase.

1 Powerplant

The unit was ptovided with two 12-
cylinder diesel engines, each coupled ditectly to
an electtical unit containing a 600-volt geneiator
which provided power fot the tiaction motots
alld arn a.ltelﬂator Whic]l PrOVid(’:d pOWer fOI
cooling and ventilating fans Hereinafter, this
electtical unit will be referred to as the
genetator  Each diesel engine and geneiator wele
mounted longitudinally in the enginercom with
the geneiator of cach engine positioned toward
the end of the unit. The gencrator end is
considered the rear of the engine The forward
engine and genetator, refeired to as No 1,
provided powser for the two traction maotos
mounted on the front truck, while the rear
engine and generator, icfeired to as No 2,
pmvided power for the two traction motors
mounted on the rear truck,

Electrical controls which governed the
operation of the power or primary ciicuit of
cach engine and generator were contained in a
cabinet mounted on the end walls of the engine
rocm towaid the tear of each engine. A power-
opeiated 1everser switch, remotely controdled,
was used to change the direction of the flow of
elecirical cmrent to the traction motors for
forward and i1eveist movements of the [oco-
motive unit The reverser had three positions:
forwatd, backward, and neutral The reverse
could be locked in the neutral position by
placing a pin thiough a hele in the hub of the
switch which aligned with a hole in the frame.
Although power to the two traction motors in
that ciicuit was cut off when the reverser was
placed in the neutral position, the diesel engine
and generator would respond to theh contiols

In addition to the main generator, a 10-kw
auxiliaty geneiator, driven ditectly by each of
the diesel engines, movided direct current at

approximately 74 volts for lighting, control
citcuits, generatot ficld excitation, fuel pumps,
and chatging of the batteries. This auxiliaty
generator was mounted above the main genera-
tor,

The aimaturc of the traction motor was
carried at each end by sealed, grease-lubricated
roller bearings The pinion gear is mounted on
the end of the armature opposite the com-
mutator end, The amount of lateral movement
of the armaturc was contiolled by the
commutator-end beaiing with an end plate
secured to the end of the aimature which boie
against the Hing of the roller-bearing assembly
The end plate was secuted to the end of the
armature shaft by a threaded projection screwed
into a threaded cavity in the center of the
armature end Two locking sciews which bore
against the end of the atmature shaft prevented
the end plate from tuining Each beating as-
sembly was provided with oil throwers and seals
to retain the lubticant

2. Locomotive Contiols

The contiols for opeiating the lead unit
and other units when they wete coupled as a
multiple-unit locomotive weie located in the
control compartment in the vicinity of the
enginee1’s position. Included as part of the
contiols were the thiottle, which controlled the
speed of the diesel engine; a tiansition lever,
which determined the power o1 dynamic biaking
aspect; a reverse lever, which determined
direction; and two airbrake valves, The reveise
lever was electiically connected to and con-
trolled the position of the power reveiser
switches, previously desciibed. In addition, a
number of switches, gauges, and waining lights
or indicators were pirovided. The dial of a specd
recorder indicated the speed of the locomotive,
however, tapes weie not used to iccotd the
speed. A load meter indicated in amperes (from
0 to 1,500), the amount of current supplied to
the tiaction motots iIn No 1 chcuit, Airbiake
gauges weie also provided ({Sce Figure 4 )
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The following safety devices and warning
systems ate provided as part of the locomotive
controls:

a. Safety Control (Dead-man} - provided a
penalty application of the brakes in casc the
engineer becomes incapacitated.

b. Pneumatic Control Switch (PC) - auto-
matically reduced power in response to a
penalty application of the air biakes.

¢, Ground Relay - detected an electrical
ground in the primary circuit.

d Lube Oil Pressure Alarm - detected low oil
ot incorrect pressure in an engine

e No Power Alarm - was actuated when an
engine is automatically shut down.

f. Hot Engine Alarm - warned of excessive
engine heat.

Additional controls for the operation of
cach diesel engine were mounted on a panel near
the front of each engine in the engine room. An
isolation switch with two positions, “Start” and
“Run”, had to be placed in the “Run” position
for the diesel engine to function. When the
switch was placed in the “Start” position, the
diesel engine was disconnected from the control
circuit and was reduced to idle. Engine “Start™
and “Stop” buttons as well as other switches
and indicators were located on the panel. (See
Figure 4 )

3. Steam-Heat Generator

Each of the locomotive units involved in
the accident was provided with an oil-fired
steam generator which provided steam for use in
the dining cars and for heating water in all cats.
During periods of cold weather, the steam was
also used for heating. The steam generator was
located at the rear of each locomotive unit.

4. Wheel-Slip Protection Device

Locomotive units had been provided with a
protective electtical circuit which watned the
engineer when any pair of driving wheels of the
locomotive slipped or slid. In unit 4031, this had
been accomplished by the detection of a dif-

ferential of cutrent produced between the two
traction motors in the circuit when either pair of
driving wheels slipped or slid. The actuation of
this circuit would have lit a wheel-slip indicator
on the panel in front of the engineer which
would have stayed lit until the current dif-
ferential was coriected. There was no other
alatm in this circuit.

If no current had been supplied to the
traction motors, the wheel-slip protection device
could not have functioned,

D. Operation of Locomotive Unit 4031 Prior to
the Accident

On June 6, 1971, unit 4031 was dispatched as
the lead unit of a three-unit locomotive consist
in Amtrak’s train No. 1 from Chicago, lllinois,
to New Orleans, Louisiana Shortly after depart-
ing from Chicago, the No. 2 engine on the unit
failed to supply electrical power, and it was
isolated for the remainder of the trip by
positioning the isolation switch at the “Start”
position, Inspection of the unit in New Orleans
revealed that the auxiliary generator in the No. 2
circnit was defective. It was decided to return
the unit to Chicago with the No. 2 engine shut
down so that repaits could be made by the
ICRR at their Wooderest shop, near Chicago.

The No. 2 engine was shut down in New
Orleans and a yellow tag beating the notation
“Do Not Start” was attached to the isolation
switch on the No. 2 engine control panel. This
tag also cartied a brief description of the
defective condition. As an additional precaution,
the power reverser for the No. 2 power circuit
was placed in neutral position and a 3/8-inch
dizmeter pin inserted to lock the reverser in this
position for the movement to Chicago, The
ICRR does not require that the power reverser
be locked in neutral position when a diesel
engine is shut down.

Unit 4031, with the conditions so described,
was dispatched from New Otleans to Chicago as
the middle unit of a three-unit consist, The
engineers who prepared lecomotive inspection
reports at Canton and McComb, Mississippi, and



at Centralia, 1llinois, noted on their repoits that
the No. 2 engine of unit 4031 was shut down
and tagged. The engineer making the locomotive
inspection report at Champaign, Hlinois, noted:
“#2 Engine 4031 dead and tagged and has
reverser blocked "3

After its atrival in Chicago, the locomotive
was moved to Woodcrest shop for inspection,
servicing, and repairs, and unit 4031 was placed
in the repair shop The auxiliary geneiator was
replaced and the personnel responsible for
making the tepairs so noted and signed the
locomotive inspection 1eports The unit was
then moved to the ready track where it was
assembled as the fourth unit of a locomotive
which consisted of units 2024, 4106, 4109, and
4031,

Tests were petformed on the locomotive to
asceitain whether it was suitable for service A
sequence test was made to determine if all
motor circuits were functioning, The locomotive
was considered ready for seivice and was as-
signed to Amtrak’s train No. 1 for June 10,
1971

E. Desaiption of the Accident
1 The Train

Amtrak’s tiain No 1 was scheduled to
depart from Cential Station in Chicago at 8
am,, and to operate on the tiacks of the ICRR
to New Orleans, aniving there at 1:30 am the
following day, having covered a distance of 921
miles, Stops wete scheduled between Chicago
and the vicinity of the accident as follows:

Stations Mileage fromn Chicago  Time
Homewood 22 8:40 a.m.
Kankanee 55 9:08 a.m.
Champaign 127 10:20 a.m
Mattoon 171 10:59 a,m,
Effingham 198 11:24 a,m.
Centralia 251 12:16 p.mn.

3Appendix C coniains a copy of the locomotive inspection
repert for unit 4031, June 7, 1971

The engineer and fireman of train No 1
reported for duty at the Woodciest shop on
June 10, 1971 and were assigned the locomotive
consisting of units 2024, 4106, 4109, and 4031.
A defective motor was found on the oscillating
headlight of the lead unit 2024 while the ctew
was making the required inspections, The crew
was instructed to tuin the locomotive on a wye
track which was located on the 1oute to Cential
Station This mancuver placed unit 4031 in the
lead On arrival at the station, the locomotive
was coupled to 14 passenger cars airanged as
follows: one baggage car, two coaches, one
dinet-counter, one lounge car, six coaches, one
coach-food car, and thiee coaches. The aitbrakes
were tested and the train departed shottly after
8 a.m,

2 Description of the Passenger Cats

The passenger cars were of all-stecl
construction and wete provided with tightlock
couplers. The coaches and vestibules and steps at
one end only but had end doots at cach end that
opened into the interion of the car Toilet and
lounges wete provided at each end of the
coaches The upholstered reclining scats were
provided with foot rests. The seats could be
unlocked for 1otation by pulling the double seat
towatrds the center of the cat. The cars were
equipped with sealed, doubleglazed pictute
windows, 28 inches high and 56 to 62 inches
wide. The double pane of the window sash
consisted of Y%-inch laminated safety glass on the
inside and Y%-inch plate glass on the outside The
two panes were mounted in the metal sash frame
with a iubber gasket. The sash was installed
fiom inside the car and was secured by a
retaining plate fastened to the inside of the car
side by bolts o1 sctews.

The dining car was divided into three arcas:
a kitchen, a serving bar, and an eating ot lounge
area which contained movable tables and chaiis

A number of the cars were equipped with
air-conditioning systems powered by a piopane-
operated engine. The propane for the operation



of these engiucs was stored in five compressed-
gas tanks cautied in a rack mounted under the
car floor

3. Opeation of the Tiain Between Chicago
and the Point of Accident

Shordy after the wnain depaited from
Chicago, the engine ciew discoveired that the
locomotive was lacking power The fiieman
checked the units and found that two cngines in
the center units and the No 2 enginc in unit
4031 were not loading He made several adjust-
ments oh the engines and was then able to
opcrate the two engines of the middle anits but
not the No 2 engine on 4031 No additional
ttouble was expetienced cn route to Champaign,
wheie the tiain antived at 10:44 am., 34

minutes late
Engine ciews wete changed at Champaign,

The new crew was informed of the problems
encountrred between Chicago and Champaign,
including the unsuccessful attempt to get No. 2
engine in unit 40371 to operate properly While
the new flieman was checking the No 2 engine,
the tiain departed fiom Champaign ar 10:53
am., 33 minutes late When he heard the No 2
engine incicase its specd in response to the
engineei’s opetating the thiottle and after he
checked the governor and load regulator, the
fiieman concluded that the engine was oper-
ating He then informed the cngineer that all
EIlgIIlCS weie Op&latlng

The nain made scheduled stops at Mattoon
and Effingham  No inspections of the train weic
made dming these stops. There were 211 pas-
senge1s on the ttain when it depaited fiom
Effingham at 11:53 am. Tiain No, | passed
Edgewoad, the last open office, 24.4 miles notth
of the accident point, at 12:05 p m. The station
opetator made an inspection of the cast side of
the train fiom his position on the platform He
obsetved no defects and signaled to the wain
ciew accordingly When gain No T passed a
notthbound ficight train in the vicinity of
Edgewood, the crew of the ficight signaled to
No 1 that they had obseived no defects The

10

crew of nain No 1 had looked over the tiain a
numbet of times and had nat obscived any
defects The engineer stated that he had suf-
ficient powet to operate the train and that at no
time was the wheel-slip light indicato: lit or wete
any othe; waining signals teceived that would
have indicated an abnormal opetation of the
lecomotive

4, Derailment of the Tiain

The train was moving at a spced of about
90 miles pet hout on the southwatd main track
as it appioached the crossover between the main
tracks at Tonti The engineer was reducing speed
in anticipation of a reduce-specd aspect at the
next signal The engine ciew stated that the
locomotive 1ode smoothly and that these was no
indication of any dctect The engineer fclt a
bamp as the locomotive maoved over the south
switcl of the ctossover and he then saw the
locomative derail He immediately applicd the
biakes in emeigency and biaced himsell as the
fitst unit tuined over on its 1ight side. As the
unit shid southward on its side about 390 feet,
ballast and ditt were scooped into the cab
partially covering the engineer After the unit
stopped, the fiteman assisted the enginec: and
togethe: they crawled through a window on the
left side of the conttol compartment After the
ciew got out, they obsetved that the second unit
was on fite; and soon thereaftcr, the first nnit
caught fire

As the train approached Tonti, the baggage-
man and the conductor weie seated on epposite
sides of the conductor’s desk, which was located
between two of the seats along the tight side in
the 1ear of the thitd car The conductor was
facing forward The baggageman fitst noticed
the impending derailment when the tear of the
thitd car 1aised upwards and the car turned over
on its iight side. The conductor was hurled
thiough a window as the car rolled over The
baggageman was thrown atound the inside of the
car, and, although he was injused, he was able to
crawl out of the car after it came ta a stop



The flagman was seated at the rear of the last
car. His fiist knowledge of the accident was
when the brakes weie applied in emergency and

the car derailed,

5. Postition of the Locomotive and Cars

The first two locomotive units stopped
west of the siding with the front end of the fiist
unit 1,031 feet south of the point of derailment.
The third and fouith locomotive units stopped
uptight on the siding and to the reat of the
second unit. The first seven cats jackknifed,
tutned on their sides, and stopped in vatious
positions, as shown in Figutes 1 and 5 The next
five cars jackknifed but stopped upright across
the main tracks The remaining two cats derailed
and stopped in line with the southwaid main
track.

F Results of the Accident
1 Damage to the Locomotive and Cats

The fitst locomotive unit, No 4031, was
heavily damaged and the second unit, No. 4109
was destroyed by the accident and the ensuing
fite. The thitd and fourth units were not
damaged so extensively as the other two

The first six cars were demolished. Their
sides were bent and torn, theit underfiames weze
damaged, and the roofs of seveial of the cars
wete smashed downwards. Most of the windows
on the sides of the cars which weie in contact
with the ground were smashed Many of the
seats in the coaches had rotated and some weie
toin loose fiom the floor. Unsecured furniture
in the coaches, particularly in the dining cars,
was thrown amound the intetior of the cars,
Bioken rails from the track penctrated several
cars In one case, a 1ail was diiven up thiough
the floo1 in the scat area and in another case a
1ail penettated the toilet atea. {See Figure 6 )
Piopane tanks on some cats wete torn loose and
were scatteied on the giound, wheteas the
fittings of others weie torn loose The propane,
however, did not ignite.
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The next four cars were extensively dam-
aged, and the tear foui cars were damaged to a
lesser degree

2. Casualties

Six petsons iiding in the head coaches,
were ejected thiough the windows and killed
when the cats turned ovei. Thiee other pas-
sengers were cither ciushed in the end of a car or
weie ejected fiom the end of the car One
person was struck by a crosstie which was thrust
through a window and one person appaiently
was fatally injured when he was thiown around
and stiuck objects inside the ca1,

Some passengers in the coaches were
injured by the iotating seats, some by being
thrown against objects or by falling baggage, and
othets by the crushing of the car’s super-
structures Some passcengers and employees in
the dining car were injurcd when struck by loose
furniture., In addition to the 11 fatalities, 163
passengers and employees were injured.

G Post-Accident Activities

The population of Salem, Ulinois, accotding
to the 1970 census, is 6,089 The hospital, with
only 37 beds, is provided with limited facilities
approptiate to its size and requiiements
Ambulance service is provided by three funeral
homes in Salem The fire department, manned
by volunteeis, has two fire engines and one
emeigency vehicle

Piior to being elected, the Mayor of Salem
was associated with the fite depaitineni in
vatious capacities and was County Civil Defense
Administtator, and, he was insttumental in
foimulating plans to cope with a catastiophe
resulting fiom any soutce, Many of these plans
were adopted by Salem Although there had
been little oppoitunity to use any of the Civil
Defense plans, the otficials and people of Salem
continued to practice and to impiove the
system. Salem has a modern system of eme:-
gency communications both for notifying a



Figure 5 —The Location of the Locomotive and Cars After Derailment
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Figme g

—Rail Penetrated Interigy of Car
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central dispatcher of trouble and for notifying

the responsible agency’s personnel of an emer-

gency.

At about 12 27 p.m. on June 10 1971,
information was received and relayed over the
town’s communications system that a catas:
trophic accident had occurred on the ICRR
near the boundaries of Salem. Almost instantly,
emergency personnel and vehicles - were
dispatched to thé scene and the suirounding
communities were alerted and requested to
provide assistance. The hospital staff was alerted

and they prepared to cire for the injured. .
Doctors, including a dentist and a veterinatian,’

proceeded to the scene to provide {irst aid and
to dispatch the most sericusly injured promptly
to the hospital,

A portable field hospital unic in Salem was
made available and moved to the high school
which was opened as an emergency station.
Many of the less seriously injured passengers
were treated at the high school, while some of
the more seriously injured were first treated
thete and then moved to hospitals in the
surrounding area. Wheni -the Salem hospital
became filled, the injured were moved promptly
to other hosp1tals ‘ Many of the uninjured
passengers weie brought to the high s¢hool and
were cared for until arrangements could be made
for: them to continue their journey.”

“The State Police were notified immediately of
the accident and two troopers were dispatched
to the scene. It was through' their direction and
effort that most of the passengers -were
evacuated from the cars. Windows were broken
out of the upper sides of the coaches and ladders

were placed down into the cars. This permitted -

rescue workers to enter the.cars and provided

and were being treated, the fatalities had been
removed, and. the remaining passengers were
receiving care,

H. Examination of Locomotive Unit 4031
1. At the Scene of the Accident
The rear truck of unit 4031 remained
attached to the unit when it was turned over on

its side. Both of the leading wheels of this truck
had flat spots about 10-3/4 inches in length

These flat spots had produced a false flange on

the outside edge of the tread. {See Figure 7.)
The fact that there were no other flat spots on
the wheels indicated that the wheels had not
turned after locking. When the gearcase cover
wag temoved, no broken gear teeth or other
defects in the gears were found which would
have caused the wheels to lock, '

The relays and the circuits of the wheel-slip
device for the rear truck had ‘been burnéd to
such an extent that the condition of the relays
before the accident coild not be determined
The light bulb of the wheel slip warning device

" was found to be serviceable. The throttle was in

the idle position; the automatic brake valve was

- in the emergency position; and all other controls

exits. Passengers too severe]y injured to help;‘ '

themselves were secured to plywood stretchers

and pulled out by ropes. Rescile wotkers found
that the end doors of the cars were blocked and
either could not be used or were very difficult to
open, One of the few problems that soon
developed was a shortage of ladders.

Within about 2 hours after the accident, all
the injured had been removed from the scene
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were in their propet position for the operation
of the locomotive.

2, Insp_ection of the Track

Due to the finding of the locked pair of
locomotive wheels, the southward main track
was inspected notthward from the point of the
accident to Effingham. Marks were found on the
rails, on joint bars, and on heel blocks and frogs
of turnouts which irdicated that the wheels had
slid over these appurienances. The first such
mark was found on a heel block of a switch at
Mason, Illinois, 27.3 miles north of the point of
the accident, The mark, 20 inches in length, had
been cavsed by contact of the flange of the
wheel with the heel block, The sutface of the
heel block was 1-9/16 inches below the top of



Figure 7 —Slid-Flat Spot on Locomotive Wheet as Observed at Scene of Accident.
Gear Case has been Removed.



the rail and the flange height of the left wheel
before it started to slide was 1-1/16 inches above
the tread.

At Edgewood, several marks made by the
wheel flange were found on the heel blocks of
switches and several marks made by the false
flange were found'on the frogs of turnouts

Numerous other marks were found on the
track between Edgewood and the point of the
accident.

3. Later Examination of Unit 4031

In preparation for moving unit 4031 to the
ICRR shops at Paducah, Kentucky, where the
cause of the locked wheels and the failure of the
wheel-slip device would be determined, the rear
truck was replaced with another truck and the
unit moved to Centralia, Illinois. While the unit
was at Centralia, a review of the locomotive
inspection reports by an official of the carrier
disclosed that there was no notation on the
reports that the blocked reverser had been
corrected. The official examined unit 4031 in
Centralia and found that the 3/8-inch pin was
still in place in the power reverser of the No. 2
motor circuit, blocking the reverser in neutral
position With the reverser so blocked, power
could not be supplied to the traction motors and
the function of the wheelslip device was

nullified.

4. Examination of Unit 4031 at ICRR Shops
in Paducah, Kentucky

The leading pair of wheels and the traction
motor were removed from the rear truck. The
journal roller bearing boxes were removed and
the bearings were found to be free of defects.
The flat spots on the wheels were measured and
the wheels examined. The results are shown in
Figure 8. The traction motor was removed from
the axle and the suspension bearings were found
to be in good condition with sufficient oil. An
attempt then was made to rotate the traction
motot, but it was locked and would not move.
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Indications of excessive heating were observed
on the armature bearing caps.

The armature was removed from the motor
and disassembled. The commutator end roller
bearing was damaged by heat and the grease was
charred. (See Figure 9.) The pinion end roller
bearing was damaged by heat. The steel rollers
were flattened, grooved, and discolored. The
inner and outer races were damaged. (See Figure
10.)

5. Examination of the Armarure Bearings

The bearings, manufactured by SKF
Industries, Inc. (SKF), were examined by a
consultant from Purdue University and by
representatives of SKF as part of the Safety
Board’s investigation, The inner rings of the
bearings had attained a temperature of from
1,750°F, to 1,850°F, The rollers in the pinion
end had reached a temperature of about
1,400°F, while the rollers in the commutator
end reached a temperature of from 1,200°F. to
1,300°F. The H-ring showed no evidence of
plastic flow in the areas where the flange
contacted the rollers. It appeared that for a
short period of time before seizing, the rollers
had not turned although the inner race had
rotated on the shaft.

Chemical and metallurgical examinations of
the bearing by both the consultant and SKF
representatives disclosed that the steel complied
with the SKF specifications for bearings of this
design.

Other parts of the bearing assembly such as
the H-ring, the locking plate, and the oil seals
and throwers on both bearings showed excessive
wear on the parts which would have been
affected by excessive lateral movement of the
armature toward the pinion end. The H-ring on
the commutator end bearing displayed no
excessive wear, The end plate which bore against
the H-ring indicated evidence of excessive wear
where it contacted the end cover only. The end
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Figure 9 —Damaged Commutator End Bearing
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Figure 10 — Dgmaged Pinion End Bearing
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of the atmature shaft indicated no distress from
movement of the locking screws.?

The failed beatings had been reconditioned
before they were installed in the t1action motor.
A reconditioned beaiing is one that has been
temoved from a traction motor and returned to
the manufactuter’s plant for 1econditioning. All
parts of the bearing are inspected, gauged, and
any defective part is replaced with a new part
The beating paits are stamped to identify them
as being reconditioned patts The beating is then
retutned to the otiginal owner with the same
guarantee as that given for a new beating The
reconditioned bearings are coated and packaged
in a manuner similar to that for new bearings.
After a bearing is temoved fiom the package, it
is difficult to detetmine whether it is new ot
teconditioned

The component paits of the roller bearings
ate matked with setial numbers and other
identifying information when manufactured,
and with additional matkings when recon-
ditioned. the SKF and ICRR companies do not
maintain recotds by setial numbets of the
bearings putchased. Fiom the markings found
on the pinion-end bearing and the SKF iecords,
it was determined that the beaiings had been
retuined to SKF on December 8, 1970, were
reconditioned and retuined on February 5,
1971,

[ Histoty of the Traction Moto:

The traction motor which ptopelled the lead
wheels of the rear truck of unit 4031 contained
setial no. 53F476 and was built by EMD in June
1953 as a type D-37B. It was 1ebuilt by the
Chandeysson Electtic Company of St Louis,
Missouri, and upgraded to a class D-77 motot
The upgrading consisted, in part, of electrical
improvements which qualified the motor for
heaviet duty opetation than its original design
would have permitted. The rebuilt motot was
sent to the Paducah shops in November 1970

4Appendjx D contains photographs of wear and marks on
parts of the bearing assembly
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The tiaction motor was installed in a type GP-40
locomotive unit on November 11, 1970 On
January 25, 1971, after being in service fo
21,132 miles, the motor was removed because of
electrical trouble and was 1eturned to the
Chandeysson Electric Company under wartanty
on Febiuary 17, 1971. During iepairs, the
reconditioned armature bearings (see above)
were installed and the motor was teturned to the
Woodciest shop on Febiuary 24, 1971, The
traction motor was installed in unit 4031 on
April 11, 1971. From the date of the installation
to the time of failure, unit 4031 traveled a
distance of 33,127 miles

J. The Chandeysson Electric Company

The main business of the Chandeysson
Electric Company is the rebuilding of diesel-
electric locomotive traction motors and geneta-
tors. It is not a railroad-operated company, but
it is associated with [linois Central Industiies
Vaiious tailroads, in addition to the ICRR, send
traction motors and generators to the company
for repaits.

The methods and practices of the company
weie observed as part of the investigation of this
accident Cypiina, a sodium-based grease, was
used to lubricate the sealed armatuie bearings
Quantity was determined by weight and the
cypiina was distiibuted evenly throughout the
bearing cavity Precautions were taken to
preclude the entrance of dirt and other foreign
material during the assembly of the beatring.
Radial gauges calibrated from 0001 to 0 100
wete used to measure the permitted tolerances
after the bearings weie installed on the
aimature, Tolerances measuted were between
.003 and .012 inches.

The scrial numbers of the bearings weie
recorded on the repain form, but a separate
record of these numbers was not maintained.

After the traction motor was completed,
noise and vibration tests were conducted The
motor was operated at thiee speeds, At each
speed an employee listened fot noise produced
by the beatings and placed his hand on the



motor to determine the amount of vibration If,
in his opinion, either the noise or vibrations
weie excessive, the motor was returned fou
furthei attention,

A record was maintained of repaits per-
formed, material used, and the results of final
tests for all traction motors. Copies of some of
the reports of the traction motor involved in this
accident ate contained in Appendix E. It was
reported impropetly at the time the tiaction
motot was repaited that the aimature beatings
were new

K Applicable Instructions and Regulations for
Locomotive Maintenance

Maintenance instructions have been compiled
by EMD for locomotive units of their design.
Copies of these insttuctions ate provided to the
1ailioads for their use in maintaining the loco-
motive units The instructions, which are written
for most of the component parts of the units,
cover tiaction motots of various designs
Companics engaged in tepaiting vatious patts for
these locomotive units generally comply with
the insttuctions when making such repaits The
Chandeysson Electric Company tepaired
ttaction motots to the builders’ specifications,
which included any maintenance instiuctions

EMD Maintenance Instructions tecommend
that when a traction motor is removed from a
locomotive unit, the traction motor should be
opetated and an audible check made of the
atmature bearings to detect excessive noise, This
instiuction seives as a means for detecting faulty
beatings.® The Chandeysson Electiic Company
tested all repaired motors at speeds of 1,000
r.pm., 1,500 r.p m, and 2,000 r.p m.

ICRR uses EMD Maintenance Insttuctions in
establishing piocedures for maintaining the units
purchased from EMD

Title 49, Code of Federal Regulations (CFR),
Pait 230 includes, the following regulations
applicable to this accident:

—————.

5 . .
Appendix F contains excerpts from EMD Maintenance
Instructions
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230,201
alatms

(d); Slipping or sliding wheel

Means shall be provided whereby alarms
and indications of either slipping or sliding
driving wheels on any unit in a locomotive
used in road seivice will be shown in the
enginemen’s compartment of the con-
trolling unit.

Interpretation: This rule does not require
both an audible alarm and a visible indica-
tion, but does tequire that either the one or
the othei, must be provided

The requirements of the rule are satisfied
by a device which shows when either
slipping ot sliding occurs, even though not
distinguishing between the onc and the
other

¥ ok ok ok ok

“230.203 Trip ot daily inspection.

(a) Each locomotive unit when used inroad
service . shall be inspected at least once
every 24 hours, ... A report of the above
inspections shall be made on an approved
fiom to the propei tepresentative of the
iailroad whether such locomotive units
need repairs or not . If any defects exist
which constitute a violation of the Loco-
motive Inspection Act, ot any Fedetal
Railtoad Administtation tules and iegula-
tions thereunder, such defect shall be
tepaited before the unit is again used and
ptoper notation made on the 1eport to
indicate that such 1epaits have been made.
This report shall be approved by the
designated tepresentative of the railroad
and shall then be filed in the office of
the 1ailioad at the terminal at which the
unit is cated for,

kR kK ok

230 262 Engines and accessorics

(a) Tagging for repaits Inteinal com-
bustion engines shall be maintained in a
safe and suitable condition foi seivice,
Whenever any intcinal combustion cngine



has been shut down because of defects and
the unit is continued in service a distinctive
tag giving reason for shut down shall be
conspicuously attached near the engine
starting control and shall remain attached
until repairs have been made.”

The CFR does not contain any tequirements
for the maintenance or operation of traction
motors of other component: parts of a loco-
motive unit. Condemning ‘limits ‘and design
tequirements, however, are required. for some
parts or arcas, The AAR has not established
standards nor recommended practices, for main-
tenance or operation. of these parts, but has
instead depended on each railroad to make rules
to govern its individual needs

Iil. ANALYSIS

A. The Derailment of Train No. 1

When the armature on the traction motor
seized, the direct connection between the pinion
gear on the armatute and the ring gear on the
axle caused the wheels to stop turning, The
friction between the sliding wheels and the rail
soon wore away the tread of the wheels at the
point of contact. The absence of other flat spots
on these wheels indicates that once the wheels
began to slide, they remained in a fixed position.

The marks found on heel blocks and frogs at
Mason indicate that the wheels had been sliding
long enough to increase the flange height to
more than 1-11/16 inches, the distance of the
heel block below the running surface of the rail.
Considering the amount of wear at Mason, it is
not unreasonable to theorize that the wheels
seized when the train stopped at Effingham,
12.3 miles north of Mason Experience with
sliding locomotive wheels and seized traction
motors implies that the seizure generally occurs
when the locomotive is standlng and seldom
during movement.

From Mason south to the accident point,
evidence of contact between the wheel flanges
and the track structure became more prevalent
and more pronounced - As the head of the rail
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wore into the sliding wheel, a false flange was
produced on the outside edge of the wheel
tread, as was shown in Figure 7, The false flange,
once started, eliminated any lateral movement
of the wheel and thus the wear between the
wheel and the rail was concentrated in one
groove, which gave mote definition to the false
flange. The first mark of contact of the false
flange with the track structure was on the frog
of a crossover at Edgewood, 14.4 miles north of
the accident point.

These marks ptovided conclusive evidence
that the wheels were sliding on unit 4031 when
the train passed Edgewood. The operator did
not detect the sliding wheels, nor did the crew
of the freight train that passed train No 1 in the
vicinity ‘of Edgewood. The amount of smoke
and sparks produced by the sliding wheels would
not have been excessive and could have mixed
with the dust produced by the train moving at
its permitted speed of 100 miles per hous.

The trailing-point crossover switch in the
southward track at Tonti required the left-hand
wheels to make a transition from the switch
point to the stock rail as the train moved
southward. The sliding wheel could not make
the tiansition because of the height of the false
flange.

As the sliding wheel moved off the end of the
switch point, the outside of the wheel continued
to push the stock tail outward, increasing the
gage sufficiently to allow the wheel to drop
inside of the rail These and the following wheels
of the locomotive derailed and pushed both rails
outward, When the locomotive’s derailed wheels
reached the siding switch, they were diverted
toward the siding. The sudden change of
direction ptobably caused the first two units to
turn over on their right sides. The destruction of
the main tracks and siding south of the turnout
began when the derailed locomotive struck the
turnout of the siding.

B. The Failure of the Armature Bearings

Although the investigation disclosed that the
armature beatings were installed to the



tolerances and with the amount of lubiication as
iecomended by the ICRR’s and the loco-
motive builder’s specifications, there is some
question whether the locking screws in the end
plate weie tightened sufficiently to prevent
them from being loosened by the rotation of the
aumatuie shaft, The rotation of the shaft tends
to looscn or tighten the plate depending upon
the ditection of rotation The putpose of the
locking screws was to prevent this movement in
either ditection

A later design uses five cap bolts to secure the
end plate to the face of the shaft, This design
eliminates any movement between the plate and
the shaft caused by the rotation of the shaft
However, vibration is still a factor in the
looscning of the cap bolts and lockwites aic
employed to overcome this problem

If the locking sctews of the plate were
propetly tightened, the citcular ends of the
caschardened screws would dig into the end of
the atmatute shaft to a slight depth to keep the
plate fiom tutning If the plate was turned
without loosening the properly-secured locking
screws, the ends of the sciews would maik the
end of the shaft and indicate that this had
occurtted, The marks found on the end of the
shaft in this accident werc circular and appatent-
ly were not produced by a movement of the
plate (Sec Figure 11)

1f the end plate remained propeily secured
and an excessive lateral foice developed fiom
some other soutce, there probably would have
been extensive wear between the end plate and
the H-ing The only weat on the end plate was
on the 1eat swface wheie it had contacted the
bearing covet plate Little ot no wear was
detected on the H-ing The excessive wem
found on one side of the bearing caps, collas,
oil thiowers, and seals indicate that the aimatuic
shaft had moved toward the pinion end a
distance in excess of that presciibed

The bcaiings were manufactured from
matetial that complied with the specified SKF
tequitements. The wear pattern ot the vatious
beming paits and the amount of heat to which
the vaious component paits of the bearings
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were subjected indicate that the armature had
moved an excessive amount towaids the pinion
end, This movement caused excessive friction on
the beatings and theit associated paits The
friction produced enough heat to cause a
lubiication failure. When this occutred, the
bearings rapidly detetiorated

C Reconditioning Aimatute Beatings

The armatute bearings which failed weie
designed and manufactured by SKF, they were
adequate and were manufactured undet a
satisfactory quality control system. The relative-
ly small number of bearing failutes on the ICRR
indicates no urgent problem

However, the manner in which SKF recondi-
tions bearings could cteate possible problems.
Because the iecords do not identify the length
of service of the beaing parts, SKF does not
know what quality bearing is resulting from
theit reconditioning process, Without such a
recard, it appeats that a teconditioned bearing
may contain paits of vatious ages and of various
setvice histories Without such a iecord, the
maintainability and 1cliability programs for such
bearings can not be established.

Reconditioning bearings provides the 1ailioad
with a good bcaring at a cost below that of a
new one Howevei, since some of the patts may
have been subjected to more sevete service for
longer peiiods than others in the same bearing,
service lifc of the bearing is unknown, Although
the 1ate of failure on the ICRR has been low, it

appeats that the piactice should be analyzed at
all levels

D. Evaluation of the Work Performed by
Chandeysson Electiic Company

Duting the obscivations made at the
Chandeysson Electiic Company’s plant in St
Louis, it was found that most of the repair
apetations wete being petformed in a manner
prescribed by the builder of the traction motot
and by the railioad. The use of a 1adial gauge,
calibrated fiom 0001 to 0.100, to measure
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tolerances 1equited to be within a range of fiom
0.003 to 0.012 inches is not considered good
practice  Wheicas this gauge can measure the
tolerances, the movement of the dial is so small
that it can easily be misiead A more sensitive
gauge calibiated, for an example, from 0.001 to
0050 o1 even 0001 to 0025 would portray
better the situation

The type of grease and the method used to
determine the amount of grease weie found to
comply with the specifications The method of
application ensured that adequate lubrication
would be provided the bearing. Precautions wete
being taken also to prevent the admission of any
foreign matetial during the assembly operation

Although the final tests of the tiaction
motots weie petformed as prescribed by the
builder and by the 1ailtoads, it is believed that a
mote icliable method should be adopted. The
results of the noise and vibration tests depend
strictly on the judgement of the opetator The
training o1 the ability of the operator to apply
his knowledge could affect significantly the
tesults of such tests. As can be noted in the
report of the tests conducted on the failed
traction motor in this accident, the operator has
only two choices to make: passed or failed. If
the level of noise and of vibration were meas-
uied by instrument and the acceptance ot
iejection of a motor based on these measuie-
ments, a much improved final test would result,
and a mote objective standaid could be estab-
lished

The improper reporting of the teconditioned
bearings as new beaiings did not contiibute to
the failute of the bearings in this case However,
if a better means were used to identify the
diffesence between a new and a teconditioned
bearing it would benefit both the beating
manufacturer and the iepain company. The
confusion of the similarity of the packaging of
the two beatings would be eliminated

E. The Effect of the Blocked Reverser and the
Inoperative Wheel-Slip Device

When locomotive units were first put into
service, the JCRR blocked the power reverser in
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neutral position when they were required to
move a locomotive unit with an engine shut
down, but later the piactice was belicved to be
unnecessary and instiuctions wete issued ac-
cotdingly. The New Orleans Union Passenger
Teiminal Company apparently believes that the
additional protection is still necessaty and
blocks the teverser when moving a locomotive
unit with an engine shut down. With the power
reverser of the No. 2 citcuit of unit 4031
blocked in neutral position, power could not be
supplied to the traction motors of the rear
truck. With no power to the traction motots, the
wheel-slip protection device was inoperative
Even though the wheels were not recciving
power, many of the same factors that could
cause the wheels to lock and slide still existed.

The middle wheel of the six-wheel tiuck is
not powered and, therefoie, is not provided with
wheel-slip protection at any time. This wheel
could lock and slide due to defective wheel
bearings ot stuck brakes and the engineer would
not teceive an indication of the problem

If the wheelslip protection device had been
operative on unit 4031 on June 10, 1971, the
engineer would have received a warning in the
control compaitment by means of the wheel-slip
light before tiain No 1 arrived at Mason The
indication of the sliding wheel would have
occurted more than 27 miles north of the
accident point The indicator light would have
remained illuminated and indicated a
continuously sliding wheel The engineer was
well veised on the instructions and knew what
was tequired in this situation,

Thete is no doubt that if the engineer had
received the warning, he would have stopped the
train, examined the locemotive, and found that
the wheels had stid flat The engine ciew could
have dcteimined easily that the wheel was

locked.

' Repaits to Unit 4031 at Woodcrest Shop
after Arrival on June 7, 1971

Even though unit 4031 atrived at Chicago
without advance notice that the reveiser was
blocked, at least ome engineer’s locomotive



inspection 1epott indicated that the No, 2 engine
was shut down and that the i1everser was
blocked This should have wained the 1epab
forces sufficiently about the piecautions taken
by the forces at New Otleans

Under 49 CFR 230.203(a), a defect, if it
constitutes a violation of FRA regulations, must
be 1epaired before the unit is again used and
ptoper notation must be made on the loco-
motive inspection tepott to indicate that such
tepaits have been made As requited, a notation
was made and the 1eport was appioved; how-
ever, the pin had not been yemoved from the
1everser Since no exceptions weie noted on the
1epott, the locomotive was accepted as 1ecady for
scrvice While the notations on the 1epoit may
be considered adequate by the ICRR, the
tepaitman’s notation does not fully state what
was done and one must assume that the pin was
iemoved from the 1evesser.

A locomotive unit, after being 1epaired,
should be tested to deterntine if it is suitable for
service before being moved fiom the 1epait shop.
These tests should deteimine the workability of
the unit in general as well as the tepaited patt In
this casc, either such tests weie not peiformed
o1 they weie inadequate to detect the cutout
No 2 motor circuit

The unit was then moved from the tepai
shop to the 1eady tiack whete it was placed as
the fourth unit of the locomotive consist and
tested for serviceability The sequence test ser-
formed on the locomorive should have been
designed to test sepatately each motot circuit If
this test had been designed and performed
propeily, the blocked reveiser on the No 2
moto: circuit of unit 4031 should have been
detected No such condition was 1eported

Under existing anangements the engineer is
not tequited to test and cannot test the vaiious
warning ciicuits provided on the locomotive. He
must, therefoie, assume that all dicuits are
functioning propetly when he takes over the
operation of the locomotive at the initial
terminal
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G Adequacy of Federal Regulations Coveting
the Opeiation of Locomotives

Theie appeais to be a deficiency in the
Federal tegulations 1elevant to this case.

49 CFR 230 201(d) tequires that means shall
be provided to indicate either slipping or sliding
diiving wheels  Section 230.262 allows the
cuntinuation in service of units with an engine
shut down because of defects if a distinctive tag
giving 1eason for the shutdown is attached
conspicuously near the engine staiting control
until repaiss have been made.

When unit 4031 was operated between New
O1leans and Chicago the wheel slip indicator was
inopetative on the reat ttuck when the No. 2
engine was shut down and tagged in compliance
with Section 230.262 Being inoperative, the
wheel-slip device would not indicate the slipping
o1 sliding of the driving wheels of No. 2 engine
Theie are no provisions in Section 230,201(d) to
permit the opelation of a locomotive unit
without an opcrative wheclslip device

The argument has been advanced that when
powet is temoved from diiving wheels, as in this
case, they ate no longer driving wheels and do
not 1equite an indication of slipping o1 sliding If
this be tiue, the tegulation is deficient because

the wheels, alrhough not being powered at the
time, still possess all of the possibilities of
shdlng

If the interpretation of Section 230 201(d) is
that diiving wheels must be protected whether
power is supplied ot not, then the operation of
the locomotive fiom New Oileans to Chicago on
June 7, and the opetation of the locomotive
fiom Chicago to Tonti on June 10, 1971, was in
violation of the 1egulation

A locomotive consist provided with the same
type of wheelslip device as used in unic 4031
does not have etfective wheelslip protection
when opetated with the thiottle in idle position,
even though all motots and citcuits ate
functional A train moving on a desecnding
grade could wavel mans miles with an inef-
fective wheclslip device If a diiving wheel



locked at such a time, an accident similar to this
one could occw

Although Federal regulations require a means
of indicating slipping or sliding wheels, they do
not requise that the engineer determine whether
the device is opetative befoie leaving the initial
teiminal. The engineer in this casc - and on other
similar locomotives - had no means of checking
the operability of that safety device. In contrast,
in aviation thete ate requitements and means for
checking safety devices and warning circuits
before takeoff.

With the exception of the airbrake test, and
train-contiol test where applicable, Federal
regulations do not 1equite an inspection o1 test
of the locomotive before leaving the initial
terminal The 24-hour iequirement (49 CFR
230.203(a)) does not specify what should be
inspected; however, the presumption is that
when the inspector apptoves the locomotive for
service, all conditions comply with regulations
Most of the conditions iequited by 1egulations
atc not deteimined to be in compliance by the
24-hout inspection, and failuie of parts in
setvice is the only indication of non-compliance.

if the intent of Section 230 262 is to provide
a means of moving a locomotive unit with a
defective inteinal combustion engine to a 1epair
shop, this intent should be stated clealy If the
intent of the regulation is to provide a means for
opetating a unit for an extended period of time
with a defective engine, then means should be
tequited to provide for its safe operation and to
ptovide for continued use of the waining
systems. The movement of unit 4031 from New
Otleans to Woodcrest shop in Chicago with the
No. 2 engine shut down was apparently done for
economic reasons The 1epulation does not
requite an adequate level of safety to allow for
the movement of locomotives in 1egular service

Wheteas the rcgulations tequite the use of a
wheel-slip device, the use of a pneumatic contiol
switch (PC) or of a safety control device
(dead-man) is not 1equited Accidents have been
caused by the lack of these devices o1 by their
inadequate installation or maintenance f a PC
switch and a dead-man control, as well as the
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othet warning systems provided on the unit, are
necessary foi the safe opetation of the loco-
motive, then these devices and their installation
and test should be requited by the CFR so that
adequate protection can be provided foi the
operation of the train

During the investigation of this accident the
Safety Board brought to the attention of the
Federal Railioad Administiation (FRA) the
deficiencics and conflicts in the rules to deter-
mine if any decisions had been made since the
adoption of the rules to clarify this situation.
FRA stated that the interpietation of rule
230 201(d), as made in the past, was that only
those wheels receiving power were considered to
be driving wheels FRA also stated that the 1ule
as wiitten is not clear and does not provide for
all contingencies The FRA infeired that rule-
making procedures would be initiated to
eliminate the conflict in the regulations and to
provide the necessary degree of safety for train
opetation.

H The Operation of the Train

Although the first engine crew assigned to the
locomotive reported to the relieving ciew at
Champaign that the No 2 engine of unit 4031
was not loading, the second fireman apparently
assumed that the No 2 engine was loading
propetly after the dicsel engine increased speed
when the engineer advanced the throttle and
after he saw that the engine regulators indicated
that the engine was loading

The load meter in the control compartment
reflects only the amount of electtical current
being supplied to the traction motots in the No.
1 citcuit. If separate load meters were available
for each motor or for each citcuit, the distiibu-
tion of powet could quickly be discerned and a
nonfunctioning ciicuit would be apparent

Although the train was inspected by its own
clew, by the ciew of another nrain going in the
opposite direction, and by the operator at
Edgewood, the sliding wheels were not detected.
A train running at high speeds stits up a cloud of



dust and light debris which greatly reduces the
probability of visually detecting a sliding wheel.
In darkness, sparks from the sliding wheels
would be evident. Because it is not unusual that
visual inspections fail to discover the sliding
wheels, the wheel-slip indicator becomes even
more important under these conditions.

The locomotive derailed before the engineer
made the emergency brake application
producing a heavy compressive force between
the locomotive and the cars of the train The
change in direction of the locomotive, which
followed the turnout to the siding, combined
with compressive forces, caused the cars to
jackknife, and the couplers to break when forces
exceeded the design strength. The momentum of
the cars in the rear also contributed to the
extent that in some cases, cars turned over onto
their roofs before they scttled back on their
sides.

I. Critical Weakness in Railroad Car Crash

Design

The windows on the underside of the over-
turned cars were broken out either when the
side of the car struck the ground, or by
passengers thrown against the windows. Seven or
eight large holes 28 inches high and 56 to 62
inches wide, depending on the design of the car,
were opened in the side of each car when the
window panes were broken. (See Figure 12.)
This occurred as the car was sliding over the
ground on its side. Several passengers cjected
through the windows, were trapped between the
moving cars and the ground. A teview of the 11
fatal injuries shows that six of these petsons

were ejected completely or partially through the -

broken windows. Three other passengers were
either crushed in the end of a car or were ejected
from the c¢nd as apparendy they were moving
from ouie car to another. One person was struck
onthe head by a crosstie which had been thrust
through a broken window and another person
apparently was thrown around the interior of
the car and came. in contact with the car’s
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fixtures. One person fatally injured by ejection
still remains unidentified.

The ejection of passengers through windows
of passenger cars during derailments has been
addressed by the Safety Board in reports of
several accidents. In the Franconia accident,
which occurred near Alexandria, Virginia, on
January 27, 1970,% three people were killed
when they were ejected from a car through
windows and were trapped between the over.
turning car and the ground. In the accident near
Tulsa, Oklahoma, on April 5, 1971,7 the only
fatalities occurred when two small girls were
ejected through broken windows as a car turned
on its side. In two accidents during 1971, the
one at Tulsa and this accident, eight of the 13
persons killed were ejected through broken
windows.

Passengers in the coaches were injured serious-
ly when thrown against sharp edges of exposed
metal plates or when struck or caught by
revolving seats, or by falling baggage. Although
pinpointing the exact structure which caused a
particular injury was impossible, some general
observations can be made. At least 23 survivors
were treated for lacerations, most of which
resulted from contacting broken side windows.
Those passengers seated on the lower side when
the car turned over received lacerations of the
head, upper trunk, and arms. Those on the
higher side of the car received lacerations of the
lower extremities, indicating that they were
thrown into the baggage racks with their feet
and legs contacting the window area. The
unsecured tables, chairs, and fixtures in the
dining cars also caused injuries.

Some of the overturned cars were penetrated
by foreign objects. Rails that were torn loose
broke at the joints and penetrated two cars as
they slid on their sides over the ground. The use

SNTSB’s Report of Derailment of Richmond, Fredericks-
burg, and Potomac Railroad Train 10/76 at Franconia, Virginia,
on January 27,1970, NTSB RAR-71-1

TNTSB’s Report of Collision of a Motar Truck with an
Atchison, Topeka and Santa Fe Raiiway Train near Collinsville,
Oklahoma, on April 5, 1971, NTSB-RHR-72-1
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Figure 12.—-Large observation type windows broken out when car 2616 overturned. Note outward distortion of broken glass tn two nearest windows,
The broken out windows became the floor of the passenger compartment as the car stid to a stop. At least one or as many as three passengers
were ejected through these holes and were fatally injured.



of welded rail would eliminate all but a few of
the rail joints, reducing the possibility of such
penetration. A heavy compressor was driven
through the roof of the dining car, and a crosstie
was thrust through a broken window. The
potential lethality of these objects is obvious
but, in this accident, only the crosstie struck a
passenger which resulted in a fatal head injury.

The bending of the roofs downwards caused
the metal ceiling to separate, producing sharp
edges in three of the overturned cars.® (See
Figure 13.) The deformation of the super-
structure of the cars not only caused injuries but
made rescue of the passengets extremely dif-
ficult. The passageways at the ends of the cars
were either blocked or difficult to use, and with
no emergency exits, the passengers had to wait
until the rescue personnel could break windows
on the top sides and provide ladders for climbing
out. (See Figure 14.)

The basic structure of a passenget car provides
excellent protection for passengers during ac-
cidents of the magnitude obtained in this derail-
ment, Some features in the design of the car
interior, in addition to the windows, however,
could be changed to eliminate their injury-
causing capabilities during accidents If windows
could be designed to prevent a passenger’s being
ejected and if the injury-causing features could
be corrected, the railroad passenger fatality tate
could be reduced to almost zero

Preliminary reports from railroads using clear,
unbreakable, plastic panes in side windows of
passenger cars indicate that if windows of this
material can be better secured in the car, the
window may be able to withstand the forces in
accidents and thus prevent peisons from being
ejected from cars. The use of smaller windows
and guards to prevent the ejection of passengers
would be another alternative, The use of this
type of window, however, requires other emer:
gency exits

BThe Safety Board has found this problém to exist on

intercity buses and school buses involved in accidents and has

made recommeéndations for correction
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Propane tanks, beneath the car floors, were
torn loose from their mountings and scattered
throughout the wreckage (See Figuie 15)
Rescue personnel smelled propane when they
first arrived on the scene, and all persons in the
vicinity were warned about smoking and the use
of open fires around the coaches. The escaping
gas was not ignited, but if fire had started in the
overturned coaches, the results could have been
disastrous, because the passengers’ only escape
was through windows oveithead Whereas the
propane was used to opetate the air conditioning
systems on some of the cars in this train, the air
conditioning systems on most passenger cars of
other trains are operated either by electricity o1
steam.

Emergency tools, first-aid equipment, and fire
extinguishers found on many other passenger
trains, although not required by Federal Regula-
tions, were not available on many of the cats in
this train. Because of pilferage, it was the policy
of the ICRR not to maintain emergency tools on
passenger cars, In the tailroad accident which
occurred at Glenn Dale, Maryland, the Safety
Boaird found emergency tools camouflaged and
recommended that either the container for the
tools ot the tools be painted a contrasting color
to the car’s wall.?

J. The Evacuation of the Injuied and Care of
the Passengers by People of Salem

The response by the local people was the
most prompt and the post accident activities
wete the best that has been found by the Safety
Board in any railroad accident it has inves-
tigated. The success of this endeavor was the
result of previous planning and practice by the
officials and people of Salem. If ather towns in
the United States would recognize this need and
would make in-depth plans for emergencies,
many disastets could be minimized.

_ "NTSB's Repoit of Derailment of Penn Central Train 153 at
Glenn Dale, Maryland on June 28, 1969, NTSB-RAR-70-1



i

Figure 13.—Separation of metal ceiling which produces sharp edges.




b Some were rescued by being lifted up through
windows by means of ropes

d View of rescue workers low-
ering a ladder through a window
they have knocked out to rescue
passengers

a Injured passengers being helped out
the end of the car and down to the ground
after having climbed over partitions and
through the 2-foot high tunnels over or
under the rest rooms

¢ Other rescue workers brought ladders to assist
passengers to the dround after they climbed up the
seats and out the windows

Figure 14
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Figure 15 —Views of Damaged Propane Cylinders
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Therefore, the Safety Board commends the
town of Salem and all those persons who
assisted after the accident for their exemplary
response to the emergency created by this
accident. '

IV. CONCLUSIONS

1. Locomotive unit 4031 was operated from
New Orleans to Chicago on June 7, 1971,
with the No. 2 motor shut down and the
power teverser of that circuit blocked in
neutral position. The motor was tagged in
compliance with 49 CFR 230.262.

2. Information on the daily Locomotive
Inspection Repore for June 7, 1971,
indicated that the power reverser for the
No. 2 circuit of unit 4031 was blocked.

3. ICRR repairmen repaired unit 4031 prior
to use on June 10, 1971, and indicated on
the Locomotive Inspection Report that the
repairs had been completed; however, the
power reverser for the No. 2 circuit was left
blocked in the neutral position.

4.  Tests made of the repairs on unit 4031 did
not detect the blocked reverser.

5. The carrier’s required tests of a locomotive
prior to dispatch from an initial terminal
did not detect the cutout circuit on unit
4031.

6. Unit 4031 was dispatched on train No. 1
from Chicago on June 10, 1971, with the
No. 2 circuit power reverser blocked in
neutral position which eliminated the
means of indicating diding of the driving
wheels of the rear truck.

7. Use of unit 4031 on train No. 1 from
Chicago on June 10, 1971, with no means
to indicate the sliding of the driving wheels
on the rear truck violated 49 CFR
230.201(d).

8. The engineers had no means of testing the
operability of warning devices on the
locomotive.

9. The first engine crew of train No. 1
detected the condition of the No: 2 circuit
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10.

11.

12.

13.

14,

15,

16.

17.

18.

19,

of unit 4031 and informed the second crew
at Champaign.
The load meter in the locomotive control

~ compartment only indicated the amount of

current being supplied to one motor
circuit

The engineer and fireman with their
knowledge and with the appliances
furnished to them could not have been
expected to determine whether power was
supplied to all traction motors.

The train was operated in accordance with
the rules of the carrier between Champaign
arid the point of the accident.

The leading pair of wheels of the rear truck
of unit 4031 probably became locked when
the train made its scheduled stop at
Effingham and slid continuously from
Effingham to the point of the accident, a
distance of 39.8 miles,

Loosening of a locking plate in a traction
motor armature bearing permitted exces-
sive lateral movement of the armature.

The excessive lateral movement of the
armature caused overheating of the
beatings, deterioration of the lubrication,
and eventual failure. :

The reconditioning of the armature did not
contribute to the failure of the bearings in
this accident.

Title 49 CFR 230.262, which allows a unit
to continde in service after a defective
motor is cut out, nullifies the wheel-slip
indicator, This is in conflict with Section
230.201(d), which requires indication of
slipping or sliding driving wheels, and the
regulation does not provide an adequate
level of safety in the operation of
locomotives in mainline service,

Neither Federal Regulations nor Recom-
mended Standards of the AAR provide for
the maintenance and operation of traction
motors and other major component parts
of locomotives. _
As a result of the derailment, passenger cars
were jackknifed and turned over on their
sides by the high compressive forces



produced between the locomotive and the
cats in the train

Almost all of the 43 large observation type
windows which happened to be on the
lower sides of the five overturned coaches
were bioken out either as a 1esult of impact
against the gtound ot by the weight of the
passengeis ot luggage on the inside

Six peisons who fell o1 wete thiown
through the laige window openings weie
injured fatally

Although the basic stiuctute of the
passenger cats withstood well the stiesses
of collision, the cats displayed inadequate
design crashworthiness Sharp edges wete
raised, hatd suifaces were present, and seats
and furniture were securcd inadequately
The laige observation type windows
constituted a critical weakness, destioying
the ciash integiity of the stiuctute.

The use of propane as fuel in passenger cats
created a scrious fire hazard that could
have resulted in a catastiophic accident

The people of Salem provided an outstand-
ing example of what can be accomplished
by preplanning and practicing for emei-
gencies
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23.
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V. PROBABLE CAUSE

The National Transportation Safety Boaid
deteimines that the piobable cause of this
derailment was the displacement of the cast
stock 1ail of the southwaird main track by the
false flange on the left-hand wheel on the
leading axle of the rear truck of locomotive unit
4031 This wheel slid flat when the traction-
motor atmature beatings failed and locked the
driving wheels Failure to detect the sliding
wheels was caused by the dispatch of the
locomotive with an inoperative wheel-slip

indicator
The cause of six of the eleven fatalities was

the ejection of passcngers thiough the large side
windows which bioke when the cats overturned.
The other fatalities were caused by passengers
being ejected fiom the end of the cai, or being
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sttuck by a ciosstie, or being huiled around the
inside of the car A total of 163 passengers and
employees weie injured when impacted against
injuiy-ptoducing suifaces inside the cars

V1. RECOMMENDATIONS

The National Tiansportation Safety Board
tecommends that:

1. The Fedeial Railicad Administiation
teview Part 230 of Title 49, CFR, and
make necessaty amendments and ad-
ditions to:

(a) Clarify the intent of application
and reconcile the conflict be-
tween sections 230 201(d) and
230 262.

Require a practical initial
tetminal test that will indicate
whether the locomotive complies
with the Federal regulations be-
fore use in train service

Requite use of warning systems
othes than the wheel-slip warning
device that ate needed to protect
the operation of the locomotive,

(b)

and requite that means be
provided for testing all waining
systems.

2. The FRA in establishing neai-future
safety standards for iailroad and rail
rapid-transit passenger cars, give
priotity to the problem of ejection of
passengers through large side win-
dows Regulations should be pro-
mulgated on iealistic performance
tests This source of fatalities, even
though small in numbe:, is of such a
laige propoition among passenger
fatalities as to wartant action priot to
the issuance of the Mechanical Stand-
atds.

3. The FRA promulgate tegulations for
railroad passenget cars to minimize
the sources of ditect impact injusy
such as desciibed in this repoit,



Amtrak, in the meantime, correct
those injury - causing features pointed
out in this repoit as passenger cars are
renovated or rebuilt Purchase
specifications for future passenger cars
should be established to insure against
passenger ejection through windows in
overtutning accidents and to insure
that interiors are designed to minimize
impact-type injuries These specifica-
tions should include provisions for the
practical escape of nondisabled
passengets from overturned cars when
the exits at the ends of the cars are

blocked.

5. ‘The Association of American Rail-
roads evaluate the requirements for
maintenance and overhaul of traction
motors and other major component
parts of locomotive units and establish
standards and recommended practices
for such maintenance.

6 The Office of Civil Defense of the
United States Army review the plans
made by the town of Salem, Ilinois,
for such emergency situations and
consider advising associated state and
county Civil Defense Agencies of their
contents and tesults in this instance.

BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOHN H. REED
Chairman

Isf FRANCIS H. McADAMS
Member

Is/ I_SABEL A BURGESS
Member

/s!  WILLIAM R. HALEY
Meimber

Louis M. Thayer, Member, was absent, not voting,

August 30, 1972
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APPENDIX A

ILLINGIS CENTRAL RAILROAD COMPANY

The 1ules hetein sct forth govein the

railroads opeiated by the Ilinois Cential Rail-
toad Company.

They take effect June 1, 1970, superseding all

previous rules and instiuctions inconsistent
therewith,

Special instructions may be issued by proper
authotity.

2ttt I e e i)

Vice President Operations and General Manager

Approved:

- £
ol -
GG‘// I S 4
= oy T Ll T AL
, . /‘)

Senior Vice President—Operations
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12. HAND, FLAG, AND LAMP SIGNALS.

MANNER OF USING, INDICATION.

(a}) Swung at right angle to | Stop
track,

(b) Horizontal movement held | Reduce speed
at arm’s length at right
angle to track.

(c) Raised and lowered ver- | Proceed
tically.

{d) Swung vertically in circle | Back
at arm’s length at right
angle to track,

(f) Swung hatizontally above | Apply air
head at right angle to brakes
track, when standing.

(g) Held ax arm’s length above | Release air
head, when standing, brakes

(h) Any object waved violent- | Stop
ly by anyone on or near
track.

12 (i). Hand, flag and lamp signals prescribed
in Rules 12 (a) through 12 (g) must be used for
the purpases desctibed.

Other hand, flag or lamp signals may be used
for other purposes providing such signals are
understood by all members of the crew.
Employes in train, engine and yard service and
others concerned must keep a constant lookout
for them. Employes giving signals must locate
themselves so as to be plainly seen and give them
s0 as to be cleatly understood. The utmost care
must be exercised to avoid taking signals that
may be intended for other trains or engines

111 {a). Conductors must inspect, and
require their trainmen to inspect, cais in their
trains as often and closely as practical, while on
the road, for any defects ot conditions that
might render cars unsafe. Special attention must
be given to hot journals, sticking brakes, sliding
wheels, dragging or defective equipment,
evidence of fire, dangerously shifted lading and
any other condition which may endanger move-
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ment of train. If train is moving when defect or
dangerous condition is discovered, it must be
stopped at once, unless it is definitely known
that further movement may be safely made.
They must remedy as far as possible any defects
or dangerous conditions discovered and remove
from the train as soon as possible any cars that
are unsafe to run.

Drawbars, brake beams or other fixtures or
appliances of sufficient size to endanger trains,
which may fall from their train, must be
removed from the track.

111 (b). Enginemen and trainmen on engine
must frequently look back, especially when
moving on curves and approaching and passing
stations, to observe signals and to note condition
of train, Engineers will require other employes
on engine to obey this rule,

111 (c). All employes are required, as far as
practical, to observe passing trains for defects
mentioned in Rule 111 (a) and will signal crew
of such trains if any such defect or condition is
observed, using stop signal, Rule 12 (a).

Station employes, when practical, must be
out on ground or station platform when trains
are passing and must use a white light by night
in giving signals to trainmen andfor enginemen.

111 (d). When two or more employes are
working together, one or more employes must,
as far as practical, be on each side of track so as
to permit both sides of a passing train to be
observed,

111 (e). Crews of trains must be on the alert
to receive signals from employes when passing
any location where employes are near the track
When practical, trainmen must be on rear
platform of train to receive such signals. On
train equipped with radio, employes on engine
must notify employes on rear to receive such
signals

111 (f). When a hot box is detected, train
must be stopped immediately, hot box inspected



and no attempt made to run it to next station
until it has been ascertained it is safe to do so
When cars with hot boxes arc set out, fire must
be extinguished, box lids closed and thotough
inspection of car made to sec that floot o1 other
parts of cat ate not on fire

111 (g) Any employe observing a condition
that may 1esult in an accident ot interruption of
train opesation must make prompt repost, and,
if necessary, arrange propet protection In such
emergencics or obstruction, suggestions based
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upon obsetvation of the actual situation must be
made promptly, followed by fiequent repotts of
progress In the absence of designation, the
employe upon whom the responsibility most
naturally falls will assume authorivy.

D-151. Where two main fiacks aie in service,
trains must keep to the right unless otherwise
piovided

Where thiee o1 mote main nacks are in
setvice, they shall be designated by numbers and
theit use indicated by special instiuctions



APPENDIX B

Lode of
Federal
Regulations

TITLE 49
Parts 200 to 999
Revised as of January 1, 1971

CONTAINING A CODIFICATION OF DOCUMENTS
OF GENERAL APPLICABILITY AND
FUTURE EFFECT AS OF JANUARY 1, 1971

With Ancillaries

Published by the Office of the Federal Register
Nutiona! Archives und Records Sarvice

Goneral Services Administralion

us o Specigl Editien of the Pederal Regisfor

e



Chapter il—Federal Railroad Administration

monthly report will not be required for
the month in which this report is filed

Nore: Samples of Forms Nos 1 and 3, Indi-
cating exact slge, color, welght, and grade of
paper, will be furnished on applieatlon

§ 230.162 Accident reporits.

In the case of an accldent resulting
fiom failure, from sanhy cause, of & loco-
motive or tender, or any appurtenances
thereof, resulting in serious injury or
death to one or moie persons, the carrier
owning or operating such locomotlve
shall immediately transmit by wire to
the Director, Bureau of Railroad Safety,

Pederal Railroad Administration, at his -
office in Washington, DC, a report of -

such accident, stating the nature of the
accident, the place at which it occurred,
as well as where the locomotive may be
inspected, which wire shall be imme-
diately confirmed by mail giving a full
detailled report of sueh ageident, stating,
so far as may be known, the causes and
giving a complete list of the killed or
injured

Subpart C—Qther Than Steam Loco-
motives and Appuriendnces

§230.206 Applicability of subparl

This subpart contains rules and in-
structions for the inspection and testing
of locomotives propelled by other than
steam power except elecirically operated
units designed to carry freight and/or
passenger traffic operated by a single set
of controls For multiple operated elee-
tric units see Subpart D of this part.

§ 230.200a Responsibility fer design,
construction, inspection, and repair.

The railroad company is held respon-
sible for the general deslgn construetion,
inspection, and repair of all locomotives
used or permitted to be used on iis line
It must know that all inspections, tests,
and repairs are made and reports made
and flled as required, and that all parts
and appurtenances of every locomotive
used are maintained in condition to meet
the requirements of the law and the1ules
and Instructions in this subpart Noth-
ing econtained in the rules and instruc-
tions in this subpart, however, shall be
construed as prohibiting any carrier fiom
enforcing additional rules and instruc-
tions nof inconsistent with those in this
subpart contained, tending fo a greater
degree of precaution against accidents
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§ 230 201

§ 230.201 Locomotive unit.

&) Deﬁmtwn A locomotive may
consist of olie or mole units, The term
“unit” as used in the rules and instrue-
tlons in this subpart “means the least
number of ‘wheel basés tozether with
supe:structures capable of ifidependent
propulsion, but not necessarily equipped
with an independent control

(b)Y Marking - front. The'. letter “F”
shall be legibly shown on each side of
every locomotive unit near: the end,
which, for identification purposes, will
be known as the front end The unit
number shall be legibly shown on each
slde of every locomiotive unit and shall be

“gshown on f.he speciﬁcation card, Form

No. 4-A ]
Form No. 4—A.
SPECIFICATION FOR LOCOMOTIVE UNIT NO. -

Bullders numbel . e
Propelled by ...
Gauge of wheels . cnrmmrccm—————
Kind and number of current collectors .

Trolley wire or thlrd rafl voltage o ___
Number, make and type of motors —__.u-a-

______ Control cireutt voltage oo ____
Make and type of internal combustion engins

(Give make type and schedule number)
Number, make and type of alr compressors __
Main sir reservoir pre-s-s‘unz'-e‘:r.-_-_:-'_:—.-_-_-_::_
Traln line pressura
Make and type of lightning arrester - _ae.--

Does unit carry steam boller?.... ...

Total welght, worklng order . - —-aaa- pounds,
welght on driving wheels oo . pounds,
welght on frucks ____._._.- pounds

Maximum tractive eXort o cccom e

Attach to or make hereon dlagram showing
general cutline of unit and principal dimen-
slons

Approved .o o
T

(&) Control of units When locomo-
tlve units are coupled in multiple con-
trol all parts and components of each
unit capable of providing power for pro-
pulsion or supplying the retarding effect



§ 230 202

which will enable the enginemen o con-
tiol the speed o1 stop the locomotive m
tiain, shall 1espond to contiol fiom the
enginemen’s compaiiment of the con-
tiolling unit

Interpretation On locomotive units
coupied in multlple contiol, the parts and
components capuble of producing power to
propel the locomative or train, the air brakes
capabie of retmding or stobping the locomu-
tfve vl tiain, and the saunders, shall respond
to contrel fiam the opelating compaifinant

Y Slipping or stiding wheel alarms
Means shall be provided wheireby alaims
and indjcaticns of either slipping o1 slid-
ing dilving wheels on any unit in a loco-
motive used in 10ad service will ha shown
in the enginemen's compartment of the
controlling unit

Interpretation: Ttds rule dees nat yequlte
Bboth an audible alaim, amd & visible indica-
tion, but does 1equire that cither the obe, or
the oither, must be po rided

The requiiements of the 1ule aie satisfied
hy = device which shows when either siip-
ping o gliding occuis even tuough not ois-
tingutshing between the one and the other

§ 230 2062

The term “inspector” as used in tle
tnles and instructlons it this subpart
meaus, Unless other vise specified, the
tailioad comwany’s inspecto:

§ 230,208 "Miip or daily inspection

‘a} Each locamotive unit when used
In road setvice (including belt-line,
transfet or work-train service! shall ke
ingpected at least cnce cvery 24 hows,
except lecometive units opelzted on
thiough 1uns exceeding 24 hours, nay
be inspected &t the next crew change
point immediately beyond the point at
which the 24-hom peliod expites Each
locomative unit when used exclusively in
ya1dl seavice shell be inspected at least
once duiing each calenda1 day A ie-
poit of the above inspections shall be
made on an approved fotm to the proper
representative of the tailread whether
such locomotive units need repairs or
net This form shall show the name of
the 1ailivad, the initisls and number of
the unit, the place, date and time of the
inspection; the defecis disclosed by such
inspection. and the signature of the er-
plovee mesking the inspection If any
defects exist which constitute a violation
of the Locomotive Inspection Act, or any
Feder1al Railicad Adminigtiation iules
and tegulalions thereunder, such defects
shsall be repaired before the unit 2 again
used and proper notation made on the
1epott to indicate thot such repalrs have

Term “inspecior

ooy

Title 49—Transportation

heen made This repori shall be ap-
proved by the designated representative
of the railiond snd shall then be fiied in
the office of the railioad at the terminal
2t which the unit is cared for
() A record shall be maintalned on
each locomotive, ar on each unti eom-
plising the Ilocomotive. showing the
place, date and time of the last previous
inspeciion for eash unit
¢) Any competent emnployec may be
designated by the railroad to make the
ingpections required by this rule
1d: Any official or 1csponsible em-
poyee designated Ly the atboad msy
approve the inspection 1eport  The unir
muy be used in fwiher sevvice withouwd
waiting for such approvel, provided de-
fects reported have been 1epalied as 1e-
quihred by this rule
wr This rule presctipes the minbmun
numbe; of inspections (hat are requited
to e made and is not intended to ;mevent
the 1aiirad Hrom making additionst
inspections
(fy The inatiuctions on tihe approved
form zhoidd not be valied from, uo:
ztininld the form itself he muaterially al
teierd,  Additional itemis mav be added
o this foim 1o cover arwvibing the rail-
1oad may desite to have inspected
FTRA FPoum No 2-4A
Locomotive Mo ...
Unit Na
Initials
e mimme = amew- RAllroad

LOCOMOLIVE INSPZCTION EEPORY

InsipoeTioNs: Erch lucomotive mlt shail
he inapected in sccordance with Rule 2028 of
the Laws Bules and Inguructions for Tuopec-
tion and Testing of Locomotives Other Than
Stesm

inspected 2t - e -na- time __.__ m
Date . .- 10 ..

Maln reservoir presstie
Brake plpe pressure _._ ... Yox
Condition of bBirakes gnd brake rigglng _ __.

Oecupadlon cocaooe comnoa o
The ubove work has pren performed ex
copt as nofed, and the report Is approved

{Qcottpution)
[33 FR 18621, Dec 25, 1964, as amended at
34 TR 11973, July 16, 1969]

350262 Engimes un:d wcecsseries

(a)y Tugging foi repairs Inteinal
combustion engines shall be maintained
in & safe and suitable condition fo1r serv-
ice  Whenever any internal combustion
engine lhas heen shut down becsuse of
defects and the unit s continued in serv-
fce a distinctive tag giving 1eason for the
shuut down shall be conspicuously &t~
tzched near the engine starting cantrol
and shall remain attached unti) 1epatis
have hecn made
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APPENDIX C

P AR ILLINOIS CENTRAL RAILROAD D O2 dfemraarn muome

— LOCOMOTIVE INBFECTION AKPORY Heal
Mﬂaﬂroad l.oco Unlt No Mlnma!_é:g_@f_

INSTRUCTIONS: Each lpoomotive unit shall be Inspected In accordance with Aule 203 of the Laws, Rules and Inatructions for Inspecting and teating

locomptives
Inspacted aL@Wﬂmmﬂ_M Date, é e i 19_Z/
Yorn Rl e e ek Ly " BEMARKS
1
2
3
—_—
F
5
5 LR bt o
Maln Reservolr Prossurefes @ ~FHC 0 4, Brake Plpa Prossur /1O

Conditlon of brakes and braks rigging VZ/%M‘D& M

SIGNATURE. / ,/g ,/,,W ENGINEER

Rapalrs Neagod—Reported by Inspector
(Ons Nem nan-ch Lina) REMARKS

15

giRigiyinigizigigieI8ig|s|Ni=

VA
H ! B j
A 2 e .

T

s

The above work has bean parformed, except ga noted, and the report Is approved

Inspactor
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APPENDIX D

Photographs of Wear and Mar ks
on Paits of Bearing
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Photograph 1D ~Inner Face of Locking Plate Showing worn threads and
Lack of wear on outer edge where Plate should Contact H-Ring.

48



Photograph 2D.—Pinion Bearing End Cover Showing Excessive Wear fr
Outer Oil Thrower

om Contacting

49



Gg

Photograph 3D.—Pimon End of Armature with Bearing Removed, Note Excessive Wear on Oil Thrower



is

Photogranhk 4D.-A Portion of the H-Ring showing No Wear on Bearing Surface.




Photograph 5D.—Qutside Surface of Lacking Plate showing Wear due to Plate Contacting
the Commutator Bearing End Cap.

52



APPENDIX E

Repair Forms tor Traction Motor 53F 476
Chandeysson Electric Co.
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e
e E\},‘{D | TRACTION Rpoﬁayjyﬁ
e

m>52772/ CUSTOMER J R&R ¥ UE  PpURCH WAF

us _

seriaL §_S T/ P76 FRAME #

suippED T L& DATE 272-9‘/7/ UE. RER_ ¥ PINIONACHLE
THARY INSPECY At SPACIRG.

CHANDEYSSOH. §

BETWEEN BORES CF AXLE CAP ARM HT. (4)

bIECE To ¢ (17.110)PE____
e S ETOE ) CE™AXLE CAp HOLY TOCATT

PE____
Pt _ARM, BORE

o | A
' B
¢ g2 c
i D,
) ./ AVE,
OUT OF ROUND ‘ S ) %g | 0T oF ROUND
, DECISION Eg¥lo

e TRLE RORE PR BN
ToUTEN INNER OUTER TNNER

A
B
C
D

o O @ I

AVE AVE

PE SPLINE FIT
- - OUTER INNER

CE_SPLINE FIT
OQUTER

CLEARANCE
CAP

e

SPACING
AXLE BORE FACES (41,475)
CONDEMNING LIMIT (41.815)

ARM, BORE FACES (41,125)
CONDEMNING LIMIT (41,117}

MIN, C.E, ARM, BORE WALL THICKNESS 1a1/32"
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PACE 2

TRACTION MOTOR FRAME - FOR EMD ONLY - FILL IN (f *NTI:ICS USED (NEW ONLY)

- 212-302 -
- 21;4307 -
- 218000 -
- 2iy-001 -
- 214-100 -
- 214-10} ~
- 214102 -
& 214329
- 214-330 -
- 215w015 -
~ 215~006 -

RARRRARRER

, - 2204000 -
76 ¢——27320-001 -

- 220-008 -
P

: - 220-009 -

ad a o

Py pgfﬂf’éso_001 -

- 250-001S-

.4,£¥/ Lw 250021 «

- 251-000 =

251-010 =

D27-D57 Interpole Connectors - short
DZ?-DS? Interpole Connectors - long

D27-D57 Cross Connector Assy..- Br. Holder -~ Top

D27-57 Cross Connector Assy. - Br, Holder and "A" Lead

"AA" Lead

"F" Lead

"FF" Lead

D77 Brushholder Cable with "A" Lead

7?7 Brushholder Cable
P77 Ringudorff Brushholder - Complete

D77 Brushholder, Complete, Constant Tension
D27-pe7 National Brush - 2 Wafer - NC 20-6438
D77 National Brush - 3 Wafer - NC 20-6417
D77 Stackpole Brush' - 3 yafer - AC100

D77 Ringsdorff Brush *

927-077 SK¥ P.E. - New

DZ?—D?# SKF P.E. - Remanufactured

D27-D?7 SKF C.E. - New

250=021S~ P27-D77 SKF C.E. - Remanufactured

D27-D77 P.E. Bearing Housing

7537-977 - C.E, Bearing Housing
252004 « D27.D77 -~ P.E. Bearing Cover
252-006 - D27-D77 C.E. Bearing Cover
252-008 - D27-D7¥ . Anti-churn Insert
25&&.‘30 - Dg’f-,#? %. Inner Bearing Cap
252-022 ~-8%-077 C.5. Bearing Cap
2558-001 - '027-D77 P.E. Outer Ring
256-002 = 827-D77 B.E, Outer Seal
257-Q80 ‘» nazsﬁ17 ¥.£. Inner Oil Thrower
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e 228/

RPO‘;Q:’J”LipfS‘:/£:1

FRAME WORK SHEET & INSPECTION RECORD

FLOCK TINE
OPERATION RE NO. | DATE | START|ST0P |LAPSE
1 BLOW OUT 10
2 CONNECT TO HEATERS
3 CHECK CONNECTTIONS J;Z@f e TNSPECT
4 DIP, WIPEL BORES, DRAIN 20
5 PLACE IN OVEN 10
6 REMOVE FROM OVEN 05
7 TORQUE BOLTS 15 |5p/
8 TAP ALL HOLES EXCEPT PIN, END 25 30/
. 2! R
9 APPLY KEYS & DRILL CAPS 5 sh:?"r\/ o
10 | €ALL WELDER TO WELD KEYS, - o
OIT, DRAINS AND OTHER WELDING v WETDER
1. REMOVE WELDB SPATTER, CLEAN 15 |/ 1 )
- OUTSIDE OF FRAMF 294
12 REMOVE CHIPS AND BLOW OUT INSIDE
OF FRAME INTERIOR 10 Y,
13 1 PAINT TNSTDE O} FRAME AND B.H, 3 )
BLOCKS (MASK TERMINALS) |y, |
14 APPLY CAPS, SHIELD, CHECK OIL
PLUGS & CAPS, HAVE INSPECTOR P.E  ARM.
CHECK ARM, HETGHT 5 1y INSPECT
TMPEDACE
15 MAKE UP & APPLY NAMEPLATE 5 CHECK
16 APPLY LEAD BLOCK, BANDS & PUTTY 15 | v r---ffXMP.
17 APPLY GROUND CABLE 5 | v
18 RUPT LUGS 5 jS-f |
19 TAP P.E. ARM. BORE HOLES 5 1o gy
20 INSTALL BRUSHHOLDERS 20 g B u FINAL
21 BLOW OUT FRAME 10 |2 54 %:
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/

DEPT EMD WHEEL AREA

DATE

ON ELECTRIC COMPANY
SHIGNMENT RBCORD

L

#2
7/24/69

SHIPT_L Rpofﬁf.:’ 7/
sHIrT_y2ad TYPE 2 ﬁ?/é’/

NAME DATE 2 —-o?é'z- /4
ACTIVITY % RE REQ ACTUAL HOURS LOG WORK INSP. ST.
> REWIRE | B . L START STOP _FLASPE | YN1T_ - Inspectedl or RECORD
Place in Wheel, Safd, Paint ['up 1o/ o : ’ 7 Brazes
Install Maime & JAffles 60 14 ¥ 2 Yy Appear
Install I/IT 3phraze Mains |85 [ ¥ » \J .4, | Baffles .
Tnstall 1,P. & es’ 60 1z6 | / i s Leads:
“Install I,P, gbnngbt & Brazg 65 [, 4 V. °f / Ties
Install AA Lfad / p 130 [8.m y . iy 7 Ad L M. T, Res. F—=
Install A RO 20 j—] C.F. Res.
' 2 S | M.F. Meg. _
g\tﬁ- C.F, Meg. N
igf Doyns Jag~ | Hi-Pot {
eafl Blocks & Lugs Polarity [ — -
RedMag-Ni#ot-Polarity Aoy B.H. '
Remody from Wheel | & o | Appear
k ll Conn ‘with 800 A 20 N ‘ Hi~Pot
. ; CE Inner |¢e/
FROCESS e 4 CE Outer |,z
Install in Wheel 10 RN S| CE Roller |, » N
Check for Shim ug RN _ " PE Inner (.o / o3
Shim (#New Baffles) § 90| ) g N \ PE Outer | ooy
Res-Meg-HI-Pot-Polarity 10 , AT s, | PLRoller| .= 2
Replace AA Tead 35 Y (e Arm End PIAY pop v
Replace A & B. H, Lead 50 1 N - ‘Noise’ o 4
Replace B.H. Lead (A S Vibration { N\ Oo J
Replace E/FI' Lead 30 V ‘ B 2_ Appear }q\ K 27
One String Tie STOAN N i-Pot  Tpod N, Y
One Wrap ' ! : ?gr N h ;’\
- ¢ ¥ Ny >
Tocate Ground 25 P R i L
Replace IF Coil (£01@ 7 New}60 NERES T2
Replace Main CﬂLLNEW __bid}eo } fb EERE RN NN R
- T 3
Tnstall One Lug // S
Réplace One Lug % >
Remove from Wheel i [N N
Drill Air Baffles ALL D : &
Check All Conn, with 300 A ¥ M
Suild Up Armature NI
gissembTe Arm, in Motor R
Space Brush Holders -
Insiall Brushes
ol Ty e
* TOTALS o %
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u

Work Performed
1. Cut for Strip
2. Strig '
3. Clean’ mlnatlor)f
L. Remove 01d Welghts
5
6

. Cob Blow Qut and inspect

3 Shaft - Circle One or Both
3, Kpoch Qut Butts
9. Hypdt;. Hand Saw,Short Circuit Test &

O
o
B
3
DD AN R —

Clean Back of Riser
10. Clean Wedge Slots 10 %%é 7
11, Clean laminations and Inspect H A e /’/’h/l G .
12, SC Test and HiPot by Winder 12 2/ B & e
13. Armature Core Bropnd Insulation 13 '
4. Cross Connectors and Filler 14
15. Insulation Cement &nd Short {irc. Test |5
16. Insulate over cross connectars 16
17. Lower Coils & Hypot Lower Coils 17
18. Set Lkeads, Filler &Cement Behind Rliser 18
19. Insulate over lower colls & prepare 19
PE Clips 1.
. 20. Top Coils 20 | Tl a22=
\% 2). For Lights & Preheat 2l ]
. 22. lonstall In Squeeze Box 22
N 23. Remove from Sgueeze Box 23
2L, H { MWedge ;/ HyPot ' Inspect 24 ' ;_ o
Sz, §E£_Lead§>s Install Top Fillers 25 B 1
26. fnsulate P.E, 26 jé 7) MY
~ 27. Bhort Circuit Test 27
X 28, HMachine Riser 28
29. Solder or TigWeld & Inspect 29
30. HMachine after solder or clean tigweld 30
3t.. Short circult test 31
32. B8raze & Inspect 32
33. finsulate Pinion End Conn, & inspect 33
3k. Insulate and install p,e, & inspect 3h
35, Insulate pinie end for wire band 35 /8
36, Imp Armature 10 2-4f-2/ 279 36 -
37. Glass Band & In / J/J'7/ 59 4
38. String Band 7/38 | ﬁ F43 20
39. Wire Band &% Gzéz, 0/39 LN/ é’{_ﬁi’?
4o, Dip Armature Stor
L1, Tighten Comn Bolts ’4] ) =
L2, Final Machining: Brush Surf, Runout;g;_yléz 2@ 50 | 2 B w2
@,‘?* . PE Runout  6¢%CE Runout . c‘t/; 77
’ CE Spacerec/ PE Flinger &/CE Col ar .
/Ji) 43, Undercut oruTi%nd saw 3nd_3%r ;l?f_i“ 3 B/ 7 =2 7.5
NI, Fie,” lnsp Heg. ;e Ductor G pE Band Ly

CE Band ok Strmg Band Shaftg ”53 /o//

‘Shaft DV am aper eads
PEECE Partsﬁ Br. Sur .
Riser w.dtm Comm. Dia Tsar namgi"z/b

Hi Freq37 “Tore Loss_&[?a tamp Date
L§  Balance Armature hg 12727 22)
L6 Assemble Armature e
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TRACTION MOTGR TEST RUN
wee_ N 272/% | e reo_ A8 P 3¢/~ Cnry reo 205357
1000 RPM RUN (% HR, MINIMUM) Room Temp. Ae °c.
Started L_/.' Ve Stopped . k' /Z = Hours Run {5_
C.E. Bearing Temp.= 42_& - rF f %c. Rise
P.E. Bearing Temp.= J\q - _2‘ - 7 °C. Rise
By iyht, too much (circle one)

ery slight noise, noisy (cirele one

Vibration Prgpkd

C.E. Bearing noise
P.E. Bearing noise: guiet,]very slight noise, noisy (circle onc)

1500 RPM RUN_ (% HR, MINIMUM) Room Temp. 20 oc,

Started tz'li- stopped __JR 1 & S’ Hours Run__ 2

C.E. Bearing Temp= 3“' - 2 & . /€ o Rise
)3 20 - / » °C. Rise

-

P.E. Bearing Temps

Vibration Pr

C.E. Bearing noi@g: quiet) very slight noise, naisy (circle one)

P.E. Bearing noisg:
oc

2000 RPM RUN (% HR, MINI‘I) Room Temp. y N
Started_JA 14§ Stopped [/ Hours Run A4
3‘ é‘___;- WA"& - /c’____“OC. Rise
_' re / S)-BL. Rise
; : ,

* Yibration: Prac slight, too much (circle one}

C.E. Bearing noise: que, ver‘y noisy (cireie one)
P.E. Bearing noise: very slight noise, noisy (circle one)
Brush Grade ﬂﬁ-’7 ~ solid {circle one
Tested by (initial & clock no.) bate A e 37 /

C.E. Bearing Temp.=

P.E. Bearing Temp.=_

. . . C‘A". YRR N - T ¥ FOG’-L'L MAa ) Ll
Pinion installed: yesw, used (circle two) NJE. Teeth ﬂ/ﬁ”}:

Lapping time _ minutes

lst advance 2nd advance 3rd advance
Room temp. Pinjon surface temp. Tinal advance
Pinion installed by (J':njtial & clock no.) Date

Motor must be eheekfe@:& signed by an inspector:

Tnspecior

60



APPENDIX F

Excerpts from
EMD Maintenance Instructions
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BA!. 3900 *Reav, C

ELECTRO-MOTIVE DIVISION + GENERAL MOTORS CORPORATION

FLR

|

v wen. MAINTENANCE INSTRUCTION

GENERAL MAINTENANCE--MODEL D37, D47,

D57, b67, D75, AND D77 TRACTION MOTORS

DESCRIPTION

This Lulletin covers geneial or "running'
mainfenance 1ecommended fo1 traction
netorg, oincludes a procedure fo1r re-
moeving a lraction motor from a locomo-
tive and thevariousinspections thal should
be made in such inatances,

The 1347 {1action iotor 1s almost idonti-
¢el io the precceding D37 model both in
appearnncee and conglruction, The main
difference is in the ficld coils which dif-
fer in coppe:r size, insulation and resist-
ance., Thus with the exceplion of the ficld
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coils and aluminum baffles all olher com-
ponerts in these motors are interchange-
able. Following the 1347, the model D57
wag developed for use in both high speed
and extremely heavy drag freight seivice.
The general appearance of the D57 trac-
tton motor remalns the same as the pre-
vious models, however, ther e were several
manufacturing improvements including
better insulation methods in the stator,
application of a modified silicone varnigh
to the armature coils to greally increase
the heat resistance, use of a stainleas
steel non-magnetic square wire wedge to
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g, 1 — D77 Traction Motor

*[hiy hullotin 1s vevised and supersedes previous lsgues of (his pumher,
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hold the two armalure coil halves firmly
within the core slot, improved seasoning
of the commulator Lo raise the operating
tempeiratwie by 50° C,, and the use of
constant pressure brugh holders.

Wilth the development of the new higher
horscpower locomotives came the need
for an even mole powerful traction molor
to succeed the D57. This new model, the
D47, had many major improvements in-
cluding new armature cell construction
for temperature reduction and beller
moisture proofing; new lypebrushholders
with longer brushes for extended brush
life, the addition of a nylon grease re-
taining insexrt in the P.I5, cover toprevent
grease from purging, a new axie cap oll
overflow arrangement to prevent over-

filling, a manganese-steel wear plate to

the motor nose suppoert to obtain longer
wear plate service life, a new high tem-~
perature non-~silicone varnish and commu-
tator end 1ecabling to reduce temperature
of C.,E. bearing under high speed, high
current, dynamic braking, '

The D77 motor, Fig. 1, is a product of
the continuation of the never ending search
for improvement. The four areas of major
improvement are;

1. A thinner and stronger (both eleciri-
cally and mechanically) armature in-
sutation, which due to itz decreased
thickness provides room for an ap-
proximate 20% increase in copper,

2, A TIG welded joint between the arma~
fure coil and the commutator which
insures a more positive electrical
conngction between the colls and com-
mutator.

3. Three-wafer resilient pad brushes to
provide {improved commutation and
incrense brush life,

4, Nomoex voo rings In the commutator
which bimprovos commutalor stability
and performance,

MAINTENANCE

Although these traction motors are de-
signed to withstand the rugged service
required of them, and are construcied of
the finest materials available, like any
machine they require a certain amount of
maintenance. If the Inspections and main-
tenance are carefully performed on a
gcheduled basis, the traction motors
should provide the fine performeance and
long life bullt into them,

Reference shouid be made to the recom-
mended maintenance intervals specified
in the applicable Schéduled Maintenance
Program. Particular attention should be
given to each of the items covered under
ihe following headings.

CLEANING

1t is egsential that the traction motor be
kept as clean as possible, both on the
inzide and outside. Oil and grease goaked
dust and dirt should not be alloweéd fo
accumulate as this can prove defrimental
to inmilation and motor performance in
general,

Cleaning the outside of the motors can be
done by the common method of using a
steam jet at the sameé time the trucks,
underfrume and fuel tank ave washed, If
this method is uesed, the dlesel engine
must-be running at about 450 RPM to
force sufficient traction motor blower air
through the motors to prevent water or
moisture from entering,

The motor interior can be conveniently
cleaned by blowing dust and dirt{ away
with compressed air, A large volume of
clean, dry compressed air should be used
at a reasonable low pressure. Blasts of
high pressure air should be avolded due
to the poasibllity of loogening ordamaging
the protoctive donting on the fnsulation,

Clean, dry lintless cloths should be uged
in conjunction with the alr to clean away

.
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9. Stmt bhie elechric walding onachine and
agjuet \-i#o]i:agc to1un the moloes anna-
fumie atl :appl odmalely 1000 3500 R Pal,
Ireed prinding stones inlo connmuinton
slowly wniil a Hphl coutacl jg made,
then foed stones
Repeal as necessary, then finish by

10,
acioss canmnudaios,

wunning slones across  conmulator

sevela] thimes williwoul fouding 1adtally,
11. Affer prinding and 1esloring The com-
mulalor surface lo a salisiaciorycon -
ditton, remove {he gafuding eynipment,
Ugsing & wive Land hiugh, deburt the
edpes of the conunulutor bais Lo re~
move  any  copne’ {hat
have ccewiied duning giinding. LDaaw

sliver s 1y
the brush across the cumnuiator in
ihe divection of the bass,
12, Whoen the depth ol the wies undercut
between the commmulator bars i Jess
than 3/61", usc commulaior slot file,
8238905, ag shown in Fig. 8, touwieo
cut the mica 1o the proper depth. Do
nol execed e mics undes cot asd wum
deplly of 5/64",
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Fig. @ - Cleaning Conuanutalom Slots

13, Use chall slone Tor final elean up of
coinmuiaior, Do nol use emery eloih
01 sitdpaper foo (s puipose. Jabyi-
canl should never Lz us
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Lo anppdy (hely ovon Tuliie ion,

b on conpnu -
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be done by running the molor and i
1ecting eranpeszed air on the fuce of
the commuinios, Wipe @ivt amwl coppes
Cazciully
inepect the cleaping job and particu

dusi awayusing clean eloths

lariy the slotshetvweon the conmutaton
bars to sco thul allhianes of undesiad
copper have heen removed.

16, Resloae motor

griuding

uperation afle

fou

Ly deplacing haugh holder
agsembly amd/or 1enew biushes ro-
moved curing £iinding operation, Re-
connaet cablos and insiall inspeclion
covel, Check motor for picper 1ota

tion befoire returning loconolive 1o
seivico.

NOTE: 1¥ the conmulaios
aged (o such an extent that {he

has been domn -

priniling process owlined prove
incffective, the molor witl have
to be removed and the anmatme
furncd in a lathe.
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SEALED GREASE I,UBRICATED
BEARINGS

Unless olherwise specified by the cus-
tomer, all traction molors are manufac-
tured with secaled grease lubricated arma-
ture bearings. A specilic type of grease
i3 used, The amount and method by which
it is applicd is carefully controlled. Effec~
tive with D67 traction motor, and available
for older models, i3 a sectionalized nylon
insert ingtalled in the pinion end beaving
oover to prevent an excessive amount of
grease [tom being moved into the rollers
by slumping action caused by vibration.
This reduces "chuniing" of the grease
which in fitne causes the grease fibers
to become soft and susceptible topurging.
These faclors should permit the motor to
be operated without further bearingatten~
tion lo the motor overhaul period specif_ied
in the applicable Scheduled Maintenance
Program. For information on repacking
thesc bearings refer to Malntenance In-
slinclion 6850,

OIL LUBRICATED BEARINGS

On special order, all models of traction
motors can be equipped with ofl lubricated
aimature bearings. Such motors may be
readily identified by the oil filling tube
applied to the bearing covers, This tube
has a spring loaded button valve at the
opening to protect the armature bearings
f1om dirt and moisture encountered in
service.

The interval at which ofl should be added
{o such bearings s outlined in the apph-
cale Scheduled Mainténance Program,
The specifin type of oil to be used 18
lisled In Maintenance Ingtruction 1758,
Speclally designed ol dispenser 8191382
should be used as recommended in lhe
Service Tools Cafalog. A mefer on this
dispenser aceurately measures the ounces
of lubricant added, This is important

M.,1, 3200

since over lubrication will result in the
excess oil working out of the bearing and
getting into the motor, The meler will
not register when air is pumped.

GEAR CASE AND GEARS

The gear case houses the traction motor
pinion and mating axle gear protecting
them from dirt or damage and carriesthe
gear lubilcant, The cases are made of
two close fitling halvés and feature off-
set seals to provide complete contact and
clogure, Removable gutters over each
geal retairier, and grease deflectors, di-
vert the flow of grease away from geal
surfaces.

The ingpection opening and grease filler
cap is located at the axle end of the upper
and lower halves of the case, This makes
it more convenient for inspecting gears,
checking and adding lubricant.,

The caps are sealed by mating machined
surfaces without the need of gaskets, A
leaf spring assembled to the top of the
filler cap maintains pressure agalnst the
flanges around the gear casefiller opening,
asguring a positive sealing action. The
eurrent filler caps may be easily removed
or applied by depressing the leaf spring
using tool 8250241 as shown in Fig. 10,

' Mg !
of
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Fig, 10 — Filling Cap Removal Tool
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Fhe currenl goear case al o features unit
tvpe fell seals ingeirted in.o fhic channels
al the axle and pinion openings. The seals
are held in place by small pieces of metal
at onc end of the channels nexd to the in-
side of the casc and are designed to pre-~
vent the seal from fwning. This will tend
to prevent the excessive less of lubricant
thal occurred when the previous type felt
seals would move in the chamnels due to
the {uining forces imposed on them.

Dlder style pear cases ¢an he modified to
uge the unit scal by flist 1 cmoving the
old fell and cewent from the channels,
Then scven small picces of metal are
welded, al the top and bhottom, opposite to
cach other al one end of the channel next
to the {nsilde of the cage as shown In Fig,
11, Gaskel compound or cement is not
requived for unit seals thus the previous
task of cleaning out channcls during scal
replacement jg no longer necessary. It
ig then s simple matter to replace worn
uanit seals with new ones.

NOTL: The preceding gear case improve-
ment plug the installation of the
new style removable gufters are
cxplained in delail in Maintenance
Tnstiuclion 9532,

A =
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LUBRICATION

Inspection of gear cases should include
checking for Jubricant leaks. Excess lu-
biricant will be dischaiged thiough the
diain slot of the traction motor giease
seal during the fiist few thousand miles
of operation and is no cause for concern.
Prolonped leakape at any olher point,
however, should be corrected,

Refer to the applicable Scheduled Mainie~
nance Program for the recommended in-
terval of gear case inspection andthe type
of lubricant to be used, Freguent gear
case grease level inspections should he
made using such inteivals as a guideuntil
the maxdmum mileape belween lubrication
inteivals cun e delermined for the speci-
fic Lype of scivice chcountered.

The need for lubricant can be 1eadily de-
termined by chgerving the condition of the
gear teeth throughthe gear case inspection
opening, Gear teecth appeaiing dry or
having bright spots indicates that the
lubricant level should be checkad and that
grease may have to be added. The table
helow indicates minimum lubricant levels
for the various gear cases, Two pounds
of recommended lubiicant shouldbe added
when such inspections indicate the need.

R At R e T T
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Fig, 11 — Gear Case Modification
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