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SUMMARY

Date: September 22, 1954

Rallroad; Atchlison, Topeka and Santa Fe

Location: Orwood, Callf.

Kind of accldent: Derallment

Traln inveolved: Pagsenger

Traln number: 2

Zngine number: Dlesel~electric units 31C, 31B, 314,
and 31

Consist: 12 cars

Speed: 72 m. ». h.

Operation: Tim:table, trnin orders, and automatlc
Ploch-e1gnal system

Track: SineLe, tangent; 0.13 percent
descending crade eastward

Weather: Clear

Tlme: 1:04 p, m.

Casualtles: 59 1nJured

Cause: Broken axle
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INTERSTATE COMMERCE COMMISSION

REPORT BC. 3P%4
IN THE MATTER OF MAXING ACCIDENT INVESTIGATION REPORTES
UNDER THE LOCCMOTIVE INSFRCTIOHN ACT OF FEBRUARY
17, 1911, AS AMENDED, sIFD THE ACCIDENT REPORTS
ACT OF MAY 6, 191C.
THE ATCEISON, TOPEKA AND SANTA FE RAILWAY COMPANY

November 12, 1954

Accident near Orwood, Callf,, on September 22, 13904, caused
by a broken axle.

1
REPORT OF THE COMMISSION

CLARKE, Commisslioner:

Cn September 22, 19564, there was a derellment of a
pasgenrer train on the Atchlson, Topeka and Santa Fe Rall-
way near Orwood, Calif., which resvlted 1n the injury of
40 passengers, 18 dining-car employees, and 1 traln-service
employee. Thls accident was 1nvestipeated In conjuncticn
7lth representatives of the Publie Utilities Commlssion of
falifornia.

1
Under authorlty of section 17 (2) ol the Interstate Jom-
merce Act the above-entltled procecdines +ras reterred by *the
Commission to Commlssloner Clarke for conslderation and

disposition.
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LOCATION OF ACCIDENT AND METHCD OF QPERATION

This accldent occurrad on that part of the Valley Divie
gslon extending between Richmond and Riverbank, Calif,, 94,0
miles. In the vicinity cof the peint of arccident this 1ls a
slngle=-track line, over whizh tralus are operated by timetable,
train orders, and an autuiatic biockwsignal system, At Orwood,
52.8 miles east of Richmend, a siding 4,110 feetb in éengbh
parallels the main track on the norih. The inttia. derallment
accurred on the maln track at a point 1.15 nmiles west of the
weat siding-switch at Orwood, ard the gencral derallment
occurred immedlately eagt of the switch. From the west there
are, ln succession, a J°05° curve to¢ the left 1,838 feet 1n
length, and a tangent 1.14 mlles to tHe initial point of derall-
ment and more than 2 miles zaslward. The grade 18 Q.15 per-
cent deacending eagtward at the initlal point of derailment,
and 1t varies between 0.13 percent deacending and 0.09 percent
agcending eastward between that point and the west siding-
swltch.

In the vicinity of the peolnt of accident the track struce
ture consists of 115~pound rall, 39 feet 1n length, lald new
in 1949 on an average of 26 tles to the rail length, It ls
fully tieplated with double~shoulder tleplates, splked with
two rall-holding splkes and two plate~holding splkes per tle-
plrte, and 1s provided with 6-hole 38-inch Joint bars and an
average of 14 rall anchors per rall, It 1s ballasted with
crushed roek to a dentsn of 10 inches below the bottoms of
the ties. In the vicinity of the west siding=swliteh at Orwood
the track is lald on a 11l approximately 90 feet in width
and 15 feet 1n helght,

This carrier!s operating rules read in part as follows:
TRAIN AND YARD SERVICE
B15, * % ¢

Tralnmen must inspect thelr trains frequently whlle
running and when stahding, teo detect hot Journala, stuck
brakes and other defesets. They must okbserve meeting and
passing trains to detect and call attention to anythlng
that might endanger the operation of suych tralna, glving
stop slgnals 1f necessary.
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ENOINEMER AND FYRENDN

81, They must look back gently, and especlally
while rounding curves * ¢ ¢ tp detest any defects in
thely train and fop sigmale # ¢ @ .

LI N

The maxlinun authorised speed fop passenger trajlns in the
violnity of the point of accident e 70 miles per hour,

DESCRIPTION OF AQGIDENT

- L] i
"o

No. £, an eagt=bound tlrotvalaal~§§aaen er train, eone
sizted of ﬁieael-electrla unity 3IC, 315, §14, ard J1, eaupled
in oyltiplesunit contyrol, one beg ear, foor chalr cars,
one Alning oar, one dome cepr, one dining cer, and four sleepwm
ing cars, 1n the order named, All oars were of lightwelght
eteel conetruction, and a&ll unite of the trsin were equiprped
with controlled elack lers, This train depavted from
Rlohmond at 11:80 a, m.,, & minutes late, passed Qakley, ¢3,5
milee east of Richmond and the lagt open offica, at 12:5§

p. B,; 1 ainute lats, and, while moving at a speed of aspproxie
mately 72 miles per hour, the front wheels af the front truck

of the third Dieseleslectric unit were derailed at e point 1,15
miley west af the wveed giding-swlitsh at Orwoocd. The other wheels
of thle ynit, the entire fpurth Measel-elestric unit, and the
firat to the ninth ears, inclasive, were darailed immadlately
east of the west sidingwmi teh,

The train stopped with the front of the .locépotive 1,056
feet past of the weat sidinpeswlitch, The third and fourth
Dleselwelectrio unites atopped approximately in line with the
tragk, The first, second, and third cars stopped approximately
in line, with the front end of the firet car on the track
strugture and the rear end of the third ear 50 feet south of
the treck, The eoupler shask on the front end of the fourth
oar was broken, and a geparation oodurred hetween the third
and fqurth cara, The faurth car stopped parallel to the traak,
with the frent end 50 feet gouth of the trade and 35 feet
west of the rear emd of the third sar, The fifth oar stoppred
with tHe rear end betweer the msin track and the siding, 4
geparation occurred between the rifth and stxth oars when the
uncoupling attashselits were operated as & result of the action
of the cars duping the derailment., The sixth and geventh .
sars stopped in line, with the front end of the sixth ocar
sgalnet the rear end of the fifth o#y, znd the rear end of
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the seventh car 25 feet south of the track. The elghth car
stopped with the rear end on the track structure of the siding,
and the ninth car stopped with the rear end on the trachk struc-
ture of the maln track., The deralled cars leaned to the south
at angles of from 5 to 45 degrees. The trucks and broke equip~
ment of the thlird and fourth Diesel-electric unlts, and the
first, elghth and ninth cars were somewhaet damaged, The second
to the slxth cars, lnclusive, were conslderably cdamaged, and
the seventh car was badly damaged. X¥uch of thig damase
occurred as a result of contact between the derailled cars

and a cantilever signal bridge and concrete foundation

located south of the track and 301 feet east of the weat
slding-swl teh.

The conductor of No. 2 was injured,

The weather was clear at the time of the acclident, which
occurred about 1.04 p, m,

EXAMINATION OF TRACK

Examinatlon of the track disclosed that a palr of wheels
had become deralled to the north at a point 1,15 miles west of
the west slding-switch. The marks on the tles inside the
south rall were considerably heavier than those outside the
north rall, These marks cortinued in line wlth the track to
the west siding-switch. The swltch polnts at thls swltch wvere
battered, and the swltch was somewhet damaged, The meneral
derallment occurred immedlately east of the frog, The track
between thls point and the point where the third Dicsel-electric
Lnit stopped was badly damaged,

DESCRIPTION OF LOCOMCTIVE UNIT INVOLVED

Unlt 31-A, the thlird unit in the locomotive, coupled 1n
backvard movement, was bullt in Sentember, 1948, at La CGrange,
I1linols, by the Electro~Motive Divicilon of General Motors
Corporation. It was equipped wlth one E,¥.D. 1500 horsepower
rodel 16-567-8B engine with direct connected generator. Each
axle of the B-B, 4-wheel trucks, was motor driven and had
6% x 12 ineh journals which were equipped with Hyatt oil
lubricated roller becarings. The specifled diameter of the
wheels when new was 40 1nches., The unit was constructed for
use as a tralling unlt in a multiple unlt locomotlive. Total
welght on drlving wheels was 248,000 nounds and tractive
effort 62,000 pounds, The unlt wag desicned for a maximum
speed of 100 miles per nour.
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DESCRIFTION OF PARTS INVOLVED

The fatled axle on unit 31-A was a part of a driving
tvheel set conslstlng of the axle, wheels, and axle gear and
was equipped wlth roller bearings. The wheels which were in
number 4 ppsitlon and were 1n lead positien 1n direction of
movement, were Clags B multiple-wear rolled steel wheels
manufactured by the Amerlcan Steel Foundriege in June 1953,
The right wheel was stamped A-79158 and the left wheel was
stamped A-7931Z, The Hyatt tearing on the gear end of the
axle was applied new at San Bernardino, Callfornla, on May
11, 1954,

The axle was stamped 1695 W4270 SSW NTS 2.-26-49 SB2,
It was machined at San EBernardino on February 26, 19249,
from a hormalized and tempered blllet furnished by the
Standard Steel Works Division of Baldwln-Lima-Hamllton
Corporation. The blllet had been purchased 1n August, 1947,
to AT&SF Ry, &pecificatlon L-210-B, covering medlum steel
forgings, normalized and tempered., Since flrst being placed
In service on 4pril 17, 1949, wheels had been mounted on the
axle as follows:

Place Date Mileage of Axle
San BRernardino May 30, 1950 223,932
San Bernardino April 8, 1951 420,676
San Bernardlnoe Nov, 19, 1931 565,820
San Bernardino Aucust 23, 1953 894, 373

At the time wheele were lagt applled on August 23, 1953, the
inner races were removed and the axle magnafluxed, No cracks
were found.

On May 14, 1954, thls axle was epplled to unit 31-A
where 1t remained in No. 4 positlion until the fallure occurred,
The wheels had been turned 1n place on a wheel-trulng machlne
at Barstow, Callfornla, on June 5, 1954, The axle had made
1,312,142 miles when 1t faliled, or 317,768 mlles slnce last
magnafiuzxed,

EXANINATION OF PARTS IMVOLVED

The roller bearings on the falled axle were found to
be in good conditlon and werc well lubricated, The right
No. 4 wheel wae 37 9/32 inches in dlameter, fiange 1 1/16
lnches high, tread wear £/64 inch, flance wear 5552 inch,
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and rim rhickneas 1% inches. The left No. 4 wheel was %7 1G/64
incnes in dtameter, [lange 1 1/16 inches high, trezd srear

5/64 1rch, i{lange wear 3/32 1nca, and rim ths otness % inches,
The rim ¢ the left No. 4 wheel showed wiere comntact with the
8oL ch roatl occurred arter the derailment, No evidsnce of
Eeatg%q w. 8 found on the axle or wneels, and no flat spots were
4.0‘..4.“ ©

Trte right No. 4 journal, which was the left front Journsl
in tle directlon of travel, failled near tne whecl end of the
inner race of the roller besring, Apvearance ni lhe cup shaped
fracfure 1adleated tuet tuoe initial fallure had occurred at
the outer snrface of the !ournal ond continued untll approxl-
malely 20 percen? of the cross~sectlonal area had fa2iled at
the time the final break nccourred, The hroken Journal was
on tnc gear end of the axle,

The falled journal had teen bullt up by use of the metal
spraying nrecess which gx*ended into the fitlet. This metallle-
ing had brozen f*om tle axle gurface near the fractured face.
The axle at roint of falluire was burned and scored by contact
wvlth the btearing housing. Maguaglo inspection of the axie
pave lndicatlons of s discontinuous crack 5,68 inches long
1n the rignt vheel sest 6.10 lncheg from the outside whecl
seat sghouidcr. The ~heel hub was 6,36 inches long., The
lar~qgt continuoue crack wae 1.78 inches in lengrth, Micrometer
measuremcnts i the metalllized jouraal surface and of the
inarde dlaneter of the lnner race 'ndicated an interference
shrink fit of 0.0C27 to 2.003& 1nxh.

Comparisen of the chemical analjels of drilllngs secured
from the broken Journal and the axle specificatlen foliows:

. Per Cent R

Axle AT&SE Specgiflcation

" L-210-3 iedium
Carbon 0,49 0.40 - 3.8D
Maazanese C.78 0.60 - C 90
Pnosphorus, Max, 0.019 0.042
Sulphur, Max, 0.045 0.050

S1licon, Min. 0.26 0.15
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The BPrinell hardn+ge of a transvarce section vsried from
7L to 179, Meclanlezi test of the Jowrnal materisl =mave the
fol owing resvlts,

Yield Jltiimate Elongation Reduztion

Sprelnen Strenzth Strength in 2 incheas of aresa

Pounds per Pruuds pepr

aquare lnch sguare inch _Percent Percent
Quteide 42,400 8g,900 28 45,9
Standard 41,900 AR, 800 24 41. 7
AT&SF Spec,
L-210~B Medium 43,1690 83,000 o4 38.0

INSPECTICON AND REPAIR RYPORTS

The last annual inspesztion nf all unlts was made at San
Bernardino, Callif., on Mey 18, LD54, and the Jast monthly
inspection was made at Farstow, Cplif., on September 4, 1554,

Daily inspection reperts filed at RAichmond, Calif,, since
Aurust 1, 1254, were examined and nothing 'me found reported
thet would have any beoring on the accidant.

SUMMARY OF EVIDEWCE

Befere the accldent occurred = sectlon force was worring
onn the track at a point appruximalely a mile west of tte Wesi
glding-swl tch at Orwood., As Ve, 2 approached the foreLan
stepped to the gouth slde ol the track, and vhen the front of
the train recched a ponint absut 350 feet wegt of him he swrr
balaetv flying from undernsath the locomotive, As the
locomotive passed him he saw thet o prir of vherls wag de—ulled,
He gave stop slwnals, but the Zront of the leocamotlve had
passed before he gave the slenela and the elgnals were not
obhserved by members of the crew.

As No. 2 was aprroachlng the polint where the acc.dont
ocecurred the englneren were in thelr vsval positions 1n the
control compertment at the front of the locototive, the front
brakeman wag in the rear vestibule of the third ecsr, the
conductor was in the fourth car and the flogman was in the
vestibule of the renr car. The traln brakes had been tested
and had functloned properly when used cn route The engineer .
sald that he inspecied the train as 1t rounded r» curve to
the right at Oakley, and the flreman sald that he 1lnaspected
the train on tne curve to the leit west of Orwnod., They
observed nc defectlve cond)tion., Tacee enployess saw the
members of the section force west or Orwood, but they did not
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continue to watch them aftcr the front of the tTrailn vnessed.
They dld not sec a stop signal given. As the traln approached
Orwood the engineer made a light rervice appllcation of the
brakes and applied the dynamlc trake in order to comply with a
speed restriction east of Orwood. The englneren vere not
ayare that anythineg wss wrong urtil the locomotlve was
pagsing the west siding-siitch 2% Orweod. They then felt

a slight lurch, and immediately oftervard the brakes became
applied in emergency as a result of *he deralliment. The

front brakeman opened the vegti®hule door snd inspected the
left side of the traln as 1t woved en the curve to the left
west of Orwood, He observed no defrctive condition., A shart
time later he observed an unuasuel amount of flyln~ dust on

the south side of the train. The reneral derailment occurred
before he could taxe asctlion to ston the train, The flasman
opened the vestlbule door of the rear car and inspec*ted the
le?t side of the traln on the curve west of Orwood. He
observed no defectlve condition, After the traln passed the
curve he closed the vestibkule door 2> firet becane awere
that something was wrong when the brakes became applied 1n
energency. Nelther the front brakeman ner the flagman saw

the merbers of the secctlon force west of Crwood, The conductor
wag 80 seriougly injured In the aceldent that he was not
questloned during thls investleation, Accordine to the tape

of the speed-recording device, the speed was approxlmotely

72 miles per hour at the initlal point of deraillmont and 57
miles per hour at the west siding-swlten.

DISCUSSION

The marke on the track structure indicate that after
the axle falled and the welpht was removed from the left
front vheel of unlt 31-A the front whesls of this truck
became derailed to the north. These wneels moved in line
wlth the tracx from the initlzal »noint of drrallment to the
west siding-swltch at Orwood. The general derallment
occurred at the latter point.

Laboratory test of the axle materlal indicated that the
chemical composition met the specification recuirements, but
the yleld strength vas below the minimum specification
reaguirement. In addifion %o the fracture which couged the
derallrment 1t was found that the axle was also cracked in
the adjacent wheel seat.
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The inner races had been repoved snd the axle had been
magnetic particle tested at time of last wheel mounting., All
parte of the wheel ret apparently had been mounted to the
required standerds and the condition of wheels and bearinrs
was pood.

In the metal spraying procees, or getallizing, wire or
metal powder 1s fed through a self'-ssnitalned gun where the metal
1g nelted, atomized with a jot of aompressed alr, and blown
from the nozzle of the gun in the ferm o! a fine, dense
molten spray. Upon contact with the surface to be metallized,
the tiny particles of sprayed metal ohlll a2lmost instantly
and key thempelves into the bace metal,

The bond between the sprayed metal and the bnee 1s purely
mechanicnl. Preparation of the bege material sbould produce
8 multiplliclty of minute keys or locks for holélng the sprayed
molten metal flrmly to the surface whiech thus must be
rouchened by mechanlenl menns. The spreyed metal will seldom,
1f cver, have 1ts original tenslle strencth, duetility, or
elongation althourh these physical proverties mleht gtlll te
present 1n the irdividunl zetal particles, Other physicnl
choracteristics such as hordness, compreasive strength, wear
reslstance, corrnslon rerlstance, and heat and elcctrical con-
duetivity will renzin. The aproy metal coating 1ls not
fused to tre bage metal and ctresseg fet up would not be
trangmitted uniforrnly through thne surface of the section
as would be the case in an uncon*ed jeurnal, Since the metallized
coating 1s not integral with the parent metal of the axle,
1t 15 posaible for a fatlzue fallure te start below an
unbroken surface of tlie coatlins and 1ot be dlscovered 1n
routine marnetle partlcle test,

Metallizineg 1g a metal depositing process somewhat cofi-
parable %o fusion welding., Metallizing driffers from fuslon
welding in the respect that 1.0 tre mecallizing procesa fusing
of the parent metal, with canseguent n~taliurgleal changes,
does not occur, However, in either process concealment of any
existing surface defects 1s equally effective,

Under standards of the Assoclation of American HAallroads,
roller bearing Jjournals arc required to be free from tool marks
and acratches 1n the fillets and con the adjoinine cylindrical
portions, Experience has devonstrated that surface defects, such
as scratchesn, tool marke, ridees or corrugations, in hlghly
stressed membem subject to fluctuating loads cause hlghly
locallzed stresses which inltlate progsresslve fatigue fallures,
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In the instant case 1t would appear that metalllzing had
been employed because of the effect on the Journal flt under
the inner roller bearing race of the number of removals of
the race which had occurred during the service 1ife of the axle.
The metallizing process had been used to prepare the surface
of the Journal to recelve and support the subsequently applied
race and thus extend the service life of the axle. In the
investigation of thls accident i1t could not be determined
whe ther there were any lnciplent defects at the time the
metalllzing was epplied,

In another case which wns 1nvestlgated by the Commlsslion in
1547, a tender truck axle of a steam locomotive on another
rallroad broke while the locomotlve was haullng a freight train
at an estimated speed of 12 miles per hour. Two members of
the englne crew were killed and one 1hjured in the subsequent
derallment.

Investigation developed that the Journal, includling the
fillet, had been bullt up by fusion welding and the deposlted
metal had been machined to 2 smooth surface. Fallure of the
Journal occurred through the fillet, Approximately 75 percent
of the cross—sectional area showed a progresslve frocture which
extended over 1ta entire clrcumference and lnwardly from the
surface,

The method of reclamatlion used was not In accordance
with recognlzed practice of the Assoclation of American
Rallroads which provides:

"Restoring worn-out axles to the original size
by welding wlth thke exceptlon of bullding up the
end collars, 1s not permlisslble under Association
of American Rallroads rullngs. Reforging of the
axles 1s the better practice of reclamatlon due
to the fact that the axles are re-worked and re-
annealed, thus improving the structurs,”

In report of the acecldent the Commlsslon sald:

"The prohibitions of application of fusion
weldlng on axles and the necessity, in the lnterest
of safety, of removing from service any axles tnat
are found to have had such welding applied, are go
well kKnown and undersZood that dlscusslon of this
pernicious practice, which nas been universally
long recognized as destructlive to 1life and property,
would here be redundant.t
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In the accident here under investipgation 1t was found
that the axle which falled at Orwood had durlng lts service
1life had 5 palrs of wheels mounted upon it and had accumulated .
nearly one and one third mllllon gervice miles prior to fallure.
Development of the progressive fracture that culminated ln
fallure of the journal and of the progressive fracture in the
adjacent wheel scat strongly indicates that the axle had been
continued in service beyond the endurance 1limit of the metal,
The severe service condltlons of wheels and axles under
Diegel~electric locomotive units wlth axle~huns motors suggests
a need for more frequent testing of axles and determlnation of
a gsafe 1life expectancy for such axles,

CAUSE
Thig accldent was caused by a broken axle.

Dated at Washlngton, D. C., thia twelfth
day of November, 1954,

By the Commisslon, Commnlssloner Clarke.

(8EALY GEORGE W, LAIRD,

Secretary.



