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SUMMARY 

Date; 

Ra i l road : 

Loca t ion : 

Kind o f accident : 

Train i n v o l v e d : 

Train number: 

Engine number: 

Gonsist: 

Speed: 

Operation: 

Track: 

Weather: 

Time: 

Casual t ies ; 

Cause: 

September 22, 1954 

Atchison, Topeka and Santa Fe 

Orwood, C a l i f . 

Derailment 

Pa ssenger 

2 
D i e s e l - e l e c t r i c units 31C, 31B, 31A, 

and 31 

12 cars 

72 m, p . h . 

T i m e t a b l e , t r i i n o rde r s , and automati 
b l u ck - s i gna 1 s ys t em 

S i n g L e ; t angen t ; 0.13 percent 
d e s c e n d i n g grade eastward 

Clear 

1*04 p , m. 

59 Injured 

Broken ax le 
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INTERSTATE COMMERCE COMMISSION 

REPORT H O . 3694 

I N THE MATTER OF MAKING- ACCIDENT INVESTIGATION REPORTS 
UNDER THE LOCOMOTIVE INSPECTION ACT OF FEBRUARY 
17, 1911 , AS AMENDED, A T O THE ACCIDENT REPORTS 
ACT OF MAY 6, 1910. 

THE ATCHISON, TOPSKA AND SANTA FE RAILWAY COMPANY 

November 12 , 1954 

A c c i d e n t near Orwood, C a l i f , , on September 22, 1954, caused 
by a b roken a x l e . 

1 
REPORT OF THE COMMISSION 

CLARKE, Commiss ioner : 

On September 22, 1954, t h e r e was a d e r a i l m e n t o f a 
p a s s e n g e r t r a i n on the A t c h i s o n , Topeka and Santa Fe R a i l ­
way near Orwood, C a l i f . , which r e s u l t e d In the i n j u r y o f 
40 p a s s e n g e r s , 18 d i n i n g - c a r e m p l o y e e s , and 1 t r a i n - s e r v i c e 
e m p l o y e e . T h i s a c c i d e n t was i n v e s t i p a t e d i n c o n j u n c t i o n 
w i t h r e p r e s e n t a t i v e s o f the P u b l i c U t i l i t i e s Commission o f 
C a l i f o r n i a , 

1 
Under a u t h o r i t y o f s e c t i o n 17 ( 2 ) o f the I n t e r s t a t e Com­

merce A c t the a b o v e - e n t i t l e d p r o c e e d i n g i r a s r e i e r r e d by the 
Commission to Commiss ioner C l a r k e f o r c o n s i d e r a t i o n and 
d i s p o s i t i o n . 
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LOCATION OF ACCIDENT AND METHOD o r OPERATION 
This accident occurred on that part of the Valley Divi­

sion extending between Richmond and Riverbank, Calif„, 94,0 
miles. In the vicinity of the point of accident this Is a 
Bing]e-track line, over which trains are operated by timetable, 
train orders, and an autonatlc block-signal system. At Orwood, 
52.8 miles east of RlctiDcnd, a elding 4 . H 0 feet In lenguh 
parallels the m?in track on the nor Eh* The; Initia* derailment 
occurred on the main track at a point 1.15 milet west of the 
west siding-switch at Orwood, and the general derailment 
occurred Immediately east of the swatch. From the west there 
are, In succession, a 3°05s curve to the left 1,838 feet in 
length, and a tangent 1,14 miles to the Initial point of derail­
ment and more than 2 miles eastward. The grade is 0.13 per­
cent descending eastward at "che initial point of derailment, 
and It varies between 0.13 percent descending and 0,09 percent 
ascending eastward between that point and the west siding-
switch. 

In the vicinity of the point of accident the track struc­
ture consists of 115-pound rail, 39 feet In length, laid new 
in 1949 on an average of £6 ties to the rail length. It is 
fully tieplated with double^shoulder tieplates, spiked with 
two rail-holding spikes and two plate-holding spikes per tie** 
plrte, and Is provided with 6-hole 36-lnch Joint bars and an 
average of 14 r a i l anchors per rail. It Is ballasted with 
crushed rook to a deutn of 10 inches below the bottoms of 
the ties. In the vicinity of the west siding-switch at Orwood 
the track is laid on a fill approximately 90 feet in width 
and 15 feet In height. 

This carrier's operating rules read in part as follows: 
TRAIN AND YARD SERVICE 

815. * * * 
Trainmen must Inspect their trains frequently while 

running and when standing, to detect hot Journals, stuck 
brakes and other defects. They must observe meeting and 
passing trains to detect and call attention to anything 
that might endanger the operation of such trains, giving 
stop signals if necessary. 



* $ ^ 

8 9 1 , They must l o o k bac* f r ^ Q u e n t l y , and © s p e c i a l l y 
w h i l e round ing e u r v e a * § • t o d e t e c t any d e f e a t s l a 
t h e i r t r a i n and f o r a i g t t a l e • * * 

« * * 
The maximum a u t h o r i s e d speed f o r p a s s e n g e r t r a i n s i n the 

v i o l n i t y o f t h e p o i n t o f a o o i d e n t l a 79 m i l e s p e r hour , 

roacairagu o r A C G t o m 

N o . g . an ea s t -bound f i r e W o l a s a p a s s e n g e r t r a i n , c o n ­
s i s t e d o f O i e a e l - e l e e t r i o u n i t e 31C t 31B, 51A, and 3 1 , c o u p l e d 
I n mu l t t p l e* -un i t c o n t r o l , one b e g $ & i « e a r , f o u r c h a i r c a r s , 
one d i n i n g o a r . one doave c a r , o n e d i n i n g c a r , and f o u r s l e e p * 
l u g c a r a, i n the o r d e r named* A l l o a r 9 w e r e o f l i g h t w e i g h t 
e t e o l c o n 8 t r a c t i o n , and a l l t t n i t e Of tfr* t r a i n w e r e equipped 
w i t h c o n t r o l l e d s l a c k c o u p l e r e , T h i s t r a i n d e p a r t e d f rom 
Richmond a t 11 :99 a. s M 5 minutes l a t e , pa s sed O a k l e y , 43*0" 
m i l e e e a s t o f R lohaoad and the l a s t open o f f i c e , a t 12 :5$ 
p , m.#- 1 minute l a t e , and , w h i l e mov ing a t a speed o f a p p r o x l * 
m a t e l y 72 m i l e s p e r h o u r , t h e f r o n t wheel a o f t h e f r o n t t r u c k 
o f t he t h i r d D l e s e l * e l e c t r l c u n i t w e r e d e r a i l e d a t a p o i n t 1*10 
m i l e e n e a t o f t h e w e a t a i d i n g * s w i t c h a t Orwood. The o t h e r w h e e l e 
o f t h i a u n i t , t he e n t i r e f o u r t h r 4 . e a e l - e l e o t r l e u n i t , and t h e 
f i r s t t o t h e n i n t h e a r a , i n c l u s i v e * w e r e d e r a i l e d I m m e d i a t e l y 
e a e t o f t h e w e s t aiding*-*** t e n , 

The t r a i n a topped w i t h t h e f r o n t o f t h e - l o a S m o t l v © 1 ,056 
f e e t e a s t o f t h e w e s t s i d i n g - s w i t c h * The t h i r d and f o u r t h 
0 1 e e e l * * e l e p t r l o u n i t e a topped a p p r o x i m a t e l y i n l i n e w i t h t h e 
t r a c k . The f i r s t , s e c o n d , and t h i r d c a r s a topped a p p r o x i m a t e l y 
i n l i n e , v l th the f r o n t end o f t h e f i r a t c a r on the traofe 
s t r u c t u r e and t h e r e a r end o f the t h i r d ea r GO f e e t couth o f 
the t r a c k . The c o u p l e r shank on t h e f r o n t end o f the f o u r t h 
oa r was b r o k e n , and a s e p a r a t i o n o c c u r r e d be tween the t h i r d 
and f o u r t h ca r a, The f o u r t h o a r a topped p a r a l l e l t o t h e t r a c k , 
w i t h t h e f r o n t end 50 f e e t sou th o f the t r ad* and 35 f e e t 
w e s t o f t h e r e a r end o f the t h i r d oa r* The f i f t h o a r a topped 
v i t h t h e r e a r end b e t w e e n t h e main t r a c k and the e l d i n g , A 
s e p a r a t i o n Oc c u r r e d b e t w e e n t h e f i f t h and s i x t h oar a when the 
u n c o u p l i n g a t t a c h m e n t s w e r e o p e r a t e d a s a r e a u l t o f t h e a c t i o n 
o f t he c a r e d u r i n g t h e d e r a U ^ e n t . The e l x t h and s e v e n t h 
o a r s s t o p p e d i n l i n e , w i t h the f r o n t end o f t h e s i x t h oar 
a g a i n s t t h e r e a r end o f t h e f i f t h o a r , and t h e r e a r end o f 
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the s e v e n t h car 25 f e e t south o f the t r a c k . The e i g h t h car 
s topped w i t h the r e a r end on the t r a c k s t r u c t u r e o f the e l d i n g , 
and the n i n t h car s t opped w i t h the r e a r end on the t r a c k s t r u c ­
tu r e o f the main t r a c k . The d e r a i l e d c a r s l e a n e d to the sou th 
a t a n g l e s o f from 5 t o 45 d e g r e e s . The t r u c k s and brake e q u i p ­
ment o f the t h i r d and f o u r t h D i e s e l - e l e c t r i c u n i t s , and the 
f i r s t , e i g h t h and n i n t h c a r s were somewhat damaged. The second 
to the s i x t h c a r s , i n c l u s i v e , were c o n s i d e r a b l y damaged, and 
the s e v e n t h car was b a d l y damaged. Much o f t h i s damage 
o c c u r r e d as a r e s u l t o f c o n t a c t be tween the d e r a i l e d c a r s 
and a c a n t i l e v e r s i g n a l b r i d g e and c o n c r e t e f o u n d a t i o n 
l o c a t e d south o f the t r a c k and 301 f e e t e a s t o f the wes t 
s l d i n g - s w i t c h . 

The conduc to r o f N o , 2 was i n j u r e d . 

The wea the r was c l e a r a t t he t ime o f the a c c i d e n t , w h i c h 
o c c u r r e d a b o u t 1.04 p , m, 

EXAMINATION OF TRACK 

Examina t ion o f the t r a c k d i s c l o s e d t h a t a p a i r o f w h e e l s 
had become d e r a i l e d to the no r th a t a p o i n t 1.15 m i l e s w e s t o f 
t h e wes t s i d i n g - s w i t c h . The marks on the t i e s i n s i d e the 
south r a i l were c o n s i d e r a b l y h e a v i e r than t h o s e o u t s i d e the 
n o r t h r a i l . These marks con t inued i n l i n e w i t h the t r a c k to 
the wes t s i d i n g - s w i t c h . The s w i t c h p o i n t s a t t h i s s w i t c h were 
b a t t e r e d , and t h e s w i t c h was somewhat damaged. The g e n e r a l 
d e r a i l m e n t o c c u r r e d i m m e d i a t e l y eas t o f the f r o g . The t r a c k 
be tween t h i s p o i n t and the p o i n t where the t h i r d D i e s e l - e l e c t r i c 
u n i t s t o p p e d was b a d l y damaged, 

DESCRIPTION OF LOCOMOTIVE UNIT INVOLVED 

U n i t 31 -A , the t h i r d un i t i n the l o c o m o t i v e , coup led i n 
backward movement, was b u i l t i n Se-otenber, 1948, a t La Grange , 
I l l i n o i s , by the E l e c t r o - M o t i v e D i v i s i o n o f G e n e r a l M o t o r s 
C o r p o r a t i o n . I t was equ ipped w i t h one E . K . D . 1500 ho r sepower 
model 16 -567-B e n g i n e w i t h d i r e c t connec ted g e n e r a t o r . Each 
a x l e o f t h e B-B, 4 - w h e e l t r u c k s , was motor d r i v e n and had 
6-| x 12 i n c h j o u r n a l s which were equ ipped w i t h K y a t t o i l 
l u b r i c a t e d r o l l e r b e a r i n g s . The s p e c i f i e d d i a m e t e r o f the 
w h e e l s when new was 40 i n c h e s . The u n i t was c o n s t r u c t e d f o r 
use as a t r a i l i n g u n i t i n a m u l t i p l e u n i t l o c o m o t i v e . T o t a l 
w e i g h t on d r i v i n g w h e e l s was 248,000 oounds and t r a c t i v e 
e f f o r t 62 ,000 pounds . The u n i t was d e s i g n e d f o r a maximum 
speed o f 100 m i l e s p e r nour . 
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DESCRIPTION OF PARTS INVOLVED 
The failed axle on unit 31-A was a part of a driving 

wheel set consisting of the axle, wheels, and axle gear and 
was equipped with roller bearings. The wheels which were in 
number 4 position and were in lead position in direction of 
movement, were Class B multiple-wear rolled steel wheels 
manufactured by the American Steel Foundries in June 1953. 
The right wheel was stamped A-79158 and the left wheel was 
stamped A-79312, The Kyatt bearing on the gear end of the 
axle was applied new at San Bernardino, California, on May 
11, 1954, 

The axle was stamped 1695 W4270 SSW NTS 2-26-49 SB2, 
It was machined at San Bernardino on February 26, 1949, 
from a normalized and tempered billet furnished by the 
Standard Steel Works Division of Baldwin-Lima-Hamilton 
Corporation. The billet had been purchased In August, 1947, 
to AT&SF Ry, specification L-210-B, covering medium steel 
forglngs, normalized and tempered. Since first being placed 
in service on April 17, 1949f wheels had been mounted on the 
axle as follows: 

Place Date Mileage of Axle 
San Bernardino May 30, 1950 223,932 
San Bernardino April 8, 1951 420,676 
San Bernardino Nov, 19, 1951 565,820 
San Bernardino August 23, 1953 994,373 
At the time wheels were last applied on August 23, 1953, the 
inner races were removed and the axle magnafluxed. No cracks 
were found. 

On May 14, 1954, this axle was applied to unit 31-A 
where it remained in No. 4 position until the failure occurred. 
The wheels had been turned in place on a wheel-truing machine 
at Barstow, California, on June 5, 1954, The axle had made 
1,312,142 miles when it failed, or 317,769 miles since last 
magnafluxed. 

EXAMINATION OF PARTS INVOLVED 
The roller bearings on the failed axle were found to 

be in good condition and were well lubricated. The right 
No. 4 wheel was 37 9/32 inches in diameter, flange 1 1/16 
Inches high, tread wear £/64 Inch, flange wear 5/32 inch, 
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and r im t h i c k n e s s l i i n c h e s . The l e f t No- 4 w h e e l was 3? 1 9 / 6 4 
inc t i e s i n d i a m e t e r , f l a n g e 1 1/16 i n c h e s h i g h , t r e a d wear 
5/64 l ^ c h , i l a n g c wear 3 /32 m e n , and r im t h i c k n e s s li i n c h e s . 
The r im o f the l e f t N o s 4 w h e e l F ho wed where c o n t a c t w i t h the 
souch r a i l o c c u r r e d a f t e r the d e r a i l m e n t , No e v i d e n c e o f 
h e a t i n g wf s found on the a x l e o r v n e e l s * and no f l a t s p o t s w e r e 
found . 

The r i g h t No* 4 j o u r n a l , which was tne l e f t f r o n t j o u r n a l 
In t i e d i r e c t i o n o f t r a v e l , f a i l e d nea r tnr w h e e l end o f t h e 
i n n e r r a c e o f the ro l J c r h e a r i n g , ApDearance o f the cup shaped 
f r a c t u r e i n d i c a t e d t a a t tne i n i t i a l f a i l u r e had o o c u r r e d a t 
the o u t e r s u r f a c e o f the Journal & nd con t inued u n t i l app"^oxi~* 
m a t e l y ?0 p e r c e n t o f the c r o s s - s e c t i o n a l a r e a had f i l l e d a t 
the t ime che f i n a l break occurred , , Tbe b roken Journal was 
on tno g e a r end o f the a x l e . 

The f a i l e d j o u r n a l had been b u i l t up by u^e o f tbe f e t a l 
s p r a y i n g p r o c e s s which expended i n t o the f i l l e t * T h i s m e t a l l i s ­
i n g had b roken f 1 om the a x l e s u r f a c e near the f r a c t u r e d f a c e . 
The a x l e a t p o i n t o f f a i l u r e was burned and s c o r e d by c o n t a c t 
w i t h the b e a r i n g h o u s i n g , Magnaglo i n s p e c t i o n o f the a x l e 
g a v e i n d i c a t i o n s o f a d i s c o n t i n u o u s crack 5 0 6 8 i n c h e s l o n g 
i n the r i g n t whee l s e a t 5 B 10 I n c h e s from the o u t s i d e whee l 
s e a t s h o u l d e r „ Tbe Mi e e l hub was 6.36 i n c h e s l o n g . The 
l a r ^ o s t con t inuous c rack was 1*76 i n c h e s i n l e n g t h . M i c r o m e t e r 
measurements o f t h e m e t a l l i z e d j o u r n a l s u r f a c e and o f xh* 
i n s i d e d i a m e t e r of the I n n e r r a c e i n d i c a t e d an i n t e r f e r e n c e 
sh r ink f i t o f 0 ,002? to 0 .0036 i n c h . 

Comparison o f the c h e m i c a l a n a l y s i s o f d r i l l i n g s s e c u r e d 
from the broken Journal and t h e a x l e s p e c i f i c a t i o n f o l l o w s : 

P e r Cent 
A x l e AT&SF S p e c i f i c a t i o n 

L -210-B Medium 

Carbon 
Manganese 
Phospho ru s, Max 3 

Sulphur , Max, 
S i l i c o n , K i n . 

0 ,49 
C.79 
0 .019 
0,045 
0 ,26 

0 . 4 0 < 0 .55 
0 .60 - 0 90 

0.045 
0,050 
0,15 
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The B r l n a l ] hardn*e£ o f a t r a n s v e r s e s e c t i o n v a r i e d from 
171 to 179 f M e c h a n i c a l t e a t o f the Journal m a t e r i a l gave the 
f o l n o w i n g r e s u l t s . 

Y i e l d U l t i m a t e E l o n g a t i o n R e d u c t i o n 
S t r e n g t h s t r e n g t h in 2 I n c h e s o f a r e a Specimen 

O u t s i d e 
Stand oi'd 
AT&8F Spec , 
L -210-B Medium 

Pounds p e r Pounds p e r 
s q u a r e ,incjh a^ajre^ j^nch P e r c e n t 

42 ,400 e e , 9 o o 
P8 ,600 41 ,900 

43 ,160 83 ,000 

INSPECTION M P REPAIR REPORTS 

26 
24 

p e r c e n t , 

46 o 9 
41 , 7 

3 8 0 0 

The l a s t annual i n s p e c t i o n o f a l l u n i t s was made a t San 
B e r n a r d i n o , C a l i f . , on May 19, 1954, and the l a s t monthly 
I n s p e c t i o n was made a t Par s tow, C a l i f . , on September 4 , 1554, 

D a i l y i n s p e c t i o n r e p o r t s f i l e d a t Richmond, C a l i f . , s i n c e 
August 1, 3954, were examined and n o t h i n g was found r e p o r t e d 
tha t would have any b e a r i n g on the acc lden t f f l 

SUMMARY OF EVIDENCE 

B e f o r e the a c c i d e n t o c c u r r e d a s e c t i o n f o r c e was v o r > t i i g 
on the t r ack a t a p o i n t a p p r o x i m a t e l y a m i l e w e s t o f tr e wect; 
s i d i n g - s w i t c h a t Orwood. As N o . 2 approached the foreman 
s tepped to the south s i d e o f t h e t i a c k , and when the "front o f 
the t r a i n r eached a p o i n t about 350 f ' j c t wes t of him he SWT 
b a l l a s t f l y i n g f rom underneath the l o c o m o t i v e ^ As the 
l o c o m o t i v e p a s s e d him he saw thctt a p i i r o f w h e e l s was d e r a i l e d * 
He g a v e s top s i g n a l s , but the f r o n t o f the l o c o m o t i v e had 
passed b e f o r e he g a v e the s i g n a l s and the s i g n a l s were not 
o b s e r v e d by members o f the crew* 

As Nor 2 was a p p r o a c h i n g the p o i n t where the aco^d^nt 
o c c u r r e d the enginemen were i n t h e i r u s u i l p o s i t i o n s an the 
c o n t r o l compartment a t the f r o n t o f the l o c o m o t i v e , the f r o n t 
brakeman was i n the r e a r v e s t i b u l e o f the oh i rd c a r , the 
conduc to r was i n the f o u r t h car and the f lagman was i n the 
v e s t i b u l e o f the r e a r c a r . The t r a i n b rakes had been t e s t e d 
and had f u n c t i o n e d p r o p e r l y when used cn r o u t e The e n g i n e e r 
s a i d t h a t he I n s p e c t e d the t r a i n as I t rounded r- cu rve to 
the r i g h t a t O a k l e y , and the f i r e m a n sa id t h a t he I n s p e c t e d 
the t r a i n on tne c u r v e to the l e i t west o f Orwood, They 
o b s e r v e d nc d e f e c t i v e c o n d i t i o n , Tucse employees saw the 
members o f the s e c t i o n f o r c e wes t o f Orwood, but t h e y d i d no t 
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c o n t i n u e to watch them a f t e r t he f r o n t o f the t r a i n p a s s e d . 
They d i d no t sec a s top s i g n a l $£tvarj. As the t r a i n approached 
Orwood the e n g i n e e r made a l i g h t s e r v i c e a p p l i c a t i o n o f the 
b rakes and a p p l i e d the dynamic b rake i n o r d e r to comply w i t h a 
speed r e s t r i c t i o n e a s t o f Orwood. The enginemen * Tere no t 
aware tha t a n y t h i n g was wrong u r t i l the l o c o m o t i v e was 
p a s s i n g the wes t s i d i n g - s w i t c h a t O r v c o d . They then f e l t 
a s l i g h t l u r c h , and i m m e d i a t e l y a f t e r w a r d the b r a k e s became 
a p p l i e d i n emergency as a r e s u l t o f Hie d e r a i l m e n t . The 
f r o n t brakeman opened the v e s t i b u l e , d o o r and i n s p e c t e d the 
l e f t s i d e o f the t r a i n as i t moved on t h « cu rve t o the l e f t 
w e s t o f Orwood, He o b s e r v e d no d e f e c t i v e c o n d i t i o n , A s h o r t 
t ime l a t e r he o b s e r v e d an unusual amount o f f l y i n g dust on 
the south s i d e o f the t r a i n . The p-eneral d e r a i l m e n t o c c u r r e d 
b e f o r e he c o u l d t a k e a c t i o n t o s t o o the t r a i n . The f lagman 
opened the v e s t i b u l e door o f the r e a r car and i n s p e c t e d the 
l e f t s i d e o f the t r a i n on the curve v e s t o f Orwood. He ' 
o b s e r v e d no d e f e c t i v e c o n d i t i o n . A f t e r the t r a i n passed t h e 
curve he c l o s e d the v e s t i b u l e door Ho f i r s t became aware 
tha t something was wrong when the b rakes became a p p l i e d i n 
emergency . N e i t h e r the f r o n t brakeman nor t h e f lagman saw 
the members o f the s e c t i o n f o r c e wes t o f Crwood, The c o n d u c t o r 
was so s e r i o u s l y i n j u r e d i n the a c c i d e n t t h a t he was n o t 
q u e s t i o n e d d u r i n g t h i s i n v e s t i g a t i o n . A c c o r d i n g to the t ape 
o f the s p e e d - r e c o r d i n g d e v i c e , tho speed was a p p r o x i m a t e l y 
72 m i l e s p e r hour a t the i n i t i a l p o i n t o f d e r a i l m e n t and 57 
m i l e s p e r hour a t the w e s t s i d i n g - s w i t c n . 

DISCUSSION 

The marks on the t r a c k s t r u c t u r e i n d i c a t e t h a t a f t e r 
the a x l e f a i l e d and the w e i g h t was removed f rom the l e f t 
f r o n t w h e e l o f u n i t 31-A the f r o n t w h e e l s o f t h i s t ruck 
became d e r a i l e d to the n o r t h . These w n e e l s moved in l i n e 
w i t h the t r a c k from the i n i t i a l p o i n t o f d e r a i l m e n t to the 
wes t s i d i n g - s w i t c h a t Orwood. The g e n e r a l d e r a i l m e n t 
o c c u r r e d a t the l a t t e r p o i n t . 

L a b o r a t o r y t e s t o f the a x l e m a t e r i a l i n d i c a t e d t h a t the 
chemica l c o m p o s i t i o n met t h e s p e c i f i c a t i o n ' r e a u i r e m e n t s , bu t 
the y i e l d s t r e n g t h was b e l o w the minimum s p e c i f i c a t i o n 
r e q u i r e m e n t . I n a d d i t i o n to t h e f r a c t u r e which caused the 
d e r a i l m e n t i t was found t h a t t h e a x l e T*as a l s o c racked i n 
the a d j a c e n t w h e e l s e a t . 
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The inner races had been F « I Q V © & #.nd the a x l e had been 
magnetic p a r t i c l e tes ted a t t in© o f l a a t wheel mounting. A l l 
par t^ of the wheel se t apparently had been mounted to the 
required standards and the condi t ion of wheels and bear ings 
was good. 

In the metal spraying p r o o f s , , ffletallizlng, wire or 
metal powder i s fed through $ &3lf*"$&fitalned gun where thr metal 
i s melted, atomized wi th a J&15 o f o o ^ r e s s e d a i r , and blown 
from the nozz le of the gun In t?he for& of a f i n e , dense 
molten spray. Upon contact wi th the surface to bo m e t a l l i z e d , 
the t iny p a r t i c l e s of sprayed metal o h l l l almost i n s t an t l y 
and k<>y themselves i n to the bare metal . 

The bond betwo-en the sprayed metal and the bnse I s pure ly 
mechanical. Prepara t ion of the bos© mater ia l sbould produce 
a m u l t i p l i c i t y o f minute keys o r locks f o r hold ing the sprayed 
molten metal f i r m l y to the surface which thus must be 
roughened by mechanical means. The spreyed metal w i l l seldom, 
i f ever , have I t s o r i g i n a l t e n s i l e s t rength , d u c t i l i t y , or 
e longat ion although those phys i ca l p r o p e r t i e s might s t i l l be 
present in the Ind iv idua l metal p a r t i c l e s . Other phys ica l 
c h a r a c t e r i s t i c s such a3 hardness, compr^nsive s t rength , wear 
r e s i s t ance , cor ros ion r e s i s t a n c e , and heat and e l e c t r i c a l con­
d u c t i v i t y w i l l remain. The spray metal coat ing i s not 
fused to the base metal and s t resses set up would not be 
transmitted uniformly through the surface o f the sect ion 
as would be the case in an uncorded lournal . Since the me ta l l i z ed 
coat ing i s not i n t eg ra l wi th the parent metal of the a x l e , 
i t i s p o s s i b l e f o r a f a t i g u e f a i l u r e to s t a r t below an 
unbroken surface of the coat ing and not be d i scove red In 
rout ine magnetic p a r t i c l e t e s t . 

M e t a l l i z i n g i s a metal depos i t i ng process somewhat com­
parable to fusion we ld ing . M e t a L l l z i n g d i f f e r s from fusion 
welding in the respect r,h:it l .i trie me c a l l ! z ing process fusing 
of the parent metal, wl th consequent m e t a l l u r g i c a l changes, 
does not occur . However, In e i the r process concealment of any 
e x i s t i n g surface d e f e c t s I s equal ly e f f e c t i v e . 

Under standards of the Assoc i a t i on o f American Ra i l roads , 
r o l l e r bear ing Journals arc required to be f r e e from t o o l marks 
and scratches In the f i l l e t s and on the ad jo in ing c y l i n d r i c a l 
p o r t i o n s . Experience has demonstrated that surface d e f e c t s , such 
as scratches, t oo l marks, r i d g e s or cor ruga t ions , in h igh ly 
s t ressed membeis subject to f luc tua t ing loads cause h igh ly 
l o c a l i z e d s t resses which I n i t i a t e p r o g r e s s i v e f a t i g u e f a i l u r e s . 
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In the Instant case It would appear that metallizing had 
been employed because of the effect on the Journal fit under 
the inner roller bearing race of the number of removals of 
the race which had occurred during the service life of the axle. 
The metallizing process had been used to prepare the surface 
of the journal to receive and support the subsequently applied 
race and thus extend the service life of the axle. In the 
investigation of this accident it could not be determined 
whether there were any incipient defects at the time the 
metallizing was applied. 

In another case which was Investigated by the Commission In 
1947, a tender truck axle of a steam locomotive on another 
railroad broke while the locomotive was hauling a freight train 
at an estimated speed of 12 miles per hour. Two members of 
the engine crew were killed and one injured I n the subsequent 
dorailment. 

Investigation developed that the Journal, Including the 
fillet, had been built up by fusion welding and the deposited 
metal had been machined to a smooth surface. Failure of the 
Journal occurred through the fillet. Approximately 75 percent 
o f the cross-sectional area showed a progressive fracture which 
extended over its entire circumference and Inwardly from the 
surface. 

The method of reclamation used was not In accordance 
with recognised practice of the Association of American 
Railroads which provides: 

"Restoring worn-out axles to the original s i z e 
by welding with the exception of building up the 
end collars, is not permissible under Association 
of American Railroads rulings. Reforging of the 
axles Is the better practice of reclamation due 
to t h e fact t ha t t h e axles are re-worked and re-
annealed, thus improving the structure." 

I n report o f t he a c c i d e n t the Commission said: 
"The prohibitions o f a p p l i c a t i o n o f f u s i o n 

w e l d i n g on axles and the n e c e s s i t y , i n the I n t e r e s t 
o f s a f e t y , o f r e m o v i n g from s e r v i c e any a x l e s t na t 
rire found to have had such w e l d i n g a p p l i e d , a r e so 
w e l l known and unde r s tood tha t d i s c u s s i o n o f t h i s 
p e r n i c i o u s p r a c t i c e , wh ich nas been u n i v e r s a l l y 
l o n g r e c o g n i z e d as d e s t r u c t i v e to l i f e and property, 
would h e r e be redundant . " 
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In the accident here under investigation it was found 
that the axle which failed at Orwood had during its service 
life had 5 pairs of wheels mounted upon It and had accumulated 
nearly one and one third million service miles prior to failure. 
Development of the progressive fracture that culminated in 
failure of the journal and of the progressive fracture in the 
adjacent wheel seat strongly indicates that the axle had been 
continued in service beyond the endurance limit of the metal. 
The severe service conditions of wheels and axles under 
Diesel-electric locomotive units with axle-hung motors suggests 
a need for more frequent testing of axles and determination of 
a safe life expectancy for such axles, 

CAUSE 
This accident was caused by a broken axle. 

Dated at Washington, D. C , this twelfth 
day of November, 1954, 
By the Commission, Commissioner Clarke. 

(SEAL) GEORGE V\ LAIRD, 
Secretary. 


