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SUMMARY

T h is  re p o r t  o u t lin e s  th e  p ro ced u res  u se d  an d  p r e se n ts  th e  d a ta  o b ta in ed  d u rin g  th e  w h e e l  
p e e lin g  p o r t io n  o f  th e  C ra ck ed  W h ee l In v estig a tio n . T h e  p r o c e d u r e  w a s  c o n d u c te d  at O R X , In c ., 
T ip to n , P e n n sy lv a n ia  fr o m  A p ril 6  to  A pril 9 , 1 9 9 2 . I ts  p u r p o se  w a s  t o  m e a su r e  and  reco rd  th e  
p h y sica l c h a r a c te r is tic s  o f  th erm al cra ck s p resen t in  t w o , s e le c te d , railroad  w h e e ls . T h e s e  w h e e ls  
had  b e e n  r e m o v e d  fr o m  ro u tin e  se r v ic e  o n  N e w  J e r se y  T ran sit R a il O p er a tio n s  (N J T R O ). 
V a r io u s  m e a su r e m e n ts  w e r e  ta k en  to  d escr ib e  th e  th erm al cra c k s  in  th e s e  w h e e ls , b o th  o n  th e  
tread  su r fa c e  a s  w e l l  a s  in  th e  rim  bulk. A n n o ta ted  te s t  d ata  w e r e  g a th e r e d  and  fo r w a r d e d  t o  th e  
V o lp e  N a tio n a l T ra n sp o r ta tio n  S y ste m s C en ter  (V N T S C )  fo r  an a ly sis  in  c o n ju n c t io n  w ith  th e  
o v era ll in v e s t ig a t io n  o f  w h e e l crack in g  p h en o m en a  o ccu rr in g  in  c o m m u te r  rail w h e e ls  sp o n so r e d  
b y  th e  F ed era l R a ilro a d  A d m in istra tion .

T h e  f o l lo w in g  o b se r v a tio n s  w e r e  m a d e  du rin g th e  ex p er im en ta l p r o c e d u r e  and  w h ile  th e  
te s t  d a ta  w e r e  p rep a red  fo r  V N T S C .

1. A ll w h e e l  rim  therm al cra ck s w e r e  re la tiv e ly  e v e n ly  sp a c e d  a lo n g  th e  c ircu m feren ce  
o f  th e  trea d  e x c e p t  o n  w h e e l # 1 4 1 9  w h ic h  had a 1 0  in c h -lo n g  s e c t io n  o f  tread  w ith  
n o  v is ib le  therm al crack s

2 . W h e e l # 1 4 1 9  had fe w e r  v is ib le  therm al cra c k s  than  w h e e l # 1 5 0 1 ,  but th e ir  ov era ll 
le n g th  w a s  grea ter . F or  ex a m p le , w h e e l # 1 4 1 9  had  6 9  to ta l th erm al c r a c k s  that 
m e a su r e d  g r e a ter  than 0 .5"  in len g th , n in ety  p er  c e n t o f  th e s e  w e r e  b e tw e e n  0.7"  
and  1 .15"  lo n g . W h ee l # 1 5 0 1 ,  o n  th e  o th er  hand , had o v e r  1 6 0  th erm al cra ck s  
g r e a te r  th an  0 .5"  lo n g , n in ety  p er cen t o f  w h ich  w e r e  b e tw e e n  0 .5"  an d  0 .8"  lo n g . 
M a x im u m  m easu red  therm al crack  len g th  o n  w h e e l # 1 4 1 9  w a s  1.1" and  o n  w h e e l  
# 1 5 0 1  w a s  0 .9" .

3 . N o  m ea su r e d  crack  d ep th , in to 'th e  rim  b u lk , e x c e e d e d  0 .3 2 5 " .

4 . N o  cra ck  w a s  fo u n d , o n  eith er  w h e e l, that w a s  n o t v is ib le  o n  th e  tread  su rfa ce .

5 . T h erm a l cra ck  p ro p a g a tio n  o n  th e  tread  su r fa ce  w a s  a p p ro x im a te ly  p ara lle l to  th e  
a x ia l d ir e c tio n  o f  th e  w h e e l. In sid e  th e  rim  b u lk , th e  m ajority  o f  th e  m easu red  
c r a c k s  d id  n o t  p ro p a g a te  in th e  radial d irec tio n  but cu rv ed  le ft  o r  righ t, o r  w e r e  
S -sh a p e d . A ls o , ind iv idual crack  sh a p e s  w e r e  n o t u n ifo rm  w ith in  th e  rim . W ith  a  
f e w  e x c e p t io n s , their  d irec tio n  o f  p r o p a g a tio n  w a s  n o t  c o n s is te n t  b e tw e e n  ea ch  
in crem en t o f  rim  m ach in in g.

6 . A ll o b se r v e d  cra ck s ap p eared  to  rem ain  tig h tly  c lo s e d , b o th  o n  th e  tread  su rfa ce  
an d  in  th e  rim  bulk .

The appendices at the end o f the report illustrate the results o f this procedure in graphical
and tabular formats.
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1.1 Background

T h is  rep o r t i s  t h e  s e v e n th  in a  se r ie s  o n  th e  resu lts  o f  an  e n g in e e r in g  stu d y  o f  th e  e f fe c t s  o f  
se r v ic e  lo a d s  o n  ra ilro ad  v e h ic le  w h e e ls . T h e  stu d y , en titled  C ra ck ed  W h e e l I n v e s t ig a tio n , w a s  
in itia ted  in  S e p te m b e r  1 9 9 1  in  r e sp o n se  to  a  r eq u est  fo r  a sse s sm e n t  o f  c o n tr ib u tin g  fa c to r s  and  
c o r r e c tiv e  a c t io n s  ta k e n  rega rd in g  h igh  rates o f  crack  o c c u r r e n c e  in  certa in  m u ltip le  u n it  (M U )  
p o w e r e d  c a rs  u se d  in  c o m m u te r  serv ice . T h e  u ltim a te  g o a l  o f  th e  s tu d y  is  th e  e v a lu a t io n  o f  sa fe  
lim its  o n  p er fo r m a n c e  d em a n d  (w e ig h t  carried  p er  w h e e l, m a x im u m  sp e e d , v e h ic le  b rak in g  ra te)  
a s  a  fu n c t io n  o f  w h e e l  d e s ig n , m ateria l se le c t io n , and m a n u fa ctu re  a s  w e ll  a s  p e r c e n ta g e  o f  
b rak in g  e ffo r t  a b so r b e d  th ro u g h  th e  w h e e l tread  in  se r v ic e . E n g in e e r in g  t e s t s  t o  su p p o r t th is  
stu d y  in c lu d e  a  r e v ie w  o f  w h e e l m a in ten an ce  r e co rd s  o f  th e  a ffe c te d  ra ilroad s t o  c o n fir m  th e  
g en era l n a tu re  o f  th e  c r a c k  o c c u r r e n c e  p attern s, d e s tr u c tiv e  sa w -c u tt in g  o f  n e w  an d  se r v ic e -w o r n  
w h e e ls  fo r  p u r p o se s  o f  e stim a tin g  th e  resid u al s tr e sse s  in  th e ir  r im s, and  a  t e s t  a n a ly z in g  th e  
th erm al e n v iro n m en t o f  co m m u te r  rail w h e e ls  u n d er  r e v e n u e  se r v ic e  c o n d it io n s . M eta llu r g ic a l 
e x a m in a tio n s  o f  w h e e l sa m p le s , in c lu d in g  m eta llo g ra p h ic  and  fra c to g ra p h ic  s tu d ie s  a s  w e l l  a s  
h ard n ess  te s ts , w e r e  a ls o  c o n d u c te d  b y th e  V o lp e  N a tio n a l T ra n sp o r ta tio n  S y s te m s  C en ter  
(V N T S C ).

T e s t  r ep o r ts  c o v e r in g  th e  therm al m easu rem en t and  th e  w h e e l sa w -c u tt in g  p r o c e d u r e  are  
b e in g  p u b lish ed  sep a ra te ly ; o th er  rep orts  pertin ent t o  th e  in v e s t ig a t io n  are av a ila b le  fro m  V N T S C .  
T h e  resu lts  from  all t e s t s  w e r e  u se d  b y  V N T S C  a s em p ir ica l r e fe r e n c e s  in  th e  fo rm u la tio n  o f  fin ite  
e le m e n t c o m p u te r  m o d e lin g  p ro g ra m s d e s ig n ed  to  a n a ly ze  th e  th erm al and  m ech a n ica l s tr e ss  s ta te  
o f  railroad  w h e e ls  an d  t o  ev a lu a te  th e  p o ten tia l fo r  d ifferen t ty p e s  o f  w h e e ls  t o  r e s is t  c ra c k in g  
u n d er  v a r io u s  c o m b in a tio n s  o f  se r v ic e  c o n d it io n s  T h e  m o d e ls  d e v e lo p e d  in th e  s tu d y  are  
in ten d ed  t o  p r o v id e  t h e  ca p a b ility  fo r  sim ilar en g in e e r in g  d e s ig n  a n a ly se s  o f  o th e r  ra ilroad  v e h ic le  
w h e e ls  b e s id e s  th e  ty p e s  u se d  o n  M U  cars.

T h e  p u r p o se  o f  th e  w h e e l p e e lin g  p ro ced u re  w a s  t o  m e a su re  and  reco rd  th e  p h y sica l  
ch a ra c ter is tic s  o f  th erm a l cr a c k s  lo c a te d  o n  th e  ru n nin g  su r fa ce  o f  t w o  railroad  w h e e ls . T h e  
w h e e ls  w e r e  "L" g r a d e , stra ight p la te , 3 2  in ch  d ia m eter , tran sit w h e e ls , m a n u fa ctu red  b y  
E d g e w a te r  S te e l an d  w e r e  p rev io u sly  u sed  in ro u tin e  s e r v ic e  b y  N e w  J ersey  T ran sit R a il 
O p era tio n s  (N J T R O ). B o th  w h e e ls  w e r e  rem o v ed  from  se r v ic e  d u e  t o  th erm al crack in g ; w h e e l  
n u m b ers w e r e  15 01  an d  1 4 1 9 . W h e e ls  w e r e  sh ip p ed  to  O R X , In c ., T ip to n , P e n n sy lv a n ia , b y  
N J T R O  fo r  th e  e x p e r im e n ta l p roced u re .

D a ta  p r e se n te d  in  th is  rep ort h av e  b een  fo rw a rd ed  t o  V N T S C  fo r  u s e  in  th e  o v era ll 
in v e stig a tio n . T h e  s c o p e  o f  th is  rep ort is  th ere fo re  lim ited  t o  th e  rep o rtin g  o f  th e  ex p er im en ta l 
o b je c tiv e s  and p r o c e d u r e , and  a  p resen ta tio n  o f  th e  d ata  in c lu d in g  g en era l o b se r v a t io n s  th a t w e r e  
m a d e d u rin g  d a ta  c o l le c t io n  and th e  prep aration  o f  th is  rep ort.

1. INTRODUCTION
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T h e  o b je c t iv e s  o f  th is  p ro ced u re  w e r e  to:

1. O b ta in  a  c e n s u s  o f  th e  therm al cra ck s o n  th e  tread  su r fa ce  o f  b o th  w h e e ls . T o  in clu d e:  
to ta l n u m b er, r e la tiv e  circu m feren tia l lo c a t io n , o v era ll le n g th , and  b a s ic  sh a p e  ( i.e . stra igh t, 
cu rv ed , S -sh a p e d , e t c .)  o f  v is ib le  therm al crack s.

2 . D e te r m in e  th e  e x te n t  o f  crack  p r o p a g a tio n  in th e  rim  bulk .

3 . D e te r m in e  an y  re la tio n sh ip  that m ay e x is t  b e tw e e n  cra ck  le n g th  o n  th e  tread  su r fa ce  and  
crack  d ep th  in  t o  th e  rim  b y  p ee lin g  th e  w h e e l fa c e  in  p red e term in ed  in crem en ts  and  
m ea su r in g  cra c k  d ep th s.

4 . D e s c r ib e  th e  sh a p e  o f  th e  cra ck s in th e  rim  b u lk  re la tiv e  t o  th e  radial d irec tio n  o f  th e  
w h e e l.

1.2 Test Objectives

1.3 Location and Dates
T h e  te s t  p r o c e d u r e  w a s  c o n d u c te d  from  A pril 6  th ro u gh  A pril 9 , 1 9 9 2  at th e  w h e e l  sh o p  fa c ilit ie s  
o f O R X , In c ., T ip to n , P en n sy lv an ia .

1.4 Participants
D ic k  F ish er  
O sc a r  O rrin ger  
T o m  L u tz  
B o b  M c C o w n  
S h a w n  Y u  
C a m ero n  Stuart  
M a ch in is ts , T e c h n ic ia n s

F R A , O ff ic e  o f  S a fe ty  
C h ie f  E n g in eer , V N T S C  
In sp ec to r , F R A  
T a sk  M a n ag er , E N S C O , In c  
E n gin eer , E N S C O , Inc. 
E n gin eer , E N S C O , Inc. 
O R X , Inc.

1.5 Equipment List
•  N D T  M a g n a flu x  # 2 0 B :  F lu o rescen t c o n c e n tr a te , w e t ,  m a g n e tic  p artic le

te st in g  w ith  D C  cu rren t, 7 0 0  A m p .
•  V er tic a l B o r in g  L a th e
•  M a ch in ist's  ru les, ta p e  ru les, cam era s, v id e o ta p e  reco rd er , an d  a  la p to p  c o m p u te r

2



2. PROCEDURE
2.1 Wheel Preparation

T h e  w h e e ls  w e r e  s to r e d  o u ts id e  p rior  to  th e  te s t in g  d a te  and , th e r e fo r e , h ad  a cq u ired  a  
la y er  o f  su r fa ce  ru st an d  o x id a tio n - S te e l b ru sh es w e r e  u se d  t o  c le a n  th e  w h e e ls  fo r  th e  
m e a su r e m e n t p r o c e d u r e . O n c e  c lea n , th e  w h e e ls  w e r e  m a g n e tiz e d  w ith  th e  N D T  M a g n a flu x  
m a c h in e  an d  th e n  sp ra y ed  w ith  f lu o r e sc e n t  c o n cen tra te  to  m a k e  th e  th erm al c r a c k s  e a s ie r  t o  v ie w .  
W h e n  v ie w e d  u n d er  a n  u ltr a v io le t  ( U V )  ligh t so u r c e , th e  cra ck  in d ic a tio n s  w e r e  v is ib le  a s  
f lu o r e sc e n t  lin e s . P h o to g r a p h s  and  a  v id e o ta p e  w e r e  u tiliz e d  t o  v isu a lly  rec o r d  all th e  cra ck  
in d ic a tio n s  o n  b o th  w h e e ls .

2.2 Surface Crack Measurements
T h e  fo l lo w in g  m e a su rem en t p r o c e d u r e s  w e r e  p erform ed  o n  e a c h  w h e e l.

1. M e a su r e d  w h e e l  g e o m e tr ic  p aram eters in c lu d in g  w h e e l tread  an d  f la n g e  d ia m eters  
and  rim  th ic k n e ss .

2 . M a rk ed  a n  o r ig in  and d irectio n  o f  ro ta tio n  o n  th e  tread  su r fa ce  t o  e s ta b lish  a  
r e fe r e n c e  p o in t  fo r  m easu rem en ts.

3 . C o u n te d  and  n u m b ered  all cra ck s h av in g  a v is ib le  len g th  o f  at le a s t  0 .5 " 1. N o t e : all 
cr a c k s  w e r e  a n a ly zed  o n  w h e e l # 1 4 1 9 , b ut d u e  t o  th e  la rg e  n u m b er o f  c r a c k s  o n  
w h e e l # 1 5 0 1  th e  crack  c e n su s  w a s  lim ited  t o  o n e -h a lf  o f  th e  tread  c ircu m feren ce . 
C ra ck  in d ic a tio n s  w e r e  sim ilar o n  th e  u n m easu red  half.

4 . D e f in e d  lo c a t io n  and  m ark ed  b ou n d aries o f  th e  cra ck  b an d  in  r e fe r e n c e  t o  th e  fron t  
rim  fa ce .

5 . B e g in n in g  at th e  or ig in , m easu red  th e  c ircu m feren tia l lo c a t io n  o f  e a c h  crack .

6 . M e a su r e d  th e  le n g th  o f  ea c h  crack .

7 . D e f in e d  an d  m ark ed  a c ircu m feren tia l se c t io n  a lo n g  th e  tread , a p p ro x im a te ly  s ix  
in c h e s  in  le n g th , w h ic h  co n ta in ed  a rep resen ta tiv e  sa m p le  o f  c ra c k s  o n  e a c h  w h e e l.  
C ra ck s in  th is  s e c t io n  w e r e  an a lyzed  du rin g th e  p e e lin g  p ro ced u re .

8 . L o c a te d  an d  m ark ed  fo u r  t o  s ix  o f  th e  lo n g e s t  cr a c k s  w ith in  th e  cra c k  b an d  o n  
e a c h  w h e e l fo r  furth er in v estig a tio n  during th e  p e e lin g  p ro ced u re .

A l l  c r a c k s  d i s c u s s e d  i n  t h i s  r e p o r t  w e r e  o v e r  0 .5 "  i n  l e n g t h .  V e r y  f e w  c r a c k s  w e r e  s e e n  t h a t  w e r e  s h o r t e r  
t h a n  0 . 5 "  o n  e i t h e r  w h e e l .
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2.3 Wheel Peeling And Crack Depth Documentation
F ig u r e  1 illu stra te s  th e  w h e e l p e e lin g  p r o c e ss  and p r o v id e s  a  r e fe r e n c e  t o  th e  te r m s and  

c o n v e n t io n s  u se d  t o  d e sc r ib e  th e  th erm al crack  m easu rem en ts.

Increment of
Crack Pacln9

Figure 1: Wheel Peeling Procedure

A fte r  th e  p relim in ary  m ea su rem en ts  w e r e  m ad e, th e  w h e e l p e e lin g  p r o c e s s  w a s  b eg u n .
W h a t f o l lo w s  are  th e  m a in  s te p s  in v o lv e d  in th is  p roced u re .

1. M o u n te d  an d  c la m p ed  w h e e l o n  th e  ro ta tin g  ta b le  o f  th e  v er tica l b o r in g  la th e  w ith  
th e  fron t rim  fa c e  up . 2

2 . S e le c te d  th e  radial d ep th  o f  w h e e l facin g . T h e  m a x im u m  v is ib le  cra c k  le n g th  o n  
th e  tread  o f  e ith er  w h e e l w a s  1.2". O ur o r ig in a l h y p o th e s is  w a s  that th e  crack  
le n g th -to -d e p th  ra tio  w o u ld  b e  a p p ro x im a te ly  2 :1 . A  radial c u t  d ep th  o f  0 .5"  w a s  
c o n s id e r e d  a d eq u a te  to  v ie w  th e  internal crack  p ro p a g a tio n .
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3 . ' T h e  w h e e ls  w e r e  m a ch in ed  in la rg e  in crem en ts  u n til r ea c h in g  th e  c ra c k  b an d  in  th e
tread . T h erea fter , th e  p ee lin g  d ep th  in crem en t w a s  se t  at 0 .1 " . A t  ea c h  
in crem en ta l d ep th  th e  fo llo w in g  m ea su rem en ts  an d  o b se r v a tio n s  w e r e  m a d e  an d  
reco r d e d .

A )  . M e a su r e m e n ts  w e r e  m a d e  to  d eterm in e  th e  radial d ep th  o f  cr a c k s  in  th e
m ark ed  se c t io n  o f  in terest and at th e  p r e v io u s ly  m ark ed  lo c a t io n s  
e lse w h e r e  in  th e  crack  band.

B )  . V a r ia tio n s  in  crack  w id th  in sid e  th e  rim  b u lk  w e r e  m ad e.

C )  . T h e  d irec tio n  o f  crack  p rop a gatio n , w ith in  th e  w h e e l rim , r e la tiv e  t o  th e
radial a x is  o f  th e  w h e e l, w a s  n oted .

D )  . P h o to g r a p h s  w e r e  tak en  and a  v id e o ta p e  r e c o r d in g  w a s  m ad e.

4 . T h e  p e e lin g  p ro c e d u r e  w a s  co n c lu d e d  w h e n  th e  cra c k  d ep th s  b e g a n  t o  d e c r e a se  
and  th e  p e e lin g  c u ts  had p a ssed  th e  a p p ro x im a te  c e n te r  o f  th e  cra ck  band  o n  th e  
tread  su rfa ce . In terior  crack  sh a p es  w e r e  a ssu m e d  t o  b e  sy m m etr ic  aro u n d  th e  
c e n te r  o f  th e  v is ib le  crack  len g th  o n  th e  tread .

3.

3.1

T E S T  R E S U L T S  

B a s ic  W h e e l  G e o m e t r y

W h e e l # 1 4 1 9 : T rea d  D ia m eter 3 0 .0 8 0 "
F la n g e  D iam eter 3 2 .0 7 0 "
R im  W idth: 5 .5 3 0 "

W h ee l # 1 5 0 1 : T read  D iam eter: 2 9 .9 2 1 "
F la n g e  D iam eter: 3 2 .2 2 9 "
R im  W id th 5 .5 9 8 "

T h e r m a l C r a c k  C e n s u s

W h ee l # 1 4 1 9 : N u m b er  o f  C rack s 6 9
P o s it io n  o f  C rack  B a n d 2: 1.530"
A v e r a g e  C rack  L en gth 0 .9 2 5 "

W h ee l # 1 5 0 1 : N u m b er  o f  C racks: T h e r e  w e r e  o v e r  1 6 0  cracks. 
7 6  c r a c k s  w e r e  m ea su red .

P o s it io n  o f  C rack  Band: 2 .9 5 7 "
A v e r a g e  C rack  L ength: 0 .6 5 0 "

T h e  p o s i t i o n  o f  t h e  c r a c k  b a n d  w a s  d e f i n e d  a s  t h e  d i s t a n c e  b e t w e e n  t h e  c e n t e r  o f  t h e  c r a c k  b a n d  ( a x i a l l y )  
a n d  t h e  f r o n t  r i m  f a c e  o f  t h e  w h e e l .  ( S e e  F i g u r e  1)
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3.3 General Observations

Photographs 1 and 2 capture both wheels during the crack census portion of the 
experiment. Differences between wheel #1501 and wheel #1419, in terms of thermal crack 
population density and length, are well illustrated in these photographs. Wheel #1419 had fewer 
visible thermal cracks than wheel #1501, but their overall length was greater. Of the 69 total 
cracks measuring greater than 0.5" on wheel #1419, ninety per cent of these were between 0.7" 
and 1.15" in length. On wheel #1501 though, ninety percent of the over 160 thermal cracks that 
were observed were between 0.5" and 0.8" long. The maximum measured crack length on wheel 
#1419 was 1.1" and on wheel #1501 was 0.9". Wheel census data of the measured thermal cracks 
on each wheel is given, in tabular and graphical form, in Appendix 1 of this report.

Photograph 1: Wheel #1419

Wheel #1419 also had numerous smaller crack indications between the longer thermal 
cracks within the crack band. During the peeling process these smaller cracks were not seen to 
propagate within the rim bulk and flaked off during the machining process. These indications 
were therefore considered to be heat checks.

Another observation made during the census procedure was that the thermal cracks on 
both wheels appeared to be relatively evenly spaced along the circumference of each wheel. The 
most notable exception to this rule was a 10 inch-long section of tread on wheel #1419 which 
contained no visible thermal cracks. A portion of this section of wheel #1419 is shown in 
Photograph 3. No immediate explanation for this phenomena was made from observations of the
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wheel. More information regarding the service life of this wheel may yield clues as to why this
crack-free section exists. As of the end of the wheel peeling procedure no firm action items
regarding the further investigation of this wheel were made.

Photograph 2; Wheel #1501

The wheel peeling procedure produced consistent results from each wheel. Observations 
were made of all visible crack indications in the wheel rim bulk after each wheel peeling 
increment, but depth measurements were limited to only those cracks which were marked in the 
defined area of interest on the tread surface and a few of the longest cracks elsewhere on the 
wheels. Our original hypothesis that crack propagation into the rim bulk would be approximately 
one-half that of the measured length on the tread proved to be inaccurate. The overall ratio of 
depth propagation-to-tread length was approximately 1:3 instead of 1:2. The maximum depth of 
crack propagation in to the rim was 0.325".

Crack behavior in the rim bulk was also observed and recorded. Inside the bulk, the 
majority of the cracks did not run in the radial direction as presumed, but curved either left or 
right (referenced to the peeling direction), or were S-shaped. Also, individual crack shapes were 
not uniform within the rim. With a few exceptions, their direction of propagation was not 
consistent between each increment of machining. On the tread surface, all measured cracks were 
oriented in the axial direction of the wheel. No crack was found inside the rim bulk which was 
not first visible on the tread surface. Finally, all observed cracks appeared to remain tightly 
closed, both on the tread surface as well as in the rim bulk. Appendix 2 contains the results of the
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data collection procedure, graphically depicting crack depth in relation to length on tread and 
describing the crack shapes after each incremental peeling operation in tabular form.

Photograph 3: Wheel #1419 Crack-Free Section

In conclusion, the results of this procedure satisfied the original goals of the exercise and 
provided insightful information regarding the physical characteristics of thermal cracks typically 
found in routine transit service on NJTRO. After the experimental procedure was concluded, 
pie-slice sections were cut out of each wheel and sent to VNTSC for further metallurgical 
analysis. The data collected during this exercise has been forwarded to VNTSC for review.
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A P P E N D IX  1

C R A C K  C E N S U S  R E S U L T S

D E F IN IT IO N  O F  T E R M S

POSITION: Circumferential position of crack relative to a fixed, predetermined origin on the 
tread surface

PEELING DEPTH: Total depth of cut as measured from the front rim face

CRACK SHAPE: Shape of crack propagation as viewed from tread surface, field side up,
looking towards the wheel hub

CRACK SHAPE SYMBOLS:

s Straight
CR = Curves Right
CL Curves Left
SR Slants Right
PT Point (too small to discern direction)
Curve = Very slight curvature
Branch= Crack has visible branches



T A B L E  1 :  W H E E L  # 1 4 1 9  C R A C K  I N C I D E N C E

Crack Position Length Crack Crack Position Length Crack
Number Inches Inches Shape Number Inches Inches Shape

1 L I 1.1 CR 36 63.2 1.2 S

2 2 1.1 S 37 64.1 1.1 ,s
3 2.5 0.9 CR 38 70.4 1.1 s
4 2.9 1.2 S 39 71.6 1 s
5 3.1 0.7 CL 40 72.2 0.6 s
6 3.5 1 CL 41 74 0.8 s
7 3.7 1.1 CL 42 74.7 0.6 CL
8 4.8 1 S 43 75.2 0.9 S

9 5.1 0.7 S 44 76.1 0.6 CR

10 5.5 0.7 CR 45 76.5 0.9 CL

11 6.7 1.2 CR 46 77.5 0.8 CL
12 1 .2 1.2 S 47 78.5 0.9 S
13 8.5 1 s 48 78.7 0.9 s
14 13.5 1 CR 49 79.2 1.1 s
15 16.5 1 S 50 79.8 1 CR
16 16.8 0.9 s 51 80.5 0.9 s
17 17 1 CR 52 81.1 1.1 s
18 21.2 1.1 S 53 82 0.6 s
19 24.7 1.1 CL 54 82.6 1 s
20 27.3 1.1 S 55 83 0.6 s
21 28.2 0.9 S 56 83.3 1.1 s
22 29.7 1 S 57 84.2 1.1 s
23 32.2 0.7 S 58 84.6 0.8 CR
24 37.1 0.8 S 59 86.1 0.8 CR
25 38 0.7 S 60 86.5 0.6 CR
26 50.7 1.2 S 61 86.8 0.8 CR
27 52.5 1 CL 62 87.4 1.1 CR
28 55.1 1 CL 63 88.4 0.7 S
29 55.5 1 S 64 87.8 1.1 S
30 56.5 0.9 S 65 89.8 1 S
31 56.8 1.1 s 66 91 0.9 S
32 57.5 0.8 CL 67 91.7 1 S
33 58.5 11 CL 68 94.8 1 s
34 60.5 1.1 S 69 95.5 1.1 s
35 62.2 1.1 s
36 63.2 1.2 s
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T A B L E  2 :  W H E E L  # 1 5 0 1  C R A C K  I N C I D E N C E

Crack
Number

Position
Inches

Length
Inches

Crack Shape Crack
Number

Position
Inches

Length
Inches

Crack Shape

1 0 0.8 S 39 16 0.9 S
2 0.2 0.7 s 40 16.5 0.8 CR
3 0.4 0.9 s - 41 16.7 0.7 CR
4 0.6 0.8 s 42 17.5 0.8 CR
5 0.7 0.5 s 43 18.2 0.7 CR
6 1.1 0.8 CR 44 18.3 0.6 CR
7 1.3 0.8 S 45 18.5 0.7 S
8 2.1 0.7 S 46 18.8 0.7 CR
9 2.2 0.5 S 47 19.1 0.6 S
10 2.3 0.5 S 48 19.2 0.6 S
11 2.5 0.6 S 49 19.2 0.8 CL
12 2.7 0.6 s 50 20.1 0.7 S
13 3.4 0.5 s 51 20.6 0.7 S
14 4.1 0.5 s 52 21 0.8 CR
15 4.6 0.6 s 53 21.5 0.5 CL
16 4.8 0.6 CL 54 21.8 0.6 S
17 5.2 0.7 CR 55 22.2 0.8 CR
18 5.7 0.7 CR 56 22.5 0.6 S
19 7 0.8 CR 57 22.7 0.8 S
20 7.4 0.6 CR 58 23 0.8 CR
21 7.6 0.8 CR 59 23.6 0.7 S
22 8 0.7 S 60 23.8 0.8 S
23 8.4 0.8 CR 61 25.2 0.7 S
24 8.7 0.7 S 62 25.8 0.9 CL
25 9.1 0.9 S 63 26.3 0.6 S
26 9.6 0.9 S 64 26.5 0.8 S
27 10.6 0.7 CL 65 26.8 0.8 S
28 10.8 0.7 S 66 27.2 0.6 S
29 11.5 0.5 S 67 27.4 0.8 CR
30 12.7 0.7 CL 68 27.6 0.5 S
31 13.2 0.7 S 69 27.7 0.9 S
32 13.4 0.8 S 70 28.2 0.6 CL
33 13.7 0.7 CL 71 29 0.5 CL
34 14.3 0.8 CL 72 29.2 0.5 C
35 15 0.8 CL 73 29.7 0.5 S
36 15.2 0.5 S 74 29.8 0.5 s
37 15.4 0.7 CL 75 30 0.5 s
38 15.6 0.7 CR 76 30.6 0.5 s
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A P P E N D IX  2

W H E E L  P E E L IN G  R E S U L T S

D E F IN IT IO N  O F  T E R M S

POSITION: Circumferential position of crack relative to a fixed, predetermined origin on the 
tread surface

PEELING DEPTH: Total depth of cut as measured from the front rim face

CRACK SHAPE: Shape of crack propagation as viewed from tread surface, field side up,
looking towards the wheel hub

CRACK SHAPE SYMBOLS:

s Straight
CR = Curves Right
CL Curves Left
SR Slants Right
PT = Point (too small to discern direction)
Curve = Very slight curvature
Branch= Crack has visible branches



TABLE 3 : WHEEL # 1 4 1 9  CRACK DEPTH AND SHAPE
Cut# 4 5 6 7 8 9 10

Peeling
Depth

1.07 1.16 1.27 1.36 1.46 1.58 1.67

Crack
No.

Max.
Depth

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

2 0.28 0.06 S 0.17 CL 0.22 S 0.25 CL 0.28 S 0.28 CL,B 0.28 S

4 0.22 0.8 S 0.16 0.22 S 0.22 CL 0.19 CL 0.16 S 0.16 S

11 0.28 0 15 CL 0.19 SR 0.25 CL 0.25 S 0.28 CL 0.25 s
12 0.28 6.09 CR 02 CL 0.22 S 025 S 0 28 CL 0.28 S . 0.25 s
18 0 31 0.1 CR 0 25 CR 0 31 CL 0 31 S 0 31 CL 0.28 CL,B 0.31 s
26 0 25 0.17 . CL 0.22 CL 0.25 CL 0.25 S 0.25 branc 0.19 CL

34 0.28 0.1 CL 0.2 CR 0.25 CL 0 28 S 0.28 CL 0.28 CL 0.22 CL

36 0.25 0.15 CL 0.25 CL 0.25 CL 0.28 S 0.25 CL 0.25 CL 0.25 CL
47 0 19 O il CR 0.19 CL 0.19 CL 0.19 CL 0.19 CL 0.19 CL

48 0.19 0.16 CL 0.16 S 0.19 S 0.19 CL 0.16 CL

49 0.22 0.15 CR 0.19 CL 0.22 CL 0.22 S 0.22 S 0.22 CL

50 0.25 0.11 S 0.19 CL 0.22 CL 0.22 CL 0.25 CL 0.22 CL

51 0.22 0.09 CR 0.22 CL 0.22 CL 0.22 CL 0.19 CL

52 0.22 0.13 CR 0.19 CR 0.22 CL 0.22 CL 0.22 CL 0.22 CL,B

53 0.19 PT 0.16 CL 0.19 CL 0.19 CL

54 0.28 0.15 CL 0.22 CL 0.22 CL 0.28 CL 0.25 CL 0.25 CL

55 0.13 0 PT 0.06 CL 0.13 S 0.13 curve 0.09

56 0.28 0.12 S 0.22 CL 0.25 CL 0.28 CL 0.25 CL 0.25 CL

NOTE: Cuts 1, 2, and 3 were excluded from the chart because no cracks were visible at these depths.
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TABLE 4 : WHEEL # 1 5 0 1  CRACK DEPTH AND SHAPE
Cut # 5 6 7 8 9 10 11
Peeling
Depth

2.61 2.71 2.82 2.94 3.02 3.12 3.23

Crack
No.

Max.
Depth

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

Crack
Depth

Crack
Shape

3 0.13 0.06 CL 0.13 s 0.13 S 0.13 S 0.09 S 0.09 CR
24 0.16 0.01 CL 0.09 CL 0.16 s 0.16 CL 0.16 S 0.16 s 0.13 branc
25 0.19 0.01 CL 0.13 CL 0.19 s 0.16 CL 0.16 S 0.16 s 0.13 branc
26 0.16 0.09 CR 0.16 CR 0.16 CR 0.16 CR 0.16 s 0.16 CR
30 0.16 0.06 S 0.09 CR 0.13 CR 0.16 CR 0.16 s 0.13 CR
31 0.13 PT 0.03 CR 0.06 CR 0.09 curve 0.13 curve 0.09 CR
32 0.13 0.09 CR 0.09 CR 0.09 CR 0.13 CR 0.09 S 0.09 CR
33 0.16 0.09 CR 0.09 CR 0.13 CR 0.16 S 0.13 S, 0.09 S
34 0.22 0.13 CR 0.16 CR 0.19 S 0.22 s 0.16 S 0.16 s
35 0.16 0.03 CR 0.13 CR 0.13 CR 0.16 CR 0.13 CR 0.09 branc
36 0.13 PT 0.06 CL 0.09 CL 0.13 CR 0.09 CR 0.06 CR
37 0.13 0.06 CR 0.09 CR 0.13 CR 0.13 CR 0.13 CR 0.13 CR

38 0.09 0.03 CR 0.09 S 0.09 CL 0.09 CL 0.09 S 0.06 CR
39 0.19 0.06 PT 0.13 CL 0.16 s 0.16 S 0.16 S 0.19 s 0.13 CL
40 0.13 o'o9 CR 0.13 s 0.13 S 0.13 CR 0.09 s 0.09 CR
41 0.16 0.09 CL 0.09 CL 0.16 S 0.16 S 0.16 s 0.13 CL
42 0.16 0.09 CL 0.13 S 0.13 S 0.16 s 0.16 s 0.13 branc

NOTE: Cuts 1, 2, 3, and 4 were excluded from the chart because no cracks were visible at these depths.
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