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PREFACE

This report describes a series of vehicle track interaction tests conducted from October 1984 to 
December 1984 under the Federal Railroad Administration (FRA), Improved Track Safety 
Research Program. This program is being conducted by the Transportation Systems Center 
(TSC) under the direction of the Office of Rail Safety Research of the FRA. The tests were 
conducted at the Department of Transportation, Transportation Test Center (TTC), at Pueblo, 
Colorado operated by the Association of American Railroads (AAR).

The information from these tests is being applied to the definition of acceptable limits for track 
geometry variations and for validation of analysis tools for predicting rail car dynamic perfor­
mance.

The rail cars used in these tests were borrowed from the FAST Program consist provided by the 
railroad industry. The special track sections used in these tests were constructed by the AAR. 
Personnel from AAR/TTC and the FRA Instrumentation Contractor, ENSCO, Inc. participated 
in the instrumentation of the cars and in the conduct of the tests. TSC was responsible for the 
definition of the test requirements and test direction. Michael Coltman and Raymond Ehren- 
beck of TSC acted as test directors during the conduct of the tests.

ENSCO was responsible for the operation of the two locomotive instrumented wheelsets 
(fabricated by ASEA), the two 70-ton freight car instrumented wheelsets (fabricated by 
ENSCO), the location detectors, and the FRA T-6 track geometry measurement vehicle. AAR 
was responsible for the operation of the Heumann profile freight car instrumented wheels 
(fabricated by DTRI), carbody transducers such as roll gyros, displacement transducers, and 
video cameras, and the operation of the FRAT-7 instrumentation car. Carbody accelerometers 
were provided to AAR from the FRA equipment inventory maintained by ENSCO in Colorado 
Springs, Colorado.
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E X E C U T I V E  S U M M A R Y

T h is  r e p o r t  d e s c rib e s  a  s e rie s  o f  v e h ic le  tra c k  in te ra c tio n  te s ts  c o n d u c te d  fr o m  O c to b e r  1984 to  

D e c e m b e r 1984  u n d e r  th e  F e d e ra l R a ilro a d  A d m in is tra t io n  (F R A )  Im p ro v e d  T ra c k  S a fe ty  

R e s e a rc h  P ro g ra m . T h is  p ro g ra m  is  b e in g  c o n d u c te d  b y  T ra n s p o r ta tio n  S ystem s C e n te r (T S C ) 

u n d e r  th e  d ire c t io n  o f  th e  O ffic e  o f  R a il S a fe ty  R e s e a rc h  o f  th e  F R A  T h e  T e s ts  w e re  c o n d u c te d  

a t th e  D e p a r tm e n t o f  T ra n s p o r ta tio n , T ra n s p o r ta tio n  T e s t C e n te r (T T C )  a t P u e b lo , C o lo ra d o  

o p e ra te d  b y  th e  A s s o c ia tio n  o f  A m e r ic a n  R a ilro a d s  (A A R ) .

In  c o o p e ra tio n  w ith  th e  ra ilro a d  in d u s tiy , th e  F e d e ra l R a ilro a d  A d m in is tra t io n  (F R A )  has b e e n  

s p o n s o rin g  re s e a rc h  to  d e v e lo p  a n a lys is  to o ls  a n d  e x p e rim e n ta l d a ta  to  q u a n tify  th e  b e h a v io r  o f  

ra ilro a d  v e h ic le s  o p e ra tin g  o n  tra c k  w ith  k n o w n  tra c k  g e o m e try  ir r e g u la r it ie s . T h is  in fo rm a tio n  

is  b e in g  a p p lie d  to  th e  d e v e lo p m e n t o f  p e rfo rm a n c e  b a se d  s p e c ific a tio n s  fo r  a c c e p ta b le  tra c k  

g e o m e try  v a r ia tio n s  a n d  th e  re q u ire d  s tre n g th  o f  ra ilro a d  tra c k  a n d  c o m p o n e n ts . T h e  re s u lts  a re  

a ls o  b e in g  a p p lie d  to  th e  d e v e lo p m e n t o f  te c h n iq u e s  a n d  c r ite r ia  to  e v a lu a te  th e  s a fe ty  o f  n e w  

ty p e s  o f  r a ilr o a d  e q u ip m e n t.

In  o rd e r  to  e x tra p o la te  th e  re s u lts  o f  c o n tro lle d  tra c k  te s ts  to  a  b ro a d e r  ra n g e  o f  tra c k  c o n d itio n s  

a n d  to  e v a lu a te  n e w  v e h ic le  d e s ig n s , c o m p u te r s im u la tio n  p ro g ra m s  h a v e  b e e n  d e v e lo p e d . T h e  

c o m p u te r p ro g ra m  S IM C A R  d e v e lo p e d  u n d e r th e  F R A  Im p ro v e d  T r a c k ^ u c tu r e s  R e s e a rc h  

P ro g ra m  is  c u r re n tly  b e in g  u s e d  a t T ra n s p o r ta tio n  S ystem s C e n te r  (T S C ) to  d e fin e  lim its  o n  th e  

a c c e p ta b le  ra n g e  o f  tra c k  g e o m e try  v a r ia tio n s  to  p e rm it sa fe  d y n a m ic  p e rfo rm a n c e  o f  th e  c u r re n t 

r a i l  c a r f le e t.  T h e  A s s o c ia tio n  o f  A m e ric a n  R a ilro a d s  ( A A R )  is  c u r re n tly  d e v e lo p in g  th e  

N U C A R S  p ro g ra m  fo r  s im u la tin g  th e  p e rfo rm a n c e  o f  v e h ic le s  w h ic h  in c o rp o ra te  n e w  a n d  

u n tr ie d  d e s ig n  fe a tu re s .

T e s ts  c o n d u c te d  to  d e v e lo p  a n d  e v a lu a te  th e  S IM C A R  p ro g ra m  in c lu d e  lo w  sp e e d  te s ts  (u p  to  

3 0  m p h ) a t S ta rr , O h io , o n  C h e ss ie  S ys te m  T ra c k  in  J u n e  1981 a n d  a t B e n n in g to n , N e w  

H a m p s h ire , o n  th e  B o s to n  a n d  M a in e  tra c k  in  S e p te m b e r o f  1982 . T h e s e  te s ts  w e re  lim ite d  in  

sp e e d  a n d  in  a m p litu d e  o f  tra c k  ir r e g u la r ity  b y  th e  r a il re s tra in t c a p a c ity  o f  th e  re la t iv e ly  w e a k  

tra c k  s e le c te d  fo r  th e  m e a s u re m e n ts . T h e  te s ts  w e re  a ls o  lim ite d  to  m e a s u re m e n ts  o n  a p a r t ia lly  

lo a d e d  100 to n  h o p p e r  c a r.

T h e  te s ts  d e s c rib e d  in  th is  re p o r t w e re  in te n d e d  to  p ro v id e  a  b ase  o f  m e a s u re d  d a ta  o n  a  b ro a d e r 

ra n g e  o f  tra c k  g e o m e try  ir r e g u la r ity  a m p litu d e s  a n d  w a v e le n g th s , o v e r a  w id e r  ra n g e  o f  o p e ra tin g  

sp e e d s  fo r  th re e  ty p e s  o f  f r e ig h t ca rs , in  lo a d e d  a n d  e m p ty  c o n d itio n s , w ith  tw o  ty p e s  o f  w h e e l 

p ro file s . T h e  ty p e s  o f  r a i l  ca rs  te s te d  in c lu d e d  1 0 0 -to n  o p e n  h o p p e r ca rs , 7 0 - to n  F la tc a rs  a n d  

1 0 0 -to n  ta n k  c a rs . T h e  r a i l  ca rs  w e re  te s te d  o v e r s p e c ia lly  c o n s tru c te d  tra c k  te s t s e c tio n s  w h ic h  

h a d  s in u s o id a l a lig n m e n t p e r tu rb a tio n s  w ith  3 9  fo o t,  5 0  fo o t,  75  fo o t  a n d  9 0  fo o t  w a v e le n g th s . 

T h e  a m p litu d e s  o f  th e  p e r tu rb a tio n s  w e re  s e le c te d , u s in g  th e  re s u lts  o f  a n a ly tic a l s im u la tio n  

s tu d ie s  c o n d u c te d  w ith  th e  "S IM C A R "  c o m p u te r p ro g ra m  d e s c rib e d  in  R e fe re n c e  1, to  p ro v id e
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a p p ro x im a te ly  e q u a l d y n a m ic  s e v e rity  a t th e  c r it ic a l o p e ra tin g  sp e e d  fo r  th e  m o s t c r it ic a l t r a in  

c o n s is t fo r . th a t s e c tio n .

T h re e  te s t s e c tio n s  w e re  c o n s tru c te d  fo r  th e  a lig n m e n t p e r tu rb a tio n  te s ts . S e c tio n  2  w as th e  lo w  

sp e e d  te s t s e c tio n  w ith  a  m a x im u m  e x p e c te d  te s t sp e e d  o f  3 0  m p h . S e c tio n  3  re p re s e n te d  a n  

in te rm e d ia te  te s t s e c tio n  fo r  speeds u p  to  6 0  m p h . S e c tio n  4  w as in te n d e d  fo r  sp e e d s  u p  to  th e  

m a x im u m  sp e e d  a tta in a b le  b y  th e  lo c o m o tiv e . T h e  ca rs  w e re  te s te d  in  b o th  lo a d e d  a n d  u n lo a d e d  

c o n d itio n s  a n d  w ith  A A R  n e w  w h e e l 1 /2 0  p ro f ile s  a n d  w ith  a  H e u m a n n  w o rn  w h e e l p ro f ile .  

B e ca u se  o f  lim ita t io n s  in  a v a ila b le  in s tru m e n te d  w h e e ls e ts , 7 0  to n  in s tru m e n te d  w h e e l se ts w e re  

u s e d  fo r  th e  A A R  p r o f ile  te s ts  o n  th e  100  to n  ca rs . T h e s e  w h e e ls e ts  w e re  in s ta lle d  in  100 to n  

tru c k s  u s in g  s p e c ia l b e a rin g  a d a p te rs .

T e s t S e c tio n  1 w a s  c o n s tru c te d  to  s im u la te  e x tre m e  tra c k  tw is t c o n d itio n s  fo r  v a lid a t io n  o f  

u n lo a d in g  c a lc u la tio n s  m a d e  to  d e fin e  a llo w a b le  tw is t s p e c ific a tio n s . T h e  re s u lts  o f  th e  te s ts  

c o n d u c te d  o n  S e c tio n  1 a re  d e s c rib e d  in  R e fe re n c e  2 .

T h is  re p o r t  c o n c e n tra te s  o n  th e  re s u lts  o b ta in e d  fro m  th e  a lig n m e n t p e r tu rb a tio n  te s ts . S e c tio n  

2  p ro v id e s  a  d e s c r ip tio n  o f  th e  te s t c o n s is t a n d  te s t in s tru m e n ta tio n . S e c tio n  3  d e s c rib e s  th e  te s t 

zo n e s  a n d  d e ta ils  o f  th e  tra c k  c o n s tru c tio n  a n d  g e o m e try  s ta b ility  d u r in g  th e  te s ts . S e c tio n  4 

p ro v id e s  th e  p ro c e d u re s  a n d  c h ro n o lo g y  o f  th e  c o n d u c t o f  th e  te s t. T h e  re s u lts  o f  th e  w h e e l r a il 

fo rc e  m e a s u re m e n ts  a re  p re s e n te d  in  S e c tio n  5 . T h e  w h e e l r a i l  fo rc e s  m e a s u re d  in  th e  te s ts  a re  

c o m p a re d  w ith  th o s e  c o m p u te d  u s in g  th e  "S IM C A R "  p ro g ra m  a n d  w ith  e a r lie r  d a ta  o b ta in e d  a t 

B e n n in g to n , N e w  H a m p s h ire  in  S e c tio n  6.

S U M M A R Y  O F  T E S T  R E S U L T S

G E N E R A L  O B S E R V A T IO N S

T h e  ra n g e  o f  S peeds c o v e re d  in  th e s e  te s ts  w a s  lim ite d  b y  th e  c a p a b ilit ie s  o f  th e  G P -9  lo c o m o tiv e  

u s e d  in  th e  te s t c o n s is t. T h e  lo c o m o tiv e  g e n e ra te d  w h e e l r a il fo rc e s  a n d  L /V  ra tio s  u n d e r  th e s e  

te s t c o n d itio n s  th a t a p p ro a c h e d  th e  sa fe  lim its  p re s c r ib e d  fo r  th e  te s ts . S tu d ie s  d ire c te d  to w a rd s  

d e fin in g  m a x im u m  lo a d s  o n  tra c k  s tru c tu re s  s h o u ld  in c lu d e  c o n s id e ra tio n  o f  lo c o m o tiv e  d y n a m ic  

b e h a v io r  as w e ll as fre ig h t c a r b e h a v io r.

T h e  in te rp re ta t io n  o f  th e  d a ta  w as c o n fu s e d  b y  th e  lo w  sp e e d  f ilte r s  a p p lie d  to  th e  s ig n a ls  fro m  

th e  in s tru m e n te d  A A R  p r o f ile  fr e ig h t c a r w h e e ls e ts  a n d  s e n s itiv itie s  o f  th e  s ig n a ls  to  th e  la te ra l 

p o s it io n  o f  th e  w h e e ls e t. T h e  d a ta  fro m  th e s e  w h e e ls e ts  a t lo w  sp e e d  d if fe re d  s tro n g ly  fro m  

e x p e c te d  re s u lts , h o w e v e r, a  re v ie w  o f  th e  in s tru m e n ta tio n  in d ic a te d  n o  c le a r  re a s o n  fo r  th e  

d iffe re n c e s . F u tu re  te s tin g  s h o u ld  in c lu d e  a  m o re  d e ta ile d  c a lib ra tio n  o f  th e  w h e e ls e ts  a n d  d e s ig n  

to  m in im iz e  th e  s e n s itiv itie s  to  p o s itio n  o f  th e  w h e e l r a i l  c o n ta c t u n d e r la rg e  v a r ia t io n  c o n d itio n s .

T h e  use o f H e u m a n n  p ro file s  on  co n ven tio n a l tru ck  designs d id  n o t resu lt in  a  red u c tio n  o f w h ee l
ra il fo rces in  trave rs in g  la rg e  a lignm en t irre g u la ritie s . F o r  u n load ed  cars, th e  H e u m a n n  w h ee l
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p r o f ile  p ro d u c e d  s ig n if ic a n tly  la rg e r  L /V  ra tio s  th a n  th e  A A R  p r o f ile .  M o re  c o n c lu s iv e  d a ta  is  

n e e d e d  to  e s ta b lis h  th e  re la tiv e  s a fe ty  o f  d if fe re n t w h e e l p ro f ile s  fo r  c o n v e n tio n a l t r u c k  d e s ig n s .

C h a n g e s  in  a m p litu d e  o f  s in u s o id a l a lig n m e n t p e r tu rb a tio n s  re s u lt in  v e ry  s ig n if ic a n t ch a n g e s  in  

th e  p e a k  fo rc e  vs  sp e e d  c h a ra c te r is tic  o f  r a i l  ca rs . E x tra p o la tio n s  o f  te s t re s u lts  m u s t th e re fo re  

b e  m a d e  w ith  e x tre m e  c a u tio n . T e s ts  a n d  a n a lyse s  to  e s ta b lis h  sa fe  lim its  m u s t b e  c o n d u c te d  a t 

th e  e x tre m e  lim its .

F o r  th e  a lig n m e n t v a r ia tio n s  te s te d , th e  r id e  v ib ra t io n  le v e ls  g e n e ra te d  in  th e  lo c o m o tiv e  a n d  

in s tru m e n ta tio n  c a r w e re  a  m u c h  m o re  se ve re  lim ita t io n  o n  m a x im u m  te s t sp e e d  th a n  th e  

lik e lih o o d  o f  d e ra ilm e n t o f  th e  fre ig h t ca rs  te s te d . I n  th e  s p e c ific a tio n  o f  a llo w a b le  a lig n m e n t 

d e v ia tio n s  i t  w o u ld  b e  d e s ira b le  to  in c lu d e  c o n tro l o f  r id e  v ib ra t io n  e x p e rie n c e d  b y  tr a in  

o p e ra tin g  p e rs o n n e l as a  c r ite r io n .

T h e  w h e e l r a i l  fo rc e s  g e n e ra te d  b y  th e  fre ig h t ca rs  w ith  w o rn  w h e e l p ro f ile s  w e re  c o n s is te n t w ith  

p re d ic tio n s  m a d e  u s in g  th e  S IM C A R  p ro g ra m . I t  is  th e re fo re  c o n c lu d e d  th a t S IM C A R  is  a 

re a s o n a b le  v a lid  to o l f o r  e s tim a tin g  w h e e l r a i l  fo rc e s  g e n e ra te d  b y  a lig n m e n t v a r ia tio n s  o v e r 

speeds u p  to  5 0  m p h . F u r th e r  te s tin g  w i l l  b e  re q u ire d  to  e s ta b lis h  a  s u ff ic ie n t d a ta b a s e  fo r  a n a lys is  

to o ls  c a p a b le  o f  p re d ic t in g  r a il  c a r re s p o n s e  a t h ig h e r  sp e e d . F u r th e r  te s tin g  w i l l  a ls o  b e  re q u ire d  

to  q u a n tify  th e  e ffe c ts  o f  w h e e l p ro f ile  v a r ia tio n s .

M A X IM U M  L A T E R A L  F O R C E S

T h e  la rg e s t w h e e l r a i l  fo rc e s  m e a s u re d  d u r in g  th e  te s ts  w e re  p ro d u c e d  b y  th e  lo c o m o tiv e  in  

s e g m e n t 4 .4  (7 5  fo o t  w a v e le n g th  -  3 .2 5  in c h  p e a k  to  p e a k ) a t a  sp e e d  o f  5 0  m p h  w ith  a  p e a k  

m e a s u re d  la te ra l fo rc e  o f  a b o u t 4 2  k ip s . F o r  th e  fr e ig h t ca rs , th e  la rg e s t la te ra l w h e e l r a i l  lo a d  

w as p ro d u c e d  b y  th e  ta n k  c a r w ith  a p e a k  la te ra l fo rc e  o f  a b o u t 2 4  k ip s  as m e a s u re d  in  s e g m e n t

2 .3  (5 0  fo o t  w a v e le n g th  -  3 .5  in c h  p e a k  to  p e a k ) a t a  sp e e d  o f  2 0  m p h .

M A X IM U M  L /V  R A T IO S

F o r  th e  lo c o m o tiv e , th e  m a x im u m  L /V  ra t io  m e a s u re d  w as 0 .9  in  s e g m e n t 4 .4  a t a  sp e e d  o f  5 0  

m p h . F o r  th e  fr e ig h t  c a rs  te s te d , th e  la rg e s t L /V  ra t io  m e a s u re d  w a s  fo r  th e  u n lo a d e d  ta n k  c a r 

w ith  th e  A A R  p r o f ile  w h e e ls . F o r  th e  u n lo a d e d  ta n k  c a r w ith  th e  A A R  w h e e l p r o f ile  a n  L /V  

ra t io  o f  1 .3  w a s  m e a s u re d  a t 36  m p h  in  s e g m e n t 4 .3  (5 0  f t  w a v e le n g th -1 .25 in c h  p e a k  to  p e a k ) .

F o r  th e  fr e ig h t c a rs  in  th e  lo w e r  sp e e d  s e c tio n s , th e  la rg e s t L /V  ra tio s  w e re  e x p e rie n c e d  b y  th e  

u n lo a d e d  f la tc a r  w ith  H e u m a n n  p r o f ile  w h e e ls . F o r  th e  3 9  fo o t  w a v e le n g th  s e c tio n s , L / V  ra tio s  

in  excess o f  0 .8  a re  m e a s u re d  fo r  th e  H e u m a n n  w h e e l p r o f ile  a t a ll sp e e d  ra n g e s . I n  th e  5 0  fo o t 

w a v e le n g th  lo w  sp e e d  a n d  in te rm e d ia te  sp e e d  s e c tio n s , L /V  ra tio s  o f  0 .9  a re  m e a s u re d  fo r  th e  

H e u m a n n  p r o f ile .  F o r  th e  75  fo o t w a v e le n g th , in  th e  lo w  sp e e d  a n d  in te rm e d ia te  sp e e d  s e c tio n s , 

a n d  in  th e  9 0  fo o t  in te rm e d ia te  sp e e d  s e c tio n , th e  H e u m a n n  p r o f ile  L /V  ra tio s  w e re  a b o u t 1 .0 .
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IN F L U E N C E  O F  W H E E L  P R O F IL E

W ith  th e  e x c e p tio n  o f  th e  3 9  fo o t w a v e le n g th  s e c tio n s  a n d  th e  u n e x p e c te d  re s u lts  p ro d u c e d  b y  

th e  A A R  p r o f ile  w h e e ls e ts  a t lo w  sp e e d , th e  la te ra l fo rc e s  m e a s u re d  b y  th e  H e u m a n  p r o f ile  

w h e e ls  a n d  b y  th e  A A R  p ro f ile d  w h e e ls  w e re  g e n e ra lly  o f  c o m p a ra b le  m a g n itu d e s . I n  th e  39 

fo o t s e c tio n s , th e  A A R  p r o f ile  w h e e ls  ( in c lu d in g  th e  lo c o m o tiv e )  p ro d u c e d  m u c h  s m a lle r  la te ra l 

fo rc e s  th a n  th e  H e u m a n n  p r o f ile  w h e e l. I t  is  b e lie v e d  th a t th is  re s u lts  fr o m  a  s m a lle r  e ffe c tiv e  

fla n g e  c le a ra n c e  fo r  th e  H e u m a n n  w h e e l th a n  fo r  th e  A A R  p r o f ile  w h e e l.

T h e  b e h a v io r  o f  th e  L /V  ra tio s  g e n e ra te d  b y  th e  tw o  w h e e l p ro file s  a p p e a rs  to  b e  s tro n g ly  

in flu e n c e d  b y  th e  c a r w e ig h t. F o r  th e  lo a d e d  h o p p e r  c a r a n d  th e  lo a d e d  ta n k  c a r, th e  L /V  ra tio s  

(w ith  th e  e x c e p tio n  o f  th e  in te rm e d ia te  a n d  h ig h  sp e e d  3 9  fo o t s e c tio n s ) m e a s u re d  fo r  th e  A A R  

p r o f ile  w h e e l w e re  c o m p a ra b le  o r  la rg e r  th a n  th o s e  m e a s u re d  fo r  th e  H e u m a n n  p r o f ile .  F o r  th e  

lo a d e d  f la t  c a r, th e  L /V  ra tio s  fo r  th e  A A R  w h e e l p r o f ile  w e re  c o m p a ra b le  o r  la rg e r  th a n  th o s e  

fo r  th e  H e u m a n n  p r o f ile  a t th e  75  a n d  9 0  fo o t  w a v e le n g th s . H o w e v e r, a t th e  3 9  fo o t  a n d  5 0  fo o t 

w a v e le n g th s , th e  H e u m a n n p ro file  w h e e l g e n e ra te d  la rg e r  L /V  ra tio s  th a n  th e  A A R  p r o f ile  w h e e l 

fo r  th e  lo a d e d  fla tc a r .

F o r  th e  u n lo a d e d  fla tc a r , th e  L /V  ra tio s  g e n e ra te d  b y  th e  H e u m a n n  w h e e l p r o f ile  a re  m u c h  la rg e r  

th a n  th o s e  g e n e ra te d  b y  th e  A A R  w h e e l p r o f ile .  T h e  L /V  ra tio s  g e n e ra te d  b y  th e  H e u m a n n  w h e e l 

p r o f ile  o n  th e  u n lo a d e d  h o p p e r ca rs  a ls o  te n d e d  to  b e  la rg e r  o r  c o m p a ra b le  to  th o s e  g e n e ra te d  

b y  th e  A A R  w h e e l p ro f ile .  F o r  th e  e m p ty  ta n k  c a r, th e  L /V  ra tio s  g e n e ra te d  b y  th e  tw o  w h e e l 

p ro f ile s  a re  s im ila r  a n d  s m a ll e x c e p t fo r  th e  b e h a v io r  o b s e rv e d  in  th e  5 0  fo o t  w a v e le n g th  s e c tio n  

a t speeds o f  3 5  a n d  3 6  m p h  w h e re  th e  A A R  w h e e l p r o f ile  g e n e ra te s  L /V  ra tio s  o f  1.1 a n d  1.3 

w h ile  th e  H e u m a n n  p r o f ile  L /V  ra t io  re m a in s  a t a b o u t 0 .3 .

IN F L U E N C E  O F  C A R  W E IG H T

T h e  m a g n itu d e  o f  th e  p e a k  la te ra l fo rc e s  m e a s u re d  in  th e  te s ts  te n d e d  to  b e  p ro p o r t io n a l to  th e  

w e ig h t o f  th e  c a r o n  th e  r a il.  L ig h t ly  lo a d e d  ca rs  d e v e lo p e d  s ig n ific a n tly  h ig h e r  w h e e l L /V  ra tio s  

th a n  fu lly  lo a d e d  ca rs .

IN F L U E N C E  O F  W A V E L E N G T H  A N D  S P E E D

T h e  p e a k  la te ra l fo rc e s  g e n e ra te d  b y  th e  lo c o m o tiv e  w e re  re la tiv e ly  in s e n s itiv e  to  sp e e d , fo r  

speeds le ss  th a n  3 5  m p h , fo r  th e  3 9  fo o t,  7 5  fo o t  a n d  9 0  fo o t w a v e le n g th s . A t  th e  3 .5  in c h  p e a k  

to  p e a k  5 0  fo o t  w a v e le n g th , th e  lo c o m o tiv e  fo rc e s  in c re a s e d  w ith  sp e e d  fr o m  a b o u t 2 0  k ip s  a t 4  

m p h  to  a b o u t 3 0  k ip s  a t 2 8  m p h . H o w e v e r, a t th e  1 .75  in c h  p e a k  to  p e a k  5 0  fo o t  w a v e le n g th , th e re  

w as a lm o s t n o  s e n s itiv ity  to  sp e e d  u p  to  3 0  m p h , w ith  th e  p e a k  fo rc e  re m a in in g  u n ifo rm  a t a  le v e l 

o f  a b o u t 19 k ip s . T h is  re s u lt w o u ld  in d ic a te  th a t th e  sh a p e  o f  th e  p e a k  fo rc e -s p e e d  c h a ra c te r is tic  

is  d e p e n d e n t o n  th e  a m p litu d e  o f  th e  p e r tu rb a tio n .

A b o v e  35 m ph, th e  p eak  lo com otive  w h e e l fo rces  w e re  re la tiv e ly  in sen s itive  to  speed  fo r
w ave len g ths o f  39 and  50 fee t. H o w e ve r, ab ove  35 m ph the  w h e e l ra il fo rces  g enera ted  b y  the
lo co m o tive  in  th e  75 fo o t w ave leng th  sectio n  in crease  v e ry  rap id ly  w ith  speed . F o r  th e  34 foo t



t r u c k  c e n te r s p a c in g  o f  th e  lo c o m o tiv e , th e  75  fo o t w a v e le n g th  p ro d u c e s  a  lo c o m o tiv e  y a w  m o d e  

in p u t. T h e  p e a k  lo c o m o tiv e  w h e e l fo rc e s  in  th e  9 0  fo o t s e c tio n  a ls o  in c re a s e  w ith  sp e e d  a b o v e  

35  m p h , b u t  n o t as ra p id ly  as in  th e  75  fo o t s e c tio n .

T h e  f r e ig h t c a rs  te s te d  w ith  th e  H e u m a n  w h e e ls e ts  d id  n o t s h o w  as s tro n g  a  s e n s itiv ity  o f  p e a k  

la te ra l w h e e l fo rc e s  to  sp e e d  v a ria tio n s  as th e  lo c o m o tiv e . I n  th e  lo w  sp e e d  te s t s e c tio n s , 

in d e p e n d e n t o f  w a v e le n g th , th e  p e a k  la te ra l w h e e l r a i l  fo rc e s  m e a s u re d  fo r  th e  H e u m a n n  p r o f ile  

w e re  re la t iv e ly  in d e p e n d e n t o f  sp e e d  fo r  speeds less th a n  2 5  m p h . I n  th e  in te rm e d ia te  sp e e d  

s e c tio n s , th e  la rg e s t s p e e d  s e n s itiv itie s  w e re  o b s e rv e d  a t w a v e le n g th s  o f  5 0  a n d  7 5  fe e t. T h e  

a m p litu d e  o f  th e  p e r tu rb a tio n  h a d  a  s ig n ific a n t a ffe c t o n  th e  sh a p e  o f  th e  p e a k  la te ra l fo rc e  sp e e d  

c h a ra c te r is tic s  a t a  g iv e n  w a v e le n g th .
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I n  c o o p e ra tio n  w ith  th e  ra ilro a d  in d u s try , th e  F e d e ra l R a ilro a d  A d m in is tra t io n  (F R A )  has 

b e e n  s p o n s o rin g  re s e a rc h  to  d e v e lo p  a n a ly s is  to o ls  a n d  e x p e r im e n ta l d a ta  to  q u a n tify  th e  b e ­

h a v io r  o f  r a ilr o a d  v e h ic le s  o p e ra tin g  o n  tra c k  w ith  k n o w n  tra c k  g e o m e try  ir r e g u la r it ie s . T h is  

in fo rm a t io n  is  b e in g  a p p lie d  to  th e  d e v e lo p m e n t o f  p e rfo rm a n c e  b a s e d  s p e c ific a tio n s  fo r  a c ­

c e p ta b le  tra c k  g e o m e try  v a r ia tio n s  a n d  th e  re q u ire d  s tre n g th  o f  r a ilr o a d  tra c k  a n d  c o m ­

p o n e n ts . T h e  re s u lts  a re  a ls o  b e in g  a p p lie d  to  th e  d e v e lo p m e n t o f  te c h n iq u e s  a n d  c r ite r ia  to  

e v a lu a te  th e  s a fe ty  o f  n e w  ty p e s  o f  r a ilro a d  e q u ip m e n t.

U n t i l  re c e n tly , e ffo r ts  to  q u a n tify  th e  w h e e l r a i l  fo rc e s  th a t e x is t in  r a i l  v e h ic le  o p e ra tio n  o v e r 

tra c k  h a v in g  ir re g u la r  tra c k  g e o m e try  w e re  lim ite d  b y  a  la c k  o f  a d e q u a te  m e a s u re m e n t in ­

s tru m e n ta tio n  a n d  a n a ly s is  to o ls . A  fu r th e r  d if f ic u lty  e x is ts  in  th e  h ig h  d e g re e  o f  v a r ia b ility  o f  

th e  w h e e l r a i l  fo rc e s  w ith  s m a ll v a r ia tio n s  in  te s t c o n d itio n s  (e .g . w e t o r  d ry  tra c k )  o r  in  w h e e l 

a n d  r a i l  p ro f ile s . T h e  d e v e lo p m e n t o f  a c c u ra te  a n d  re lia b le  in s tru m e n te d  w h e e ls e ts  fo r  w h e e l 

r a i l  fo rc e  m e a s u re m e n t in  th e  1970 ’s a n d  1980 ’s c o m b in e d  w ith  th e  a v a ila b ility  o f  tra c k  fo r  re ­

s e a rc h  te s tin g  a t th e  D e p a rtm e n t o f  T ra n s p o r ta tio n , T ra n s p o r ta tio n  T e s t C e n te r a t P u e b lo , 

C o lo ra d o , o p e ra te d  b y  th e  A s s o c ia tio n  o f  A m e r ic a n  R a ilro a d s  ( A A R ) ,  has  im p ro v e d  th e  

fe a s ib ility  o f  c o n d u c tin g  c o n tro lle d  tra c k  te s ts .

In  o rd e r  to  e x tra p o la te  th e  re s u lts  o f  c o n tro lle d  tra c k  te s ts  to  a  b ro a d e r  ra n g e  o f  t ra c k  c o n d i­

tio n s  a n d  to  e v a lu a te  n e w  v e h ic le  d e s ig n s , c o m p u te r s im u la tio n  p ro g ra m s  h a v e  b e e n  

d e v e lo p e d . T h e  c o m p u te r p ro g ra m  S IM C A R , d e v e lo p e d  u n d e r  th e  F R A  Im p ro v e d  T ra c k  

S tru c tu re s  R e s e a rc h  P ro g ra m , is  c u r re n tly  b e in g  u se d  a t th e  T ra n s p o r ta tio n  S ystem s C e n te r 

(T S C ) to  d e fin e  lim its  o n  th e  a c c e p ta b le  ra n g e  o f  tra c k  g e o m e try  v a r ia tio n s  to  p e rm it  sa fe  

d y n a m ic  p e rfo rm a n c e  o f  th e  c u rre n t r a il c a r f le e t. T h e  A s s o c ia tio n  o f  A m e r ic a n  R a ilro a d s  

( A A R )  is  c u r re n tly  d e v e lo p in g  th e  N U C A R S  p ro g ra m  fo r  s im u la tin g  th e  p e rfo rm a n c e  o f  

v e h ic le s  w h ic h  in c o rp o ra te  n e w  a n d  u n tr ie d  d e s ig n  fe a tu re s .

T e s ts  c o n d u c te d  to  d e v e lo p  a n d  e v a lu a te  th e  S IM C A R  p ro g ra m  in c lu d e  lo w  sp e e d  te s ts  (u p  to  

3 0  m p h ) a t S ta rr , O h io  o n  th e  C h e ss ie  S ys te m  tra c k  in  J u n e  1981 a n d  a t B e n n in g to n , N e w  

H a m p s h ire  o n  th e  B o s to n  a n d  M a in e  tra c k  in  S e p te m b e r o f  1982 . T h e s e  te s ts  w e re  lim ite d  in  

sp e e d  a n d  in  a m p litu d e  o f  tra c k  ir r e g u la r ity  b y  th e  r a il re s tra in t c a p a c ity  o f  th e  re la t iv e ly  w e a k  

tra c k  s e le c te d  fo r  th e  m e a s u re m e n ts . T h e  te s ts  w e re  a ls o  lim ite d  to  m e a s u re m e n ts  o n  a  p a r ­

t ia lly  lo a d e d  100  to n  h o p p e r c a r. T h e  te s ts  d e s c rib e d  in  th is  r e p o r t w e re  in te n d e d  to  p ro v id e  a 

b a se  o f  m e a s u re d  d a ta  o n  a  b ro a d e r ra n g e  o f  tra c k  g e o m e try  ir r e g u la r ity  a m p litu d e s  a n d  

w a v e le n g th s , o v e r a  w id e r  ra n g e  o f  o p e ra tin g  speeds fo r  th re e  ty p e s  o f  f r e ig h t ca rs , in  lo a d e d  

a n d  e m p ty  c o n d itio n s , w ith  tw o  ty p e s  o f  w h e e l p ro file s .

A  s e rie s  o f  te s ts  w e re  c o n d u c te d  a t th e  T ra n s p o r ta tio n  T e s t C e n te r in  P u e b lo , C o lo ra d o , fr o m  

O c to b e r  to  D e c e m b e r 1984 to  p ro v id e  d a ta  o n  th e  d y n a m ic  b e h a v io r  o f  ty p ic a l r a ilro a d  ca rs  

o p e ra tin g  o v e r  s e v e re  tra c k  g e o m e try  a lig n m e n t v a r ia tio n s . T h e  ty p e s  o f  r a il ca rs  te s te d  in -

1 . IN T R O D U C T IO N
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e lu d e d  1 0 0 -to n  o p e n  h o p p e r ca rs , 7 0 -to n  fla tc a rs , a n d  1 0 0 -to n  ta n k  ca rs . T h e  r a il  ca rs  w e re  

te s te d  o v e r s p e c ia lly  c o n s tru c te d  tra c k  te s t se g m e n ts  w h ic h  h a d  s in u s o id a l a lig n m e n t p e r tu rb a ­

tio n s  w ith  39  fo o t,  5 0  fo o t, 75  fo o t, a n d  9 0  fo o t w a v e le n g th s . T h e  a m p litu d e s  o f  th e  p e r tu rb a ­

tio n s  w e re  s e le c te d , u s in g  th e  re s u lts  o f  a n a ly tic a l s im u la tio n  s tu d ie s  c o n d u c te d  w ith  th e  

"S IM C A R "  c o m p u te r p ro g ra m  d e s c rib e d  in  R e fe re n c e  1, to  p ro v id e  a p p ro x im a te ly  e q u a l 

d y n a m ic  s e v e rity  a t th e  c r it ic a l o p e ra tin g  sp e e d  fo r  th e  m o s t c r it ic a l t r a in  c o n s is t fo r  th a t z o n e .

T h re e  te s t zo n e s  w e re  c o n s tru c te d  fo r  th e  a lig n m e n t p e r tu rb a tio n  te s ts .. Z o n e  2  w a s  th e  lo w  

sp e e d  te s t s e c tio n  w ith  a  m a x im u m  e x p e c te d  te s t sp e e d  o f  3 0  m p h . Z o n e  3 re p re s e n te d  a n  in ­

te rm e d ia te  te s t s e c tio n  fo r  speeds u p  to  60  m p h . Z o n e  4  w as in te n d e d  fo r  spe e d s  u p  to  th e  

m a x im u m  sp e e d  a tta in a b le  b y  th e  lo c o m o tiv e . T h e  c a rs  w e re  te s te d  in  b o th  lo a d e d  a n d  u n ­

lo a d e d  c o n d itio n s , w ith  A A R  n e w  w h e e l 1 /2 0  p ro f ile ,  a n d  w ith  a  H e u m a n n  w o rn  w h e e l 

p ro f ile .  B e ca u se  o f  lim ita t io n s  in  a v a ila b le  in s tru m e n te d  w h e e ls e ts , 7 0  to n  in s tru m e n te d  

w h e e ls e ts  w e re  u s e d  fo r  th e  A A R  p r o f ile  te s ts  o n  th e  100 to n  ca rs . T h e s e  w h e e ls e ts  w e re  in ­

s ta lle d  in  100 to n  tru c k s  u s in g  s p e c ia l b e a rin g  a d a p te rs .

T e s t z o n e  1 w a s  c o n s tru c te d  to  s im u la te  e x tre m e  tra c k  tw is t c o n d itio n s  fo r  v a lid a t io n  o f  u n ­

lo a d in g  c a lc u la tio n s  m a d e  to  d e fin e  a llo w a b le  tw is t s p e c ific a tio n s . T h e  re s u lts  o f  th e  te s ts  c o n ­

d u c te d  o n  z o n e  1 a re  d e s c rib e d  in  R e fe re n c e  2 .

T h is  re p o r t c o n c e n tra te s  o n  th e  re s u lts  o b ta in e d  fr o m  th e  a lig n m e n t p e r tu rb a tio n  te s ts . S ec­

t io n  2  p ro v id e s  a  d e s c r ip tio n  o f  th e  te s t c o n s is t a n d  te s t in s tru m e n ta tio n . S e c tio n  3  d e s c rib e s  

th e  te s t zo n e s  a n d  d e ta ils  o f  th e  tra c k  c o n s tru c tio n  a n d  g e o m e try  s ta b ility  d u r in g  th e  te s ts . 

S e c tio n  4  p ro v id e s  th e  p ro c e d u re s  a n d  c h ro n o lo g y  o f  th e  c o n d u c t o f  th e  te s t. T h e  re s u lts  o f  

th e  w h e e l r a il fo rc e  m e a s u re m e n ts  a re  p re s e n te d  in  S e c tio n  5 . T h e  w h e e l r a i l  fo rc e s  

m e a s u re d  in  th e  te s ts  a re  c o m p a re d  w ith  th o s e  c o m p u te d  u s in g  th e  "S IM C A R "  p ro g ra m  a n d  

w ith  e a r lie r  d a ta  o b ta in e d  a t B e n n in g to n , N e w  H a m p s h ire  in  S e c tio n  6.

2



2 . T E S T  D E S C R I P T I O N

2 .1  T E S T  Z O N E S

T h e  1984  V e h ic le  T ra c k  In te ra c tio n  te s t w a s  c o n d u c te d  o v e r s ix  s e p a ra te  te s t zo n e s  in s ta lle d  

a t th e  T ra n s p o r ta tio n  T e s t C e n te r in  P u e b lo , C o lo ra d o  as lis te d  b e lo w  a n d  s h o w n  in  

F ig u re  2 -1 .

a . S e g m e n t 1.1 -  P u e b lo  D e p o t A c c e s s  T ra c k , S ta tio n s  3 1 0 6  +  0 0  to  3 1 0 9  + 1 0 .

b . S e g m e n t 2 .2 -2 .5 -  P re c is io n  T e s t T ra c k , S ta tio n s  21  +  0 0  to  3 7  +  5 0 .

c . S e g m e n t 2 .6  -  P u e b lo  D e p o t A cce ss  T ra c k , S ta tio n s  3 0 5 7  +  0 0  to  3 0 6 5  +  00 .

d . S e g m e n t 3 .2 -3 .5  -  P re c is io n  T e s t T ra c k , S ta tio n s  1659 +  65  to  1687  +  00 .

e . S e g m e n t 3 .6  -  P re c is io n  T e s t T ra c k , S ta tio n s  1 7 1 2 + 0 0  to  1 7 1 9 + 5 0 .

f .  S e g m e n t 4 .2 -4 .5  -  R a ilro a d  T e s t T ra c k , S ta tio n s  3 5 0  +  0 0  to  3 7 7  +  3 5 .

W ith in  e a c h  te s t z o n e , s u b s e c tio n s  c a lle d  se g m e n ts  w e re  in s ta lle d  b a s e d  o n  s p e c ifie d  ty p e s  

a n d  a m p litu d e s  o f  tra c k  p e rtu rb a tio n s . F o u rte e n  o f  th e  se g m e n ts  c o n ta in e d  e ith e r  th re e  o r  

f iv e  cyc le s  o f  c ro s s le v e l a n d /o r a lig n m e n t p e r tu rb a tio n s  o f  v a r io u s  a m p litu d e s , a n d  o n e  seg­

m e n t c o n ta in e d  a  w a rp  p e r tu rb a tio n . S p e c ific a tio n s  fo r  th e s e  p e r tu rb a tio n s  a re  s h o w n  in  

T a b le  2 -1 . A l l  tra c k  w as s p e c ifie d  to  h a v e  a  tra c k  gage o f  5 6 .6 2 5  in c h e s  w ith in  p lu s  o r  m in u s  

0 .1 2 5  in c h e s .
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F IG U R E  2-1 T E S T  Z O N E S



T A B LE  2-1. S P E C IF IE D  TRACK PER TU RBA T IO N S

Segment
Number

Speed Range 
(mph)

Type Wavelength
(ft)

Amplitude
M

Number Of 
Cycles

1.1 0-20 Warp 6* Vertical 
0* Lateral

-

2.2 0-30 Alignment 39' 2.25“ 3

2.3 0-30 Alignment 50' 3.5" 3

2.4 0-30 Alignment 75' 5.0" 3

2.5 0-30 Alignment 90' 8.0" 3

: 2.6 0-30 Alignment
Crosslevel

50' 3.5" Lateral 2* Ver­
tical

5

3.2 0-60 Alignment 39' 1.5" 5

3.3 0-60 Alignment 50' 1.75" 5

3.4 0-60 Alignment 75* 4.25" 5

3.5 0-60 Alignment 90' 6.0" 5

3.6 0-60 Alignment
Crosslevel

50’ 1.75" Lateral 1.0" 
Vertical

5

4.2 0-Max. : Alignment 39’ 1.0" 5

4.3 0-Max. Alignment 50’ 1.25" 5

4.4 0-Max. Alignment 75’ 3.25" 5

4.5 0-Max. Alignment 90’ 4.5" 5

* Sp eed  ranges were, in m ost cases, restricted to less than those show n for this test due to severe effects 
from traversing the relatively large perturbations used

T h e  tra c k  a lig n m e n t w a v e le n g th s  o f  3 9 ,5 0 ,7 5 , a n d  90  fe e t w e re  s e le c te d  to  p ro v id e  a  re p re ­

s e n ta tiv e  s p e c tru m  o f  th e  w a v e le n g th s  e x p e c te d  in  ty p ic a l tra c k . T h e  a m p litu d e s  w e re  

s e le c te d  b a s e d  u p o n  s im u la tio n  s tu d ie s  o f  th e  lo a d e d  a n d  u n lo a d e d  h o p p e r ca rs  a n d  th e  

e m p ty  f la tc a r . S a fe ty  c r ite r ia  u s e d  in  th e  s im u la tio n  s tu d ie s  in c lu d e d  w h e e l c lim b  ( re p re ­

s e n te d  b y  th e  la te ra l e x c u rs io n  o f  th e  w h e e l b e y o n d  th e  p o in t  o f  in i t ia l  fla n g e  c o n ta c t p o in t) ,  

n e t tr u c k  la te ra l fo rc e  (re p re s e n tin g  a n y  te n d e n c y  to w a rd s  p a n e l s h if t ) ,  m in im u m  w h e e l fo rc e  

( re p re s e n tin g  w h e e l l i f t  te n d e n c y ), a n d  p e a k  w h e e l la te ra l to  v e r t ic a l fo rc e  ra tio s .

T h e  a m p litu d e s  s e le c te d  fo r  e a ch  o f  th e  a lig n m e n t p e r tu rb a tio n s , w ith  th e  e x c e p tio n  o f  seg­

m e n t 2 .5 , w e re  th e  la rg e s t a m p litu d e s  th a t a ll o f  th e  ca rs  c o u ld  b e  e x p e c te d  to  tra v e rs e  w ith o u t 

w h e e l c lim b  o r  exce ss ive  tru c k  la te ra l fo rc e . A t  th e  lo w  sp e e d  ra n g e  o f  0  to  3 0  m p h , th e  

s im u la tio n  re s u lts  in d ic a te d  th a t a m p litu d e s  la rg e r  th a n  th e  8  in c h  p e a k  to  p e a k  c o u ld  b e  

to le ra te d  fo r  th e  9 0  fo o t w a v e le n g th . H o w e v e r, a n  8  in c h  p e a k  to  p e a k  a m p litu d e  is  s ig ­

n if ic a n t ly  m o re  s e v e re  th a n  th a t w h ic h  w o u ld  b e  fo u n d  in  U n ite d  S ta te s  tra c k  a t th a t 

w a v e le n g th . T ra c k  se g m e n ts  3 .2  to  3 .5  w e re  in te n d e d  fo r  te s tin g  fr o m  3 0  to  6 0  m p h . T h e  

tra c k  s e g m e n ts  4 .2  to  4 .5  w e re  in te n d e d  fo r  te s tin g  u p  to  100  m p h , h o w e v e r th e  m a x im u m  

sp e e d  a v a ila b le  fro m  th e  lo c o m o tiv e  u s e d  in  th e s e  te s ts  w as 7 0  m p h .

T h e  a rra n g e m e n t o f  th e  tra c k  p e r tu rb a tio n s  s p e c ifie d  fo r  th e s e  te s ts  is  s h o w n  in  F ig u re s  2 -2  to  

2 -7 . T h e  d ire c t io n  o f  th e  te s ts  w as fro m  th e  s h o rte s t to  th e  lo n g e s t w a v e le n g th . A l l  o f  th e  

tra c k  a lig n m e n t p e r tu rb a tio n  s e c tio n s  c o n ta in e d  ir re g u la r it ie s  th a t a re  m o re  s e v e re  th a n  c o u ld  

b e  e x p e c te d  in  ty p ic a l o p e ra tio n s  a t th e  sp e e d  ra n g e  s p e c ifie d  fo r  th e  te s ts .

5



T ra in  D irectio n ■p-

Outside Rail Elevation View

□  □  A L D 'S □  □  
H ---------------- 1----------------1---------------- h

Plan View (Top)

F IG U R E  2-2 W A R P ,  T E S T  S E C T IO N  S E G M E N T  1.1



T ra in  D irection-

Wavelength 
Segment 2.2 
3 Cycles

Wavelength 
Segment 2.3 
3 Cycles

Wavelength 
Segment 2.4 
3 Cycles

Wavelength 
Segment 2.5 
3 Cycles

Slow Speed Test Section 0-30 MPH 
Tangent Track 56.5" Gage 
NOTE: * - Lateral Rail Deflection Sites 

* - Frictional Rail Force Sites 
O - Lateral Rail Deflections Sites (Dynamic)

F IG U R E  2-3 A L IG N M E N T , T E S T  S E C T IO N  S E G M E N T S  2 .2-2 .5  - P R E C IS IO N  T E S T  T R A C K  A C C E S S



T ra in  D ire c tio n

-4-

Cycles

| 2"

Inside Rail

Outside Rail
Elevation View

50'
Wavelength 
Segment 2.6 
5 Cycles
Slow Speed Test Section 0-30 MPH 
Tangent Track 56.5" Gage

NOTE: * - Lateral Rail Deflection Sites 
* - Frictional Rail Force Sites 
o - Lateral Rail Deflection Sites (Dynamic)

F IG U R E  2-4 C O M B IN E D  A L IG N M E N T  A N D  C R O S S -L E V E L , T E S T  S E C T IO N  S E G M E N T  2.6
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T ra in  D ire c tio n

<0

2735'

*-195V -1 9 5 '- +- 195’- +—250’—►!

' V W W 'V W X A

250' 375' 375'-

/ W V W

450'

^ y V V W - i__ *— r w w v
o

1 1/2"
7

1 3/4"
T £ W V W

4 1/4" . .H r

/ v \ / \ / \ / v
o*

{ \ f \ / \ / \ / X r

39’
Wavelength 
Segment 3.2 
5 Cycles

50’
Wavelength 
Segment 3.3 
5 Cycles

75'
Wavelength 
Segment 3.4 
5 Cycles

90'
Wavelength 
Segment 3.5 
5 Cycles

Medium Speed Test Section 0-60 MPH 
Tangent Track 56.5" Gage 
NOTE: * - Lateral Rail Deflection Sites 

* - Frictional Rail Force Sites 
O - Lateral Rail Deflection Sites (Dynamic)

*■

450’------ -

F IG U R E  2-5 A L IG N M E N T , T E S T  S E C T IO N  S E G M E N T S  3 .2-3 .5  - P T T



T ra in  D ire c tio n *■

i

750' *■

Inside Rail

Outside Rail

Cycles

J r

Outside Rail

Inside Rail 
Elevation View

50'
Wavelength 
Segment 3.6 
5 Cycles
Slow Speed Test Section 0-60 MPH 
Tangent Track 56.5" Gage

NOTE: * - Lateral Rail Deflection Sites 
* - Frictional Rail Force Sites 
O - Lateral Rail Deflection Sites (Dynamic)

F IG U R E  2-6 C O M B IN E D  A L IG N M E N T  A N D  C R O S S - L E V E L ,  T E S T  S E C T IO N  S E G M E N T  3 .6  - P T T



377+35

T ra in  D ire c tio n

2735'

*-195'- -1 9 5 '- -  195'- *—250'-—j|—  250' —

'W VW W W \ • —

375' 375'- 450'

/ W V W J \ / \ / \ / \ / \ r

* O
- — A A A A / V

t
1"

o
A A /W V

1 1/4"
— ^ W W \ > -------- = ^ \ / \ / \ / \ / \ z
* 3 1/4" ♦ 4 1/2"

39'
Wavelength 
Segment 4.2 
5 Cycles

50'
Wavelength 
Segment 4.3 
5 Cycles

75'
Wavelength 
Segment 4.4 
5 Cycles

90'
Wavelength 
Segment 4.5 
5 Cycles

High Speed Test Section 0-70 MPH
Tangent Track 56.5" Gage
NOTE:Q - Lateral Rail Deflection Sites (Dynamic)

450'

F IG U R E  2-7 A L IG N M E N T , T E S T  S E C T IO N  S E G M E N T S  4 .2-4 .5  - R T T



F ig u re  2 -8  show s th e  la te ra l a c c e le ra tio n  (as  a  fu n c t io n  o f  s p e e d ) th a t w o u ld  b e  e x p e rie n c e d  

b y  th e  tru c k s  o f  th e  te s t c o n s is t i f  th e y  fo llo w e d  th e  tra c k  a lig n m e n t p e r fe c tly . D y n a m ic  

a m p lif ic a tio n s  o f  th e s e  a c c e le ra tio n s  re s u lt f r o m  th e  s u s p e n s io n  c h a ra c te r is tic s  o f  th e  ca rs  a n d  

lo c o m o tiv e  a t spe e d s  th a t c o rre s p o n d  to  th o s e  th a t a re  n e a r th e  c a r o r  lo c o m o tiv e  n a tu ra l f r e ­

q u e n c y  a t th a t w a v e le n g th .

F o r  th e  lo c o m o tiv e  a n d  th e  in s tru m e n ta tio n  c a r (T -7 ) , d y n a m ic  a m p lific a tio n s  (b y  a  fa c to r  

g re a te r th a n  2 )  o f  th e  a c c e le ra tio n s  g iv e n  in  F ig u re  2 -8  c o u ld  b e  e x p e c te d  d u r in g  th e  te s ts . A t  

th e  sp e e d  c o rre s p o n d in g  to  th e  c a r n a tu ra l fre q u e n c y , d y n a m ic  a m p lif ic a tio n s  o f  b e tw e e n  3  

a n d  5  a re  n o t u n lik e ly . F o r  fre q u e n c ie s  less th a n  2  H z , th e  In te rn a tio n a l S ta n d a rd s  O rg a n iz a ­

t io n  ( IS O ) s p e c ifie s  a  l im it  o f  0 .2  g  rm s , o r  a b o u t 0 .3  g  p e a k  a c c e le ra tio n  as a  fa tig u e  l im it  fo r  

a n  e x p o s u re  o f  1 m in u te . T h e  m a x im u m  te s t spe e d s  w e re  n o t a c h ie v e d  d u e  to  th e  s e v e r ity  o f  

th e  a lig n m e n t v a r ia tio n s  as p e rc e iv e d  b y  th e  te s t p e rs o n n e l, as w e ll as b e in g  lim ite d  b y  th e  

p ro x im ity  o f  th e  m e a s u re d  w h e e l r a il fo rc e s  to  c r it ic a l lim its .

T h e  tra c k  g e o m e try  v a r ia tio n s  b u ilt  in to  th e  p e r tu rb e d  tra c k  s e c tio n s  re m a in e d  s ta b le  d u r in g  

th e  te s ts . T h e  p re te s t a n d  p o s tte s t g e o m e try  m e a s u re m e n ts  m a d e  o n  th e  p e r tu rb e d  tra c k  sec­

tio n s  a re  d iscu sse d  in  A p p e n d ix  A

22  T E S T  C O N S IS T  D E S C R IP T IO N

A s  s h o w n  in  F ig u re  2 -9 , th e  te s t c o n s is t w as m a d e  u p  o f  a  G P -9  lo c o m o tiv e , a  d a ta  a c q u is itio n  

v e h ic le  (T -7 ) ; a n d  tw o  te s t ca rs , o n e  e q u ip p e d  w ith  th e  1 :2 0  ta p e r in s tru m e n te d  w h e e ls e ts , 

a n d  th e  o th e r  w ith  w o rn  p r o f ile  (H e u m a n n ) in s tru m e n te d  w h e e ls e ts .

T h re e  ty p e s  o f  f r e ig h t ca rs  w e re  te s te d : 1 0 0 -to n  o p e n -to p  h o p p e rs , 1 0 0 -to n  ta n k  ca rs , a n d  7 0 - 

to n  T O F C  fla tc a rs . T h e  s p e c ific a tio n s  o f  th e s e  ca rs  a re  s h o w n  in  T a b le  2 -2 . A  c o m p le te  

s e rie s  o f  te s t ru n s  w e re  m a d e , w ith  th e  c a rs  b o th  lo a d e d  a n d  e m p ty . T h e  g e n e ra l s e q u e n c e  o f  

te s t ru n s  w as lo w , m e d iu m , a n d  h ig h  sp e e d , w ith  b o th  u n lo a d e d  a n d  lo a d e d  h o p p e rs , th e n  

lo a d e d  a n d  u n lo a d e d  ta n k  ca rs , a n d  la s t th e  e m p ty  a n d  lo a d e d  T O F C  fla tc a rs .

TABLE 2-2. CAR PARAMETERS

Car Type Wheel
Profile

Loaded Weight 
On Rail (Ib l

Tare Weight On 
Rail Ob)

Truck Center 
Spacing

100 Ton AAR 1/20 235,100 59,900 40 ft 6 in

Open Hopper Heumann 232,980 60,200 40 ft 6 in

100 Ton AAR 1/20 262,700 83,250 53 ft 10.8 in

Tank Car Heumann 262,100 84,150 53 ft 10.8 in

70 Ton TOFC AAR 1/20 182,950 61,850 65 ft 11.4 in

Hat Car Heumann 159,450 61,850 65 ft 11.4 in

T-7 Instrumentation 
Car

AAR 1/40 166,150 NA 59 ft 6.6 in

GP 9 Locomotive AAR 1/20 264,900 NA 34 ft

12
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SECTION 2

■ Section .2, 39 Foot Track Wavelength

+ Section .3, 50 Foot Track Wavelength

o Section .4, 75 Foot Track Wavelength

A Section .5, 90 Foot Track Wavelength

5  10  15  2 0  2 5  3 0  3 5

Speed, (mph)

SECTION 3

5  1 0  15  2 0  2 5  3 0  3 5  4 0  4 5  5 0  5 5  6 0  6 5  7 0

Speed, (mph)

F IG U R E  2-8 . A C C E L E R A T IO N  O F  P O IN T  P E R F E C T L Y  F O L L O W IN G  
S P E C IF IE D  A L IG N M E N T  V A R IA T IO N
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Instrumented Wheelsets
© Loco (ENSCO/FRA)
® 70 Ton 1:20 Profile (ENSCO/FRA) 
© 100 Ton Worn Profile (AAR)
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Noninstrumented Wheelsets
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23  T E S T  C O N S IS T  IN S T R U M E N T A T IO N

T a b le  2 -3  p ro v id e s  a  s u m m a ry  o f  th e  m e a s u re m e n ts  a n d  tra n s d u c e rs  u s e d  in  th e  V T I  te s t. 

S in c e  o n ly  tw o  100  to n  in s tru m e n te d  w h e e ls e ts  w e re  a v a ila b le  fo r  th e  te s ts , th e  7 0  to n  in s tru ­

m e n te d  w h e e ls e ts  w e re  u s e d  w ith  th e  A A R  1 /20  w h e e l p r o f ile  fo r  th e  100  to n  ca rs . T h e  7 0  

to n  w h e e ls e ts  w e re  a c c o m m o d a te d  in  s ta n d a rd  100 to n  tru c k s  th ro u g h  a  s p e c ia l b e a r in g  a d a p t­

e r. T h e  w h e e ls  w e re  tru e d  to  th e  d e s ire d  w h e e l p r o f ile  p r io r  to  th e  te s ts . T h e  7 0  to n  in s tru ­

m e n te d  w h e e ls e ts  u s e d  in  th e  1984 te s ts  w e re  th e  sam e as th o s e  u s e d  in  te s ts  o f  100  to n  ca rs  in  

B e n n in g to n , N e w  H a m p s h ire , a n d  in  S ta rr, O h io .

TABLE 2-3. TRANSDUCER SUMMARY

Measurement Location Transducer
Vertical/Lateral Wheel Force 1:20 Locomotive and A-end of 1st test car Locomotive wheelsets instrumented by 

ASEA

Lateral/Vertical and Longitudinal Wheel 
Force - Worn Profile

A-end Of 2nd test car (TTX flatcar only 
will have one wheelset excluding lon­

gitudinal force

Two 100-ton wheelsets instrumented by 
ITTRI

Carbody Acceleration (Lateral and Verti­
cal)

1st test car Eight 5g linear accelerometer

Carbody Roll A- and B-end 1st car gyro's Two 20/sec rate

Truck Rotation A-truck both test cars Four 5 inch string pots

Truck Spring Nest Displacement Atruck both test cars Four 5 Inch string pots

Speed T*7car Tachometer

ALD Sensor w/each instrumented wheelset 
truck, targets in track

Three magnetic sensors built by ENSCO

Track Geometry Ail test zones T-6 track geometry measurement 
vehicle & surveyor equipment

Video L-4 wheel both test cars Two cameras and two monitors

Lateral Rail Deflection (Wayside 
Dynamics)

Two per perturbation-location segment 20 Fishscales and 8 + 5  inch stringpots

Lateral Rail Deflection (Static) One location per 50'and 90' (last cycle) 
excluding 4.3 and 4.5 segments

605 rail calibration car

Frictional Rail Force (Static) 4.5 segments

Wheel and Rail Profile (BR) One rail profile per section (2.2,3.2 and 
4.2) on undisturbed track

British Rail wheel profilometer

Truck Suspension Bolster to sideframe lateral & vertical 
clearance, spring height, side bearing 
clearance, center pin to side bearing 

contact point, wear plate wear

Vernier calipers

Car and Truck Center Plate Dimensions Each test car Vernier calipers

Test consist Dimensions Each test car Tape measure

Test car Weight Each test car TTC track scale, strain gage rail section

Truck Characterization
Vertical Spring Rate/Snubber Force Each truck from each test car Rail Dynamics lab equipment

Lateral Spring Rate/Snubber Force Each truck from each test car Rail Dynamics lab equipment

Rolling Spring Rate/Snubber Force Each truck from each test car Rail Dynamics lab equipment

15



M e a s u re m e n ts  o f  th e  tru c k  c h a ra c te r is tic s  in d ic a te d  th a t th e  tr u c k  p a ra m e te rs  w e re  c o n s is te n t 

w ith  th o s e  th a t w o u ld  b e  e x p e c te d  fo r  s e rv ic e  w o rn  tru c k s  w ith  s n u b b e r f r ic t io n  o f  a p ­

p ro x im a te ly  2  k ip s  p e r  s p r in g  g ro u p .

T h e  d a ta  a c q u is itio n  s ys te m  (D A S ) u s e d  d u r in g  th e  1984  V e h ic le -T ra c k  In te ra c t io n  T e s t w as 

th e  F R A  G e n e ra l P u rp o s e  D a ta  A c q u is it io n  V e h ic le  (T -7 ) . T h e  o n b o a rd  d a ta  a c q u is it io n  sys­

te m  (H e w le tt P a c k a rd  1000  m in ic o m p u te r )  w as c o n fig u re d  to  a c c e p t s ig n a ls  a t a  s a m p le  ra te  

o f  2 5 6  H z  c o m in g  fro m  th e  tra n s d u c e rs  lis te d  a b o v e . A d d it io n a lly ,  th e  D A S  p ro c e s s e d  th e  

lo c o m o tiv e  w h e e ls e t d a ta  in  n e a r re a l tim e .

2 .4  T E S T  C O N D U C T

A  to ta l o f  2 20  te s t ru n s  w e re  m a d e  d u r in g  th e  c o n d u c t o f  th e  1984  V T I  te s t o v e r th e  s ix  te s t 

z o n e s . T h e  o rd e r  o f  V T I  c o n s is t te s tin g  w a s : e m p ty  h o p p e r c a r, lo a d e d  h o p p e r c a r, lo a d e d  

ta n k  c a r, e m p ty  ta n k  c a r, e m p ty  fla tc a r , a n d  lo a d e d  f la tc a r . T a b le  2 -4  p re s e n ts  a  s u m m a ry  o f  

th e  m a tr ix  o f  th e  te s t. In c lu d e d  in  th is  ta b le  a re  th e  d a te s , te s t z o n e , ru n  n u m b e rs , a c tu a l 

sp e e d  ra n g e s , a n d  te s t re s u lts  c o m m e n ts .

TABLE 2-4. VTI-TEST EVENTS SUMMARY EMPTY HOPPER CAR CONSIST

Date Test Zone No. Of 
Runs

Run Number Actual
Speed
Range
(mph)

Comments

10/25/84 4.2-4.5 2 9-1-1 to 10-1-1 & 40-45 L/V exceeds threshold for locomotive
10/26/84 4 31-1-1 to 34-1-1 30-45 at 45 mph and for car 2 flanged 

wheel at 35 mph & above

10/25/84 2.2-2.5 9 1-1-1 to 7-1-1 5-30 L/V exceeds 0.75 for car 1 on un-
10/26/84 4 (Greasy) 25-1 to 27 5-15 flanged wheel at 15 mph only and all 

speeds for car 2 on flanged wheel on 
nongreased track

10/25/84 3.2-3.5 3 21-1-1 to 22-1-2 & 25-30 L/V exceeds 0.75 for car 2 on flanged
10/26/84 4 28-1-1 to 30 20-30 wheel at 20 mph and above

10/25/84 3.6 3 21-1-1 to 22-1-2 & 28-1-1 25-30 L/V exceeds 0.75 for car 2 on flanged
10/26/84 4 to 30-1-1 20-30 wheel at 25 mph and above

10/25/84 2.6 7 15-1-1 to 20-1-2 (Greasy) 5-30 L/V exceeds 0.75 for 2 on flanged 
wheel at 15 mph and above

10/25/84 1.1 4 11-1-1 to 14-1-1 5-20 Both cars below threshold, for car 2, 
L/V spikes occur at 5 and 10 mph

10/26/84 RTT Hunting 2 23-24 50,55 Check hunting of cars 1 and 2
10/30/84 Fast 3 35 to 37-2,37-1 Abort 25.34,45 Check steady state curving

Total 49 1-1 to 37-1 5-45*
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T A B LE  2-4. VT1-84 T EST  EV EN T S SUM M ARY LOADED H O PPER  C O N SIST  (Continued)

Date Test Zone No. Of 
Runs

Run Number Actual
Speed
Range
(mph)

Comments

10/31/84 2.2-2.5 8 38-1-1 to 44-1-2 5-27.5 40-1-1 - aborted L/V exceeds 0.75 for 
locomotive at 23 mph and L/V 

equals threshold for car 2 on flanged 
wheel at 25 mph and above

10/31/84 1.1 4 45-1-1 to 48-1-1 5-20 .. U V  significantly below the threshold 
of 0.75 for all runs for both cars

10/31/84 2.6 7 49-1-1 to 54-1-1 10-30 WV exceeds the threshold of 0.75 
only at 30 mph for car 1 on un­

flanged wheel and only at 10 mph 
for car 2 on flanged wheel

10/31/84 4.2-4.5 6 55-1-1 to 60-1-1 25-50 L/V exceeds 0.75 for locomotive at 
40 and above and for car 2 at 50 

mph only

10/31/84 3.2-3.5 6 61-1-1 to 65-1-2 20-32.5 L/V = 0.80 for locomotive at 32.5 
mph. L/V below threshold for cars 1 

and 2 at all speeds

10/31/84 3.6 6. 61-1-1 to 48-1-1 20-32.5 L/V =  0.80 for locomotive at 32.5 
mph. L/V below threshold for cars 1 

and 2

Total 37 38-1-1 to 65-1-2 5-50*

TABLE 2-4. VTI-84 TEST EVENTS SUMMARY LOADED TANK CAR CONSIST (Continued)

Date Test Zone No. Of 
Runs

Run Number Actual
Speed
Range
(mph)

Comments

11/17/84 Balloon Loop 7 66-72 10-30 Hostle runs

11/17/84
11/19/84

1.1 6
1

73-76 and 99 5-20 L/V exceeds 0.75 threshold for car 1 
on unflanged wheel at 5 mph on 

11/17 and at 20 mph on 11/19
11/17/84 2.2-2.5 7 77-83 5-20 L/V exceeds 0.75 for locomotive at 

15 mph and above
11/19/84 3.2-3.5 8 84-91 5-32 L/V exceeds threshold for car 1 on 

unflanged wheel at 32 mph

11/19/84 3.6 8 84-91 5-32 L/V at 0.75 threshold for car 1 on un­
flanged wheel at 32 mph

11/19/84 2.6 8 92-100 5-27.5 L/V exceeds threshold for car 1 on 
unflanged wheel at 27.5 mph only

11/19/84 4.2-4.5 7 101-107 20-42.5 L/V exceeds threshold for car 1 on 
unflanged wheel at 42.5 mph only

Total 52 66-107 5-42.5*

*Perturbed zones only.
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T A BLE  2-4. VTI-84 T E ST  EV EN T S SUM M ARY EM PTY  TANK C A R C O N SIST  (Continued)

Date Test Zone No.
Of

Runs

Run Number Actual
Speed
Range
(mph)

Comments

11/20/84 4.2-4.5 5 108-112 L/V exceeds 1.0 for car on the 
flanged wheel at 35 and 36 mph

11/20/84 2.6 4 113-116 L/V exceeds threshold for car 2 on 
flanged wheel at zone exit and all 

speeds

11/20/84 1.1 7 117-123 0-20 L/V exceeds threshold for car 1 on 
unflanged wheel at 6 mph only and 
for car 2 on unflanged wheel at 7.5 

mph only
11/20/84 2.2-2.5 6 124-129 5-18 L/V exceeds threshold for car 2 on 

flanged wheel at all speeds and un­
flanged wheel at some speeds

11/20/84 3.6 7 130-136 10-25 L/V exceeds threshold for car 2 on 
left side at zone exit at 15 mph and 

above
11/20/84 3.2-3.5 7 130-136 10-25 L/V exceeds threshold for car 2 on 

flanged wheel at 25 mph and above
11/20/84
Huntinq

RTTTest Clock­
wise

3 137-139 45,50 Car 2 hunts 3-4 times as much as 
car 1

Total 39 108-139 5-36*

*Perturbed zones only.

TABLE 2.4. VTI-84 TEST EVENTS SUMMARY EMPTY FLAT CAR CONSIST (Continued)

Date Test Zone No.
Of

Runs

Run Number Actual
Speed
Range
(mph)

Comments **

12/3/84 1.1 7 140-146 5-20 L/V exceeds 1.0 for car 2 on un­
flanged wheel at all speeds and for 
flanged wheel at 7.5 and 10.5 mph

12/4/84 2.2-2.5 7 147-153 5-17.5 L/V exceeds 1.0 for car 2 at all 
speeds

12/4/84 3.2-3.5 8 154-161 5-30 L/V exceeds 0.9 for car 2 on the 
flanged wheel at all speeds

12/4/84 3.6 8 154-161 5-30 L/V exceeds the threshold for car 2 
on the flanged wheel at all speeds

12/4/84 4.2-4.5 9 162,166-173 17.5-45 L/V between 0.7 and 0.85 for car 2 
on flanged wheel at all speeds

12/4/84 RTT Hunting 3 163-165 40,50,60 Check hunting of cars.
12/4/84 2.6 4 174-177 5-10 L/V exceeds 1.2 for car 2 at all 

speeds and L/V at threshold for car 
1 on flanged wheel at 10 mph only.

Total 46 140-177 545*

*Perturbed zones only.
* *  Car #2 W/S data is questionable.
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T A B LE  2-4. VTI-84 T E ST  EV EN TS SUM M ARY LOADED FLA T  C A R  C O N SIST  (Continued)

Date Test Zone No.
Of

Runs

Run Number Actual
Speed
Range
(mph)

Comments * *

12/6/84 1.1 5 178-182 5-10 L/V exceeds threshold easily for car 
1 and 2 at all speeds for the un­

flanged wheel
12/6/84 4.2-4.5 7 183-189 2040 All data below threshold
12/6/84 2.2-2.5 8 190-197 5-25 . L/V exceeds threshold for locomo­

tive and for car 2 on flanged wheel 
at 15 mph and above

12/6/84 3.2-3.5 8 198-205 880 L/V exceeds threshold for locomo­
tive at 25 mph only and for car 2 on 
flanged wheel at 28 mph and above

12/6/84 3.6 8 198-205 5-30 L/V exceeds threshold on the 
flanged wheel for car 2 at 20 mph 

and above
12/6/84 2.6 8 206-213 5-20 L/V exceeds threshold for locomo­

tive at 12.5 mph only and for car 2 
at all speeds

12/7/84 Fast 4 214-217 25.35.45 Check steady state curving
Total 48 178-217 540*

*Perturbed zones only.
**C a r  #2  W/S data is questionable. '

T h re e  a n a lo g  s tr ip  c h a r t re c o rd e rs  (e ig h t c h a n n e l) o n  T -7  w e re  u s e d  to  m o n ito r  v a r io u s  c h a n ­

n e ls  fo r  te s t p re p a ra tio n , d a ta  a n a ly s is , a n d  q u a lity  c o n tro l. O n e  re c o rd e r  d is p la y e d  lo c o m o ­

t iv e  d a ta , th e  s e c o n d  re c o rd e r  d is p la y e d  te s t c a r 1 d a ta , a n d  th e  th ir d  re c o rd e r  d is p la y e d  te s t 

c a r 2  d a ta . T h is  d a ta  w a s  u s e d  fo r  s a fe ty  m o n ito r in g  a n d  s u b s e q u e n t d a ta  re d u c tio n  o f  c r it ic a l 

tra n s d u c e r o u tp u ts .

F o r  th e  lo c o m o tiv e , th e  m e a s u re m e n ts  m o n ito re d  d u r in g  te s tin g  in c lu d e d : le a d  a x le  le f t  a n d  

r ig h t  r a i l  la te ra l fo rc e s ; le a d  a x le  le f t  a n d  r ig h t  la te ra l to  v e r t ic a l fo rc e  ra tio s ; th e  s u m  o f  

la te ra l to  v e r t ic a l w h e e l r a i l  fo rc e  ra tio s  o n  th e  le a d  a x le , a n d  th e  v e r t ic a l fo rc e  o n  th e  le f t  le a d  

w h e e l. F o r  th e  te s t ca rs , th e  m e a s u re m e n ts  th a t w e re  m o n ito re d  w e re : le a d  a x le  le f t  a n d  r ig h t  

la te ra l fo rc e s ; le a d  a x le  le f t  a n d  r ig h t la te ra l to  v e r t ic a l fo rc e  ra tio s ; c a rb o d y  r o l l  a n g le , a n d  

v e r t ic a l fo rc e  o n  th e  le f t  le a d  w h e e l.

T a b le  2 -5  lis ts  th e  s a fe ty  c r ite r ia  s p e c ifie d  fo r  c o n d u c t o f  th e  te s ts . H o w e v e r, th e  c r ite r ia  a c ­

tu a lly  u s e d  in  th e  te s t c o n d u c t w e re  s o m e w h a t m o re  s u b je c tiv e . T h e  r id e  v ib ra t io n  e x ­

p e r ie n c e d  in  th e  lo c o m o tiv e  w a s  o fte n  th e  lim it in g  c o n s id e ra tio n  in  th e  h ig h e r  sp e e d  te s t 

z o n e s . T h e  p e a k  to  p e a k  a c c e le ra tio n s  w e re  s ig n ific a n tly  la rg e r  th a n  th o s e  n o rm a lly  e x ­

p e r ie n c e d  in  re v e n u e  o p e ra tio n , e s p e c ia lly  c o n s id e rin g  th e  re p e tit iv e  e x p o s u re  in  th e  te s tin g .
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T a b le  2 -6  show s th e  p e a k  c a rb o d y  a c c e le ra tio n s  m e a s u re d  a t s e le c te d  sp e e d s . F o r  a  fa tig u e  

l im it  o f  2  m in u te s  a t fre q u e n c ie s  b e lo w  2  H z , th e  In te rn a tio n a l S ta n d a rd s  O rg a n iz a tio n  re c o m ­

m e n d s  a  l im it  o f  0 .2  g  rm s , o r  0 .3  g  p e a k . T h e  a c tu a l le v e l o f  a c c e le ra tio n s  e x p e rie n c e d  b y  p e r­

s o n n e l in  th e  in s tru m e n ta tio n  c a r a n d  in  th e  ca b  o f  th e  lo c o m o tiv e  w e re  la rg e  e n o u g h  to  cause  

c o n c e rn  to  th e  te s t p e rs o n n e l.

TABLE 2-5. SAFETY LIMITS 
(From On Board Data)

Derailment Caution Halt Test
Rail Rollover/ Gage Widening L N  > 0.75 or Lateral Wheel Load of 

0.80 of Static Wheel Load
Truck Side > 0.70

>07°
Panel Shift* Same as Above Truck UV >0.62

L1+L2+L3+L4>062
V1+V2+V3+v4

Wheel Climb Same as Above L/V, Axle Sum 1.25
Roll Angle ** 6° Peak to Peak/Cycle; +/- 40% 

of Vertical Static Wheel Load
9° Peak to Peak/Cycle; +/- 90% 
of Vertical Static Wheel Load

*  Additional criteria - wayside movement 112", halt test 
* *  Roll angle safety limits not applicable in test segm ent 1.1

TABLE 2-6. TYPICAL MEASURED PEAK CAR BODY ACCELERATIONS

Car Type Speed
(moh)

Section
No.

Wavelength
(ft)

Car Body Accelerations (g)

A End Center BEnd
Loaded Tank 20 2.3. 39 0.22 0.09 0.16

2.3 50 0.42 0.13 0.30
2.4 75 0.25 0.16 0.19
2.5 90 0.31 0.11 0.17

Loaded Tank 32.5 3.2 39 0.30 0.26 0.31
3.3 . 50 0.36 0.29 0.35
3.4 75 0.41 0.27 0.41
3.5 90 0.36 0.24 0.36

Loaded Tank 42.5 4.2 39 0.26 0.08 0.23
4.3 50 0.47 0.28 0.32
4.4 75 0.53 0.39 0.53
4.5 90 0.36 0.33 0.37

Loaded Hopper 32.5 3.2 39 0.11 0.08 0.10
3.3 50 0.27 0.25 0.25
3.4 75 0.41 0.20 0.36
3.5 90 0.32 0.18 0.38

Loaded Hopper 50 .2 39 0.10 0.08 0.10
4.3 50 0.11 0.09 0.10
4.4 75 0.23 0.19 0.34
4.5 90 0.62 0.18 0.58
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I n  a d d itio n , th e  w h e e ls e ts  s h o w e d  m u c h  la rg e r  v e r t ic a l fo rc e  v a r ia tio n s  th a n  w e re  e x p e c te d . 

F ig u re s  2 -1 0  to  2 -1 3  s h o w  ty p ic a l lo c o m o tiv e  s tr ip  c h a r t re c o rd s  o b ta in e d  in  a  lo w  sp e e d  ru n  

o n  s e g m e n ts  2 .2  to  2 .5 , w h ile  F ig u re s  2 -1 4  to  2 -1 7  a re  s tr ip  c h a r t re c o rd s  fo r  th e  lo a d e d  h o p ­

p e r  c a r o v e r th e  sa m e  tra c k  se g m e n ts  a n d  sp e e d  illu s tr a t in g  th e  la rg e  flu c tu a tio n s  o b s e rv e d  in  

th e  v e r t ic a l fo rc e  c h a n n e l. T h e  v a r ia tio n s  w e re  p ro b a b ly  th e  re s u lt o f  c ro s s ta lk  a n d  la rg e  se n ­

s it iv it ie s  in  th e  v e r t ic a l b r id g e s  to  w h e e ls e t p o s it io n  o n  th e  r a il.  T h e s e  u n c e r ta in tie s  le a d  

d ire c t ly  to  u n c e r ta in tie s  in  th e  c o m p u te d  la te ra l to  v e r t ic a l fo rc e  ra tio s . T h e s e  u n c e r ta in tie s  

c o u p le d  w ith  th e  u n a n tic ip a te d  b e h a v io r o f  th e  H e u m a n n  p r o f ile  c o m p a re d  to  th e  A A R  

p r o f ile  re s u lte d  in  a  m o re  c a u tio u s  e v a lu a tio n  o f  th e  o n b o a rd  m e a s u re m e n ts .

A s  a  re s u lt o f  s c h e d u lin g  c o n s tra in ts , th e  te s ts  w e re  c o n d u c te d  b e tw e e n  O c to b e r  a n d  D e c e m ­

b e r  1984 . A d v e rs e  w e a th e r  c o n d itio n s  a ls o  re s u lte d  in  d e la y s  a n d  a d d it io n a l c o s ts . A s  a  

re s u lt, th e re  w as n o  o p p o r tu n ity  to  c o n d u c t re p e a t te s ts  to  v e r ify  u n u s u a l re s u lts , o r  to  

e v a lu a te  c r it ic a l re s p o n s e  in  a c c o rd a n c e  w ith  th e  p re te s t s a fe ty  c r ite r ia . T h e  s h o r te r  days  a n d  

p o o r  w e a th e r w e re  c o n tr ib u t in g  fa c to rs  in  s to p p in g  te s ts  p r io r  to  o b ta in in g  d a ta  o v e r th e  f u l l  

ra n g e  o f  speeds.
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F IG U R E  2-10. L O C O M O T IV E  - S T R IP  C H A R T  D A T A  - S E C T IO N  2 .2 ,
39 ’ W A V E L E N G T H , 2 .2 5 “ P E A K  T O  P E A K ,  R U N  7 7 , 5  M P H
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F IG U R E  2-11. L O C O M O T IV E  - S T R IP  C H A R T  D A T A  - S E C T IO N  2 .3 ,
5 0 ’ W A V E L E N G T H , 3 .5 " P E A K  T O  P E A K ,  R U N  7 7 , 5  M P H
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F IG U R E  2-12. L O C O M O T IV E  - S T R IP  C H A R T  D A T A  - S E C T IO N  2 .4 ,
7 5 ’ W A V E L E N G T H , 5 .0 " P E A K  T O  P E A K ,  R U N  7 7 , 5  M P H
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F IG U R E  2-13. L O C O M O T IV E  - S T R IP  C H A R T  D A T A  - S E C T IO N  2 .5 ,
9 0 ’ W A V E L E N G T H , 8 .0 " P E A K  T O  P E A K ,  R U N  77 , 5  M P H
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1/20 AAR Wheel Profile
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F IG U R E  2-14. L O A D E D  H O P P E R  C A R  - S T R IP  C H A R T  D A T A  - S E C T IO N  2 .2 ,
39 ’ W A V E L E N G T H , 2 .2 5 " P E A K  T O  P E A K ,  R U N  38-1-1, 5  M P H
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1/20 A A R  W h e e l  P r o f i l e
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F I G U R E  2-15. L O A D E D  H O P P E R  C A R  - S T R I P  C H A R T  D A T A  - S E C T I O N  2.3,
5 0 ’ W A V E L E N G T H ,  3.5" P E A K  T O  P E A K ,  R U N  3 8 - 1 -1-, 5  M P H
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1/20 A A R  W h e e l  Pr o f i l e
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F I G U R E  2-16. L O A D E D  H O P P E R  C A R  - S T R I P  C H A R T  D A T A  - S E C T I O N  2.4,
7 5 ’ W A V E L E N G T H ,  5.0” P E A K  T O  P E A K ,  R U N  3 8 - 1 - 1 , 5  M P H
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F I G U R E  2-17. L O A D E D  H O P P E R  C A R  - S T R I P  C H A R T  D A T A  - S E C T I O N  2.5,
9 0 ’ W A V E L E N G T H ,  8.0" P E A K  T O  P E A K ,  R U N  38-1-1, 5  M P H
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3. TEST RESULTS

This section  sum m arizes the resu lts obtained  from  the tests conducted  over the sinusoidally  
varying alignm ent zones. T h e w avelengths o f  39 feet, 50  feet, 75 fee t , and 90 fee t  w ere  
se lec ted  to  provide a representative spectrum  o f  alignm ent irregularity w avelengths that can  
b e  expected  in  revenue track. T h e am plitudes o f  the perturbations w ere  se lec ted  from  analytl 
cal sim ulation studies conducted w ith  th e  "SIMCAR" com puter program  to  produce the m ost 
severe condition  that could safely b e  traversed by all o f  the test consists over th e  designated  
sp eed  ranges. T he am plitudes are generally  m ore severe than th o se  w hich  w ou ld  norm ally be  
expected  in  revenue service.

T h e test cars included hopper cars, tank cars, and flatcars in  b oth  fully  load ed  and em pty con­
dition, w ith both standard A A R  1/20 profile  w heels, and w ith H eu m an n  profile  w heels.

T h e test results are presen ted  in  th e  form  o f  p lots o f  the peak  lateral w h ee l forces and peak  
w h eel L /V  ratios as a function o f  test speed . Param eters for th e  p lo ts  include w h ee l profiles, 
car types, car w eights, irregularity w avelengths, and speed  ranges.

T h e data generated by the freight car w h eelsets  w ith the A A R  profile  is b e lieved  to b e  in  
error at low  speeds and reports va lu es m uch low er than expected . In  addition, th e  data from  
the freight car is inconsistent w ith th e  data obtained on  th e  locom otive  in  th ese  tests, and 
from  previous test data.

T h e largest w h eel rail forces m easured  during the tests w ere produced  by the locom otive  in  
segm ent 4.4 (75 foo t w avelength) a t a sp eed  o f  50  m ph, w ith a p eak  m easured  lateral force o f  
about 42  kips. T h e corresponding L /V  ratio w as 0.9. For th e  freight cars, the largest lateral 
w h ee l rail load  was about 24 kips as m easured  in  segm ent 2.3 (50  fo o t w avelength) with the  
tank car at a speed  o f  20 m ph.

W ith  the exception  o f  the 39 fo o t w avelength  segm ents and th e  unexp ected  results produced  
by the A A R  profile w h eelsets at lo w  speed , the lateral forces and L /V  ratios m easured by the  
H eu m ann  profile  w h eels and by th e  A A R  profile  w h eels  w ere generally  o f  com parable m ag­
nitudes. In the 39 foo t segm ents, th e  A A R  profile  w h eels (including th e  locom otive)  
produced m uch sm aller lateral forces than the H eum ann profile  w h eels . It is b e lieved  that 
this results from  a sm aller effective  flange clearance for the H eu m an n  profile  w h eels  than for 
the A A R  profile  w heels.

The following paragraphs provide a more detailed description of the wheel rail forces
measured for each of the cars and configurations tested.
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3.1 LO C O M O TIV E

3.1.1 TRACK SE G M E N T S 22  TO 2.5

T h e peak  lateral force  m easured  on  the left and right w h eels  o f  the lead  axle o f  th e  lo co m o ­
tive are show n in  F igure 3 .1-1  for the low  speed  track segm ents 2 .2  to  2.5. T h e lateral 
w h eel forces at track w avelengths o f  75 ’ and 90’ are relatively constant w ith  sp eed  at a lev e l  
o f  about 20  kips. T h e w h ee l forces at 39 ’ track w avelength are about 3 kips low er than the  
forces at the 75 ’ and 90 ’ w avelengths, and are also relatively in sen sitive to  speed . H ow ever, 
for th e  alignm ent irregularity at th e  50’ w avelength, the lateral w h ee l forces are significant­
ly sensitive to  speed , increasing from  18 kips at 5 m ph to  30  kips at 28  m ph.

E xcept at 26 m ph, th e  p ea k  lateral w h eel forces m easured for th e  right w h ee l is 2  to  8 kips 
low er than for the le ft w h ee l. This is surprising considering the sym m etry o f  the alignm ent 
perturbations.

A s show n in  F igure 3 .1-2 , th e  locom otive L /V  ratios show  erratic fluctuations w ith  speed . 
T h ese  fluctuations are due in part to  difficulties in  reading the vertical force m easurem ent 
signals w hich w ere corrupted by n o ise  and possib le sensitivity to  lateral position . F or track 
w avelengths o f  5 0 ’, 7 5 ’, and 90’, the L /V  ratios fluctuate b etw een  0.65 to  0.9 w ith speed . A t  
the 75 ’ track w avelength , th e  L /V  ratios are less erratic and rem ain  high over a greater part 
o f  the sp eed  range than th e  L /V  ratios at the 50 ’ or 90’ w avelengths. T h e  L /V  ratios at the  
3 9 ’ track w avelength  are low er than in  the other w avelength segm ents and vary b etw een  0.5 
to  0.7.

3 .1 2  TRACK SE G M E N T S 32  TO 3.5

For track segm ents 3 .2  to  3.5, th e  locom otive lateral w h ee l forces are near constant w ith  
speed  at all w avelengths (F igure 3 .1-3). A s in segm ents 2 .2  to  2.5, th e  lateral w h ee l forces  
are low est at the 3 9 ’ track w avelength  with force values o f  14 kips. A t th e  5 0 ’ track 
w avelength , the lateral w h ee l forces are 18 kips. T h e lateral forces at both  75 ’ and 90 ’ 
track w avelengths are 20  to  24 kips. T he increase in  lateral force w ith sp eed  observed  in  
the data for the low  sp eed  5 0  foo t wavelength segm ent (segm en t 2 .3) is n o t observed in  the  
in term ediate sp eed  50  fo o t w avelength segm ent (segm ent 3 .3 ), ev en  though data w as ob ­
tained  over an overlapping sp eed  range.

T h e reduction  in  track a lignm ent variation am plitudes from  th ose  in  segm ents 2 .2  to  2.5  
resu lted  in  a low ering o f  th e  lateral w h eel forces at the 39 ’ and 5 0 ’ track w avelengths, but 
had little  effect on  the w h ee l forces at 7 5 ’ and 90’ w avelengths. R ed u cin g  th e  alignm ent 
am plitude in  the 50  fo o t w avelength  segm ent from  3.5 inches to  1.75 inches appears to  
have had the e ffect o f  elim inating the speed  dependence o f  th e  lateral forces observed  in  
segm ent 2.3 over com parable sp eed  ranges.
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Measurements for the locomotive were made on the loaded hopper car consist.
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T h e behavior o f  th e  locom otive  L /V  ratios for track segm ents 3 .2  to  3 .5  is sim ilar to  that o f  
the corresponding lateral w h ee l forces (F igure 3 .1-4). A n  L /V  ratio o f  about 0.45 was 
m easured  at th e  3 9 ’ track w avelength , which, lik e  the lateral w h ee l forces, are low er than at 
any o f  the other w avelengths. A t the 50’ track w avelength, the L /V  ratios are about 0.55, 
w ith the h igh est L /V  ratios occurring at track w avelengths o f  75 ’ and 90 ’, w h ere  L /V  ratios 
range from  about 0.65 to  0.75. T h e L /V  ratios in  segm ents 3 .2  to  3.5 do  n ot show  th e  sharp 
fluctuation  w ith  sp eed  that was observed in  the higher am plitude "low speed" test segm ents
2.2  to  2.5.

3 .1 3  TR AC K  SE G M E N T S 42  TO 4 3

T h e lo com otive  lateral w h ee l forces m easured in  test segm ents 4 .2  to  4.5 show  a significant 
d ep en d en ce  on  sp eed  for th e  75 fo o t and 90 fo o t alignm ent variation w avelengths (F igure  
3.1-5). T h e  sm allest lateral w h eel forces w ere m easured at the 3 9 ’ a lignm ent variation  
w avelength , w ith  the lateral w h eel forces varying from  2  kips to  9 kips over th e  sp eed  range  
tested  (24 to  50  m ph).

T h e m easured  lateral w h ee l forces at the 50 ’, 75 ’, and 90’ alignm ent variation w avelengths  
are relatively  constant for speeds from  24 to  35 m ph, but increase significantly at speeds  
above 35 m ph. T h e  lateral w h ee l forces for th e  50 ’ alignm ent variation w avelength  rem ain  
constant at about 15 kips for speeds up to  about 40  m ph. A t higher speeds, th e  right w h ee l 
lateral force  begins to  increase w ith speed , reaching 21 kips at 50  m ph, w h ile  th e  left w h eel 
lateral force  rem ains constant throughout the sp eed  range.

A t the 75 fo o t alignm ent variation w avelength, the lateral w h ee l forces start at 17 to  20  kips 
at 25 m ph, and rem ain  constant until about 36  m ph. A b ove 36  m ph, there is a steep  in­
crease in  th e  right w h ee l forces to  a leve l o f  42  kips at 50 m ph. T h e  sharp increase in  
lateral force occurs at a  slightly h igher speed  for the left w h ee l than it d oes for the right 
w h eel. This behavior is repeated  at the 90’ w avelength alignm ent variation, excep t that the  
increase in  th e  lateral w h ee l forces is not as steep . T h e right w h ee l lateral force  reaches 31  
kips at 50  m ph.

T h e reduction  in  am plitude o f  the alignm ent perturbations from  th ose  in  segm en t 3 .2  to
3.5 do n ot appear to  show  com parable reductions in  the lateral forces m easured  on  the 50, 
75 and 90 fo o t w avelengths at com parable speeds. H ow ever, th e  reduction  in  am plitude o f  
the alignm ent variation  at 39  fee t  from  1.5 to  1.0 inches p eak  to  p eak  show s a dram atic 
reduction  in  th e  w h ee l rail forces.

T h e L /V  ratios for th e  locom otive  m easured at track segm ents 4 .2  to  4.5 exhibit a pattern  
very sim ilar to  the lateral w h eel forces (F igure 3 .1 -6). A t the 3 9 ’ a lignm ent variation, the  
L /V  ratios vary b e tw een  0.05 to  0.23 over the sp eed  range. For th e  50  fo o t w avelength  
perturbation, th e  L /V  ratios fluctuate b etw een  0.45 to  0.57. T h e h ighest L /V  ratios occur in  
the 75 fo o t w avelength  segm ent w ith an L /V  ratios o f  0.6 at a  sp eed  o f  25 m ph, and
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Measurements for the locomotive were made on the loaded hopper car consist.
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increasing to  0.9 at 50  m ph. A t  th e  90’ w avelength, the L /V  ratios are slightly low er than  
th ose  m easured  at the 75 ’ w avelength , w ith a maximum L /V  ratio o f  0.8 at 50  m ph.

3.1 .4  SU M M A R Y  O F LO CO M O TIV E TEST R ESU LTS

T h e G P  9 locom otive  u sed  in  th ese  tests produced the h ighest leve ls  o f  lateral forces ob ­
served  in  th e  testing. In each  sp eed  zone, the locom otive behavior had th e  e ffec t o f  lim it­
ing th e  m axim um  test sp eed . In th e  large am plitude zone, th e  50  fo o t w avelength  
produced  th e  m ost critical behavior. In  the sm all am plitude test z o n e  o f  the 75 foo t  
w avelength , the locom otive  produced  lateral w h eel rail forces reaching 42  kips. A t the 50  
fo o t  w avelength  and th e  39  fo o t w avelength , the nature o f  th e  veh ic le  track dynam ic inter­
action  appears to  b e  strongly depen d en t on  the am plitude o f  th e  irregularity. T h ese  obser­
vations are discussed m ore fully in  the fo llow ing paragraphs.

T h e  39 foo t w avelength  alignm ent irregularity acts to  produce a lateral and roll m od e input 
to  th e  locom otive  through th e  34 foo t truck center spacing. W ithin  each  o f  th e  39 fo o t seg ­
m ents, the w h ee l rail forces are relatively insensitive to speed . F igure 3 .1-7  show s th e  peak  
lateral w h ee l force in  each  segm ent p lotted  versus speed. T h e reduction  in  perturbation  
am plitude from  2.25 inches to  1.5 inches resulted in  a reduction  o f  peak  lateral w h ee l rail 
forces from  an average o f  19 kips to  15 kips at 20  m ph. H ow ever, th e  reduction  in  
am plitude from  1.5 inches to  1.0 inches produced a dram atic reduction  in  p eak  lateral for­
ces. A t a sp eed  o f  30  m ph, the 1.5 inch am plitude perturbation produced  a force o f  about 
13 kips, w h ile  the 1.0 inch perturbation produced a peak force o f  about 4 kips. T h e sm all 
p eak  lateral forces m ay result from  the flange clearance b ein g  com parable to  th e  perturba­
tio n  am plitude, perm itting the axles to  pass through the segm en t w ithout fully responding  
to  th e  perturbation.

T h e 50  fo o t w avelength  alignm ent irregularity com bined w ith th e  34 fo o t truck center spac­
ing acts to  excite a com bined lateral, roll, and yaw m ode resp onse (F igure 3 .1 -8). A t the
3.5 inch peak  to  peak  am plitude, th e  locom otive peak lateral forces increase dram atically  
w ith sp eed  from  about 18 kips at 5  m ph to  30  kips at 28 m ph. T h e  lateral to  vertical w h ee l 
rail force  ratios o f  0.9 m easured  for the locom otive lead  axle w h eels  in  this segm ent caused  
th e  segm en t 2  speeds to  b e  lim ited  to  28 m ph in  the tests.

T h e reduction  in  am plitude from  3.5 inches to  1.75 inches appears to  have totally  
elim inated  the sp eed  d ep en d en ce o f  the peak  lateral forces. T h e  p eak  lateral forces for  
th e  1.75 inch peak  to  peak  am plitude are relatively constant at a  lev e l o f  about 18 kips over  
th e  sam e sp eed s for w hich the lateral forces w ere increasing w ith  sp eed  at the 3.5 inch  
am plitude. T h e reduction  in  am plitude to  1.25 inches produces only a sm all change in  the  
p eak  lateral forces (from  about 18 kips to  15 kips).
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T h e 75 foo t w avelength  alignm ent irregularity coupled  w ith th e  34 fo o t truck center spac­
ing  resu lts in  alm ost a pure locom otive  yaw m od e excitation  (F igure 3 .1-9). F or speeds up  
to  35 m ph, the peak  lateral forces for all o f  the 75 fo o t segm ents rem ained  relatively con­
stant w ith sp eed  at a  lev e l o f  above 20  kips for all three irregularity am plitudes (5 .0 ,4 .2 5  
and 3.25 inches peak  to  p eak). A t  speeds above 35 m ph, th e  p eak  forces increased dram ati­
cally to  a lev e l o f  above 40  kips at a  sp eed  o f  50  m ph. T h e  w h ee l lateral to  vertical force  
ratio at 50 m ph o f  0.9 appears to  b e  fo llow ing an increasing trend. T his behavior resu lted  
in  the m axim um  test sp eed  b e in g  lim ited  to  50  m ph for all o f  the alignm ent tests conducted.

T h e 90 foo t w avelength  coup led  w ith the 34  foo t truck cen ter spacing excites a  com bined  
lateral, roll, and yaw m od e  input (F igure 3.1-10). In  th ese  test  segm ents, the lateral force  
behavior is sim ilar to  that observed  in  the 75 foo t segm ents, w ith  th e  p eak  lateral forces  
being constant w ith sp eed  at a lev e l o f  about 18 kips for all three perturbation am plitudes 
(8 .0 ,6 .0  and 4.5 inch peak  to  p eak ) until a  sp eed  o f  about 35  m ph. T h e increase in  force is 
not as severe as the 75 fo o t segm ent and reaches a peak  value o f  30  kips at 50  m ph.

3 .2  LO AD ED H O P P E R  CAR

3.2.1  TRACK SE G M E N T S 22  TO 2.5

T h e m easured lead  axle w h ee l lateral forces for the load ed  hopper cars in  segm ents 2 .2  to
2.5 are show n in  F igure 3 .2-1 . T h e m easurem ents obtained  from  th e tw o instrum ented  
trucks indicate large d ifferences in  behavior o f  the tw o w h ee l profiles at the low er speeds. 
T h e p eak  forces m easured w ith  th e  H eum ann profile  w h ee ls  rem ain  relatively constant 
w ith speed , w h ile  those m easured  w ith the A A R  profile  w h ee ls  appear to  increase w ith  
speed . A lthough the track geom etry is sinusoidal and sym m etrical, there is a significant dif­
feren ce  in  force levels m easured  on  the left and right w h eels.

F or the H eum ann profile  w h eels, the forces rem ain relatively constant at a  lev e l o f  about 
16 kips w ith sp eed  for th e  90 fo o t w avelength alignm ent irregularity. T h e data obtained  in  
th e  39 foo t and 50  foo t variations show  a slight increase o f  force lev e l with speed . T he  
peak  force at 28  m ph was about 20  kips at th e  39  foo t w avelength  and about 22  kips for the  
50  foo t w avelength . A t th e  75 fo o t w avelength alignm ent variation, th e  force  on  the right 
lead  w h eel increases from  18 kip at 5 m ph to  about 24 kips at 28  m ph.

F or the A A R  profile  w h eels, th e  low est lateral w h ee l forces occur in  th e  3 9 ’ w avelength  
segm ent, w h ere the forces increase from  5 kips at 5  m ph to  14 kips at 28  m ph. This speed  
sensitivity for the A A R  profile  w h eels  is repeated  o n  all o f  th e  alignm ent w avelengths.
W ith increasing speeds, th e  forces m easured on  the A A R  profile  w h eels  increase to  ap­
proach the leve l o f  the force m easured  on  the H eum ann p rofile  w h eels  for the 39 fo o t and 
50  foo t wavelengths. A t  th e  75 and 90 foo t w avelengths, the forces m easured  on  the A A R  
profile  w h eels  exceed  th ose  m easured  for th e  H eum ann profile  w h eels  at the higher speeds.
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A s d iscussed  in  Section  4, the lateral forces recorded in  this se t o f  tests from  th e instru­
m en ted  w h eelsets w ith the A A R  profile  u sed  for the freight cars, are not consisten t w ith  
either analytical predictions or previous test results. It is suspected  that an  instrum entation  
error existed  in  all o f  the tests u sing the instrum ented A A R  profile  truck that corrupted  
the low  sp eed  m easurem ents. H ow ever, th e  source and nature o f  this error are n ot know n  
at this tim e.

T h e p eak  lateral to  vertical force ratios m easured  in  segm ents 22  to  2.5 are show n in  F ig­
ure 3.2-2. For the H eum ann profile  w h eels, th e  L /V  ratios rem ain essen tia lly  constant w ith  
sp eed  at a lev e l o f  about 0.5, except at th e  longer w avelengths, w here the L /V  ratios 
decrease slightly w ith speed. This behavior is consistent with that o f  the p eak  lateral forces  
m easured  for th e  H eum ann profile  w h eels.

T he L /V  ratios recorded for the A A R  profile  w h eels  are inconsistent w ith  th e  lateral forces  
presen ted  above in  that they w ou ld  im ply large w h ee l unloading at low  speed .

T h e L /V  ratios for the A A R  profile  w h eels fo llow  those o f  th e  H eu m ann  p rofile  w h eels for  
the 3 9 ’ w avelength starting at about 0.4 at 5 m ph, and increasing to  0.65 at 28  m ph. A t  the  
longer w avelengths (5 0 ,7 5  and 90 fee t), th e  L /V  ratios for th e  A A R  profile  w h eels  are 
higher than those for the H eu m ann  profile  w h eels, increasing w ith sp eed  from  0.55 at 5  
m ph to  0.7 at 28 m ph. This resu lt is surprising since the H eu m ann  profile  w h ee ls  report 
higher lateral forces than the A A R  profile  w h eels. It is b e lieved  that instrum entation er­
rors resu lted  in  the A A R  profile  w h ee ls  reporting both  low er lateral forces and m ore  
w h ee l unloading than actually occurred, especia lly  at low  sp eed  , J

3 2 2  TRACK SE G M EN TS 32  TO  3.5

T h e peak  lead  axle lateral forces m easured  in  segm ents 3 .2  to  3.5 are show n in  F igure 3.2-
3. A t the 75 foo t and 90 foo t w avelengths, both  w h eel profiles generate about the sam e  
force levels. A t the 75 foo t w avelength, the p eak  forces m easured for th e  H eu m an n  profile  
w h eels  increase from  about 16 kips at 20  m ph to  21 kips at 30  m ph. F or the 90 foo t  
w avelength , th e  peak  force for th e  H eu m ann  profile  w h eels was about 2 0  kips. A t  th e  50  
foo t w avelength , the peak  lateral forces m easured by the H eum ann profile  w h eels  are 
larger than th ose  obtained w ith the A A R  p rofile  w h eels, w ith both  sets o f  forces increasing  
w ith speed . F or the H eum ann profile  w h eels, the peak  forces increase from  about 16 kips 
to  about 20  kips.

For the 39 fo o t w avelength alignm ent variation, there is a dram atic d ifferen ce in  force  
levels for the two w h eel profiles, w ith the p eak  forces for the A A R  profile  at a lev e l o f  
about 4  kips, and th e  H eum ann profile  producing b etw een  12 and 17 kips. T h e  reduction  
in  am plitude o f  the 39 foo t wavelength perturbation from  2.25 inches to  1.5 inches peak  to  
peak  resu lted  in  a m uch larger reduction  in  force  for the A A R  profile  than for the  
H eu m ann  profile.
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T h e L /V  ratios for th e  load ed  hopp er cars at track segm ents 3 .2  to  3.5 are show n in  F igure
3.2-4. T h e L /V  ratios for th e  A A R  profile  w h eel at 39 ’ track w avelength  is about 0.12, 
w hich  is the low est L /V  ratios for th ese  segm ents. For track w avelengths above 3 9 ’, the  
L /V  ratios for both  w h ee l profiles are b etw een  0.3 and 0.55. T h ere  is a  v e iy  slight sen ­
sitivity o f  the L /V  ratios to  speed . R educing the track alignm ent am plitudes from  th ose  in  
segm en ts 2 .2  to  2.5 resu lted  in  low er L /V  ratios on  both  w h ee l p rofiles, w ith  the drop b ein g  
m uch greater for the A A R  p rofile  w h eels.

3 2 3  TRACK SE G M E N T S 42  TO 4.5

T h e p eak  lateral w h ee l forces m easured  for the loaded  hopper car in  segm ents 4 .2  to  4.5  
are show n in  Figure 3.2-5. T h e  e ffect o f  reducing the track alignm ent am plitudes is a 
low ering  o f  th e  lateral forces for both  w h eel profiles by about 3 to  6 kips. T h e lateral for­
ces for th e  A A R  profile  w h ee ls  at th e  39 ’ track w avelength rem ain  constant w ith sp eed  at a 
1 kip leve l, w hich is 2  kips low er than in  segm ent 3.2. T h e H eu m an n  profile  w h eels  peak  
lateral forces for the 39 fo o t w avelength  increase from  about 10 kips at a  sp eed  o f  25 m ph  
to  about 14 kips at 50  m ph. A t the 5 0 ,7 5 , and 90 foo t w avelengths, th e  lateral w h ee l forces  
increase by about 4  to  8 kips over a sp eed  range o f  25 to  5 0  m ph for b oth  w h ee l profiles. 
T h ere is a  large separation  in  force  leve ls  o f  about 7  kips b e tw een  th e  right and le ft  w h eels  
for b oth  w h ee l profiles at a ll but the 3 9 ’ track wavelength.

V ariations in  track w avelengths for the loaded  hopper car at track segm ents 4 .2  to  4.5 have  
so m e effec t on  the L /V  ratios o f  th e  A A R  profile w heels, but the L /V  ratios for the  
H eu m an n  profile  w h eels  are about the sam e at all w avelengths (F igure 3 .2 -6). T h e L /V  
ratios for the A A R  profile  w h eels  are only about 0.1 at a track w avelength  o f  3 9 ’, increas­
ing  to  about 0 .2  at the 5 0 ’ w avelength , and reach 0.5 at 75’ and 90 ’ w avelengths. F or the  
H eu m an n  profile  w h eels, L /V  ratios o f  0.5 w ere m easured at all th e  track w avelengths.
T h e  L /V  ratios for both  w h ee l profiles are not very sensitive to  sp eed . A  reduction  in  the  
track alignm ent am plitudes has th e  effect o f  low ering the L /V  ratios significantly for the  
A A R  p rofile  w h eels, but on ly  slightly for the H eum ann profile w h eels .

3 2 .4  SU M M A R Y  O F L O A D E D  H O P P E R  CAR TEST R E SU L T S

T h e largest p eak  force m easured  for th e  loaded  hopper car for this se t o f  tests w as about 24  
kips at a  sp eed  o f  28 m ph, in  the 5 .0  inch peak  to  peak, 75 foo t w avelength  alignm ent p er­
turbation. In  the low  sp eed  test segm ents, the instrum ented w h ee lse t for th e  A A R  profile  
appears to  b e  reporting b o th  lateral and vertical forces that are sm aller than those b elieved  
to  have existed. C om pared to  the locom otive w h eel force behavior, th e  load ed  hopper car 
w h ee l forces show ed relatively little  sensitivity to speed . T h e  strongest sp eed  sensitivities  
appeared  in  the 50  foo t and 75 fo o t w avelength segm ents in  th e  in term ed iate  sp eed  zone.

T h e  lateral w h ee l forces m easured  w ith the H eum ann profile w h eels  are larger than those  
obtain ed  from  th e A A R  p rofile  w h ee lset in  alm ost all o f  the tests. H ow ever, for th e  39 foo t  
w avelength , the d ifference is especia lly  dram atic. For the 1.0 inch p eak  to  peak, and
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1.5 inch peak  to  peak, 39 fo o t w avelength variations, the p eak  lateral forces m easured  on  
the A A R  profile  w h ee ls  are com parable to those that w ou ld  b e  exp ected  on  perfect tan­
gent track at low  sp eed . T h e  low er peak  lateral w h eel forces m ay resu lt from  a larger e ffec ­
tive flange clearance for th e  A A R  profile w h eelsets than for the H eum ann profile  
w h eelsets.

3 3  L O A D ED  TA NK  CAR

T h e p eak  lateral forces m easured  in  the tests o f  the loaded  tank car are show n in  F igures 3.3- 
1 to  3.3-3. W ithin  th e  experim ental error o f the tests, the results are essentia lly  the sam e as 
th ose  obtained fo r jh e  load ed  hopper car. T he largest peak  lateral forces m easured  for the  
loaded  tank carw asrabout 25  kips at a  speed  o f  20 m ph at the 3.5 inch p eak  to  peak, 50  foo t  
w avelength  segm ent, and at th e  5 .0  inch peak  to  peak, 75 foo t w avelength  segm ent. T h e peak  
forces for the tank car are generally  larger than those for the hopper car at the sam e sp eed  
and condition. S ince the axle load  on  the tank car is about 10%  larger than th e  hopper car, 
the lateral forces w ou ld  b e  exp ected  to  b e  about 10% higher.

F or the load ed  tank car, th e  data w as obtained over a sp eed  range o f  4  m ph to  34  m ph over  
the in term ed iate sp eed  segm en ts 3.2-3.5. For the 90 foo t w avelength , the data show s a gen tle  
increase in  p eak  force w ith  sp eed  from  about 15 kips to  about 18 kip>£or th e  H eu m ann  profile  
w h eels. F or the other w avelengths, the data is a little  m ore erratic. H ow ever, the trend is 
similar.

In  the higher sp eed  range test segm ents, the peak lateral forces are essentia lly  constant w ith  
sp eed  from  20  to  42  m ph at each  w avelength for the H eum ann profile  w h eels. T h e A A R  
profile  w h eels report essen tia lly  the sam e force levels for the 50  foot, 75 foot, and 90 foo t  
w avelength segm ents, w ith  th e  exception  o f  som e erratic behavior at speeds above 40  m ph.
A s in  th e  load ed  hopper car data, the A A R  profile w h eels experience m uch low er forces in  
the 39 foo t w avelength  segm en t than the H eum ann profile  w heels.

T h e I7 V  ratios for the th ree  sp eed  sections are show n in  F igures 3 .3-4  to 3.3-6

3 .4  L O A D ED  FLAT CAR

T h e peak  lateral forces m easured  for the loaded flatcars tested  are show n in  F igures 3.4-1 to
3.4-3. T h e force sp eed  characteristics are similar to  those o f  the loaded  tank car and loaded  
hopper car. T h e lateral force leve ls  m easured for the flatcar are about 30%  sm aller than  
th ose  for the loaded  hopp er car. T h e low er lateral force levels are accounted  for by the low er  
w eights o f  the loaded  flat cars (183 ,000  lb. and 159,000 lb. on  th e  rail).

W ith th e  excep tion  o f  th e  3 .5  inch peak  to  peak, 50  foo t w avelength  segm ent, th e  peak  lateral 
w h ee l forces for th e  H eu m an n  profile  w h eels are relatively insensitive to  sp eed . A t th e  3.5 inch  
p eak  to  peak, 50  fo o t w avelength , the peak  lateral force increases from  about 13 kips at

5 3



PE
AK

 L
AT

ER
AL

 F
O

R
CE

 (
ki

ps
) 

PE
AK

 L
AT

ER
AL

 F
O

R
CE

 (
ki

ps
)

------ +AAR Left .........A Neumann Left

F I G U R E  3.3-1 L O A D E D  T A N K  C A R  - P E A K  L A T E R A L  W H E E L  F O R C E S  A T  L O W  S P E E D  T E S T  S E C T I O N



P
E

A
K

 
L

A
T

E
R

A
L

 F
O

R
C

E
 (

k
ip

s)
 

P
E

A
K

 
L

A
T

E
R

A
L

 F
O

R
C

E
 (

k
ip

s)

SPEED (m ph)

■  AAR Right 

------  +AAR Left

4 8 12 16 20 24 28 32 36
SPEED (m ph)

SPEED (m ph)
Q Neumann Right

A Neumann Left

F I G U R E  3.3-2 L O A D E D  T A N K  C A R  - P E A K  L A T E R A L  W H E E L  F O R C E S  A T  I N T E R M E D I A T E  S P E E D  T E S T  S E C T I O N



PE
AK

 L
AT

ER
AL

 F
O

R
C

E 
(k

ip
s)

 
PE

AK
 L

AT
ER

AL
 F

O
R

C
E 

(k
ip

s)

■  AAR Right
SPEED (m ph)

Heumann Right

------  +AAR Left .........A  Heumann Left

F I G U R E  3.3-3 L O A D E D  T A N K  C A R  - P E A K  L A T E R A L  W H E E L  F O R C E S  A T  H I G H  S P E E D  T E S T  S E C T I O N



1.5 -t
t.4  - Section 2.2 39 Foot Wavelength 1.4 -
1.3 - 2.25" Peok to Peak 1.3 -
1.2 - 1.2 -
1.1 - 1.1 -

1 - 1 -
0.9 - 0.9 -
0.0 - >  0.8 -
0.7 - —1 0.7 -
0.6 - 0.6 -
0.5 - m- *  ■

0.5 -
0.4 • 0.4 -
0.3 - 0.3 -
0.2 - 0.2 -
0.1 -

Test Performed November 17. 1984 0.1 -

) 4 6 12 16 20 24 26
0 -J

G

Section 2.3 50 Foot Wavelength 
3.5" Peak to Peak

Test Performed November 17. 1984

SPEED (mph) SPEED (mph)

Ol■ol

1.5 i
1.4 - Section 2.4 75 Foot Wavelength 1.4 -
1.3 - 5.0" Peak to Peak 1.3 -1.2 - 1.2 -1.1 - 1.1 -

1 - 1 -
0.9 - 0.9 -0.0 -
0.7 - . ---- *----* -1 0.7 -0.6 - 0.6 •
0.5 - 0.5 -
0.4 - 0.4 -
0.3 - 0.3 -0.2 - 0.2 -0.1 -

Test Performed November 17. 1984 0.1 -

<> 4 6 12 16 20 24 26 0 -1
G

Section 2.5 90 Foot Wavelength 
8.0" Peak to Peak

Test Performed November 17, 1984“i------r-
24

SPEED (mph)
M R  Left -(-Heumann Left SPEED (mph)

F I G U R E  3.3-4 L O A D E D  T A N K  C A R  - P E A K  L A T E R A L  T O  V E R T I C A L  W H E E L  F O R C E  R A T I O S
A T  L O W  S P E E D  T E S T  S E C T I O N



1.5
1.4

1.3
1.2
1.1
1

0.9
0.B
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Section 3.2 39 Foot Wavelength 
1.5*' Peak to Peak

Test Performed November 17. 1984■t ~T" > i — i ■ i--1--1--1--1--1--1-r1— i--r-
10 14 16 22 26 30 34 38

SPEED (mph)

1.5
1.4 .
1.3 ■1.2-1.1 -1-
0.9 -

> 0.8_
\

0.7 -0.6 -
0.5 -
0.4 -
0.3 -0.2-0.1 -0

Section 3.4 75 Foot Wavelength 
4.25" Peok to Peak

- > — i----- 1-------r
14 18

Test Performed November 17, 1984— t— i-------------------------------------------------------22
SPEED (mph)

AAR Left

>

1.5
1.4
1.3
1.2
1.1
1

0.9
08
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Section 3.5 90 Foot Wavelength 
6.0" Peak to Peak

Test Performed November 17, 1984
“I------1------1------1------1------1------1-----r~— i------r "— i------1-------1------1------1—
10 14 18 22 26 30 34 38

-----|-Heumann Left SPEED (mph)

F I G U R E  3.3-5 L O A D E D  T A N K  C A R  - P E A K  L A T E R A L  T O  V E R T I C A L  W H E E L  F O R C E  R A T I O S
A T  I N T E R M E D I A T E  S P E E D  T E S T  S E C T I O N



1.5

1.4 -

1.3 -

1.2 -

1.1 -

0.9
>

0.8 -

0.7 -

0.6 -

0.5 -

0.4 -

0.3 -

0.2 -

0.1 -

0

Test Performed November 17, 1984 
Section 4.2 39 Foot Wavelength 
1.0" Peak to Peak

28 32 36

SPEED (mph)

01<0

SPEED (mph)
---■  M R  Left

>

1.5

1.4

1.3

1.2
1.11
0.9

0.8
0.7

0.6
0.5

0.4

0.3

0.2
0.10

-f-Heumann Left

Section 4.5 90 Foot Wavelength 
4.5" Peak to Peak

Test Performed November 17. 1984— i 1 1 1— i—m 1 1— i— i-r-
32

SPEED
36

(mph)

FIGURE 3.3-6 L O A D E D  T A N K  C A R  - P E A K  L A T E R A L  T O  V E R T I C A L  W H E E L  F O R C E  RA T I O S
A T  HI G H  S P E E D  T E S T  S E C T I O N



PE
AK

 L
AT
ER
AL
 F
OR

CE
 (
ki
ps
) 

PE
AK

 L
AT
ER
AL
 F
OR

CE
 (
ki
ps
)

■ AAR Right 

--  +AAR Left A  Neumann Left

FIGURE 3.4-1 L O A D E D  F L A T  C A R  - P E A K  L A T E R A L  W H E E L  F O R C E S  A T  L O W  S P E E D  T E S T  S E C T I O N



PE
AK

 L
AT
ER
AL
 F
OR

CE
 (
ki
ps
) 

PE
AK

 L
AT
ER
AL
 F
OR

CE
 (
ki
ps
)

30 

26 - 

26 - 

24 22 - 20 - 18 - 
16 

14 - 12 - 10 -

Section 3.2 39 Foot Wovelength 
1.5”  Peak to Peak

....  .. &. A......A-...  ...*..

SPEED (mph)

SPEED (mph) SPEED (mph)
---'■ AAR Right ... 0 Heumann Right

--- + AAR Left ... A  Heumann Left

FI G U R E  3.4-2 L O A D E D  F L A T  C A R  - P E A K  L A T E R A L  W H E E L  F O R C E S  A T  I N T E R M E D I A T E  S P E E D  T E S T  S E C T I O N



PE
AK

 L
AT
ER
AL
 F
OR

CE
 (
ki
ps
) 

PE
AK

 L
AT
ER
AL
 F
OR

CE
 (
ki
ps
)

--  + M R  Left ... AHeumann Left-

FIGURE 3.4-3 L O A D E D  FL A T  C A R  - P E A K  L A T E R A L  W H E E L  F O R C E S  A T  H I G H  S P E E D  T E S T  S E C T I O N



15 m ph, to  about 18 kips at 26  m ph. T h e speed  sensitivity at th e  50  foo t w avelength  disap­
pears w h en  the perturbation  am plitude is reduced to  1.75 inch p eak  to  peak. T h e  lateral to  
vertical w h ee l force  ratios as show n in  Figures 3.4-4 to  3.4-6 show  a sim ilar behavior w ith the
3.5 inch peak  to  peak, 50  foo t w avelength irregularity, producing an L /V  ratio o f  about 0.9 at 
26 m ph.

3.5 TH E E M PT Y  H O P P E R  CAR

3.5.1 TR ACK  SE G M E N T S 22  TO 2.5

In tests o f  th e  em pty hopper car consist travelling over track segm ents 2 .2  to  2.5, th e  rail 
surface was contam inated  w ith oil. This resulted in  m uch sm aller lateral forces and lateral 
to  vertical force ratios than anticipated for dry rail conditions. T h e lateral w h ee l forces are 
about the sam e for both  w h ee l profiles. T he force speed  characteristics are also sim ilar at 
each  alignm ent variation w avelength (Figure 3 .5-1). A t low  speeds o f  5 to  15 m ph, the  
lateral force leve ls  for both  w h eel profiles range from  1 to  3 kips in  each o f  th e  segm ents. 
A s sp eed  increased , the lateral w h eel forces in  the 3 9 ,7 5 , and 90 foo t w avelength segm ents  
increased to  6 kips at 30  m ph for both w h eel profiles. A t the 5 0 ’ w avelength segm ent, the  
lateral peak  w h ee l forces increased m ore rapidly to  m ore than 8 kips at 30  m ph.

T h e L /V  ratios m easured  for the two w h eel profiles o f  the em pty hopper car in  track seg ­
m ents 2 .2  to  2.5 are show n in  Figure 3.5-2. A t the 3 9 ’ and 50 ’ track w avelengths, both  
w h ee l profiles have L /V  ratios o f  0.25 to  0.35 at speeds b elow  20  m ph. A b ove  20  m ph, the  
H eum ann profile  L /V  ratios clim b steeply, until at 30  m ph, the L /V  ratios are 0.64 and 0.88 
at th e  39 ’ and 5 0 ’ track w avelengths respectively. For the 7 5 ’ and 90 ’ w avelength segm ents, 
the L /V  ratios o f  th e  A A R  profile  w heels w ere slightly higher than they w ere at the shorter  
w avelengths, w h ile  th e  L /V  ratios for the H eum ann profile w h eels w ere less sp eed  sen si­
tive, and slightly low er than they w ere at the shorter w avelength  segm ents.

3.52 TR ACK  SE G M EN TS 3.2 TO 3.5

For the rem aining tests, th e  runs w ere conducted under dry rail conditions. In  track seg ­
m ents 3 .2  to  3.5, th e  lateral w h eel forces w ere m easured at the two speeds o f  25 and 30  
m ph w ith several m easurem ents m ade at each sp eed  (Figure 3 .5-3). T h e low est lateral 
w h eel forces are from  1.5 to  3 kips in  the A A R  profile w h eels at the 39 ’ track w avelength . 
For the H eu m an n  profile  w h eels at the 39 ’ track w avelength, and for both  w h ee l profiles at 
w avelengths above 3 9 ’, the lateral w h eel forces are all in the range o f  3 to  6 kips.

T h e L /V  ratios for track segm ents 3.2 to  3.5 are show n in F igure 3.5-4.

3 .5 3  TR ACK  SE G M E N T S 42  TO 4.5

T h e test results for th e  em pty hopper car in the high speed  track segm ents 4 .2  to  4.5 indicate a 
greater variation in  lateral force response for the A A R  profile  w h eels  than for the H eu m ann  
profile  w h eels  (F igure 3 .5-5). A  distinct characteristic o f  the test results in  the 39 ’ w avelength
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segm ent is th e  low  lateral forces o f  1 to  2  kips for the A A R  profile  w h eels , w h ile  the forces for 
th e  H eu m ann  profile w h eels reach 3 to  6 kips. A t the 5 0 ’ w avelength  segm ent, the lateral 
w h ee l forces for both w h eel profiles iare about the sam e, ranging from  2  to  3 kips at 30  m ph, 
and increasing to  4 to  5 kips at 45 m ph. F or the 75 ’ and 90’ w avelength  segm ents, th e  lateral 
forces on  the H eum ann profile w h eels  w ere  at about the sam e lev e l as w as m easured  at the  
50 ’ w avelength . H ow ever, in  the 75 fo o t w avelength segm ent, the A A R  profile  w h eels  exhibit 
an unusual behavior; the right w h ee l forces increase steep ly  from  5 kips at 35 m ph to  8 kips or 
m ore at 45 m ph, w h ile the left w h ee l forces decrease slightly from  5 to  4  kips over the sam e  
sp eed  range.

T h e p eak  L /V  ratios for the tw o w h ee l profiles in  the 50  foot, 75 foot, and 90 foo t  
w avelength  segm ents are about the sam e and range from  0.3 to  0.6 (F igure 3 .5 -6). A t the  
3 9 ’ track w avelength, the peak  L /V  ratios for the A A R  profile  w h eels  rem ained constant 
w ith  sp eed  at a  leve l o f  about 0.2, w h ile  the peak  L /V  ratios for th e  H eu m ann  profile  
w h eels  increased from  0.45 at 30  m ph to  0.7 at 45 mph.

3.5 .4  SUM M ARY O F E M PT Y  H O P P E R  CAR TEST R E SU L T S

T h e p resen ce  o f  lubrication on  th e  track in  the low  sp eed  test segm ents had the effect o f  
reducing the gauge w idening forces on  the track and produced low er lateral forces and L /V  
ratios than anticipated. Surprisingly, the d ifference in  behavior o f  th e  H eu m ann  profile  
w h eels  and A A R  profile w h eels observed  in  the other tests at low  sp eed  w as not observed  
in  this test sequence. B oth  cars show ed  a strong sensitivity o f  peak  lateral forces to  speed  
in  the 3.5 inch p eak  to  peak, 50  fo o t w avelength segm ent. A  rapid increase in  peak  lateral 
force was observed in  both w h ee l profiles betw een  25 and 30  m ph. T h e A A R  profile  
w h eels  indicated a higher sp eed  sensitivity than the H eum ann profile  w h eels  in  the 75 foot  
and 90 fo o t w avelength segm ents.

W ith the exception  o f  the lubricated track results, the level o f  forces that w ere  m easured in  
th ese  tests are generally consistent w ith scaling the forces m easured  in  the loaded  tests by 
th e  ratio o f  the car w eights on  the rail (approxim ately 1/4).

3 .6  E M PT Y  TANK CAR

T h e p eak  lateral forces m easured in  the un loaded  tank car tests are show n in  F igures 3.6-1 to 
3.6-3. T h e  peak  force versus sp eed  characteristics for each o f  the segm ents are sim ilar to  
th ose  obtained  in  the loaded tank car tests. T h e m agnitude o f  the p eak  forces m easured are 
consistent w ith those that w ould  b e  estim ated  by scaling the lateral forces m easured  in  the  
loaded  car tests by the ratio o f  the w eight o f  the unloaded veh icle  to  that o f  the loaded  veh icle  
on  the rail.

T h e peak  lateral to  vertical force ratios m easured in  the tests are show n in  F igures 3.6-4 to 3.6-
6. T h e behavior w ith speed  is sim ilar to  that observed in  the loaded  tank car tests. H ow ever, 
the m agnitude o f  the L /V  ratios is slightly larger.
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3 .7  EM PTY  F IA T  CAR

T h e peak  lateral forces m easured in  the un loaded  flat car tests are show n in  F igures 3.7-1 to
3.7-3. T h e peak force versus sp eed  characteristics for each  o f  th e  segm ents are sim ilar to  
those obtained in  the loaded  flat car tests. For each  test segm ent, th e  peak  forces are relative­
ly constant w ith speed  for the H eu m an n  profile  w h eels. A s in  th e  load ed  car tests, the w h eel-  
sets for th e  A A R  profile  indicate a low er lev e l o f  forces at low  sp eed s. T h e  m agnitude o f  th e  
p eak  forces m easured are consistent w ith those that w ou ld  b e  estim ated  by scaling the lateral 
forces m easured in  the load ed  car tests by the ratio o f  the w eigh t o f  the un loaded  veh icle  to  
that o f  the loaded veh icle  on  the rail.

T h e p eak  lateral to  vertical force ratios m easured  in  the tests are show n in  F igures 3.7-4 to  3.7-
6. In each  o f  the test segm ents, and at all speeds, the L /V  ratios for the H eu m ann  profile  
w h eels  w ere significantly larger than those m easured for th e  A A R  profile  w h eels. For th e  39  
foo t w avelength segm ents, L /V  ratios in  excess o f  0.8 are m easured  for the H eum ann profile  
w h eels  at all speed  ranges. In  the 50  fo o t w avelength, low  sp eed  and in term ed iate speed  seg ­
m ents, L /V  ratios o f  0.9 are m easured  for the H eu m ann  profile . F or th e  75 fo o t w avelength, 
in  the low  speed  and interm ediate sp eed  segm ents, and in  th e  90  fo o t interm ediate sp eed  seg ­
m ent, th e  H eum ann profile  L /V  ratios are about 1.0. T h e L /V  ratios m easured  for the un­
load ed  flatcars w ere the largest observed  during the tests o f  a ll o f  th e  cars.

3 .8  SU M M A RY O F R E SU L T S

T h e data from  the A A R  profile  w h ee lset indicated forces at low  sp eed s that w ere m uch low er  
than those obtained from  the H eu m ann  profile  w h eels. A lthough  a review  o f  the w h eelset in ­
strum entation did n ot indicate any clear instrum entation errors, th e  authors b e liev e  the low  
sp eed  data for these w h eelsets to  b e  in  error since it is not consisten t w ith sim ulation studies  
and data obtained for the locom otive  and the tests conducted  in  B ennington , N ew  
H am pshire, as discussed in  S ection  6.

M A X IM U M  L A T E R A L  F O R C E S

T h e largest w h eel rail forces m easured  during the tests w ere  produced  by th e  locom otive  in  
segm ent 4.4 (75 foot w avelength, 3 .25 inch peak  to  peak) at a sp eed  o f  50  m ph w ith a peak  
m easured  lateral force o f  about 4 2  kips. For th e  freight cars, th e  largest lateral w h ee l rail load  
w as produced by the loaded  tank car w ith a peak  lateral force o f  about 24 kips as m easured in  
segm ent 2.3 (50 foo t w avelength , 3 .5  inch peak  to  peak) at a sp eed  o f  20  m ph.

M A X IM U M  L/V  R A TIO S

F or the locom otive, the m axim um  L /V  ratio m easured was 0.9 in  segm ent 4.4 at a sp eed  o f  50  
m ph. F or the freight cars tested , th e  largest L /V  ratio m easured  w as for the un loaded  tank  
car w ith the A A R  profile  w h eels. F or the unloaded tank car w ith  th e  A A R  profile  w h eels, an  
L /V  ratio o f  1.3 was m easured at 36  m ph in  segm ent 4.3 (50  ft w avelength , 1.25 inch peak  to  
peak).
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F or th e  freight cars in  th e  low er sp eed  segm ents, the largest L /V  ratios w ere  experienced  by  
th e  un loaded  flatcar w ith  H eu m an n  profile  w heels. For the 39  fo o t w avelength  segm ents, L /V  
ratios in  excess o f  0.8 are m easured  for the H e um ann profile  w h ee ls  at all sp eed  ranges. In  
th e  50  fo o t w avelength , at th e  low  sp eed  and interm ediate sp eed  segm ents, L /V  ratios o f  0.9  
are m easured  for th e  H eu m an n  profile . For the 75 foo t w avelength , in  th e  low  sp eed  and in­
term ed iate  sp eed  segm ents, and in  the 90 foo t interm ediate sp eed  segm ent, the H eu m ann  
p rofile  L /V  ratios w ere  about 1.0.

IN F L U E N C E  O F  W H E E L  P R O F IL E

W ith  th e  excep tion  o f  the 39 fo o t  w avelength  segm ents and the u n exp ected  results produced  
by th e  w h ee lset for th e  A A R  profile  at low  speed, the lateral forces m easured  by th e  H eu m an  
p ro file  w h eels  and by the A A R  profile  w h eels w ere generally o f  com parable m agnitudes. In  
th e  39  fo o t segm ents, th e  A A R  profile  w h eels (including the lo com otive) produced  m uch  
sm aller lateral forces than th e  H eu m ann  profile w heels. It is b e liev ed  that this resu lts from  a 
sm aller effective  flange clearance for the H eum ann profile w h eels  than for the A A R  profile  
w h eels.

T h e  behavior o f  the L /V  ratios generated  by the two w h eel profiles appears to  b e  strongly in ­
flu en ced  by th e  car w eight. F or th e  loaded  hopper car and th e  load ed  tank car, the L /V  ratios 
(w ith  th e  excep tion  o f  th e  in term ed iate  and high speed  39 fo o t segm ents) m easured for the  
A A R  profile  w h eels  w ere com parable or larger than those m easured  for th e  H eu m ann  profile  
w h eels . F or the load ed  flat car, th e  L /V  ratios for the A A R  profile  w h eels  w ere  com parable  
or larger than th ose  for th e  H eu m an n  profile  at the 75 and 90 fo o t w avelengths. H ow ever, at 
th e  39 fo o t and 50  fo o t w avelengths, the H eum ann profile w h eels  generated  larger L /V  ratios 
than th e  A A R  profile  w h eels  for th e  loaded  flatcar.

F or  th e  un loaded  flatcar, the L /V  ratios generated by the H eu m ann  p rofile  w h eels  are m uch  
larger than th ose  generated  by the A A R  profile w heels. T h e L /V  ratios generated  by the  
H eu m an n  profile  w h eels  o n  th e  un loaded  hopper cars also ten d  to  b e  larger or com parable to  
th ose  generated  by th e  A A R  profile  w h eels. For the em pty tank car, th e  L /V  ratios generated  
by th e  tw o w h ee l profiles are sim ilar and sm all, except for th e  behavior observed in  segm ent  
4.3 , a  50  fo o t w avelength  segm ent, at speeds o f  35 and 36 m ph, w h ere  th e  A A R  profile  w h eels  
gen erate  L /V  ratios o f  1.1 and 1.3, w h ile  the H eum ann profile  L /V  ratio rem ains at about 0.3.

IN F L U E N C E  O F  C A R  W E IG H T

T h e m agnitude o f  th e  peak  lateral forces m easured in  the tests ten d ed  to  b e  proportional to  
th e  w eight o f  th e  car on  the rail. Lightly loaded cars develop ed  significantly higher w h ee l L /V  
ratios than fully load ed  cars.

IN F L U E N C E  O F  W A V E L E N G T H  A N D  SP E E D

T h e p eak  lateral forces generated  by the locom otive w ere relatively insen sitive to sp eed , for  
sp eed s less  than 35 m ph, for th e  39  foot, 75 foot, and 90 foo t w avelengths. A t the 3.5 inch
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p eak  to  peak, 50  foo t w avelength , the locom otive forces increased  w ith sp eed  from  about 20  
kips at 4  m ph to  about 30 kips at 28  m ph. H ow ever, at the 1.75 inch peak  to  peak, 50  foo t  
w avelength , there was alm ost n o  sensitivity to  speed  up to  30  m ph, w ith  the peak  force rem ain­
ing uniform  at a leve l o f  about 19 kips. This result w ould  ind icate  that the shape o f  the peak  
force-sp eed  characteristic is d ep en d en t on  the am plitude o f  th e  perturbation.

A b ove  35 m ph, the peak  locom otive  w h ee l forces w ere relatively insen sitive to  sp eed  for  
w avelengths o f  39 and 50  feet. H ow ever, above 35 m ph, th e  w h ee l rail forces generated  by  
the locom otive in  the 75 foo t w avelength  segm ent increase very rapidly w ith  speed . F or the  
34  fo o t truck center spacing o f  th e  locom otive, the 75 foo t w avelength  produces a locom otive  
yaw  m ode input. T h e peak  locom otive  w h eel forces in  the 90 fo o t segm ent also increase with  
sp eed  above 35 m ph, but not as rapidly as in  the 75 foo t segm ent.

Ignoring the unexpected  behavior o f  the instrum ented A A R  profile  w h eels, the freight cars 
tested  did not show  as strong a sensitivity o f  peak  lateral w h ee l forces to  sp eed  variations as 
th e  locom otive. In the low  sp eed  test segm ents, independent o f  w avelength , th e  p eak  lateral 
w h ee l rail forces m easured for th e  H eum ann profile  w h eels  w ere  relatively independent o f  
sp eed  for speeds less than 25 m ph. In  the interm ediate sp eed  segm ents, th e  largest sp eed  sen ­
sitivities w ere observed at w avelengths o f  50  and 75 feet. T h e  am plitude o f  the perturbation  
had a significant effect on  th e  p eak  lateral force speed  characteristics at a g iven  w avelength.
In  m uch o f  the data, the d ifferen ces observed b etw een  the left and right w h ee l forces obscure  
th e  trends in  the data.
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4. C O M P A R I S O N S  W I T H  PREVIOUS DATA 
A N D  SIMULATION RESULTS

4.1 B E N N IN G T O N  TEST

T h e tests conducted  at B enn ington , N .H . (R eferen ce 3 ) includ ed  sinusoidally varying align­
m en t perturbations that are com parable to  those in  test segm ents 3 .2 ,3 .3 , and 3.4, and test  
segm ents 4 .2 ,4 .3 , and 4.4. A t Bennington, the track includ ed  perturbations o f  4 -1 /2  inch peak  
to  p eak  at a w avelength  o f  90 feet, 1-1/4 inch peak  to  p eak  at a  50  fo o t w avelength , and 1-1/3  
inch at a  39 fo o t w avelength . T h e instrum ented w h eelsets  for th e  A A R  profile  w h ee ls  in  the  
tests described  in  this report w ere  the sam e as those u sed  for th e  hopper car tested  at B en ­
nington.

T h e hopper car was a partially loaded  op en  top coal car. T h e hopp er car w eight on  th e  rail 
w as approxim ately 200  kips (about 15% lighter than th e  hopp er cars u sed  in  th e  tests at TT C ). 
T h e locom otive  used  in  the B ennington  tests was a G P-9 w ith 2  A S E A  instrum ented  w h eel-  
sets on  the trailing truck.

F igure 4-1  show s th e  p ea k  right w h eel lateral force m easured  on  th e  lead  axle o f  th e  trailing  
truck o f  th e  locom otive  in  th e  B ennington  tests for speeds ranging from  5 to  30  m ph. O ver  
com parable sp eed  ranges (18 to  30  m ph) the locom otive data obtain ed  at B en n in gton  is se en  
to  b e  consistent w ith  th e  results obtained in  the tests d iscussed  in  this report at TTC.

Figure 4-2  show s th e  p ea k  lateral w h eel forces m easured o n  th e  lead  axle o f  th e  lead  truck o f  
the hopper car for each  o f  the alignm ent perturbations for sp eed s o f  5  to  30  m ph. T h e  B e n ­
nington  test data show  p eak  lateral forces that are consistent w ith  th ose  m easured  for the  
H eu m ann  profile  in  th e  tests at TTC. T he forces m easured  for the A A R  profile  w h ee ls  in  the  
39 fo o t w avelength  segm ents 3 .2  and 4 .2  at TTC  are m uch sm aller than th ose  m easured  in  
B ennington . This m ay b e  the result o f  rem achining o f  th e  instrum ented  w h ee lse t w ith  the  
A A R  profiles prior to  th e  T T C  tests resulting in  a larger effective  flange clearance. A lth ou gh  
th e  peak  lateral w h ee l forces in  the B ennington  tests show  som e d ep en d en ce on  sp eed , they  
do not exhibit the strong sensitivity to  speed  b elow  20  m ph as se en  in  the data for th e  A A R  
profile  w h eelsets  in  th e  tests at TTC.
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4 2 SIMCAR C O M P U T E R  SIMULATION
Calculations of the peak lateral wheel rail forces were made using the SIMCAR computer 
program for a loaded 100 ton hopper car traversing the track alignment variations that were 
used in the tests conducted at TTC. These simulation results are compared to those obtained 
in the tests in Figures 4-3 to 4-11. The wheel profile used in the simulation is an A A R  1/20 
wheel. In those track segments where the test results indicate significant differences in be­
havior between the A A R  profile wheels and the Heumann profile wheels, the results from the 
computer simulation compares much more closely to the test results from the Heumann 
profile. Differences between simulation results and experimental data are within the range of 
experimental uncertainty.
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5. C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S

A  series of tests have been conducted for loaded and unloaded hopper cars, tank cars, and 
TOFC flat cars over a range of severe track alignment variations. This data base can be ap­
plied to partially test the validity of analytical models for predicting rail vehicle performance 
and wheel rail forces.

The range of speeds covered in these tests was limited by the capabilities of the GP-9 locomo­
tive used in the test consist. The locomotive generated wheel rail forces and L/V ratios under 
these test conditions that approached the safe limits'prescribed for the tests. Studies directed 
towards defining maximum loads on track structures should include consideration of locomo­
tive dynamic behavior as well as freight car behavior.

The interpretation of the data was confused by the low speed filters applied to the signals 
from the instrumented A A R  profile freight car wheelsets and sensitivites of the signals to the 
lateral position of the wheelsets. Future testing should include a more detailed calibration of 
the wheelsets and design to minimize the sensitivities to position of the wheel rail contact 
under large variation conditions.

The use of Heumann profiles on conventional truck designs did not result in a reduction of 
wheel rail forces in traversing large alignment irregularities. For unloaded cars, the 
Heumann profile wheels produced significantly larger L/V ratios than the A A R  profile 
wheels. More conclusive data is needed to establish the relative safety of different wheel 
profiles for conventional truck designs.

Changes in amplitude of sinusoidal alignment perturbations result in very significant changes 
in the peak force versus speed characteristic of rail cars. Extrapolations of test results must 
therefore be made with extreme caution. Tests and analyses to establish safe limits must be 
conducted at the extreme limits.

For the alignment variations tested, the ride vibration levels generated in the locomotive and 
instrumentation car were a much more severe limitation on maximum test speed than the 
likelihood of derailment due.to rail climb of the freight cars tested. In the specification of al­
lowable alignment deviations, it would be desirable to include control of ride vibration ex­
perienced by train operating personnel as a criterion.

The wheel rail forces generated by the freight cars were consistent with predictions made 
using the SIMCAR program. It is therefore concluded that SIMCAR is a reasonable valid 
tool for estimating wheel rail forces generated by alignment variations over speeds up to 50 
mph. Further testing will be required to establish a sufficient data base for analysis tools 
capable of predicting rail car response at higher speed.
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A P P E N D I X  A
T R A C K  G E O M E T R Y  M E A S U R E M E N T S

Two track geometry surveys were run in connection with this test; one prior to it, and one fol­
lowing it. The purpose of the initial survey, conducted in September 1984, was to verify that 
the perturbations had been installed per Resign, and to collect actual geometry data for use in 
evaluating the results of the test. The posttest track geometry survey was conducted in 
Januaiy 1985, to determine whether the geometry of the track changed during the test due to 
the high forces involved.

The T-6 track geometry measurement vehicle was used to make the geometry measurements. 
The track geometry parameters measured included gage, crosslevel, and alignment. In the 
remainder of this section, the initial geometry survey results are presented in tabular form 
and discussed with respect to accuracy for each of the parameters considered (gage, crosslevel 
and alignment). These results are then compared to those of the posttest geometry survey. 
Finally, remarks on geometry measurement accuracy and track movements are summarized.

A.1 PRETEST TRACK G E O M E T R Y  MEASUREMENTS
All test zones were designed with a nominal gage of 4’ 8-5/8". The actual installation is 
believed accurate to within 1/8". Table A-l shows the nominal and maximum measured gage 
values for each test zone.
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T A B L E  A-1. M E A S U R E D  G A G E

Test Segment installed Gage (inch) Measured Sage (inch)
Nominal Maximum

1.1 56.625 + .125 56.6 57.0
2.2 56.625 + .125 56.8 56.9
2.3 56.625 + .125 56.8 56.9
2.4 56.625 + .125 56.8 57.0
2.5 56.625 + .125 56.8 56.9
2.6 56.625 + .125 56.8 57.0
3.2 56.625 + .125 56.8 56.9
3.3 56.625 + .125 56.8 56.9
3.4 56.625 + .125 56.8 57.0
3.5 56.625 + .125 56.6 56.9
3.6 56.625 + .125 56.8 56.9
4.2 56.625 + .125 56.6 56.8
4.3 56.625 + .125 56.7 56.9
4.4 56.625 + .125 56.6 56.9
4.5 56.625 + .125 56.6 56.9

A.1.1. GAGE MEASUREMENTS
Gage measurement was accomplished on T-6 by servo-magnetic sensors which maintain a 
proximity to the gage side of each rail as the car moves along the track. Based upon the 
repeatability test results of 1977, the maximum variation in mean gage measurements is no 
more than 0.037 inches for speeds ranging from 15 to 55 mph.

Table A-1 shows that the nominal gage varies from that installed by no more than .05 in­
ches for all test segments. At those locations where the measured gage varies from the in­
stalled gage, it is higher. This suggests that gage spreading occurred under the weight of 
the measurement vehicle when it negotiated the severe perturbations. Thus, considering 
the accuracy of the measurements, gage spreading was in the range of 0.13 to 0.263 inches.

A1.2 CROSSLEVEL
Crosslevel perturbations were installed in 3 of the 15 test segments, but crosslevel varia­
tions as measured by T-6 were indicated for 9 of the segments, as shown in Table A-2. For 
the three segments which actually contained crosslevel (segments 1.1,2.6 and 3.6), the cor­
responding T-6 measurements were in agreement. However, the measurements shown for 
segments 2.4,2.5,3.4,4.4 and 4.5 are in error as much as 1.2 inches.
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T A B L E  A-2. M E A S U R E D  C R O S S L E V E L

Segment Speed (mph) Measured 
Amplitude (inch)

Designed
Amplitude

(inch)

Amplitude Of 
Alignment 

Perturbation (inch)
1.1 20 6.0 6.0 0.00
2.2 25 Negligible 0.0 2.25
2.3 25 Negligible 0.0 3.50
2.4 25 1.0 0.0 5.00
2.5 25 1.2 0.0 8.00
2.6 25 1.2 2.0 3.50
3.2 30 Negligible 0.0 1.50
3.3 30 Negligible 0.0 1.75
3.4 30 0.6 0.0 4.25
3.5 30 0.8 0.0 6.00
3.6 30 1.0 1.0 1.75
4.2 40 Negligible 0.0 1.00
4.3 40 Negligible 0.0 1.25
4.4 40 0.6 0.0 3.25
4.5 40 0.9 0.0 4.50

Abnormally large alignment perturbations are suspected as the cause of the erroneous 
crosslevel measurements of the six segments (2.4,2.5,3.4,4.4 and 4.5). This is because T-6 
was designed to handle situations within the F R A  track classes (typical American railroad 
track). In comparing the alignment amplitudes of Table 2-1 with the F R A  Standards, it 
can be seen that the alignment perturbations in this test are of magnitudes which are up to 
four times that of typical for the various track classes (e.g, for Track Class 4, alignment 
standard is 1.5 inches).

In particular, the following factors influenced crosslevel measurement for the six erroneous 
segments.

1) ^TTie crosslevel measurement subsystem of T-6 consists of a vertical reference sensor 
and toŵ Jisplacement transducers. The displacement transducers measure the angular dis­
placement between the carbody and truck. These are also used in the alignment system. 
Crosstalk between the alignment and crosslevel systems is apparent because the two are re­
lated such that alignment feeds crosslevel via the displacement transducers. A  yaw rate 
gyro, two velocity transducers, and a tachometer are used to compensate the contribution 
to crosslevel of lateral accelerations caused by alignment. First-order cross-sensitivities be­
tween these are filtered out, leaving a small component of crosslevel which results from 
carbody roll in large amplitude alignment perturbations.

i
7

2) A  real component of crosslevel is introduced by the wheel conicity and lateral variance 
of wheel contact point. Assuming a 1.5 inch lateral excursion and a 1:20 wheel profile, this 
yields a possible contribution to crosslevel from wheel conicity effects of 0.15 inch.
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3) If flange climbing occurs, this contribution increases, which may have been the case in 
some of the runs (depending on speed and alignment amplitudes and wavelengths).

Thus, the values shown in Table A-2 indicate that the crosslevel measurements are very ac­
curate when measuring only crosslevel perturbations. They also show that the magnitude 
of erroneous measurements shown for unperturbed segments is related to lateral force. As 
lateral forces at the wheel/rail interfaces increase, larger values for crosslevel are indicated. 
The lateral force generated is a function of alignment wavelength and amplitude and the 
speed at which the alignment is traversed. In these six cases of error, three similar trends 
can be seen where the error increases for two consecutive segments of identical speed and 
increasing amplitude.

A.13 ALIGNMENT
Alignment perturbations were installed in 14 of the 15 test zones, with the designed peak 
to peak amplitudes ranging from 1 to 8 inches. Installation was believed to be accurate 
within plus or minus 1/8" for each rail.

Of the measurements made by T-6, alignment was expected to be the least accurate for this 
application. One reason is that the system uses an inertial reference which is not suitable 
for measuring at low speeds. In the T-6 acceptance tests, alignment was not recorded 
below 30 miles per hour. The mean variance of alignment measurements approaches 0.1 
inch at 45 mph. In the VTI test, the severe perturbations required that speeds be below or 
near the 30 mph threshold. T-6 is actually capable of measuring alignment at speeds as low 
as 25 miles per hour, with a variance in mean of 0.018 inches, provided that the alignment 
deviations are within the bounds of what is classified as typical for the various track classes.
As pointed out in Section 6.1.2, the perturbations used in this test were as large as four 
times that of typical track.

In addition to the error sources described above, the reported alignment measurements 
are affected by the filtering in off-line data processing. T-6 was designed to measure the 
geometry of typical track in terms of 62-foot mid-chord offsets, which is a standard method 
in the industry. Therefore, the filter comer is set such that wavelengths longer than ap­
proximately 80 feet are excluded. For this reason, the amplitudes reported for alignment 
wavelengths of 75 and 90 feet are particularly suspect.

In general, the data presented in Table A-3 support the preceding discussion. In summary, 
the alignment measurements may be confounded for the following reasons:

1) Low speed (below 30 mph)

2) Amplitude of perturbations which are larger than F R A  Standards for each track class

3) Long wavelengths (particularly those longer than filter length)

A  - 4



Based on the verification of other parameters and transit survey measurements taken prior 
to the test, it is believed that the alignment perturbations were installed within acceptable 
tolerances.

TABLE A-3. M E A S U R E D  A U G N M E N T

Test
Segment

Speed
(mph)

Measured
Amplitude

(inch)

Verification 
By Transit 
(inch)

Design
Amplitude

(inch)

Change In 
Amplitude 

(inch)

Wave-
Length
(foot)

1.1 10,20 10.8,3.7 0.00 0.00
2.2 25 2.0 2.25 •0.25 39
2.3 25 3.4 3.50 -0.10 50
2.4 25 6.0 5.00 + 1.00 75
2.5 25 10.4 8.0 8.00 +2.40 90
2.6 25 3.5 3.50 0.00 50
3.2 30 1.1 1.50 -0.40 39
3.3 30 . 2.0 1.75 +0.25 50
3.4 30 4.6 4.25 +0.35 75
3.5 30 8.0 6.0 6.00 + 2.00 90
3.6 30 2.0 1.75 +0.25 50
4.2 40 0.8 1.00 •0.20 39
4.3 40 1.6 1.25 +0.35 50
4.4 40 3.6 3.25 +0.35 75
4.5 40 5.2 4.5 4.50 +0.70 90

A 2  POST TEST TRACK G E O M E T R Y  M E A S U REMENT

A2.1 GAGE
Results of the posttest geometry survey are compared to those of the initial survey for gage 
in Table A-4. It is seen from the table that there was no significant change in gage 
throughout the test program. This also indicates that the gage measurements are 
repeatable, which further supports that the measurements are independent of speed, 
amplitude, and wavelength in this application.
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T A B L E  A-4. C O M P A R I S O N  O F  G A U G E  B E F O R E  A N D  A F T E R  T E S T S

Test Segment . Nominal Gage (inch) Change In Gage (inch)
Pretest Post Test

1.1 56.6 56.7 0.1
2.2 56.8 56.8 0.0
2.3 56.8 56.8 0.0
2.4 56.8 56.8 0.0
2.5 56.8 56.8 0.0
2.6 56.8 56.8 0.0
3.2 56.8 56.7 •0.1
3.3 56.8 56.7 •0.1
3.4 56.8 56.8 0.0
3.5 56.8 56.7 •0.1
3.6 56.8 56.8 0.0
4.2 56.6 56.7 -0.1
4.3 56.7 56.7 0.0
4.4 56.6 56.7 0.1
4.5 56.6 56.7 0.1

A l l  CROSSLEVEL
Table A-5 presents the crosslevel data for the two track geometry surveys. Changes in 
track crosslevel are indicated for only two test segments (segments 2.5 and 3.4). These 
measurements are small, and they are considered insignificant. A  change in crosslevel of 
this magnitude is expected due to ballast/subgrade settlement after a number of test runs. 
Thus, the track geometry may be considered as remaining stable throughout the test.

TABLE A-5. PRETEST A N D  POSTTEST C R O S S L E V E L

Test Segment Crosslevel (inch) Crosslevel (inch)
Pretest Post Test

1.1 6.0 6.0 0.0
2.2 Neg Neg 0.0
2.3 Neg Neg 0.0
2.4 1.0 1.0 0.0
2.5 1.2 1.3 0.1
2.6 2.0 2.0 0.0
3.2 Neg Neg 0.0
3.3 Neg Neg 0.0
3.4 0.7 0.9 0.2
3.5 0.8 0.8 0.0
3.6 1.0 1.0 0.0
4.2 Neg Neg 0.0
4.3 Neg Neg 0.0
4.4 .6 .6 0.0
4.5 .9 .9 0.0
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A33. ALIGNMENT
Posttest and initial alignment measurements are reported in Table A-6. For the track con­
ditions under which the surveys were performed, and with respect to measurement system 
capability, an accuracy of + 0.25 inch is considered appropriate. This also considers the 
decreased accuracy of the alignment system at low speeds, and that the survey runs were 
performed at various speeds. With this criteria, significant track movement is indicated for 
only one of the test segments (segment 2.5). It is believed that segment 2.5 shows sig­
nificantly larger movement than the others segment because the amplitude of the align­
ments in segment 2.5 was much larger than the other segments (8 inches for segment 2.5 as 
opposed to 1 to 6 inches for the other segments as shown in Table A-3). However, con­
sidering test conditions and the system capability, all test segments remained in relatively 
stable condition.

TABLE A-6. PRETEST A N D  POSTTEST A L I G N M E N T

Test
Segment

Pretest Post Test Change In 
Alignment 

(inch)Alignment
Amplitude
(inch)

Measurement
Speed
(mph)

Alignment
Amplitude

(inch)

Measurement
Speed
(mph)

1.1 3.7 20 4.00 20 +0.3
2.2 2.0 25 2.00 25 , 0.0
2.3 3.4 25 3.20 25 -0.2
2.4 6.0 25 5.70 25 -0.3
2.5 10.4 25 11.20 25 +0.8
2.6 3.5 25 3.20 25 -0.3
3.2 1.1 30 1.10 25 0.0
3.3 2.0 30 1.75 25 -0.25
3.4 4.6 30 4.80 25 +0.2
3.5 8.0 30 8.10 25 +0.1
3.6 2.0 30 2.00 25 0.0
4.2 0.8 40 0.80 25 0.0
4.3 1.3 .40 1.30 25 0.0
4.4 3.6 40 3.60 25 0.0
4.5 5.2 40 5.60 25 +0.4

A 3  S U M M A R Y
In summarizing the major observations of this section, the following remarks are presented:

1) Track geometry remained stable throughout the test, with the exception of one alignment 
segment. It is likely, as pointed out by the data, that some track movement occurred where 
high lateral forces were induced. The lateral forces are dependent upon alignment 
wavelength and amplitude, and vehicle speed.
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2) The track geometry measurements are, in general, admissible for this test. The inconsisten­
cies noted above are presumed to be due to the conditions which were explained. Although 
the measurement vehicle was operated in some cases beyond its intended capability, it is felt 
that it demonstrated good reliability in measuring this geometry.

3) Temperature effects were a minimal factor in the comparison of the two geometry surveys 
of September 1984 and January 1985. The colder temperature during January survey would 
probably cause decreases in the amplitude of perturbations due to contraction of the rail.
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