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1 . 0 I N T R O D U C T I O N

U n d e s i r a b l e  e m e r g e n c y  b r a k e  a p p l i c a t i o n s  ( U D E ' s )  h a v e  b e e n  

a  c o n t i n u i n g  p r o b l e m  t o  t h e  r a i l r o a d  i n d u s t r y  a l m o s t  s i n c e  t h e  

i n c e p t i o n  o f  t h e  A B  t y p e  c o n t r o l  v a l v e .  A  U D E  i s  d e f i n e d  a s  a n  

u n d e s i r e d  e m e r g e n c y  b r a k e  a p p l i c a t i o n  u s u a l l y  b u t  n o t  a l w a y s  

o c c u r r i n g  d u r i n g  a  s e r v i c e  b r a k e  a p p l i c a t i o n .  F o r  t h e  p u r p o s e s  

o f  t h i s  s t u d y ,  a  U D E  i s  n o t  d e f i n e d  a s  a n  e m e r g e n c y  a p p l i c a t i o n  

r e s u l t i n g  f r o m  a  h o s e  s e p a r a t i o n  o r  a n y  o t h e r  k n o w n  c a u s e .  T h e s e  

c a n  b e  c l a s s i f i e d  a s  d e s i r e d  e m e r g e n c y  a p p l i c a t i o n s  r e s u l t i n g  

f r o m  u n d e s i r e d  h o s e  s e p a r a t i o n s .  T h e  U D E  p r o b l e m  h a s  b e e n  

i n v e s t i g a t e d  o f f  a n d  o n  b y  v a r i o u s  p e o p l e  s i n c e  t h e  l a t e  1 9 3 0 ' s  

w i t h  l i t t l e  s u c c e s s .  T h e  d e v e l o p m e n t  o f  t h e  A B D  t y p e  c o n t r o l  

v a l v e  d i d  r e d u c e  t h e  U D E s  a s s o c i a t e d  w i t h  t h e  h o r i z o n t a l  

e m e r g e n c y  p i s t o n  o r i e n t a t i o n  i n  t h e  A B  v a l v e .  H o w e v e r ,  U D E s  

c o n t i n u e  t o  b e  a  p r o b l e m ,  a n d  i n  t h e  l a s t  t e n  t o  f i f t e e n  y e a r s  

h a v e  s e e m e d  t o  b e  o n  t h e  i n c r e a s e .  T h i s  r e p o r t  w i l l  c o v e r  t h e  

e n t i r e  U D E  s t u d y  u p  t o  t h e  c o n c l u s i o n  o f  t h e  F R A  f u n d e d  T T C  U D E  

T e s t .
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2 . 0  T H E O R Y

2 . 1  U D E  C h a r a c t e r i s t i c s

S o m e  i n i t i a l  t h e o r i e s  a n d  c h a r a c t e r i s t i c s  h a v e  b e e n  d e v e l o p e d  

b y  m e m b e r s  o f  t h e  r a i l r o a d  i n d u s t r y  a n d  a i r  b r a k e  m a n u f a c t u r e r s  a s  

t o  t h e  c a u s e  o f  U D E s .  S o m e  o f  t h e s e  a r e :

1 .  U D E s  t y p i c a l l y  o c c u r  a t  t h e  b e g i n n i n g  o f  o r .  a t  t h e  e n d  o f  

a  m i n i m u m  s e r v i c e  a p p l i c a t i o n .

2 .  U D E s  t e n d  t o  o c c u r  w h e n  t h e  b r a k e s  h a v e  n o t  b e e n  a p p l i e d  

f o r  l o n g  p e r i o d s  o f  t i m e .  T h e  w i d e s p r e a d  u s e  o f  t h e  d y n a m i c  b r a k e  

a s  a  s e r v i c e  b r a k e  h a s  r e s u l t e d  i n  m u c h  l o n g e r  p e r i o d s  o f  t i m e  

b e t w e e n  b r a k e  a p p l i c a t i o n s .

3 .  L o n g  c a r s  a r e  m o r e  l i k e l y  t o  h a v e  U D E s .

4 .  M o i s t u r e  i n  t h e  b r a k e  p i p e  a c t i n g  w i t h  t h e  o u t s i d e  

e n v i r o n m e n t  c a u s e s  U D E s .

5 .  V i b r a t i o n  c a u s e s  t h e  e m e r g e n c y  s l i d e  v a l v e  t o  " s e t t l e "  

m o r e  t i g h t l y  t h a n  n o r m a l  o n t o  i t s  s e a t .  T h i s  r a i s e s  t h e  s t a t i c  

c o e f f i c i e n t  o f  f r i c t i o n  b e t w e e n  t h e  v a l v e  a n d  i t s  s e a t .  W h e n  t h e  

b r a k e  i s  a p p l i e d ,  t h e  f o r c e  n e c e s s a r y  t o  o v e r c o m e  t h i s  h i g h e r  

s t a t i c  f r i c t i o n  f o r c e s  t h e  e m e r g e n c y  p i s t o n  t o  " o v e r s h o o t "  t h e  

s e r v i c e  p o s i t i o n  a n d  g o  t o  t h e  e m e r g e n c y  p o s i t i o n .  T h i s  i s  k n o w n  

a s  t h e  " s t i c t i o n "  t h e o r y .

6 . L o c a l i z e d ,  i n t e r m i t t e n t  b r a k e  p i p e  l e a k a g e  m a y  c a u s e  a  

U D E .  T h i s  c o u l d  b e  d u e  t o  t r a c t i v e  o r  b r a k i n g  f o r c e s ,  s l a c k  

a c t i o n ,  o r  c u r v e  n e g o t i a t i o n  o p e n i n g  a  t e m p o r a r y  l e a k  i n  t h e  b r a k e  

p i p e  d u r i n g  a  s e r v i c e  a p p l i c a t i o n .

2 . 2  E m e r g e n c y  P o r t i o n  O p e r a t i o n

B e f o r e  d e l v i n g  i n t o  t h e  U D E  p r o b l e m  i n  d e t a i l ,  i t  i s  d e s i r a b l e
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t o  h a v e  a  b a s i c  u n d e r s t a n d i n g  o f  t h e  o p e r a t i o n  o f  t h e  e m e r g e n c y  

p o r t i o n  o f  a  c o n t r o l  v a l v e .  E x h i b i t  2 . 1  i s  a  r e p r e s e n t a t i o n  ( k n o w n  

i n  t h e  a i r  b r a k e  i n d u s t r y  a s  a  d i a g r a m a t i c )  o f  t h e  e m e r g e n c y  

p o r t i o n  o f  a n  A B D  c o n t r o l  v a l v e  i n  r e l e a s e  a n d  r e c h a r g e  p o s i t i o n .  

O n l y  t h o s e  c o m p o n e n t s  w h i c h  h a v e  a  d i r e c t  b e a r i n g  o n  e m e r g e n c y  

a p p l i c a t i o n s  a r e  i n c l u d e d .  T h e s e  a r e  t h e  d i a p h r a g m  c o n t r o l l e d  

e m e r g e n c y  p i s t o n ,  t h e  e m e r g e n c y  s l i d e  v a l v e ,  t h e  q u i c k  a c t i o n  

c h a m b e r  ( Q A C )  c h a r g i n g  c h o k e ,  t h e  Q A C  b r e a t h e r  c h o k e  a n d  t h e  s p i l l ­

o v e r  c h e c k  v a l v e .  W h e n  c h a r g i n g ,  t h e  b r a k e  p i p e  a i r  i s  f e d  f r o m  

t h e  p i p e  b r a c k e t  f i l t e r  t o  t h e  t o p  o f  t h e  e m e r g e n c y  p i s t o n .  I t  

a l s o  f e e d s  s l o w l y  t h r o u g h  t h e  s m a l l  Q A C  c h a r g i n g  c h o k e  ( 0 . 0 2 0  i n c h  

d i a m e t e r )  t o  f i l l  t h e  a r e a  b e n e a t h  t h e  e m e r g e n c y  p i s t o n ,  t h e  b o t t o m  

o f  t h e  s p i l l - o v e r  c h e c k  v a l v e  a n d  t h e  1 6 2  c u b i c  i n c h  q u i c k  a c t i o n  

c h a m b e r  l o c a t e d  i n  t h e  p i p e  b r a c k e t .  T h e  a i r  p r e s s u r e  i n  t h e  q u i c k  

a c t i o n  c h a m b e r  i s  a l s o  t h e  p r i m a r y  f o r c e  a c t i n g  t o  s e a t  t h e  

e m e r g e n c y  s l i d e  v a l v e .  E m e r g e n c y  r e s e r v o i r  p r e s s u r e  i s  f e d  t o  t h e  

t o p  o f  t h e  s p i l l - o v e r  c h e c k  v a l v e .  W h e n  t h e  v a l v e  i s  f u l l y  c h a r g e d  

i n  t h e  r e l e a s e  p o s i t i o n  a l l  p r e s s u r e s  a r e  e q u a l  t o  b r a k e  p i p e  

p r e s s u r e .  ,
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E M E R G E N C Y  P I S T O N

EMERGENCY
SLIDE

VALVE

S P I L L - O V E R  C H E C K  V A L V E

TOP OF EMERG. ACCEL RELEASE VALVE

EMERG. RESERVOIR 

QUICK ACTION CHAMBER

QAC CHARGING 
CHOKE

QAC BREATHER 
CHOKE

BRAKE PIPE

SERVICE BLOWDOWN 
TO ATMOSPHERE

HIGH PRES. SPOOL VALVE

TO VENT VALVE PISTON
R E L E A S E  P O S IT IO N

E x h i b i t  2 . 1

2 . 2 . 1  S e r v i c e  P o s i t i o n

W h e n  a  s e r v i c e  b r a k e  a p p l i c a t i o n  i s  m a d e ,  t h e  b r a k e  p i p e  

a i r  p r e s s u r e  i s  r e d u c e d  a t  a  s e r v i c e  r a t e  w h i c h  r a r e l y  e x c e e d s  9  

p s i / s e c o n d  d u r i n g  q u i c k  s e r v i c e ,  a n d  i s  n o r m a l l y  u n d e r  5  

p s i / s e c o n d .  A s  t h e  b r a k e  p i p e  p r e s s u r e  i s  r e d u c e d ,  t h e  Q A C  a i r  

p r e s s u r e  r e m a i n s  e s s e n t i a l l y  a t  t h e  i n i t i a l  b r a k e  p i p e  p r e s s u r e  

b e c a u s e  t h e  Q A C  a i r  i s  b o t t l e d  u p  b e h i n d  t h e  v e r y  s m a l l  Q A C  

c h a r g i n g  c h o k e .  T h i s  c r e a t e s  a  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  

e m e r g e n c y  p i s t o n  d i a p h r a g m ,  w h i c h  c a u s e s  t h e  p i s t o n  t o  m o v e  

u p w a r d s  i n t o  s e r v i c e  p o s i t i o n  ( E x h i b i t  2 . 2 ) .
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E x h i b i t  2 . 2

T h e  e m e r g e n c y  s l i d e  v a l v e  m o v e s  w i t h  t h e  e m e r g e n c y  p i s t o n  a n d  

o p e n s  t h e  s e r v i c e  p o r t  w h i c h  b l e e d s  Q A C  a i r  t o  a t m o s p h e r e  a t  a  

s e r v i c e  r a t e  t h r o u g h  t h e  0 . 0 8 1  i n c h  d i a m e t e r  Q A C  b r e a t h e r  c h o k e .  

T h e  e m e r g e n c y  p i s t o n  w i l l  c o n t i n u e  t o  f l o a t  i n  t h e  s e r v i c e  r e g i o n  

a s  l o n g  a s  t h e  b r a k e  p i p e  r e d u c t i o n  c o n t i n u e s  a t  a  s e r v i c e  r a t e .  

W h e n  t h e  b r a k e  p i p e  r e d u c t i o n  s t o p s ,  t h e  Q A C  w i l l  c o n t i n u e  t o  b l e e d  

t o  a t m o s p h e r e  u n t i l  i t s  p r e s s u r e  i s  b e l o w  b r a k e  p i p e  p r e s s u r e .  

T h i s  c r e a t e s  a  p r e s s u r e  d i f f e r e n t i a l  f o r c i n g  t h e  p i s t o n  d o w n w a r d s  

t o  r e l e a s e  p o s i t i o n ,  w h e r e  i t  r e m a i n s  u n t i l  t h e  n e x t  s e r v i c e  

r e d u c t i o n .
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2 . 2 . 2  E m e r g e n c y  P o s i t i o n

I f  t h e  b r a k e  p i p e  p r e s s u r e  r e d u c t i o n  i s  a t  a  h i g h e r  t h a n  

s e r v i c e  r a t e ,  t h e  Q A C  b r e a t h e r  c h o k e  i s  n o  l o n g e r  a b l e  t o  e x h a u s t  

Q A C  a i r  f a s t  e n o u g h  t o  p r e v e n t  a  b u i l d - u p  o f  a  p r e s s u r e  

d i f f e r e n t i a l  a c r o s s  t h e  e m e r g e n c y  p i s t o n .  W h e n  t h i s  o c c u r s ,  t h e  

p i s t o n  c o n t i n u e s  t o  m o v e  u p w a r d s  t o  e m e r g e n c y  p o s i t i o r i  ( E x h i b i t  

2 . 3 ) .  W h e n  t h e  s l i d e  v a l v e  r e a c h e s  e m e r g e n c y  p o s i t i o n ,  t h e  

s e r v i c e  p o r t  i s  c l o s e d  o f f  a n d  t h e  e m e r g e n c y  p o r t  i s  o p e n e d .

T h i s  a l l o w s  t h e  Q A C  a i r  p r e s s u r e  t o  r e a c h  a  p i s t o n  w h i c h  o p e n s  

t h e  b r a k e  p i p e  v e n t  v a l v e .  W h e n  t h e  p r e s s u r e  o n  t h e  v e n t  v a l v e  

p i s t o n  r e a c h e s  a b o u t  3 2  t o  3 6  p s i ,  t h e  p i s t o n  r a p i d l y  o p e n s  t h e  

v e n t  v a l v e ,  w h i c h  r a p i d l y  e x h a u s t s  t h e  r e m a i n i n g  b r a k e  p i p e  a i r  

t o  a t m o s p h e r e .  T h e  e m e r g e n c y  s l i d e  v a l v e  a l s o  a l l o w s  t h e  Q A C  a i r  

p r e s s u r e  t o  r e a c h  t h e  b o t t o m  o f  t h e  h i g h  p r e s s u r e  s p o o l  v a l v e ,  

m o v i n g  i t  u p w a r d s  t o  e m e r g e n c y  p o s i t i o n  a n d  m a k i n g  t h e  p o r t  

c o n n e c t i o n s  b e t w e e n  t h e  e m e r g e n c y  r e s e r v o i r  a n d  t h e  b r a k e  

c y l i n d e r .
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P I S T O N  J N  C O N T A C T  W I T H  T O P  C O V E R  -

TOP OF EMERG. ACCEL. RELEASE VALVE

EMERG. RESERVOIR 

—  QUICK ACTION CHAMBER

BRAKE PIPE = 0 psi

TO ATMOSPHERE

HIGH PRES. SPOOL VALVE 
AND SLOW BLOWDOWN 

TO ATMOSPHERE

TO VENT VALVE PISTON
E M E R G E N C Y  P O SIT IO N

SMALL ARROWS INDICATE AIR FLOW DIRECTION

E x h i b i t  2 . 3

T h e  h i g h  p r e s s u r e  s p o o l  v a l v e  i s  n o t  r e p r e s e n t e d  i n  t h e  

d i a g r a m a t i c s  s i n c e  i t  h a s  n o  s i g n i f i c a n t  e f f e c t  o n  t h e  o p e r a t i o n  

o f  t h e  e m e r g e n c y  v e n t  v a l v e  a n d  t h e  p r o p a g a t i o n  o f  e m e r g e n c y  

a p p l i c a t i o n s .  I f  t h e  h i g h  p r e s s u r e  s p o o l  v a l v e  s h o u l d  s t i c k  i n  

s e r v i c e  p o s i t i o n ,  t h e  o n l y  r e s u l t  w i l l  b e  n o  b u i l d - u p  o f  

e m e r g e n c y  b r a k e  c y l i n d e r  p r e s s u r e ,  a n d  i f  t h e  s p o o l  v a l v e  s h o u l d  

s t i c k  i n  e m e r g e n c y  p o s i t i o n ,  t h e r e  w i l l  b e  a  c o n s t a n t  b l o w  o f  a i r  

a t  t h e  r e t a i n i n g  v a l v e  a n d  t h e  c o n t r o l  v a l v e  w i l l  n o t  f u l l y  

c h a r g e .  A f t e r  t h e  e m e r g e n c y  p i s t o n  r e a c h e s  e m e r g e n c y  p o s i t i o n ,  

t h e  Q A C  a i r  p r e s s u r e  i s  s l o w l y  b l e d  t o  a t m o s p h e r e  t h r o u g h  a  0 . 0 2 0
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i n c h  d i a m e t e r  c h o k e .  W h e n  t h e  Q A C  p r e s s u r e  r e a c h e s  a b o u t  1 0  p s i ,  

w h i c h  t a k e s  a b o u t  o n e  m i n u t e ,  t h e  e m e r g e n c y  v e n t  v a l v e  i s  c l o s e d  

b y  a  s p r i n g  a n d  t h e  b r a k e  p i p e  a n d  c o n t r o l  v a l v e  c a n  b e  

r e - c h a r g e d .
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3.0 CANADIAN PACIFIC TESTS
I n  1 9 8 3 ,  t h e  A A R  a t  t h e  b e h e s t  o f  t h e  A A R  I m p l e m e n t a t i o n  

O f f i c e r s  i n i t i a t e d  a  U D E  s t u d y  u n d e r  t h e  T r a c k  T r a i n  D y n a m i c s  

P r o g r a m .  U p  t o  t h e  e n d  o f  1 9 8 4 ,  t h e  s t u d y  w a s  f r u s t r a t e d  b y  a n  

i n a b i l i t y  t o  p o s i t i v e l y  i d e n t i f y  a  c o n t r o l  v a l v e  o r  c a u s e  w h i c h  

h a d  i n i t i a t e d  a  U D E  o n  a n  i n - s e r v i c e  r e v e n u e  t r a i n .  E a r l y  i n  

1 9 8 5 ,  T h e  C a n a d i a n  P a c i f i c  i n f o r m e d  t h e  A A R  o f  a  s e r i o u s  U D E  

p r o b l e m  w i t h  t h e  u n i t  c o a l  t r a i n s  o p e r a t e d  o n  t h e  P a c i f i c  R e g i o n  

o f  t h e  C P .  T h e  n u m b e r  o f  C P  r e p o r t e d  U D E s  i n c r e a s e d  d r a m a t i c a l l y
n

d u r i n g  t h e  e a r l y  F a l l  a n d  l a t e  S p r i n g  s e a s o n s .  T h e  C P  a l s o  

d e v e l o p e d  a  m e t h o d  t o  p o s i t i v e l y  i d e n t i f y  t h e  c a r  w h i c h  i n i t i a t e s  

a  U D E  ( a  " k i c k e r " ) ,  a n d  a r r a n g e m e n t s  w e r e  m a d e  t o  c o n d u c t  r o a d  

t e s t s  u s i n g  i n - s e r v i c e  r e v e n u e  c o a l  t r a i n s  d u r i n g  M a y  o f  1 9 8 5 .

T h e  o b j e c t i v e  o f  t h e s e  t e s t s  w a s  t o  i d e n t i f y  a s  m a n y  " k i c k e r s "  a s  

p o s s i b l e ,  a n d  s u b j e c t  t h e s e  v a l v e s  t o  d e t a i l e d  i n v e s t i g a t i o n  o n  

t r a i n  t e s t  r a c k s ,  A A R  s i n g l e  c a r  t e s t  r a c k s ,  a n d  A B  t e s t  r a c k s .

3 . 1  I N S T R U M E N T A T I O N

T w o  m e t h o d s  w e r e  t r i e d  t o  i d e n t i f y  a  k i c k e r .  T h e  f i r s t  w a s  

a n  A A R  s u p p l i e d  d e v i c e  c a l l e d  a n  U n d e s i r e d  E m e r g e n c y  L o c a t o r  

( U E L ) . T h i s  c o n s i s t e d  o f  t w o  r a d i o  e q u i p p e d  i n s t r u m e n t a t i o n  

p a c k a g e s ,  o n e  o f  w h i c h  w a s  m o u n t e d  o n  t h e  l o c o m o t i v e  a n d  t h e  

o t h e r  i n  t h e  c a b o o s e .  E a c h  w a s  c o n n e c t e d  t o  a  p r e s s u r e  

t r a n s d u c e r  t o  s e n s e  b r a k e  p i p e  e x h a u s t  a t  t h e  e x h a u s t  p o r t  o f  t h e  

e m e r g e n c y  p o r t i o n  o n  t h e  l a s t  c a r ,  a n d  t h e  v e n t  v a l v e  o n  t h e  l e a d  

l o c o m o t i v e .  W h e n  o n e  o f  t h e  u n i t s  s e n s e d  a  b l a s t  o f  a i r  f r o m  t h e  

e m e r g e n c y  v e n t  v a l v e  d u e  t o  a n  e m e r g e n c y  a p p l i c a t i o n ,  i t  w o u l d  

r a d i o  t h i s  s i g n a l  t o  s t a r t  a  t i m e r  i n  b o t h  u n i t s .  W h e n  t h e  o t h e r
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Iu n i t  s e n s e d  t h e  e m e r g e n c y ,  t h e  t i m e r  w o u l d  s t o p  i n  b o t h  u n i t s ,  

a n d  b y  k n o w i n g  t h e  l e n g t h  o f  b r a k e  p i p e  i n  t h e  t r a i n ,  a n d  w h i c h  

u n i t  s e n s e d  t h e  e m e r g e n c y  f i r s t ,  t h e  d e v i c e  w o u l d  c o m p u t e  t h e  

d i s t a n c e  f r o m  t h e ,  h e a d  e n d  t o  t h e  k i c k e r .  A t  t h e  A A R  

T r a n s p o r t a t i o n  T e s t  C e n t e r  ( T T C )  i n  P u e b l o ,  t h e  U E L  c o u l d  l o c a t e  

a  k i c k e r  w i t h i n  t w o  t o  t h r e e  c a r  l e n g t h s .  O n  C P ' s  r o u t e ,  t h i s  

m e t h o d  p r o v e d  u n s u c c e s s f u l  d u e  t o  t h e  U E L ' s  r e q u i r e m e n t  f o r  l i n e  

o f  s i g h t  r a d i o  c o m m u n i c a t i o n  d u r i n g  t h e  s e v e r a l  s e c o n d s  o f  

e m e r g e n c y  p r o p a g a t i o n  ( a b o u t  9  s e c o n d s  o n  a  7 0 0 0  f o o t  t r a i n ) ,  a n d  

t h e  l a c k  o f  s a m e  d u e  t o  r u g g e d  m o u n t a i n  t e r r a i n .  . -' ' ■

T h e  s e c o n d  m e t h o d  w a s  d e v e l o p e d  b y  D .  M a n c o n i ,  D i r e c t o r  -  

T r a c k  T r a i n  D y n a m i c s  o f  t h e  C P ,  a n d  w a s  u l t i m a t e l y  s u c c e s s f u l .

I t  i s  c a l l e d  t h e  t r a n s p a r e n t  d e t e c t o r  u n i t  ( T D U ) , a n d  i t  i s  

p i c t u r e d  i n  E x h i b i t  3 . 1 .  I t  c o n s i s t s  o f  a  s h o r t  l e n g t h  o f  c l e a r  

p l a s t i c  h i g h  p r e s s u r e  h o s e  w i t h  a  h o s e  c o u p l i n g  a t  e a c h  e n d .  

I n s i d e  t h e  h o s e  a n d  a n c h o r e d  t o  o n e  o f  t h e  h o s e  c o u p l i n g s  i s  o n e  

e n d  o f  a  f l e x i b l e  r i b b o n .  T h e  r i b b o n  a c t s  a s  a  f l a g  w h i c h  

f o l l o w s  t h e  d i r e c t i o n  o f  a i r  f l o w .  S i n c e  t h e  a i r  i n  t h e  b r a k e  

p i p e  t e n d s  t o  r u n  t o w a r d  t h e  k i c k e r ,  t h e  k i c k e r  c a n  b e  f o u n d  b y  

c o u p l i n g  a  T D U  b e t w e e n  e v e r y  c a r  i n  t h e  t r a i n > a n d  o b s e r v i n g  t h e  

d i r e c t i o n  o f  t h e  f l a g s  a f t e r  a  U D E  h a s  o c c u r r e d .  T h i s  m e t h o d  i s  

m o s t  s u c c e s s f u l  w h e n  a  f i x e d  c o n s i s t  i s  r e p o r t e d  t o .  h a v e  a  h i g h  

n u m b e r  o f  U D E s ,  a s  i n  t h e  C P  c a s e .

14



TRANSPARENT DETECTOR U N IT  (TDU)
developed by CANADIAN PACIFIC

E x h i b i t  3 . 1

3 . 2  T E S T  P R O C E D U R E

T h e  t e s t  t r a i n  w a s  a  1 1 0  c a r  u n i t  c o a l  t r a i n  e q u i p p e d  w i t h  

L o c o t r o l  I I .  T h e  p o w e r  C o n s i s t e d  o f  t h r e e  l e a d  u n i t s ,  a n d  t w o  

r e m o t e  u n i t s  l o c a t e d  4 7  c a r s  b a c k  i n  t h e  t r a i n .  A  t r a i n  w i t h  a  

v e r y  b a d  r e c o r d  o f  U D E ' s  w a s  c h o s e n .  O n  5 / 1 0 / 8 5 ,  t h e  t r a i n  w a s  

e q u i p p e d  w i t h  T D U ' s  b e t w e e n  e v e r y  c a r  a n d  w i t h  t h e  U E L .  T h e  

e m e r g e n c y  m a g n e t  v a l v e  o n  t h e  L o c o t r o l  I I  r e m o t e  u n i t  w a s  

d i s a b l e d  t o  p r e v e n t  a n y  f a l s e  r e a d i n g s  d u e  t o  L o c o t r o l  i n i t i a t e d  

e m e r g e n c i e s  f r o m  t h e  m i d d l e  o f  t h e  t r a i n .  T h e  t e s t  c o n s i s t e d  o f  

r i d i n g  t h e  e m p t y  t r a i n  f r o m  t h e  d u m p e r s  a t  R o b e r t s  B a n k  ( n e a r

1 5



V a n c o u v e r )  t o  F o r t  S t e e l e  a n d  r e t u r n  t o  R o b e r t s  B a n k  w i t h  t h e  

l o a d s .  M i n i m u m  s e r v i c e  b r a k e  a p p l i c a t i o n s  w e r e  m a d e  a t  i n t e r v a l s  

o f  4 5  t o  9 0  m i n u t e s .  I f  a  U D E  o c c u r r e d ,  t h e  t e s t  c r e w  w a l k e d  t h e  

t r a i n ,  o b s e r v e d  t h e  T D U ' s ,  a n d  t h u s  d e t e r m i n e d  t h e  e x a c t  l o c a t i o n  

o f  t h e  k i c k e r .  T h e  U E L  w a s  t o  g i v e  a  r e a d o u t  o f  t h e  l o c a t i o n  o f  

t h e  k i c k e r  i n  f e e t  o f  b r a k e  p i p e  f r o m  t h e  h e a d  e n d ,  b u t  i t  w a s  

n e v e r  s u c c e s s f u l .

3 . 3  C P  T E S T  R E S U L T S

O u t  o f  a  t o t a l  o f  3 4  s e r v i c e  b r a k e  a p p l i c a t i o n s  i n  t h e  6 1 1  

m i l e s  f r o m  R o b e r t s  B a n k  t o  F o r t  S t e e l e ,  9  c a r  a i r  b r a k e  v a l v e  

i n i t i a t e d  U D E ' s  w e r e  e x p e r i e n c e d .  F r o m  t h e s e  U D E ' s ,  s e v e n  

c o n t r o l  v a l v s  w e r e  p o s i t i v e l y  i d e n t i f i e d  a s  k i c k e r s .  A f t e r  

t h e s e  c a r s  w e r e  r e m o v e d  f r o m  t h e  t r a i n  o r  c u t  o u t ,  n o  f u r t h e r  

U D E ' s  o c c u r r e d  d u r i n g  t h e  l o a d e d  r e t u r n  p o r t i o n  o f  t h e  t r i p .  S i x  

o f  t h e s e  c a r s  w e r e  l o c a t e d  b e t w e e n  c a r  1 9  a n d  c a r  3 6 ,  o r  a t  

r o u g h l y  t h e  m i d  p o i n t  b e t w e e n  t h e  l e a d  a n d  r e m o t e  u n i t s .  T h e  

s e v e n t h  c a r  w a s  t h e  l a s t  c a r  a h e a d  o f  t h e  c a b o o s e .  B e c a u s e  o f  

t h e  l o s s  o f  r a d i o  s i g n a l  d u e  t o  t h e  r u g g e d  t e r r a i n ,  t h e  U E L  w a s  

u n r e l i a b l e .

T h e  f a c t  t h a t  s i x  o f  t h e  s e v e n  c o n f i r m e d  " k i c k e r s "  w e r e  

l o c a t e d  a t  t h e  m i d p o i n t  b e t w e e n  t h e  l e a d  a n d  r e m o t e  u n i t s  r a i s e d  

t h e  p o s s i b i l i t y  t h a t  i n  t h e  C P ' s  c a s e  t h e  r e m o t e  L o c o t r o l  I I  

u n i t s  a r e  b e i n g  o p e r a t e d  t o o  c l o s e  t o  t h e  l e a d  u n i t s . T h i s  

t h e o r y  s t a t e s  t h a t  i f  t h e  s e r v i c e  b r a k e  p i p e  r e d u c t i o n s  f r o m  t h e  

l e a d  a n d  r e m o t e  u n i t s  m e e t  a t  t h e  m i d p o i n t  b e t w e e n  t h e  l e a d  a n d  

r e m o t e  u n i t s ,  a n d  t h a t  h a p p e n s  t o  b e  a t  a  b r a n c h  p i p e  l o c a t i o n ,  a  

l a r g e r  t h a n  n o r m a l  s e r v i c e  r e d u c t i o n  c a n  o c c u r  a n d  c a u s e  a  v a l v e
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t o  g o  i n t o  e m e r g e n c y .

T h e  c a r s  w e r e  g i v e n  A A R  s i n g l e  c a r  t e s t s  a t  R e v e l s t o k e ,  

w i t h  t h e  s e r v i c e  s t a b i l i t y  p o r t i o n  o f  t h e  t e s t  r e p e a t e d  a s  m a n y  

a s  e i g h t  t i m e s .  O f  t h e  s e v e n  c a r s  t e s t e d ,  o n l y  t h r e e  f a i l e d  t h e  

s e r v i c e  s t a b i l i t y  t e s t ,  a n d  t h e y  o n l y  f a i l e d  o n c e  a f t e r  r e p e a t e d  

t r i e s .  B o t h  p o r t i o n s  o f  t h e  s e v e n  c o n t r o l  v a l v e s  w e r e  t h e n  

r e m o v e d  f r o m  t h e  c a r s  a n d  g i v e n  A B  r a c k  t e s t s  a t  C P ' s  O g d e n  S h o p s  

i n  C a l g a r y .  E x h i b i t  3 . 2  l i s t s  t h e  p e r t i n e n t  i n f o r m a t i o n  o n  e a c h  

v a l v e  p l u s  t h e  n u m b e r  o f  U D E s  a t t r i b u t e d  t o  e a c h  v a l v e .  E x h i b i t

3 . 3  l i s t s  t h e  r e s u l t s  o f  t h e  s i n g l e  c a r  t e s t s  a t  R e v e l s t o k e  a n d  

t h e  A B  s h o p  r a c k  t e s t s  a t  C a l g a r y .

E x h i b i t  3 . 2

s
 

1
U

 
II II II

%
 

1

L O C
I N
T R A I N

B L T * *

[

C O T S * *  I D T * * V A L V E
T Y P E

I N  S E R V .  
Y R - M O

#  U D E S  
D U R I N G  

T E S T

U N P X 1 0 0 3 9 2 2 9 6 / 7 4 6 / 7 4 1 / 2 4 / 8 4 A B D 1 0 - 1 1 1

U N P X 1 0 2 3 4 2 1 1 0 1 2 / 7 5 1 2 / 7 5 5 / 3 / 8 5 A B D 9 - 6 2

U N P X 1 0 2 4 7 6 3 3 1 / 7 6 1 0 / 8 4 N O N E A B D 0 - 7 2

U N P X 1 0 2 6 0 9 3 2 1 2 / 8 0 1 2 / 8 0 1 0 / 2 1 / 8 1 A B D W 4 - 6 1

C P 3 4 9 1 9 2 2 0 1 / 7 0 4 / 7 6 3 / 2 5 / 8 5 A B D 9 - 1 1

C P 3 5 1 4 4 2 2 9 * 1 / 7 2 2 / 8 0 1 / 1 0 / 8 5 A B D 5 - 3 2

C P 3 5 1 5 4 9 3 5 2 / 7 2 1 2 / 7 8 3 / 5 / 8 4 A B D 6 - 5 1

*  T h i s  c a r  r e p l a c e d  U N P X  1 0 0 3 9 2  i n  t h e  e a s t  b o u n d  t e s t  
t r a i n  a t  R e v e l s t o k e .

* *  B L T  r e f e r s  t o  d a t e  t h e  c a r  w a s  b u i l t ,  C O T S  r e f e r s  
t o  t h e  d a t e  w h e n  t h e  c a r  w a s  l a s t  C l e a n e d ,  O i l e d ,  
T e s t e d  a n d  S t e n c i l e d ,  a n d  I D T  r e f e r s  t o  t h e  d a t e  
w h e n  t h e  c a r  l a s t  r e c i e v e d  a n  I n  D a t e  a i r  b r a k e  
t e s t .
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E x h i b i t  3 . 3

S I N G L E  C A R
C A R  # L O C .  

I N  T R N
V A L V E
T Y P E

S E R V I C E  S T A B I L I T Y  T E S T  A B  R A C K  T E S T  
E M E R G E N C I E S  #  o f  T R I E S  R E S U L T S

U N P X
1 0 0 3 9 2

2 9 A B D 0 8 H i g h  p r e s ,  s p o o l  v a l v e  
s t u c k .  S t a t i c  f r i c t i o n  
w a s  2 4  l b .  V a l v e  w a s  
d i s a s s e m b l e d .

U N P X
1 0 2 3 4 2

1 1 0 A B D 1 3 F a i l e d  s e r v .  s t a b i l i t y  
t e s t  6  o u t  o f  8  t i m e s .

U N P X
1 0 2 4 7 6

3 3 A B D 0 5 P a s s e d  s e r v .  s t a b i l i t y  
7  o u t  o f  7  t i m e s .

U N P X  , 
1 0 2 6 0 9

3 2 A B D W 1 3 P a s s e d  s e r v .  s t a b i l i t y  
1 0  o u t  o f  1 0  t i m e s .

C P
3 4 9 1 9 2

2 0 A B D 0 8 P a s s e d ,  s e r v .  s t a b i l i t y  
7  o u t  o f  7  t i m e s .

C P
3 5 1 4 4 2

2 9 ( 2 n d ) A B D 0 5 P a s s e d  s e r v .  s t a b i l i t y  
7  o u t  o f  7  t i m e s .

C P
3 5 1 5 4 9

3 5 A B D 1 8 P a s s e d  s e r v .  s t a b i l i t y  
7  o u t  o f  7  t i m e s .  H P
s p o o l ,  v a l v e  s t u d k  i n  
u p  p o s i t i o n .  R e s e t  a t  
10 p s i .

I t  s h o u l d  b e  n o t e d  t h a t  t h e  o n l y  c o n t r o l  v a l v e  w h i c h  f a i l e d  

t h e  A B  r a c k  s e r v i c e  s t a b i l i t y  t e s t  w a s  t h e  v a l v e  f r o m  t h e  1 1 0 t h

c a r .  N o n e  o f  t h e  r e m a i n i n g  v a l v e s  w e r e  d e f e c t i v e  o n  t h e 1 A B  t e s t  

r a c k .  I t  s h o u l d  a l s o  b e  n o t e d  t h a t  t h e  s t u c k  h i g h  p r e s s u r e  s p o o l  

v a l v e s  h a v e  n o  e f f e c t  i n  m a k i n g  a  v a l v e  g o  t o  e m e r g e n c y .  T h e  

o n l y  f u n c t i o n  o f  t h e  h i g h  p r e s s u r e  s p o o l  v a l v e  i s  t o  c o n n e c t  t h e  

e m e r g e n c y  r e s e r v o i r  t o  t h e  b r a k e  c y l i n d e r  a n d  t o  e n s u r e  b l o w  d o w n  

o f  t h e  q u i c k  a c t i o n  c h a m b e r  a f t e r  t h e  v a l v e  h a s  g o n e  i n t o  

e m e r g e n c y .  I n  a c t u a l  o p e r a t i o n ,  a f t e r  a  r e l e a s e  f r o m  e m e r g e n c y ,  

t h e r e  i s  n o r m a l l y  a n  a m p l e  f o r c e  f r o m  t h e  r i s i n g  b r a k e  p i p e  

p r e s s u r e  t o  m o v e  t h e  h i g h  p r e s s u r e  s p o o l  v a l v e  d o w n  t o  t h e  n o r m a l
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p o s i t i o n .

T h e  d i s a s s e m b l e d  v a l v e  s h o w e d  n o  s i g n s  o f  r u s t  o r  e x c e s s i v e  

d i r t  o r  c o a l  d u s t .  L u b r i c a t i o n  a p p e a r e d  t o  b e  i n  g o o d  

c o n d i t i o n .  W h e n  t h e  h i g h  p r e s s u r e  s p o o l  v a l v e  w a s  f r e e d ,  i t  

w o r k e d  p r o p e r l y  i n  i t s  b o r e .

W h e n  t h e  A B  t e s t  r a c k  t e s t s  w e r e  c o m p l e t e d ,  t h e  v a l v e s  w e r e  

d i s t r i b u t e d  t o  t h e  N e w  Y o r k  A i r  B r a k e  C o .  ( N Y A B ) , t h e  

W e s t i n g h o u s e  A i r  B r a k e  C o .  ( W A B C O ) , a n d  t o  t h e  A A R  C h i c a g o  

T e c h n i c a l  C e n t e r  ( C T C )  f o r  f u r t h e r  t e s t i n g .

3 . 4  N E W  Y O R K  A I R  B R A K E  T E S T S  O F  C P  V A L V E S

3 . 4 . 1  T R A I N  T E S T  R A C K  U D E  T E S T S

B o t h  p o r t i o n s  o f  t h e  c o n t r o l  v a l v e s  f r o m  c a r  2 0  a n d  c a r  2 9  

w e r e  s e n t  t o  N Y A B  f o r  t e s t i n g  o n  t h e i r  1 5 0  c a r  a i r  b r a k e  t e s t  

r a c k .  T h e  t e s t  r a c k  w a s  c o n f i g u r e d  t o  d u p l i c a t e  t h e  t e s t  t r a i n  

a s  c l o s e l y . a s  p o s s i b l e ,  a n d  t h e  t e s t  v a l v e s  w e r e  m o u n t e d  o n  t h e  

r a c k  i n  t h e i r  t e s t  t r a i n  p o s i t i o n s .  T h e  f u n c t i o n  o f  t h e  L o c o t r o l  

I I  l e a d  a n d  r e m o t e  u n i t s  w a s  a l s o  d u p l i c a t e d .  T h e  r e m o t e  u n i t s  

w e r e  i n i t i a l l y  l o c a t e d  4 9  c a r s  b a c k  f r o m  t h e  h e a d  e n d ,  a n d  l a t e r  

w e r e  m o v e d  t o  c a r  3 5 .  T h e  p u r p o s e  o f  t h e s e  r a c k  t e s t s  w a s  t o  t r y  

t o  d u p l i c a t e  a  U D E  u n d e r  l a b o r a t o r y  c o n d i t i o n s  a n d  t o  c h e c k  o u t  

t h e  p o s s i b i l i t y  t h a t  C P  i s  o p e r a t i n g  t h e i r  r e m o t e  u n i t s  t o o  c l o s e  

t o  t h e i r  l e a d  u n i t s .

N o  U D E ' s  r e s u l t e d  f r o m  t h e s e  t e s t s .  E x h i b i t  3 . 4  s h o w s  a  

p l o t  o f  b r a k e  p i p e  p r e s s u r e  a t  v a r i o u s  p o i n t s  i n  t h e  t r a i n  d u r i n g  

a  m i n i m u m  b r a k e  a p p l i c a t i o n .  N o t e  t h a t  t h e  q u i c k  s e r v i c e  a c t i o n
r

w a s  m o s t  p r o n o u n c e d  a t  t h e  m i d  p o i n t  b e t w e e n  t h e  l e a d  a n d  r e m o t e  

u n i t s ,  a n d  a t  t h e  r e a r  o f  t h e  t r a i n .  T h e  r e m o t e  u n i t s  s h o w e d  a
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s u r p r i s i n g  l a c k  o f  q u i c k  s e r v i c e  a c t i v i t y .  R e p e a t e d  m i n i m u m  a n d  

f u l l  s e r v i c e  a p p l i c a t i o n s  w e r e  m a d e  w i t h  t h e  r e m o t e  u n i t ' s  f e e d  

v a l v e  c u t  i n  a n d  c u t  o u t ,  a n d  n o  U D E ' s  o c c u r r e d  ( w i t h  t h e  r e m o t e  

u n i t ' s  f e e d  v a l v e  c u t  o u t ,  t h e  t r a i n  b r a k e s  b e h a v e  

c o n v e n t i o n a l l y ) . W h e n  e m e r g e n c y  a p p l i c a t i o n s  w e r e  i n t e n t i o n a l l y  

m a d e ,  t h e  b r a k e  p i p e  r e d u c t i o n  r a t e s  w h i c h  c a u s e d  a  p a r t i c u l a r  

v a l v e  t o  g o  t o  e m e r g e n c y  w e r e  a b o u t  3 5 p s i / s e c o n d  f o r  t i m e  

i n t e r v a l s  o f  0 . 1  s e c o n d .

UNDESIRED EMERGENCY TEST
MIN. APPLICATION LOCOTROL III

E x h i b i t  3 . 4

P l o t  o f  B P  P r e s s u r e  v s .  T i m e  -  N Y A B  1 5 0  c a r  r a c k  t e s t  

M i n i m u m  a p p l i c a t i o n  w i t h  r e m o t e  u n i t  f e e d  v a l v e  c u t  i n
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3.4.2 TRAIN TEST RACK CONCENTRATED LEAKAGE TESTS
In order to investigate the theory of UDE's being caused by 

momentary stretch brake pipe leakage, the valve from car 28 was 
put on the 150 car rack, and leakage was introduced at the car 28 
location. A worst case situation was duplicated by opening a 
choke at the same time as the service pressure wave reached car
28. The CP standard brake pipe pressure of 85 psi was used.

In order to get the train to go into emergency, a 1/4 inch 
NPT (National Pipe Thread) opening (roughly equivalent to a 3/8 
inch diameter orifice) was required in addition to a minimum 
service application. This is a substantial leak, and is unlikely 
to occur in everyday railroad service.
3.4.3 TESTS ON SINGLE CAR TEST RACK

Both test valves and a typical control valve taken from the 
150 car test rack were given single car service stability tests 
at ambient and freezing temperatures. An X-Y plotter was used to 
record the brake pipe pressure during the tests. The tests were 
made at both 70 and 85 psi brake pipe pressures. One of the 
valves was allowed to cold soak overnight at 30 degrees F. The 
cold chamber's dryer was disconnected for all tests. An AAR 
standard single car test device was used to make the brake pipe 
reductions. About six feet of 3/4" hose connected the device to 
the pipe bracket. The test valve was mounted inside an 
environmental chamber, which incorporated an 800 cu.in. volume 
roughly equivalent to 54 feet of brake pipe.

Using air brake manufacturers terminology, a valve must 
remain stable in service when the brake pipe pressure is reduced
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from 70 to 50 psi in 1.4 seconds, and the valve must go to 
emergency (unstable) when the rate is 1.2 seconds for the same 
pressure drop. In other words, a maximum stable reduction rate 
of 14.3 psi/sec must produce a service application, and a minimum 
reduction rate of 16.7 psi/sec must produce an emergency 
application. The reduction rates recorded during service 
stability tests at 70 psi brake pipe pressure were 8.5 to 9.0 
psi/sec for about 0.5 seconds. These rates are much slower than 
the 14.3 psi/sec no-go rate. This is also considerably below the 
35 psi/sec rate required to put the test valves into emergency on 
the 150 car test rack. None of the valves tested on the single 
car test device failed the service stability test at either room 
temperature or at 32 degrees F.
3.5 DISCUSSION OF NYAB TESTS

In view of the fact that six of the seven kickers were 
located between the lead and remote units on the test train, it 
was expected that the 150 car test rack would show high brake 
pipe rates at that location. Instead, the reduction rates 
between the lead and remote units were about 4.5 psi/sec. In 
addition, the lack of quick service activity at the remote unit 
was surprising. Because of this, and the failure to generate any 
UDE's, it became apparent that the 150 car rack.test might not 
have accurately simulated the actual in-service train 
conditions. It was decided that field test data on an actual CP 
Locotrol II equipped unit coal train would be necessary to 
validate the 150 car rack test results.

The single car tests, while inconclusive, did establish the
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possibility that the service stability portion of the single car 
test is inadequate. It was decided to establish the rates 
necessary to initiate an emergency for a wide assortment of new 
and,in service control valves, and use this data to try to 
establish a more realistic service stability rate.
3.6 WABCO TEST OF CP VALVES
3.6.1 TESTS ON SINGLE CAR TEST RACK

In light of the NYAB experience, it was decided to 
concentrate on the performance characteristics of each individual 
test valve using a single car test rack. The valves received by 
WABCO for test were from cars 32, 35, and 110. All of these 
valves failed the single car service stability test once in 3 to 
8 tries. Only the valve from car 110 failed the AB rack service 
stability test at Ogden Shops. It failed six out of eight times. 
Prior to the tests, WABCO ran all three valyes through the 
service stability test on the AB test rack. Interestingly, all 
passed the standard AAR AB test rack service stability test. 
Valves 32 and 35 passed and valve 110 failed the in-house WABCO 
AB rack service stability test, which is 10% faster than the AAR 
test.
3.6.2 INSTRUMENTATION

The tests were conducted on an AAR standard single car test 
rack, with 46 feet of brake pipe. The brake pipe reductions were 
made using a standard single car test device equipped with an 
extra 3/8" exhaust cock. Various sized chokes were installed in 
the 3/8" cock to alter the brake pipe reduction rates. The 
emergency portion was mounted on a one inch thick filler piece.
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Mounted on the filler piece were pressure transducers reading 
brake pipe and quick action chamber (QAC) pressure, which allowed 
pressure readings very close to the face of the emergency 
piston. This was connected to a data acquisition system capable 
of scanning the pressure channels at up to 500 scans per second. 
The print outs were plots of brake pipe pressure, QAC pressure, 
and the differential of these two pressures, which is the 
pressure differential across the emergency piston.
3.6.3 TEST PROCEDURE

The intent of these tests was to determine the actual 
go/no-go rates of these test valves. This was done by starting 
with a standard service stability test using position #6 of a 
standard AAR single car test device. Then, using the extra 3/8" 
cock, the choke size was increased until the valve went to 
emergency. This was done primarily with the CP Pacific Region 
standard brake pipe pressure of 85 psi, although some tests were 
done at 70 psi. Since the valves are rate sensitive, the 
difference in pressure made no significant difference in the 
results.
3.6.4 RESULTS

The results of these tests are given in Exhibit 3.5.
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Exhibit 3.5
EMERGENCY BRAKE PIPE REDUCTION RATES

STABLE (NO GO) UNSTABLE (GO)
VALVE TIME TIME
FROM RATE DURATION RATE DURATION
CAR # psi/sec sec psi/sec sec

110 28.7 .05 27.5 .08
32 40.2 .05 40.8 .06
35 31.9 .07 34.7 .05

The service stability rates recorded during the AAR single
car tests given to each valve are presented in Exhibit 3.6.

Exhibit 3.6
SERVICE STABILITY RATES

INITIAL
VALVE # B.P. PRES. S.S. RATE
(Car #) psi psi/sec
110 70 11.0
110 85 12.8
32 85 12.5
35 85 11.6

3.6.5 DISCUSSION
Examination of the data plots revealed that the valves went 

to emergency at relatively high brake pipe reduction rates over 
short time durations. Both air brake manufacturers felt that 
rates as high as 25-30 psi/sec would not be found in actual train 
service, and the NYAB tests revealed no reduction rates which 
even approached these test rates during service applications.
The fact that these high reduction rates of short time duration 
were necessary to get these valves to go into emergency, and that 
these valves were definite confirmed kickers, indicated that
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these fast brake pipe reduction rates might indeed be present 
under actual train operating conditions. It was resolved that a 
road test consisting of recording brake pipe pressure and 
vibration at various points in the train under over-the-road 
operating conditions would be necessary. The test was scheduled 
for the Fall of 1985 on the same CP unit coal train service.

The service stability tests underscored the possibility 
that the AAR single car test is inadequate. While the 11.0 
psi/sec rate achieved at WABCO is faster than the NYAB rate of
8.5 psi/sec, it is still below the 14.3 psi/sec maximum no/go 
rate. It should be emphasized that the traditional single car 
test procedures and exhaust choke orifices were based on a car 
with approximately 50 feet of brake pipe. On cars with longer 
brake pipe lengths, the service stability rate is an even slower 
and less critical test of the control valve. This is due to the 
fixed brake pipe exhaust chokes in each position of the AAR 
single car test device. On typical long 89 foot cars, typically 
with 110 feet of brake pipe, the present service stability test 
in position #6 is very far below the critical 14.3 psi/sec no/go 
rate. This may explain why long cars tend to have more UDE's; 
the bad acting, more sensitive valves are simply rarely found 
using the present single car service stability test. Because of 
this, it was decided to gather enough data to enable the design 
of a more effective service stability test, which would take 
brake pipe length into account.

26



4.0 SECOND CP TRAIN TEST
4.1 TEST PROCEDURE

The second series of train tests was carried out from Oct 
28 to Nov 5, 1985, on the CP between Roberts Bank and Revelstoke, 
B.C. The tests were timed for late Fall to hopefully catch the 
seasonal rise of UDE's which the CP had been experiencing over 
the past seven years. The purpose of these tests was to find 
more "kickers", and to record brake pipe pressure reduction rates 
during brake applications hopefully on a car which initiated a 
UDE. An additional objective was to record vibration at the 
emergency portion of a control valve on a moving train.
4.2 INSTRUMENTATION

The instrumentation, pictured in Exhibit 4.1, consisted of 
a Campbell Scientific Data-Logger, which is a portable, battery 
powered, self contained data acquisition system. The Data-Logger 
was pre-programed to automatically take vibration and pressure 
data and record this data on a cassette tape recorder. For the 
over-the-road train tests, the brake pipe pressure transducer was 
installed in a special dirt collector bowl, which could be 
mounted on any car. Before the bowl was mounted on the car, the 
check valve was removed so that the resulting pressure readings 
were as close as possible to the pressure seen at the emergency 
piston diaphragm. A test conducted on WABCO's single car test 
rack showed no difference in brake pipe pressure reduction rates 
when read at the dirt collector bowl and at the emergency portion 
filling piece. For the standing train tests, the pressure 
transducer was screwed into a tee fitting and installed between
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the brake pipe hoses of adjacent cars. An accelerometer measured 
vibration in the vertical axis only, and was mounted on the 
emergency portion of the brake valve using one cap screw. The 
Data-Logger was mounted on an upright handrail using pipe clamps.

Exhibit 4.1
Data Acquisition System used on CP Tests

The raw data was checked on a Compaq IBM compatible 
computer carried in the caboose. At crew change points or at any 
other lengthy stop, the data tape was replaced with a fresh tape, 
and the data tape was played into the Compaq computer using a 
second cassette tape deck.
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The Data-Logger program initiated the following series of 
events;
1. After the computer was turned on, it would scan brake pipe 

pressure until the brake pipe pressure rose above a trigger 
value (generally 4 psi below the fully charged pressure).

2. 15 minutes after reaching the trigger value, vibration data 
was recorded to tape at 256 scans per second.

3. The computer then went into an "idle" mode, and scanned 
brake pipe pressure at 500 scans per second. The data was 
temporarily stored in memory for ten seconds, and was 
constantly updated with more recent data.

4. When the brake pipe pressure fell below a second trigger 
value (generally 2 psi below the fully charged pressure), 
six seconds of data, plus the previous four seconds of data 
in the temporary memory, was taken and recorded on tape. 
This four second "look back" ensured that the start of the 
brake reduction would be recorded.

5. Unless the computer was manually turned off, it would then 
repeat steps 1 through 4.

4.3 STANDING TRAIN TEST RESULTS
At NYAB, a minimum reduction test with the remote unit's 

feed valve cut in showed maximum reduction rates of approximately
3.5 psi/sec at the 1st car, 4.5 psi/sec at the 28th car, and 9 
psi/sec at the 110th and last car. The remote units showed no 
quick service action whatsoever, with a maximum rate of less than 
1 psi/sec. The standing tests on the actual train were 
different. The remote units did exhibit quick service activity,
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and the 30th car had a maximum rate of 7.5 psi/sec, 66% faster 
than the NYAB test rack rate for the 28th car. The caboose had a 
maximum rate of 8.5 psi/sec, which agrees closely with NYAB's 
results. Maximum rates for full service reductions were not 
significantly different. Exhibit 4.2 shows the static test 
results compared with the NYAB data.

Exhibit 4.2
Maximum brake pipe reduction rates - minimum service reductions
Car NYAB rate (psi/sec) Static test rates (psi/sec)

Location Feed valve in Feed valve in Feed valve out
1 3.5 4.0 4.0

30 (NYAB 28) 4.5 7.5 2,2
45 (remotes) 1.0 3.3 1.0
110 (caboose) 9.0 8.5 7.8

Exhibit 4.3 shows graphs of the-CP standing train test 
results for minimum reductions with the feed valve cut in and 
out. These graphs should be compared with Exhibit 3.4, which is 
a graph of the July NYAB train rack results for a minimum 
reduction with the remote feed valve cut in. in the standing 
train test graphs, the elapsed time required for the brakes to 
set up should be ignored. These curves were spaced out to 
approximate the NYAB graph for easier comparison.

When comparing the standing train test to the NYAB 150 car 
rack test it can be seen that the NYAB test was not necessarily a 
good simulation of the actual train.
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4.4 SECOND CP TRAIN TEST RESULTS
4.4.1 BRAKE PIPE REDUCTION RATES

Brake pipe reduction rates were measured on three empty 
coal trains between Roberts Bank and Revelstoke. The 
instrumentation was mounted on car #116 for the 1st trip, car #28 
for the 2nd trip, and cars #28 and #25 on the 3rd trip. The UEL 
was not used due to its ineffectiveness, the valve from car 
#110 of the May CP train test, which was the most sensitive valve 
tested at WABCO, was mounted on the instrumented cars for the 1st 
and 2nd trips. It was hoped that this valve would again initiate 
a UDE, and brake pipe pressure would be recorded during the 
event.

Two "kickers" were found on the first trip, and two more on 
the third trip. They were cars #28 and #23 on the first trip, 
and cars #24 and #25 on the third trip. All of the kickers were 
located at the midpoint between the lead and remote units, which 
again supports the theory that the Locotrol II remote units are 
too close to the lead units.

For as yet unknown reasons, the sensitive valve from the 
May train tests did not cause a UDE. Never during the tests did 
an instrumented car initiate a UDE. On the third test trip, 
after the valve on car #25 had twice caused UDE's, the 
instrumentation was moved to that car, and thereafter car #24 
caused a UDEl As always, UDE's remain elusive. In addition, the 
pressure transducer failed during the UDE's of the third trip, 
but because of the remote location of the instrumentation, this 
was not discovered until too late. However, the recorded brake
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pipe pressure data yielded some surprises and answers, and raised 
some new questions.

Unlike the standing train tests and the NYAB train rack 
tests, the reduction rates for minimum reductions at the same car 
locations were not repeatable. The graphs of these reduction 
rates were analyzed for the short duration high rates which were 
found to be necessary at WABCO to initiate emergency 
applications. Exhibit 4.4 tabulates the maximum brake pipe 
reduction rates, their time duration, and the car location for 
all the minimum service applications for which good data was 
taken. .

Exhibit 4.4
MAXIMUM BRAKE PIPE REDUCTION RATES

Car # Location 
of Instrumentation

B.P. Reduction rate 
psi/sec

Time Duration 
seconds

116 11.4 .025
116 11.8 . 03
116 22.2 . 01
116 11.0 .01 .
116 11.1 . 015
116 22.2 .01
116 12.8 . 01
28 10.9 . 015
28 11.9 . 04
28 20.0 . 01
28 11.1 .01
28 31.25 .005 *
28 10.9 .05
28 14.5 .02 #

* These rates occurred during the same brake application
# These rates occurred during the same brake application
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Graphs of some of the maximum brake pipe reduction rates 
recorded on car #116 are shown in Exhibit 4.5. These curves are 
representative of the last car of a 70 to 80 car conventional 
train. Rates such as those depicted in the graphs were absent 
during Some brake applications, and occurred once and sometimes 
twice in other brake applications. These rates in no way 
resemble the rates a Valve experiences during, the service 
stability portion of an AAR single car test, or during the shop 
test on an AAR AB test rack. Instead of the smooth pressure 
reduction rates of static tests, the train test graphs showed 
high reduction rates of short time duration during a brake pipe 
reduction, even though the overall average rates were similar.
4.4.2 DISCUSSION OF REDUCTION RATES

Exhibit 4.6 shows plots of the maximum reduction rates 
versus their time durations for car #116 and car #28. The 
service stability rate recorded on a car with 68 feet of brake 
pipe, like most of the CP coal gondolas, is plotted as a straight 
line. The area above the curve can be considered to be the range 
in which a valve will go to emergency. The rate which was needed 
to cause the sensitive valve* from car #110 of the May test to go 
into emergency on the WABCO single car test rack is also 
included. It should be emphasized that the service stability 
rates will decrease with longer brake pipe lengths.
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There appears to be a comfortable margin between the in 
service rates and the rate needed for the WABCO test of the valve 
from car #110. However, two factors must be considered. First, 
since the rate at a control valve as it initiated an emergency 
during the second train test was not recorded, rates higher than 
those measured may and probably do occur. Second, the WABCO 
tests were done on a stationary test rack, and were not subject 
to vibration. This raised a new question. Instead of vibration 
causing a higher coefficient of friction at the emergency slide 
valve (the "stiction" theory), perhaps vibration causes a lower 
coefficient of friction, thereby reducing the damping of the 
emergency slide valve. This might allow the piston to over shoot 
to emergency position in response to high rates of short duration 
which it would otherwise ignore in a stationary test condition.
4,4.3 VIBRATION

Vibration data was taken on the three empty runs and 
one loaded run. The dominant frequencies are about 40 Hz., and 
accelerations are between .5 and 1.0 G, with occasional higher 
spikes of about 2 G. There was very little difference between 
data taken under loaded and empty conditions, and car location 
had no significant effect. Exhibit 4.7 shows some typical PSD 
plots of the data collected. This data, was used in further- 
vibration testing at the AAR Technical Center,
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5.0 STATIONARY RIP TRACK TESTS
5.1 TEST PROCEDURE

After the conclusion was reached that the service stability 
portion of the AAR Single Car Code of Tests may be inadequate for 
higher brake pipe volumes, field tests were conducted on Illinois 
Central Gulf (ICG) and Chicago & North Western (C&NW) repair 
tracks and at the AAR Chicago Technical Center (CTC) to determine 
how the service stability test should be changed. The tests 
determined the brake pipe reduction rates in handle position #6 
and the maximum stable reduction rates on cars with different 
brake pipe lengths. All of the data was recorded on a Data­
logger at a sample rate of 500 Hz.
5.2 RESULTS

Exhibit 5.1 lists the service stability rates in handle 
position #6 and the maximum stable rates recorded on cars with 
brake pipe lengths ranging from 36 feet to 130 feet. The service 
stability rates were achieved in accordance with the present 
service stability test. Also listed is the 14.3 psi/sec maximum 
no/go rate, which has been the industry standard for the AB test 
rack. In the case of the cars equipped with a #8 vent valve, the 
vent valve was plugged before a service stability test was made 
on the control valve itself. The #8 vent valve requires a lower 
reduction rate over a longer time period to go to emergency than 
does a control valve. Thus the vent valve is not as susceptible 
to the steps and ramps of an in-service reduction as is the 
control valve, but will go into emergency in response to a more 
stringent service stability test.
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E x h i b i t  5 . 1

Service MaximumStability Stable
Valve Rate Rate
Type psi/sec psi/sec

Industry standard 14.336 AB 12.74 17.8649 AB 10.58 **
62 ABDW 7.94 12.05101 ABD 5.33 8.48*
130 Z1AW 4.04 7.75*

* #8 Vent valve plugged.
** Not measured.

5.3 DISCUSSION
It should be noted that the Severity of the service 

stability test reduces with increasing lengths of brake pipe.
The present service stability test appears adequate for cars with 
up to 75 feet of brake pipe. However, there is a real 
possibility that some of the UDEs attributed to long cars are due 
to the fact that, with the present service stability test, a car 
with an overly sensitive valve will pass the test every time, yet 
will kick when in a train.

A surprising result of the tests to date shows that the. 
maximum stable reduction rates during single car tests seem to 
increase with brake pipe length. This occurred even when the 
same control valve was moved from a short car to a longer car. 
While it is true that the longer cars have more brake pipe ' 
volume, it was felt that the maximum stable rate would remain 
relatively constant, and just require a larger orifice to achieve 
that rate with long cars.

There has been some question as to whether the single car

B.P.
Length
(feet)
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test should be done at 70 psi or a more service representative 
pressure of 90 psi. The CTC has conducted single car tests at 
both pressures in the course of this study. There is little 
difference in the way a valve performs at either pressure. A 
sensitive valve at 70 psi remains sensitive at 90 psi. However, 
at the higher pressure leakage is easier to detect, and in some 
cases leakage occurs at 90 psi, but not at 70 psi. Thus a car 
may pass the present leakage test at 70 psi, yet leak badly at 90 
psi from a location which was "tight" at the lower pressure.

As this report is being written, the AAR Brake Equipment 
Committee is working on an improved Single Car Test and an 
improved Repair Track Air Test. These proposed tests will 
include a service stability test at two reduction rates for brake 
pipe lengths under and over 75 feet, and will be made at 90 psi.
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6 . 0 AAR CHICAGO TECHNICAL CENTER VIBRATION TESTS
A total of sixteen emergency portions were tested at the 

CTC to determine if a control valve would become more sensitive 
when subjected to in-service levels of vibration. The sources of 
the control valves are given in Exhibit 6.1.

The ATSF valves came from a 50 car revenue TOFC train which 
had experienced a high number of UDEs. The ATSF replaced all 50 
emergency portions, and only one more UDE occurred on the train. 
Some of the emergency portions were disassembled by the Santa Fe 
with no conclusive results. . The remaining intact valves were 
sent to the CTC. One or more of these valves may have been a 
kicker.
6.1 TEST PROCEDURE

The valves were mounted on an aluminum pipe bracket which 
was in turn bolted to a vibration table. The pipe bracket was 
connected to a single car test rack so that the test valve could 
be pressurized and operated while under vibration. The resulting 
brake pipe length of the test set up was 22 feet. The tests 
consisted of determining the maximum stable brake pipe reduction 
rate using chokes in the 3/8 inch cock of the single car test 
device which was connected to the single car test rack. The 
valves were initially tested statically at 70 and 90 psi to 
establish a baseline. Then the valves were pressurized to 90 psi 
and vibrated at 40 Hz. and 8 Hz., based on the vibration data 
taken on the CP. The valves were allowed to vibrate for periods 
of time ranging from one hour to 18 hours before brake 
applications were made.
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E x h i b i t  6 . 1
# OFVALVES TYPE SOURCE
1 ABD Confirmed kickers from CP test

train of May, 1985.
1 ABDW CSX, failed single car test.
3 AB ATSF test train of 1985-86.
5 ABD ATSF test train of 1985-86.
2 ABDW ATSF test train of 1985-86.
1 AB ICG rip track tests
1 Z1AW New CTC test valve.
2 Z1AW UTTX110014, Arc 5 intermodal car.

6.2 RESULTS
Exhibit 6.2 is a graph of the results. It should be noted 

that the most sensitive valve under static and vibratory 
conditions was the confirmed kicker from the first CP test. This 
was the only confirmed kicker tested in this manner. There was 
no significant effect on the operating characteristics of the 
test valves. Some became less sensitive, some became more 
sensitive, and some showed little or no change. Other 
frequencies from 6 to 65 Hz. were tried on a few valves with no 
significant results.

From these tests, it appears that vibration is not as much 
a factor in UDEs as was previously thought.
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Because the CP unit coal train was not a typical UDE prone 
train, it became necessary to identify kickers from a typical 
TOFC train. This was done with the cooperation of the Santa Fe 
in July of 1986. The test consisted of a round trip between 
Chicago and Los Angeles on a revenue 50 car TOFC train. The 
goals of this test were to;

1. Identify one or more kickers using modified detector 
hoses. These hoses were 22 inches long, with a nipple 
at one end, and a glad hand and ribbon at the other 
end. The standard detector hoses used on the previous 
CP tests allowed the hose couplings to hang too low.

2. Record brake pipe pressure at various points in the 
train during brake applications. To do this we now 
had three Data-Loggers which could be used 
simultaneously at three locations. We also had a NYAB 
supplied recorder which was used to continuously 
monitor the brake pipe pressure on the last TOFC car 
in the train.

3. Record brake pipe pressure on a valve as it kicks.
4. Measure temperature and humidity inside the brake pipe 

during the entire trip.
5. Measure vibration at the emergency portion of the 

control valve to see if it differed significantly from 
those levels measured on the CP coal cars.

6. If possible, note the effect of air dryers on the 
incidence of UDEs.

7.0 SANTA FE TRAIN TESTS
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The westbound portion of the test consisted of a 54 car 
loaded TOFC train. The 20th car was the Santa Fe research car, 
and the 51st, 52nd, and 53rd cars were sleeping and dining cars 
for the test crew. The locomotives were not equipped with air 
dryers.

The 54th or last car was a TOFC flat from a Southern 
Pacific (SP) list of probable kickers. The SP generated this 
list by entering the consist of any train which experienced one 
or more UDEs into a computer. These consists were compared by 
the computer, and when a single car showed up more than 5 times 
it was put on the list. The particular car on the test train was 
previously in.nine trains which had experienced UDEs.

There were 26 AB, 21 ABD, arid 3 ABDW control valves on the 
fifty TOFC flats, and all had A1 reduction relay valves. The 
test car had an AB valve with no A1 or #8 valves, and the 
remaining three passenger cars had D22 equipment with no A1 or #8 
valves.

The train experienced one kicker at Winslow, Ar. It 
occurred on the last TOFC car in the train, which was the car 
from the SP kicker list and which was monitored by the NYAB 
recorder. Unfortunately, The NYAB data on this valve was 
inconclusive. The UDE occurred after the train had slowed to 
about ten mph using dynamic brakes. A minimum application was 
made to bring the train to a complete stop, and this triggered 
the UDE.

7.1 WESTBOUND TEST TRAIN
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7.2 EASTBOUND TEST TRAIN
The eastbound consist was an entirely different train with 

the exception of the car which had kicked and the four passenger 
cars. The train consisted of 52 loaded TOFC flats plus the 
research car and three passenger cars. The locomotives now had 
air dryers. The first car in the train was the car which had 
kicked during the westbound trip, and a Data-Logger was placed on 
this car for the entire trip back to Chicago. The last two TOFC 
flats were from the SP kicker list, and a Data-Logger and the 
NYAB recorder were used to monitor the last TOFC car. The last 
four cars in the train were the research car and the three 
passenger cars in that order. The valve types on the TOFC cars 
were 24 AB, 21 ABD, and 7 ABDW.

On the eastbound trip, six UDEs occurred. Two UDEs 
occurred on the 8th car, one UDE occurred on the 44th car, two 
occurred on the 47th car and one occurred on an unknown car which 
was not identified due to a premature release of the air brakes 
before the train could be inspected. The first car, which had 
kicked on the westbound trip, did not kick. Nor did the two cars 
at the rear of the train from the SP kicker list cause any UDEs. 
The Data-Logger was moved to the 44th car after it had kicked 
twice, after which it never kicked again. But car 47 did, so a 
brake pipe reduction on a UDE initiating valve has still not been 
recorded. The slack action was much more severe on the eastbound 
leg of the trip.

At this point, the conclusion could be made that based on 
this test dryers are of no use in preventing UDEs. This
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conclusion is not valid since nearly all of the variables in the 
test were changed in Los Angeles. There is a possibility that 
the westbound trip may have had no UDEs with dry air, and the 
eastbound trip may have had more with wet air. Since we were 
unable to run a back-to-back comparison using the same consist 
over the same terrain, the case for dryers is still open. 
However, since the last CP train test, the CP now uses dryer 
equipped locomotives in their coal train service, and the 
seasonal increases in UDEs.no longer occur.

Exhibit 7.1 shows some plots of minimum applications on the 
52nd car of the eastbound consist. As on the CP tests, there 
were no two minimum service reductions which were alike. Note 
the 1 psi pressure reduction in the plot at the top of Exhibit
7.1, and the subsequent 1/2 psi rise. The maximum reduction 
rates recorded during the Santa Fe test were not as high as on 
the CP tests, yet the same sort of pressure fluctuations were 
present, and they were more extreme on the eastbound trip with 
its heavier slack action.
7.3 POST TEST TESTING

All four kickers were sent to the CTC. When the cars were 
single car tested at 70 psi and at 90 psi, none failed the 
service stability portion of the test. When the maximum stable 
reduction rates were established for the cars, none appeared to 
be sensitive when compared with long cars tested previously, and 
none of the control valves or vent valves appeared sensitive.
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All four valves were removed and tested on an AB test rack at 
WABCO's Chicago air room. None of these valves failed any UDE 
related portion of the AB rack test.

In addition to the four kickers at the CTC, seventeen cars 
from the eastbound consist were extensively tested at ATSF's 
Corwith Yard in Chicago. Of the total of twenty one cars tested, 
seven required cleaning, and ten of the twenty one cars had 
excessive leakage.

None of these cars would have failed any portion of the 
present repair track air test. In addition, none of these cars 
have failed the service stability portion of the single car code 
of tests. Another interesting fact which has emerged is that the 
cars which were located immediately behind each eastbound kicker 
had excessive leakage. In addition, preliminary inspection of 
the locomotive data tapes has indicated that for six of the seven 
UDEs the slack was either bunched or running in.

Because of the heavy slack action on the eastbound trip and 
the high number of UDEs, it was felt that slack action, through 
some unknown mechanism, might have caused the pressure 
fluctuations seen on the CP and Santa Fe tests. To check this 
theory, the four ATSF "kickers" were coupled together at the CTC 
and instrumented with a brake pipe pressure transducer on each 
car. These transducers were connected to one data acquisition 
system in order to see if any pressure pulses could be seen to 
travel the length of the four cars. The cars were initially 
parked with the slack stretched, then a locomotive was used to 
rapidly close the slack with and without minimum brake
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applications. Exhibit 7.2 illustrates the results on a test with 
no brake application. A 0.1 psi pressure fluctuation was 
generated as the slack closed.on each car, which seemed to 
confirm that slack action does indeed effect brake pipe 
pressure. What remained to be seen was how significant this 
effect could be, and what was the exact mechanism involved.

B P  P RES. vs. T I M E  -  4 U D E  C A R S  C O U P L E D

Exhibit 7.2

7.4 SANTA FE TEST CONCLUSIONS
1. The service stability portion of the single car code 

of tests is not a stringent performance test for the 
control valve on a long car.

51



2. The "trigger" mechanism which appears to cause most 
UDEs is a sharp pressure reduction lasting for a very 
short period of time, usually occurring during quick 
service activity of a service reduction.

3. A "kicker" valve is not necessarily defective, and may 
be reacting as designed in response to a sharp 
pressure reduction.

4. A likely cause of sharp brake pipe pressure reductions 
is-harsh slack action. Testing to determine the 
effect of slack action alone on brake pipe pressure 
would be necessary.

5. Testing would be necessary to determine if a control 
valve would indeed respond to a sharp short duration 
pressure reduction by going into emergency.

6. Moisture in the air brake system may increase the 
sensitivity of a control valve, but this by itself 
will not cause a UDE.
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8 . 0 CHICAGO & NORTH WESTERN TESTS
8.1 TEST PROCEDURE

Tests were run on the Chicago and North Western in July of 
1987 to determine if the motion of the train caused brake pipe 
pressure fluctuations through slack action, vibration, leakage, 
or any combination of these factors. Four different types of 
trains were used between Chicago and Clinton, Iowa. The.first 
was a 34 car westbound mixed manifest freight with seven long 
cars (over 75 feet of brake pipe). This train was later filled 
out with 21 long cars to total 55 cars (28 long cars). The 
second train was an eastbound double stack train with 30 5-unit 
articulated cars. The third train was a 50 car westbound 
containing auto rack and TOFC cars all of which were 85 to 89 
feet long. The last train^was an eastbound 113 car manifest 
freight with a good mix of car types, only 12 of which were long 
cars.

The brake pipe pressure recordings were made using two 
Data-Loggers recording at 500 scans per second. The Data-Loggers 
were programmed to constantly scan brake pipe pressure and keep . 
the previous twelve seconds of data continually, stored in a 
buffer. When slack action was felt in the caboose, the 
Data-Logger was manually triggered to record the previous twelve 
seconds of data on tape. The pressure transducers and 
Data-Loggers were located in the dirt collector bowl of a test 
caboose, which was the last car in each test train.
8.2 DISCUSSION OF C&NW TEST RESULTS

The analysis of the data strongly suggested that the mass
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of the air in the brake pipe reacts to the sudden accelerations 
imposed by severe slack action. Twenty-two run-ins and fourteen 
run-outs were recorded. With the exception of 5 of the run-ins, 
all of the slack run-ins produced a general pressure reduction of 
up to 0.4 psi at the rear of the train, due to the air continuing 
to run forward in the brake pipe as the rear of the train 
suddenly decelerated. Conversely, the run-outs produced a 
pressure, increase of up to 0.45 psi in the test caboose due to 
the air mass wanting to remain at a slower initial speed and 
running to the rear of the train. These pressure changes were 
not sudden events, but rather happened over a one to four second 
time span. The intensity of these pressure changes seemed to 
vary in-proportion to the severity of the slack action.

Exhibit 8.1 shows two plots of brake pipe pressure recorded 
during a slack run-in and a slack run-out. The vertical axis of 
these graphs are un-numbered and each major division is one psi. 
The initial brake pipe pressure is noted on the vertical axis.
The top line is the first two seconds of data, with the second 
two seconds of data plotted below that, and the third two seconds 
below that, and so forth for a total of twelve seconds of 
constant pressure data without any brake applications. The slack 
event which caused the recording to be made generally occurred
1.5 to 2.5 seconds prior to the end of the record.

A second result of this test was the hypothesis that brake 
pipe pressure fluctuations are probably the result of volume 
changes caused by hose bending during changing slack conditions. 
These fluctuations in combination with the brake pipe air mass
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flow might have created the short duration high reduction rates 
referred to in the previous CP and ATSF tests. Exhibit 8.2 is a 
plot of the brake pipe pressure recorded on the last car of the 
double stack train during a slight run-in due to a dynamic brake 
application. Note that in addition to the general pressure 
reduction of 0.15 psi, there are periodic pressure disturbances 
occurring every 0.6 to 0.8 seconds. The double stack train had 
no severe slack action, and all of the run-ins were gentle (there 
were no significant run-outs). The train was 8400 feet long, yet 
had a gradient of about 0.5 psi, which makes leakage an unlikely 
cause. The train behaved like a tight, conventional 30 car 
train, even though each car was about 250 feet long. Recordings 
of brake pipe pressure made while moving over diamonds and 
cross-overs showed that rough stretches of track had no effect on 
brake pipe pressure. Therefore, it appeared that the periodic 
fluctuations were due to hose bending between each car during the 
gradual run-in of one 250 foot car at a time. The period between 
fluctuations of 0.6 to 0.8 seconds indicates a run-in speed of 
about 300 to 400 feet per second, which seems reasonable. The 
shape and nature of the pressure fluctuations on the other three 
types of trains were very similar to those recorded on the stack 
train, but they were slightly larger, there were more of them, 
and they were not periodic. Therefore, it appeared that hose 
bending and deformation during changing slack conditions could 
have been instrumental in the formation of rapid short duration 
pressure reductions.
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9.0 HOSE FLEXING TEST
9.1 TEST PROCEDURE

The effects of hose flexing were simulated by recording 
brake pipe pressure on a single car test rack with 52 feet of 
actual brake pipe (no simulated volumes) charged to 85 psi. A 
pressure transducer was mounted in the dirt collector bowl 
approximately 25 feet from the hoses. Recordings were made at 
500 scans per second when the glad hand was impacted by a hammer, 
and when the glad hand was simply moved through a 6 to 8 inch arc 
by hand without kinking the hose. Exhibit 9.1 shows the result. 
Note on the middle pressure trace that a very fast spike occurs 
at the impact of the hammer, and 0.1 psi fluctuations occur after 
the impact as the hose swung back and forth. On the bottom 
pressure trace, where the glad hand was moved by hand, there are 
regular 0.1 psi fluctuations.

These results seemed to confirm that hose bending can 
contribute to rapid pressure fluctuations, although they would 
appear to be of low magnitude. However, when these rapid low 
magnitude fluctuations are combined with the effects of inertial 
air flow due to slack action and quick service activity, they 
could have a detrimental effect.
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10.0 EFFECTS OF BRAKE PIPE AIR TEMPERATURE AND HUMIDITY
10.1 TEST PROCEDURE

Tests to determine temperature and humidity effects were 
done by measuring the changes in valve sensitivity when the 
control valve was subjected to "wet" and dried air in an 
environmental chamber set at 38 degrees F. The outside air fed 
to the control valve was 80 to 90 degree humid air near the 
saturation point, and when the air reached the control valve it 
was saturated at 38 degrees. Comparison tests were made with and 
without a two stage locomotive dryer. The humidity of the brake 
pipe air with the dryer was about 40%. The control valve 
sensitivity was determined by varying the size of the choke in 
the 3/8" diameter cock of a single car test device. The 
temperature and humidity of the brake pipe air was measured 
inside the dirt collector bowl. A thermocouple was installed in 
the airstream of the quick action chamber breather choke to 
determine if freezing condensation might be restricting this 
choke, which would cause the valve to go into emergency. A 
non-contacting displacement transducer was used to measure the 
movement of the emergency piston. The air temperature and 
humidity inside the control valve was allowed to stabilize prior 
to each test.
10.2 TEST RESULTS

The data did not show any change in sensitivity due to 
brake pipe humidity. The thermocouple data did show that the 
airstream out of the quick action chamber breather choke dropped 
to about 28 degrees F, but there was no evidence of any increased
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restriction of the QAC breather choke due to freezing. The 
emergency piston movement was not noticeably different in wet 
versus dry conditions. However, it appears that the seasonal 
increases in the number of UDEs in Canadian Pacific coal train 
service has dropped significantly with the increased use of dryer 
equipped locomotives in that service and with improved 
roaintainance procedures. So while there is some indication that 
weather conditions can effect control valve sensitivity, it 
remains very difficult to prove.
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11.0 UNIVERSITY of NEW HAMPSHIRE BRAKE SYSTEM MODEL
11.1 BACKGROUND

The University of New Hampshire (UNH) had been developing a 
computer model of the ABDW control valve and the brake pipe for 
NYAB. The model incorporated the dynamics of piston movement and 
the variable opening and closing of ports, which had never been 
done before. With the generous cooperation of NYAB, the AAR 
contracted with UNH to develop a "generic" control valve and pipe 
model which included the effects of acceleration and slack 
action. The UNH/AAR brake pipe model has now advanced to the 
point where the effects of slack action can be simulated. 
Preliminary runs of the model have indicated that a 1.5 G slack 
run-in of 0.12 second duration on the last 50 cars of a 100 car 
train of 50 foot cars is sufficient to cause an UNINTENDED 
MINIMUM SERVICE BRAKE APPLICATION on the last 80 cars. Using the 
same simulation, a 1.6 G run-in of 0.12 second duration on the 
last fifty cars caused a UDE, without a service brake application 
being made. These results, although they are preliminary and as 
yet unsupported by field data, do tend to support the hypotheses 
concerning air mass flow during periods of changing slack 
conditions. A more detailed description of the model by Prof. D.
E. Limbert of the University of New Hampshire is presented in 
Appendix A.
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12.0 INVESTIGATION OF TWO CONFIRMED "KICKERS11
At this point in the UDE study, 16 control valves had been 

positively identified as "kickers", yet they had all passed the 
standard AAR AB Rack Tests. Since that time, the AAR received 
two ABD control valves from the Santa Fe and Union Pacific which 
consistently failed the service stability portion of the single 
car tests administered by their repair track personnel and by the 
AAR at the Chicago Technical Center (CTC). The maximum stable 
reduction rates of these valves recorded at CTC were obtained by 
using various sizes of chokes in the 3/8" cock of a single car 
test device. The test device was connected to a single car test 
rack set up with 110 feet of brake pipe and the A1 reduction 
relay valve was cut out. The Union Pacific valve required a #28 
drill (0.1405 inch diameter) choke to produce an emergency, which 
is only sightly smaller than the present position #5 port size of 
a #26 drill (0.147 inch diameter). The Santa Fe valve required a 
#36 drill choke (0.1065 inch diameter), so it was more unstable 
than the Union Pacific valve. It was decided to take these 
valves to the WABCO air room in Chicago for AB rack tests and 
careful disassembly to try to determine why these Valves failed.

The Union Pacific valve, for reasons unknown, passed the AB 
rack test, and it has passed all subsequent single car tests at 
CTC, done again with 110 feet of brake pipe and the A1 cut out. 
The Union Pacific valve now required a #2 drill (0.221 inch 
diameter) choke to achieve a maximum stable rate, which is about 
average for control valves on 110 foot of brake pipe. No 
concrete reason for the valve's apparent sudden change in
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sensitivity has been found. However, the most likely cause of 
the initial valve failure is the failure of the spill-over check 
valve to seat properly. This would cause a direct communication 
between the emergency reservoir and the quick action chamber, 
thereby insuring a large pressure differential across the 
emergency piston during a service application, forcing the 
emergency piston to emergency position. This.is supported by the 
fact that during the initial single car tests the valve went to 
emergency.almost immediately after the service stability 
reduction began. It is possible that some foreign material was 
on the spill-over check valve seat,, and only became dislodged 
when the valve was moved to the WABCO air room. This control 
valve was not torn down. Only the emergency portion top cover 
was removed and replaced with a cover which mounted a 
displacement transducer after the WABCO AB rack tests.

The Santa Fe valve also showed a sudden change in. 
sensitivity during the AB rack tests, again for unknown reasons*. 
However, even though this valve will now pass the AB. rack test 
and the service stability test, it is by far the most sensitive 
’'good" valve we have found. Subsequent testing showed the 
maximum stable rate choke for 110 feet of brake pipe was now a 
#16 drill (0.177 inch diameter). The change in sensitivity of 
both valves was similar. The Union Pacific valve went from just 
barely failing the test to average, while the Santa Fe valve went 
from failing by a wide margin to just passing. Perhaps the Santa 
Fe valve also had a problem with the spill-over check valve. The 
Santa Fe valve was partially torn down and evidence of some dirt
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was found when the passages were blown out. The QAC breather 
choke was checked for obstruction and proper size and no 
exceptions were taken. The emergency piston diaphragm was found 
to be crimped for about 15 degrees of its circumference, but it 
was a consensus of opinion that this had no effect, and this was 
borne out in further tests.

Both valves were then extensively re-tested at the CTC. 
Exhibit 12.1 shows the data plots from the tests on both the 
Union Pacific and the Santa Fe valves. The motion of the 
emergency slide valve on the Santa Fe control valve was faster 
and more extensive than the UP slide valve. Because of this, 
both emergency slide valves were inspected for wear. It was 
found that the Santa Fe slide valve showed wear in the area 
illustrated in Exhibit 12.2. Note that wear such as this would 
not result in slide valve leakage. However, since the primary 
seating force of the emergency slide valve is QAC pressure acting 
on the seating area, and since the seating area on this 
particular slide valve is reduced due to wear, the resulting 
friction between the valve and its seat is reduced. This allows 
the slide valve and the emergency piston to move sooner, farther, 
and faster for a given pressure differential. This would tend to 
make the control valve more sensitive, and explains why the 
piston movement of the Santa Fe valve is relatively un-damped
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when compared to the Union Pacific valve.
So, to date the AAR had identified 18 confirmed kickers, 16 

of which passed the service stability test, and two of which 
failed the service stability test. This points out the fact that 
while most UDEs are probably caused by train line pressure 
fluctuations, there is still the possibility of a bad control 
valve. Both the Union Pacific and the Santa Fe valves could have 
been found with a single car test or the old In-Date test, 
possibly before they failed in train service. HOWEVER, IT IS 
LIKELY THAT NEITHER VALVE WOULD HAVE FAILED THE PRESENT REPAIR 
TRACK AIR BRAKE TEST.

EMERGENCY SLIDE VALVE FROM ATSF "KICKER"

DEPRESSION
VALVE SEATS HERE,
NO SUDE VALVE LEAKAGE

E x h i b i t  12.2
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13.0 LABORATORY SIMULATIONS OF UNDESIRED EMERGENCIES
13.1 THEORY

It had been theorized previously that pressure fluctuations 
of about 35 to 40 psi/sec lasting for about 10 milliseconds 
should be sufficient to cause a good control valve to go into 
emergency. However, there has been some question as to whether a 
control valve could respond to pressure pulses as short as 10 
milliseconds in duration. In an effort to answer this question, 
as well as gain some insight into the kind of pressure 
fluctuations We would look for during the upcoming Pueblo UDE 
train test, a laboratory test was designed to duplicate these 
short, rapid pressure reductions.
13.2 TEST PROCEDURE

The test consisted of connecting a single car test rack to 
an air spring. The air spring was expanded to its maximum travel 
of about 4.5 inches, and had an effective diameter of about 12 
inches. The total brake pipe volume of the rack and air spring 
was about 1080 cubic inches, or about 70 feet of brake pipe. The 
air spring was placed in an MTS machine which upon a signal would 
allow the air spring to expand a controlled distance at a 
controlled speed. Brake pipe reductions of about 5 psi/sec. were 
made in order to simulate the type of quick service activity 
commonly Seen at the rear of a train. The MTS machine was 
triggered to create a pulse when the brake pipe pressure dropped 
to 88 psi.

Instrumentation consisted of two differential pressure 
transducers reading brake pipe and quick action chamber
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pressures. These pressure transducers only measured from 90 to 
75 psi, with much better resolution than the transducers used 
previously. A third pressure transducer was mounted in the vent 
valve diaphragm chamber in a manner which did not alter the very 
small volume of this chamber. The use of the vent valve 
transducer enabled us to very accurately determine when the 
exhaust port of the emergency slide valve opened and closed, and 
thus to determine when the emergency piston was in emergency 
position. In addition, we used a non contacting type of 
displacement transducer to measure the movement of the emergency 
piston. This data was collected by an HP computer, which was 
also used to trigger the MTS system. Exhibit 13.1 is a photo of 
the test set-up.

E x h i b i t  1 3 . 1
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1 3 . 3  R E S U L T S

The volume change necessary to create the pressure 
fluctuations resulting in emergency applications was typically 7 
cubic inches, or an increase of only 0.6% over the original brake 
pipe volume. The gain on the MTS response was turned down to the 
point that a ramp command to the MTS resulted in a haversine 
response. This was done to eliminate overshoot, and the 
resulting actual MTS head speed needed to produce an emergency 
was about 2.5 to 2.7 inches per second over a distance of less 
than 0.06 inches. : -

Two control valves were tested. The first was the 
previously mentioned very sensitive Santa Fe ABD kicker. Using 
this valve, the minimum reduction rate necessary to cause the 
emergency slide valve to move to emergency position and begin 
feeding pressure to the vent valve diaphragm was 38.5 psi/sec at 
a duration of .013 seconds (Exhibit 13.2). Note that there is a 
brake pipe pressure rebound after the initial rapid reduction.
The rebound in this case possibly saved the control valve from 
going to emergency by pushing the emergency piston back into 
service position. This rebound was a constant problem throughout 
the tests, and resulted in somewhat higher reduction rates than 
predicted. It should be remembered that the train test data 
gathered on the CP and ATSF UDE train tests did not typically 
show this pressure rebound after a rapid reducing pressure 
fluctuation. A fluctuation rate of 45.5 psi/sec. for .011 
seconds was required to produce an emergency application.
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U D E  LAB T E S T S  -  R u n  # 1 0 4
ATSF ABD "KICKER’ -  AIR BAG SPEED = 2.74 in /sec for 0.06 sec

Exhibit 13.2

Because the Santa Fe valve was abnormally sensitive due to 
emergency slide valve wear, the remaining testing was done using 
the Union Pacific kicker, which is now of average sensitivity, 
and a Canadian Pacific ABD which was a confirmed kicker on the 
earlier Canadian Pacific train tests, but which has proven to be 
an average "good" valve. The minimum fluctuation rates necessary 
to cause an emergency application ranged from 40 psi/sec in 13 
msec.to 35.3 psi/sec in 20 msec for the Canadian Pacific valve, 
and 39.4 psi/sec in 14 msec to 36.1 psi/sec in 19 msec for the 
Union Pacific valve. Again, the brake pipe pressure rebound
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after the initial fluctuation distorts the picture. Exhibit 13.3 
illustrates a case where the Canadian Pacific control valve very 
nearly went into emergency. Note that the emergency port of the 
emergency slide valve was open for 29 milliseconds, and the vent 
valve pressure built up to 20 psi. Normally, 32 to 36 psi will 
open the vent valve. Had the pressure continued to reduce at the 
initial quick service rate instead of rebounding, this reduction 
could very well have been an emergency.

U D E  LAB TESTS - R u n  #222
CP ABD -  No Pipe Bracket Choke

AIR BAG SPEED = 1.93 in /sec  for 0.08 inches

E x h i b i t  13.3
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One possible UDE. cure is to use a choke between the pipe 
bracket and the emergency piston to slightly desensitize the 
emergency portion without significantly affecting emergency 
transmission speed. This was done using the Canadian Pacific 
valve as a baseline. A two by two inch piece of .030" thick 
galvanized sheet was drilled in the center, and this choke was 
placed against the center of the pipe bracket gasket between the 
pipe bracket and the emergency portion (Exhibit 13.4). The 
previous series of tests were then repeated to measure the change 
in valve sensitivity due to the pipe bracket choke.

1 3 . 4  P I P E  B R A C K E T  C H O K E S

E x h i b i t  13.4
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The initial choke size tested was 0.25" diameter, which to 
our surprise was too small. The choke diameters were then 
increased from 0.25" to 0.313", 0.36", and finally to 0.43". 
Exhibit 13.5 is a plot of the unstable emergency fluctuation 
rates and the stable service fluctuation rates versus time 
duration for the no choke condition and for the 0.43" diameter 
choke. Curves have been drawn through the lowest emergency rates 
and the highest service rates.

UDE LAB TESTS - CP ABD

MAXIMUM STABLE AND MINIMUM UNSTABLE PRESSURE FLUCTUATION RATES 
No Pipe Bracket Choke vs. 0.43" Dia, Choke.

0.45" Dia. Choke 
;;;; Uncertainty Range

0 Emergency Rate 

^  Stable Rate

No Choke 
Uncertainty Range

Emergency Rate 

Stable Rate

E x h i b i t  1 3 . 5
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Note that there is an area where the service and emergency 
rates overlap. For each choke condition, the overlap range is 
about 8 to 10 psi/sec. Inside of this range, a control valve may 
or may not go into emergency. Exhibit 13.6 illustrates this 
point.

Both are tests made with the 0.36H diameter pipe bracket 
choke. Test Run #297 shows a rapid reduction of 42.0 psi/sec 
lasting for 25 msec, and Run #299 shows a rate of 36.8 psi/sec 
lasting for 19 msec. In Run #299, the emergency slide valve was 
in emergency position for 43 msec, and the vent valve diaphragm 
pressure reached 27.5 psi. The emergency slide valve is in 
emergency position when the vent valve diaphragm pressure begins 
to build, and the slide valve is in service position when the 
vent valve diaphragm pressure is being exhausted (on an ABD or 
ABDW valve, the emergency port of the emergency slide valve opens 
when the emergency piston moves about 0.12 inches). In this 
case, the valve very nearly went into emergency, and probably 
would have if the brake pipe pressure had not rebounded and moved 
the emergency piston back to service position. Yet the previous 
reduction during Run #297 had a higher reduction rate lasting for 
a longer time period, but the emergency slide valve did not move 
into emergency position. The only significant difference between 
the two reductions is the position of the emergency piston when 
the MTS-induced reduction occurred. During Run #297, the piston 
was 0.081 inches from emergency position, and did not reach 
emergency. But in Run #299, the.piston was 0.074 inches from 
emergency, and did reach emergency position. There were many
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other cases such as this where the factor determining whether or 
not a valve would go into emergency was the position of the 
emergency slide valve when the fluctuation occurred, the movement 
or lack of movement of the slide valve when the fluctuation 
occurred, and the frictional force between the slide valve and 
the valve seat. Exhibit 13.7 is a diagramatic showing how both 
the service and emergency ports can be open at the same time.
This is what occurred during test # 299.

So even though a range of uncertainty exists, this range 
can be seen to move up or down with different sized pipe bracket 
chokes on a valve sensitivity plot like that in Exhibit 13.5.

. PISTON MOVES UP 0.12 INCHES TO CRACK OPEN EMERGENCY PORT

n ^ n-----n ^  op _______  ■_______  BP '_____ TOP OF EMERG. ACCEL. RELEASE VALVE

EMERG. RESERVOIR

QUICK ACTION CHAMBER

BRAKE PIPE

SERVICE BLOWDOWN 
TO ATMOSPHERE .

HIGH PRES.- SPOOL VALVE

TO VENT VALVE PISTON 
OPENS WHEN PRESSURE REACHES 

• ABOUT 43 PSI

PRELIM. EMERG. POSITION
SMALL ARROWS INDICATE AIR FLOW DIRECTION

E x h i b i t  13.7
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There was some concern that a choke placed in the pipe 
bracket would reduce the emergency propagation rate of an 
intended emergency application. To check this, some preliminary 
tests were conducted on the 150 car test rack of NYAB. The tests 
used 50 cars equipped with ABDW control valves. The tests 
revealed that there would be no significant reduction of 
emergency propagation rates for a 50 car train. However, when a 
minimum service application was made, the service propagation 
time for the 50 car train increased from 12.6 seconds to 15.2 
seconds. This would be clearly unacceptable. This loss of 
service braking performance of the ABDW is due to the placement 
of the choke. When placed between the emergency portion and the 
pipe bracket, it not only effects the emergency piston, but also 
effects the breathing of the accelerated application valve (AAV).

So, if the choke cure'proves itself effective, the choke may 
have to be located in the top cover of the ABDW emergency 
portion. In this position the choke should have no effect on the 
AAV activity of the ABDW. For the AB or ABD valve, a choke 
located between the pipe bracket and the emergency portion would 
not affect the service transmission times. Additional testing 
has been done on 150 car test racks to investigate the effect the 
choke will have on transmission times in long trains and the 
ability to jump cut-out control valves. This will be covered in 
a later section of this report. Exhibit 13.8 shows a diagramatic 
of the ABDW emergency portion, and the two possible locations of 
the choke. This exhibit also shows how the pipe bracket location 
of the choke would affect the brake pipe passage to the AAV.
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POSSIBLE LOCATION OF UDE CHOKE IN tOP COVER OF ABD & ABDW

5k B P  - ►  TOl> OF EMERC. ACCEL. RELEASE VALVE

EMERC. RESERVOIR 
QUICK ACTION CHAMBER

UDE CHOKE BETWEEN 
PIPE BRACKET AND 

EMERGENCY PORTION 
WOULD EFFECT 
THIS PASSAGE

BRAKE PIPE
SERVICE BLOWDOWN TO ATMOSPHERE

HIGH PRES. SPOOL VALVE

TO VENT VALVE PISTON

ABDW in RELEASE POSITION

Exhibit 13.8
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1 4 . 0  F R A  T R A N S P O R T A T I O N  T E S T  C E N T E R  S L A C K  T E S T S

14.1 INTRODUCTION ..
Up to this pointthe results from the field tests and from 

the laboratory tests which where conducted concurrently had led 
to the following conclusions; , .
1. Most UDEs are caused by a control valve which responds to a 

rapid pressure reduction of short duration by going into 
emergency position. These rapid pressure reductions 
normally act in conjunction with normal service brake 
applications to produce UDEs. In most cases; this happens 
with control valves which are in ''good" condition and pass 
all applicable AAR air brake tests.

2. These rapid short duration pressure reductions are caused 
by slack action. More specifically, they are caused by the 
sequential deceleration of cars at a closure rate 
approximately equal to the speed of sound within the brake 
pipe.

3. In lab tests, control valves in normal operating condition 
may go into emergency in response to reduction rates of 30 
to 40 psi/sec lasting from 10 to 15 milliseconds.

4. Control valves can be conditioned to be less responsive 
toward these rapid, short duration reductions through the 
use of a 0.43" diameter choke placed in the central air 
passage between the pipe bracket and the emergency portion. 
The purpose of the FRA funded portion of the UDE study was

to conduct a train test under very controlled conditions at the 
Transportation Test Center at Pueblo, Colorado. The test was
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designed to accomplish the following;
1. Verify that slack action can cause pressure reductions of 

the magnitude and duration necessary to produce UDEs.
2. Evaluate the performance of 0.43" dia. chokes in actual 

train service.
14.2 THEORY

The University of New Hampshire computer model predicted 
the occurrence of negative pressure pulses,of 0.1 to 0.2 psi due 
to the sudden deceleration of a car. This is due to the mass of 
the air in the brake pipe--obeying Newton's Laws of Motion. When 
a car and the brake pipe attached to it decelerates, the air 
within the brake pipe continues to move at its initial speed.
This causes a pressure reduction to occur behind the decelerating 
car, and a pressure increase to occur ahead of the decelerating 
car. These reductions and increases take the form of a pulse, 
the magnitude and duration of which are directly proportional to 
the magnitude and duration of the deceleration.

When the slack runs in on a train at a closure rate of 
approximately the speed of sound in the brake pipe, the negative 
pressure pulses moving back in the train can add to one another. 
In other words, if a pulse generated by the deceleration of car A 
reaches car B just as it decelerates and creates its own 
negative pulse, the pulse from car A adds to the pulse from car 
B. When this process is carried through a train, the computer 
model predicted the occurrence of pressure reductions of up to
1.6 psi due to slack action alone. It also predicted the 
doubling of these pulses to as much as 2.6 psi as they reached
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the rear angle cock, and the reflection of these pulses forward 
in the train. Deceleration rates of about 2.0G lasting for 0.12 
seconds were needed to create UDEs.

Laboratory testing at the AAR Chicago Technical Center 
(CTC) has shown that control valves in good working order will go 
into emergency in response to pressure reduction rates of 30 to 
40 psi/sec lasting for 10 to 15 milliseconds. Testing has also 
shown that the placement of a choke in the brake pipe air passage 
leading from the pipe bracket to the top of the emergency piston 
can lessen the effect of a rapid short duration pressure pulse. 
The optimum choke size developed from lab testing was of 0.43 
inch diameter. This choke plate was placed over the center air 
passage between the emergency portion and the pipe bracket. The 
use of choke plates or their equivalent was considered a possible 
fix for most UDEs. However, some question remained whether these 
chokes would decrease the emergency propagation rate to the 
extent that they would be unusable in service.

UDEs commonly occur most often on TOFC/COFC trains. This 
may be due to the increased potential for harsh slack action on 
these trains due to the widespread use of end-of-car cushioning 
devices, some of which may be defective. In addition, the 
present AAR air brake tests are less critical with longer cars, 
so the possibility of bad control valves being on long cars is 
greater.

The FRA funded UDE train test at Pueblo was designed to 
investigate all of the above factors.
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1 4 . 3  T E S T  C O N S I S T

The test train was to have consisted of 3 high horsepower 
locomotives, forty-six 85 to 89 foot long empty flat cars and 
four 100 ton loaded hoppers. The hoppers were necessary to mount 
the dynamometer couplers needed to monitor the in-train forces, 
and they were loaded simply because these cars were on-hand and 
available from another test at TTC. Due to car delivery problems 
the final test train consisted of 32 long empty cars and the four 
loaded hoppers. In addition, five un-braked loaded 100 ton 
hoppers were placed at the rear of the train during the initial 
test runs to generate high buff forces. This consist was 
modified during the course of the test. Exhibit 14.1 illustrates 
the consist variations.

TEST C ONSIST
3 LOCOS 9 CARS 9 CARS 5 CARS 4 CARS

5 CARS 
UNBRAKED

m Y Y I H I ----- i ^ l l ^ r - l ^ i  ' W W W I
1 CAR 2 CARS 2 CARS

— ------4044 Ft. --------
2 CARS 2 CARS

41 CARS TOTAL (36 BRAKED) 
Runs 1 - 3 9

32 Empties -  9 Loads -  2872 Tons

3 LOCOS 9 CARS 9 CARS 5 CARS 4 CARS

1 CAR 2 CARS 2 CARS 2 CARS 2 CARS
------------------------------------------------  4044 F t.--------------------------------------------------- ►

36 CARS TOTAL 
Runs 40 -  151

32 Empties -; 4 Loads -  2214 Tons

3 LOCOS 9 CARS 9 CARS 5 CARS 4 CARS

IW W V 1 1I CAR 1 'CAR 1 'CAR "TCA R  1 CAR
----------------------------------------------- 3838 F t.--------------------- ----------------------- ►

32 CARS TOTAL
Runs 1 5 2 - 1 7 0  

32 Empties -  1688 Tons

■  INSTRUMENTED CARS
Exhibit 14.1
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The instrumentation cars shown in Exhibit 14*1, with the 
exception of the 1st car, consisted of one loaded 100 ton hopper 
and one empty 89 foot auto rack. A dynamometer coupler and a 
string potentiometer were mounted on the trailing ends of the 
last locomotive and the four loaded hoppers to measure buff 
forces and coupler displacement. The following flat cars also 
carried a string potentiometer, so the total relative movement of 
the dynamometer coupler and its mating coupler on the flat car 
could be recorded. The flat cars also carried pressure 
transducers to measure brake pipe pressure at the dirt collector 
bowl and brake cylinder pressure at the cylinder. For the later 
test runs, an accelerometer was installed on the.middle 
instrumented flat car (first car 23, then during later tests car 
21). All of this instrumentation was cabled up to a pulse coded 
modulation (PCM) transmitter on car 23 (later car 21). Use of 
the PCM system allowed real time comparison of the 10 pressures,
5 coupler forces and 10 coupler displacements. In addition to 
the 25 data channels already mentioned, there were also channels 
allotted to record an event timer, an accelerometer, and two more 
pressure transducers, for a total of 29 data channels. Also, a 
22 inch clear plastic UDE detector hose was installed on the 
leading end of every car so that if a UDE occurred, the 
originating car could be positively identified.

The PCM data was recorded at 1200 samples per second. The 
data was transmitted to the computer room in the Roll Dynamics 
Laboratory and stored on tape for later analysis. However, eight

1 4 . 4  T E S T  I N S T R U M E N T A T I O N
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of the 29 data channels could be plotted real time on a strip 
chart recorder with a very high frequency response. This enabled 
the test engineer in the computer room to monitor coupler buff 
data and the brake pipe pressure data, and use the information to 
quickly set the parameters for the next test run. Exhibit 14.2 
is a list of data channels for the initial test conditions.

CHANNEL #

Exhibit 
Data Channel 

MEASUREMENT

14.2
Allocation . 

LOCATION
. 1 COUPLER FORCE REAR OF LOCO CONSIST
2 COUPLER MOVEMENT REAR OF LOCO CONSIST
3 COUPLER MOVEMENT FRONT OF 1st CAR
4 BRAKE PIPE PRESSURE 1st CAR
5 BRAKE CYL.. PRESSURE 1st CAR
6 COUPLER FORCE REAR OF 11th CAR
7 COUPLER MOVEMENT REAR OF 11th CAR
8 COUPLER MOVEMENT FRONT OF 12th CAR
9 BRAKE PIPE PRESSURE 12th CAR
10 BRAKE CYL. PRESSURE 12th CAR
11 COUPLER FORCE REAR OF 22nd CAR..
12 COUPLER MOVEMENT REAR OF 22nd CAR
13 COUPLER MOVEMENT . FRONT OF 23rd CAR
14 BRAKE PIPE PRESSURE 23rd CAR
15 BRAKE CYL. PRESSURE 23rd CAR
16 COUPLER FORCE REAR OF 29th CAR
17 COUPLER MOVEMENT REAR OF 29th CAR
18 COUPLER MOVEMENT FRONT OF 30th CAR
19 BRAKE PIPE PRESSURE 30th CAR
20 BRAKE CYL. PRESSURE 30th CAR
21 COUPLER FORCE REAR OF 35th CAR
22 COUPLER MOVEMENT REAR OF 35th CAR
23 COUPLER MOVEMENT FRONT OF 36th CAR
24 BRAKE PIPE PRESSURE 36th CAR
25 BRAKE CYL. PRESSURE 36th CAR
26 ACCELERATION 23rd CAR
27 B. C. PIST- TRAVEL 23rd CAR
28 MANUAL EVENT MARKER
29 V. V. PISTON PRES. LAST CAR
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The initial series of test runs consisted of applying 
various mixtures of dynamic and air braking to the train at 
selected track locations in order to produce harsh slack action 
(a detailed test log is given in Appendix C). All moving slack 
run-in tests were done on tangent portions of the. Transit Test 
Track (TTT, shown in Exhibit 14.3) at speeds no higher than 30 
mph. The buff forces throughout the train were closely monitored 
during all but the last, test runs. A maximum buff force limit 
was initially Set at about 350,000 lbs, but during the course of 
the test sustained buff forces of 400,000 lbs. and peak forces"of
750,000 lbs. were recorded without derailing the train. Exhibit
14.4 gives a listing of the test parameters and the consist 
make-up.

The slack run-in was created in two ways. The first 
attempts consisted of running in a counterclockwise direction 
around the TTT and applying the dynamic brake in notch 8 and a 
minimum brake application when the first two thirds of the train 
was on a downgrade and the rear third on a slight upgrade 
(locomotives between T40 and T43, Exhibit 14.3). Later attempts 
consisted of accelerating hard up to 30 mph at the foot of a 1.5% 
grade (T14, Exhibit 14.3), and making the dynamic and air brake 
applications as the locomotives started upgrade. Every attempt 
was made to time the air brake application so that quick service 
activity would coincide with the slack run-in at one of the 
instrumented flat cars. This proved difficult even under these 
relatively controlled conditions. The best results were obtained

1 4 . 5  S L A C K  R U N - I N  T E S T  P R O C E D U R E
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without ising the five un-hraked "hammer" cars.

TRANSIT TEST TRACK - PROFILE

Exhibit 14.3
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Exhibit 14.4

TEST NO.
TEST
TYPE # OF CARS

TOTAL
WEIGHT
(tons)

TRAIN
LENGTH
(feet)

BP LENGTH 
Cars Only 

(feet)
1-39 SLACK

TESTS
32 FLATS
4 HOPPERS
5 HAMMERS*

2872 3897 4044

40-45 EMERGENCY 
STOP TESTS

32 FLATS 
4 HOPPERS

2214 3647 4044

46-116 TOES TESTS** 32 FLATS 
4 HOPPERS

2214 3647 4044

117-122 .EMERGENCY 
STOP TESTS

32 FLATS 
4 HOPPERS 2214 3647 4044

123-143 SLACK
TESTS

32 FLATS 
.4 HOPPERS

2214 3647 4044

144-151 FULL SERV. 
STOP TESTS

32 FLATS 
4 HOPPERS

2214 3647 4044

152-170 SLACK 32 FLATS r  1688 3185 3838TESTS
Test runs 117-170 were with the pipe bracket chokes 

installed.
* "Hammer" cars were 100 ton loaded hoppers with the

brake pipe jangle cock closed ahead of them and brake 
systems drained.,

** These tests were run to validate the Train Operations 
Energy Simulation model. Full service stop tests 
without pipe bracket chokes were among the tests made. 
These tests were compared with the stop tests made in 
test runs 144-151.

During the later stages of the test the slack run-ins were 
created by violently backing the locomotives into the standing 
train, which was parked on level tangent track with the slack 
stretched. The locomotive independent brake cylinder pressure 
was adjusted up to 82 psi and with the independent brake applied,
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the throttle was quickly advanced to notch 8 in reverse. When 
the locomotive began to move, the independent;brake was released, 
and the units backed rapidly into the train. The best results 
were obtained when all of the loaded 100 ton hoppers (with the 
dynamometer couplers) were removed from the train, the front two 
thirds of the train was stretched and the rear third of the train 
was bunched. This method resulted in slack run-in rates 
approaching the speed of sound in the brake pipe. The stationary 
test method was necessary due to the relative shortness of the 
train. If the test train had been 50 cars long as originally 
intended, the slack run-in rate at the rear of the train would 
have been higher during the moving tests, and this stationary 
method probably would not have been necessary.
14.6 DISCUSSION OF SLACK RUN-IN TEST RESULTS,

Exhibit 14.5 is a plot of the data from test run 33. All 
of the subsequent data plots in this report will follow this 
format. The pressure plots are on a scale which indicates each 
major horizontal division as 2 psi. This gives no indication of 
the actual pressure or gradient. Due to slight differences in 
each pressure transducer, the actual pressure and gradient can 
only be estimated at about 89 psi and 1/2 psi respectively.
Below the pressure plots are plots of the coupler displacement on 
the leading coupler of each pressure transducer equipped car.
Note that from very early in the test the string potentiometer on 
the lead flat car was inoperative. This was not noticed due to 
the necessity of closely monitoring the brake pipe pressure and 
buff forces in each test. The plots are laid out so that cause
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and effect can be determined, and pressure pulse movement in the 
brake pipe can be clearly seen.

Test run 33 was made by accelerating up to 30 mph as the 
locomotives reached marker T14 (Exhibit 14.3) then applying notch 
8 dynamic brake as quickly as possible. A minimum brake 
application was made when the motor amperage reached 250 amps. 
This resulted in a peak buff force of 650,000 lbs. on car 22, and 
a sustained buff force of about 300,000 lbs.

UDE TEST RUN 33

Exhibit 14.5
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The slack run-in was not as rapid as some of the later test 
runs. The coupler on car 36 closed at about 22.5 inches per 
second compared to 50 inches per second on later test runs. Yet 
a negative pressure pulse was generated on car 36 at 31.7 
seconds. The pulses generated on car 36 at 29.4, 33.7 and 38.2 
seconds are thought to be the result of B-l quick service valve 
cycling. Note that this seems to trigger the B-l valves ahead 
with the result that a pulse moves from the rear car to the front 
of the train. The pulse gets stronger at the front of the train 
(33.6 seconds), continues to the front angle cock and then 
reflects back into the train (34.2 seconds). This phenomenon was 
noticed even on brake applications made on the standing train.

Exhibit 14.6 is a comparison of brake pipe pressure plots 
from a minimum brake application on a standing train and on a 
train experiencing a heavy slack run-in. Test run 107, a minimum 
application on the stationary train, shows traces commonly seen 
on stationary 150 car test racks with the exception of the B-l 
activity mentioned previously. Test run 143 was a minimum brake 
application made 4.5 seconds after notch 8 power application in 
reverse direction on a standing train with the slack stretched. 
The effect of slack run-in can clearly be seen at the 23rd car 13 
seconds into the run, and at 36th car 16.5 seconds into the run.

91



CO
CL
CN

' II
>
Q

LU
CL
3
CO
CO
Ld
DC
CL

UDE TEST - R U N  107
STATIONARY MINIMUM APPLICATION, 36 CARS

Exhibit 14.6

’ Exhibit 14.7 is a data plot of test run 134. This run was 
similar to run 143 except the minimum application was 5 seconds 
after the reverse power application. An accelerometer mounted on 
the 23rd car recorded a 0.6G deceleration for 40 milliseconds.
In this case the run in of car 12 (coupler closing at about 22 
in/sec) produced a negative pressure pulse of about 0.4 psi.
This pulse moved back to car 23 and was reinforced by the run-in 
of that car, then continued back until it reached the rear car 
causing a full one psi reduction 14.5 seconds into the run. At
15.7 seconds Car 36 ran-in (coupler closed at about 32 in/sec)

92



causing a sharp 1.3 psi reduction. This reduction was on top of 
a 0.6 psi reduction caused by the cars ahead, which resulted in a 
total reduction of 2 psi. Note that all of these reductions are 
entirely due to slack action. The actual minimum reduction 
doesn't reach car 36 until 18.4 seconds into the run, a full 4.2 
seconds after the slack induced reduction begins.

The maximum overall brake pipe pressure reduction rate 
generated by the run-in of the 36th car at 15.7 seconds was 27 
psi/sec for 20 milliseconds. This rate is at the lower threshold 
of the rates necessary to produce UDEs of good valves in lab 
tests.

UDE TEST -  RUN 134
M I N I M U M  A P P L I C A T I O N  5  S E C O N D S  A F T E R  R U N  8  -  B A C K -  I N T O  3 6  C A R  T R A I N

Exhibit 14.7
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UDE TEST -  RUN 168

Exhibit 14.8

Test run 168 (Exhibit 14.8) was another test in which the 
locomotives were backed into the train. In this case the front 
two thirds of the train was stretched, and the rear third was 
bunched prior to the start of the test. The loaded hoppers 
carrying the dynamometer couplers were not in the train, which 
resulted in a 32 car train of empty flats. This was done in 
order to maximize the acceleration of each car. A minimum brake 
application was made 2 seconds after release of the independent 
brake. Note that the slack run-in rate of about 750 ft\sec was 
still less than the speed of sound in the brake pipe (in this 
case about 980 ft/sec at 50 Deg. F.). A longer train would have
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faster slack closure rates at the rear end than the rates 
generated by the 32 car test train.

Test run 168 resulted in the run-in pulses from the cars 
ahead and the run-in pulse from the 32nd car coinciding almost 
exactly with the start of quick service activity on the 32nd 
car. This produced a pressure reduction from all causes of;about
3.2 psi in one second. However, the maximum reduction rates were 
only about 7.5 psi/sec on the 32nd car.

UDE TEST -  RUN 170
MINIMUM APPLICATION + SLACK RUN IN

Test run 170 (Exhibit 14>9) was a repeat of run 168, but 
the overall reduction of 2.3 psi was smaller and the maximum 
reduction rate of 32 psi/sec was much higher.
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This illustrates the basic problem in understanding UDEs. 
The occurrence of most UDEs depends on a great many factors, all 
of which must act together to produce a UDE. The slack run-in 
should be at or near the speed of sound in the brake pipe for at 
least a portion of the train and the run-in pulse should ideally 
coincide with the quick service activity at a particular valve. 
In'addition, lab tests have shown that a valve may or may not go 
into emergency in response to a given reduction rate (see Exhibit 
13.5). Even under the relatively controllable conditions at TTC 
as compared to revenue train tests, it was extremely difficult to 
repeatedly line up all factors to even get repeatable results.

Exhibit 14.10 illustrates the sensitivity curves 
established during the previously described lab tests along with 
the maximum reduction rates recorded during the slack tests at 
TTC. For test runs 123 through 170 the borderline ATSF "kicker" 
ABD emergency portion was mounted on the last car of the train 
where the maximum pressure pulses occurred. Note that the 
maximum reduction rates recorded at TTC were just short of the 
rates needed during lab testing to cause an emergency 
application. Because the curves in the lab tests might actually 
be somewhat lower under service conditions, it is likely that the 
maximum reduction rates recorded at TTC were in the bottom 
segment of the "go/nogo" range of a standard valve. Once again, 
a longer train might have produced the accelerations and maximum 
reduction rates needed for the generation of UDEs.
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LAB GO/NOGO RATES vs. TTC SU\CK TEST RATES

* '  —  M A X .  S T A B L E  R E D U C T I O N  R A T E S  D U R I N G  T T C ' S L A C K  T E S T S

■ Exhibit 14.10 , • ...

14.7 EMERGENCY STOP TESTS
Emergency stop tests were made with and without a 0.43 inch 

dia. choke placed over the center air port between the emergency 
portion and the pipe bracket. This air passage connects brake 
pipe pressure from the pipe bracket to the top of the emergency 
piston. Lab tests mentioned previously have shown that a choke 
of this size will slightly desensitize a control valve, making it 
less likely to respond to slack induced pressure pulses.
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NYAB had earlier run some tests on 50 cars of their 150 car 
test rack to determine the effect of a 0.36 inch dia. choke on 
service and emergency propagation times. The emergency 
propagation time was 0.5 seconds slower, which might be 
acceptable in actual train service. However, the propagation 
time for a minimum service reduction on ABDW control valves was
4.5 seconds slower, which was clearly unacceptable. So it became 
important to determine what the effect of the larger 0.43 in. 
dia. choke had on propagation times under actual stop test 
conditions.

The stop tests were done from 50 mph and 30 mph. Three 
tests were made from each speed with and without the pipe bracket 
chokes. The brake applications were made running in a counter 
clockwise direction at T33 for the 50 mph stops and T31 for the 
30 mph stops (see Exhibit 14.3). Stop distances were measured 
and propagation rates recorded using the PCM instrumentation.
The train consist for all stop tests weighed 2872 tons and 
consisted of three 4-axle locomotives, 32 empty flat cars and 
four loaded 100 ton hoppers. Exhibit 14.11 gives the test 
parameters and results from each test, and Exhibit 14.12 is a 
graphical representation of the results.
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E x h i b i t  1 4 . 1 1

TEST INITIAL STOP STOP 0.43 EMERGENCY
NUMBER SPEED TIME DIST. CHOKE PROPAGATION

mph seconds feet USED ft/sec
40 30.4 29.3 839.5 NO 950.00
41 30.4 29.4 820 NO 957.35
42 30.0 29.1 807 NO 954.88
43 50.4 49.1 2290 NO 954.88
44 50.4 48.7 2243 NO 954.88
45 50.7 48.4 2230 NO 952.44

AVERAGE = 954.07
117 29.7 29.3 807 YES 980.08
118 30.4 29.8 830 YES 982.67
119 30.7 29.5 829 YES 982.67
120 50.8 46.7 2097 YES 982.67
121 50.8 46.5 2090 YES 982.67
122 50.6 48.3 2101 YES 980.08

AVERAGE = 981.81
The ambient temperature was about 30 deg. F. during the 

no-choke tests, and 55 deg. F. during the choke tests. When the 
average propagation rate without chokes is corrected for ambient 
temperature (see appendix B) the rate is 978.11 ft/sec. When 
this is compared to the actual measured rate of 981.81 ft/sec 
with the chokes at 55 deg. F., it can be seen that the chokes of
0.43 inch dia. had no significant effect on emergency propagation 
times oh the 36 car test train. It remained to be seen whether a
0.43 choke would effect service propagation rates on trains 
equipped entirely with ABDW type valves. This would determine 
whether the choke would be placed in the pipe bracket filter or 
in the ABD/ABDW emergency portion top cover. Once this was 
determined, the next step was field testing of these chokes on 
selected UDE prone unit trains, such as a CP unit coal train.
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E M E R G E N C Y  STOP TESTS
W I T H  a n d  W I T H O U T  .4 3" dia. C H O K E S  

3 6  C A R S  -  3  F O U R  A X L E  U N I T S  -  2 8 7 2  TOT. T O N S

30 MPH STOPS 50 MPH STOPS
- ACTUAL INITIAL SPEEDS AT TOP OE EACH BAR

n W I T H  .43" dia C H O K E S  W I T H O U T  C H O K E S
5 5  D eg  F 3 0  D eg F

Exhibit 14.12
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15.0 CONCLUSIONS
Even though the entire AAR portion of the UDE study is not 

yet complete, some firm conclusions have been made;
1. Most of those UDE's which are unexplainable are caused 

by rapid short duration pressure reductions. These 
reductions are severe enough to cause a control valve 
in normal operating condition to make an emergency 
application.

2. These rapid short duration pressure reductipns are 
caused by severe slack action.

3. 0.43 inch diameter chokes located between the pipe 
bracket and the emergency portion will slightly 
desensitize a control valve against slack induced 
pressure pulses. They do not affect service or 
emergency propagation times on trains primarily 
equipped with non-AAV type control valves and A-l 
reduction relay valves.

4. The spill-over check valve in the ABD/ABDW type 
control valves are no longer required in today's 
railroad operating environment, and when defective can 
cause a control valve to become prone to UDEs. 
Consideration should be given to removing the 
spill-over check valve function whenever a control 
valve is cleaned.

5. Even though the large majority of control valves 
positively identified as "kickers" in this study were 
not defective, it is still possible for a control
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valve to become defective and cause UDEs. The present 
AAR Repair Track Air Brake Test is inadequate to find 
these control valves, particularly for cars with over 
75 feet of brake pipe.

6. Seasonal increases in UDE occurrence can be attributed 
to certain combinations of low ambient temperature and 
high brake pipe moisture content. On the CP, air 
driers have sharply reduced seasonal increases of 
UDEs.

The next step in the AAR UDE study is to verify the 
performance of the pipe bracket chokes on a 150 car test rack. 
Testing will address performance under high leakage conditions, 
the ability to jump four 50 foot long cars with cut-out control 
valves in the middle of a 150 car train; and the effect on AAV 
performance on a solid train of ABDW Control valves. Once these 
tests are finished, and the final location of the choke is 
determined, then enough hardware will be made to conduct in 
service field tests on the Norfolk Southern and the;Canadian 
Pacific. The service tests will be made on unit trains known to 
have a high number of UDEs. These trains will be monitored to 
determine if the chokes do indeed reduce UDEs.
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EMERGENCY PROPAGATION RATES AS AFFECTED BY TEMPERATURE
A p p e n d i x  A

Choke plates of 0.43 inch diameter were installed between 
the emergency portion and the pipe bracket on all 36 cars except 
for car 2 (Z1AW) and car 35 (sensitive ABD valve). The chokes 
had no effect on stop distances or emergency propagation rates. 
The propagation rates were faster for the tests with the chokes 
due to the warmer ambient temperature.

The acoustic speed (speed of sound) in free air is;
Va = V @RT

where
@ = 1.4 = ratio of specific heats 
R = 1716.26 ft/secA2-Deg R = Gas constant for iair 
T = ambient temperature in Degrees Rankine absolute

by;
The speed of propagation in a pipe is better approximated

Vp = V RT ft/sec
because the large pressure drop of a brake application 

tends to lower the temperature of the air in the pipe, reducing 
the velocity of transmission.

For the TTC tests, the ambient temperatures were;
55 Deg F = 515 Deg R - tests WITH 0.43 inch dia. choke 
30 Deg F = 490 Deg R - tests WITHOUT 0.43 inch dia. choke

propagation speeds - with chokes / no chokes
V RT V 1716.26 * 515

V RT V 1716.26 * 490
The measured propagation rate for the NO CHOKE tests was;

954.07 ft/sec at 30 Deg F
Therefore, the propagation rate which could be expected 

without chokes at 55 deg F would be;

The ratio of
i s ;

R
Vp

954.07 * 1.0252 = 978.11 ft/sec
The actual measured propagation rate WITH THE CHOKES at 55 

Deg F was; So 981.63 ft/sec
So it appears that a 0.43 inch diameter choke between the 

pipe bracket and the emergency portion has NO SIGNIFICANT EFFECT 
on emergency propagation times or emergency stopping distances.
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•TEST LOG OF TTC UDE TEST
A p p e n d i x  B

12-13-88
COUPLERS ZEROED PRIOR TO FIRST RUN

RUN BRAKE APPL. SPEED , TRACK
# AIR DYN. mph MARKER
1 MIN 2 30 T43 ,
2 MIN 4 30 T43
3 MIN 4 30 T40 ;
4 MIN 4 30 T40.5
5 MIN 4 30 , T40.1
6 MINI 6 , 30. T4 0.1
7 MIN 6 30 T40.1
8 MIN 8; ; 30 T4.0.1-
9 MIN 8 30 T40.1
10 MIN, .-• 8 \ 30 T40.1
11 MIN 8 30 T40.1

COMMENTS ,
150 K BUFF, RUN-IN VERY LATE 
RUN-IN VERY LATE 
RUN-IN TOO SOON 
640 K BUFF ON CAR 22 
100 K BUFF ON CAR 22 
250 K BUFF, DYN. APPL. LATE 
600 K BUFF, APPL. 3 SEC AFTER 

RUN-IN
500 K BUFF, APPL. 3 SEC AFTER 

RUN-IN
500 K BUFF, APPL. AND RUN-IN 

COINCIDE
500 K BUFF, APPL. 1 SEC AFTER 

RUN-IN
500 K BUFF, APPL. AFTER RUN-IN

12-14-88 :
COUPLERS ZEROED PRIOR TO FIRST RUN

RUN BRAKE APPL. SPEED TRACK

1111 AIR DYN. mph MARKER
12 MIN 6 30 T43
13 MIN 6 ‘ 30 T43
14 MIN 8 30 T43
15 MIN ,; 8 30 T43 .
16 MIN 8 30 T42
17 MIN 8 30 ' T42
18 MIN 8 30 T41
19 NO , -\ 4 30 T13.5
20 MIN 8 30 T4 0.1
21 NO 5 30 T13

22 MIN 8 30 T40.1
23 MIN 4 30 T13

24 15 NO .30 ' T42 .

COMMENTS
LOCOMOTIVE DATA ONLY, PCM BOMBED
400 K BUFF, APPL. EARLY
200 K BUFF, DYN. VERY LATE
125 K BUFF, NOTHING SIGNIFICANT
350 K BUFF, DYN. LATE
350 K BUFF
500 K BUFF
ACCELERATED HARD TO FOOT OF GRADE, 
WENT INTO DYNAMIC- 4, 600 K BUFF 
600 K BUFF, DYN APPL 3 SEC LATE 
ACCELERATED HARD TO FOOT OF GRADE, 
WENT INTO DYNAMIC 4, 750 K BUFF 
PRESSURE PULSES IN BRAKE PIPE 
450 K BUFF, PRESSURE PULSES IN BP 
ACCELERATED HARD TO FOOT OF GRADE, 
AIR + DYN APPL, 650 K BUFF 
AIR APPL 6 SEC LATE 

PULLED HARD TO T42, WIPE THROTTLE 
FROM 8 TO IDLE, MADE 15 -PSI REDUCTION, 500 K BUFF
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25 20 NO 30 T41

26 MIN 4 30 , T13
27 MIN 4 30 l T14
28 MIN 5 30 T14

PULLED HARD TO T41, WIPE THROTTLE 
FROM 8 TO IDLE, MADE 20 PSI 
REDUCTION, 500 K BUFF 
MIN APPL WHEN DYN AMP = 350,
400 K BUFF, APPL LATE 

MIN APPL WHEN DYN AMP = 200,
500 K BUFF, GOOD APPL 

MIN APPL WHEN DYN AMP = 200,
650 K BUFF, GOOD APPL

12-15-88 SNOWING, 10 Deg F.
COUPLERS ZEROED PRIOR TO FIRST RUN

RUN
#

BRAK]
AIR

E APPL. 
DYN.

SPEED
mph

TRACK
MARKER111 <* 

1 CM MIN 5 30 T14
3b MIN 6 30 T14

31 MIN 7 30 T14
32 MIN 8 30 T14

33 MIN 8 30 T14

34 MIN 8 30 T14

COMMENTS
MIN APPL WHEN DYN AMP = 200,
450 K BUFF

MIN APPL WHEN DYN AMP =250,
450 K BUFF. GOOD PULSE FROM CAR 
30 TO BACK OF TRAIN, THEN , , 
REFLECTED FORWARD TO CAR 22

MIN APPL WHEN DYN AMP = 250,
500 K BUFF

MIN APPL WHEN DYN AMP =250,
650 K BUFF, 10PSI/SEC RATE ON 
LAST CAR
MIN APPL WHEN DYN AMP = 250;
650 K BUFF, 1.75 PSI REDUCTION 
ON LAST CAR
MIN APPL WHEN DYN AMP =300,
600 K BUFF, 1.75 PSI REDUCTION 
ON LAST CAR

12-16-88 CLEAR, 15 Deg F.
ZEROED COUPLERS 9:30 A

RUN
#

BRAK]
AIR

E APPL. 
DYN.

SPEED
mph

TRACK
MARKER

35 MIN 6 30 T14

36 MIN 8 30 T14

37 MIN 8 30 T13

COMMENTS
MIN APPL WHEN DYN AMP = 250,
400 K PEAK BUFF, 250 K SUSTAINED 
BUFF

MIN. APPL WHEN DYN AMP = 250,
550 K PEAK, 250 K SUSTAINED BUFF 
QUICK SERVICE ON LAST CAR STARTED 
PULSE MOVING FORWARD TO CAR 12

MIN APPL WHEN DYN AMP = 250,
250 K PEAK
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38 12 8 30 T14

39 20 _■-- 30 T14

40 EM 30 T31
41 EM •--- 30 T31
42 EM -- 30 T31
43 EM '--- 50 T33
44 EM — 50 T33
45 EM — 50 T33

12 psi APPL WHEN DYN AMP = 250, 
650 K PEAK. LITTLE SLACK AT HEAD 
END. PULSE ON CAR 22. NO DYNAMIC 
ON FIRST TWO (2) UNITS 
PULLED HARD TO T14, WIPE THROTTLE 
FROM 8 TO IDLE, SMALL PULSE 
MOVED FORWARD FROM CAR 36 DUE TO 
RUN-IN.
STOPS 4 1 - 4 5  WERE EMERGENCY 
APPLICATIONS WITHOUT PIPE BRACKET 
CHOKES. LOCOMOTIVES WERE BAILED 
OFF. 36 CARS TOTAL (NO HAMMERS)

Test runs 46 through 116 validation runs for the TOES computer 
model. These tests were not part o f  the UDE study.

1-4-89 CLEAR, 50 Deg F.
ZEROED COUPLERS PRIOR TO TESTING. PIPE BRACKET CHOKES INSTALLED 

ON ALL CARS EXCEPT CAR 2 AND CAR 35. CAR 35 HAS ATSF "KICKER" ABD 
WITH BP, BC, AND VENT VALVE PISTON PRESSURE TRANSDUCERS INSTALLED.
RUN BRAK]2 APPL. SPEED TRACK
# AIR DYN. mph , MARKER
117 EM — 30 T31
118 EM ----' V 30 T31
119 EM ----, 30 ‘ T31
120 EM -- - ■ 50 T33
121 EM ■— -- 50 T33
122 EM — 50 T33
123 MIN 8 30 T14
124 MIN 8 30 T14.5
125 MIN 8 30 T14.5
126 MIN 8 30 T14.5
127 MIN 8 30 T14.5
128 MIN INDP 30 T35 *
129 MIN INDP 30 T35 *
130 MIN INDP 30 T35 *
131 MIN INDP 20 T35 *
132 MIN INDP 10 T35 *—

COMMENTS

STOPS 117 - 122 WERE EMERGENCY 
APPLICATIONS WITH PIPE BRACKET 
CHOKES. LOCOMOTIVES WERE BAILED 
OFF. 36 CARS TOTAL (NO HAMMERS)
MIN APPL WHEN DYN AMP =250,
MIN APPL WHEN DYN AMP =250,
MIN APPL WHEN DYN AMP =250, APPL 
WAS 6 SECONDS LATER THAT RUN 124 

MIN APPL SIMULTANEOUSLY WITH MAX 
DYN APPLICATION 

MIN APPL 9 SECONDS AFTER MAX 
DYN APPLICATION 

MIN AND INDEPENDENT SET 
SIMULTANEOUSLY AT FOOT OF GRADE 

MIN SET 9 SECONDS AFTER IND BRAKE 
AT FOOT OF GRADE

MIN SET 6 SECONDS AFTER IND BRAKE AT FOOT OF GRADE
MIN SET 6 SECONDS AFTER IND BRAKE AT FOOT OF GRADE
MIN SET 6 SECONDS AFTER IND BRAKE 
AT FOOT OF GRADE
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133 MIN NO, 0 T35

134 MIN NO 0 T35
135 MIN NO 0 T35
136 MIN NO 0 T35

137 MIN NO 0 T35

138 MIN NO 0 T35
139 MIN NO 0 T35

140 MIN NO 0 T35

141 MIN NO 0 T35
142 MIN NO 0 T35
143 MIN NO 0 T35

POWER ADVANCED TO RUN 8, THEN 
MIN APPLICATION WAS MADE AS 
UNITS BEGAN TO MOVE. UNITS 
BACKED INTO TRAIN WITH SLACK 
INITIALLY STRETCHED.

SAME AS RUN #133 EXCEPT MIN APPL.
5 SEC. AFTER UNITS BEGAN TO MOVE 

REPEAT OF RUN # 134 SAME AS RUN #134 EXCEPT MIN APPL.
3.5 SEC. AFTER UNITS BEGAN TO 
MOVE
SAME AS RUN #134 EXCEPT MIN APPL.
2.5 SEC. AFTER UNITS BEGAN TO 
MOVE
SAME AS RUN #137
SAME AS RUN #138 EXCEPT MIN APPL.
5.5 SEC. AFTER UNITS BEGAN TO 
MOVE
SAME AS RUN #139 EXCEPT MIN APPL.
4.5 SEC. AFTER UNITS BEGAN TO 
MOVE
SAME AS RUN #139 
SAME AS RUN #139 
SAME AS RUN #139

1-5-89 CLEAR, 44 Deg F.
ZEROED COUPLERS PRIOR TO TESTING. PIPE BRACKET CHOKES INSTALLED 

ON ALL CARS EXCEPT CAR 2 AND CAR 35. CAR 35 HAS ATSF "KICKER" ABD 
WITH BP, BC, AND VENT VALVE PISTON PRESSURE TRANSDUCERS INSTALLED.
RUN BRAK12 APPL. SPEED TRACK

1 1 1 1 AIR DYN. mph MARKER
144 F.S. NO 39.9 T33
145 F.S. NO 39.3 T33
146 F.S. NO 30.1 T33
147 F.S. NO 26.8 T33
148 F.S. NO 20.6 T33
149 F.S. NO * 20.2 T33
150 F.S. NO 10.7 T33
151 F.S. . NO . 10.9 T33

COMMENTS
FULL SERVICE STOP TESTS - 2405 ft.
FULL SERVICE STOP TESTS - 2388 ft.
FULL-SERVICE STOP TESTS - 1692 ft. 
FULL SERVICE STOP TESTS-- 1469 ft. 
FULL SERVICE STOP TESTS - 1005 ft.
FULL SERVICE STOP TESTS - 956 ft.
FULL SERVICE STOP TESTS - 408 ft.
FULL SERVICE STOP TESTS - 378 ft.

THE FOUR LOADED HOPPERS CARRYING THE DYNAMOMETER COUPLERS WERE 
SET OUT OF. THE TRAIN. NOW HAD 32 CARS,TOTAL. CAR 32 HAS ATSF 
"KICKER" ABD WITH BP, BC, AND'VENT VALVE PISTON PRESSURE TRANSDUCERS 
INSTALLED.
152 MIN NO, 0 T35 POWER ADVANCED TO RUN‘8, THEN 

MIN APPLICATION WAS MADE 4.5 
SEC. AFTER UNITS BEGAN TO MOVE. 
UNITS BACKED INTO TRAIN WITH 
SLACK INITIALLY STRETCHED. NOT 
VERY GOOD SLACK ACTION.
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153 . . MIN NO 0 T35

154 , MIN NO 0 . T35
155 MIN . NO 0 T35

156 MIN -NO 0 T35
157 MIN NO 0 T35
158 , MIN NO 0 T35
159 MIN NO . 0 T35
160 MIN NO 0 T35

Tests 161 - 164 were i

INDEPENDENT FULLY APPLIED, POWER 
ADVANCED TO RUN 8, THEN 
INDEPENDENT WAS RELEASED AS UNITS 
BEGAN TO MOVE. MIN APPLICATION 
WAS MADE 4.5 SEC. AFTER UNITS 
BEGAN TO MOVE. UNITS BACKED INTO 
TRAIN WITH SLACK INITIALLY 
STRETCHED. NOT VERY GOOD SLACK 
ACTION.
SAME AS RUN #153 EXCEPT MIN APPL.
3 SEC. AFTER INDEPENDENT RELEASE 

SAME AS RUN #154 EXCEPT MIN APPL.
2 SEC. AFTER INDEPENDENT RELEASE 
INDEPENDENT B.C. PRESSURE WAS 
INCREASED TO 62 PSI

SAME AS RUN #155. INDEPENDENT B.C.
PRESSURE WAS INCREASED TO 62 PSI 
SAME AS RUN #156. INDEPENDENT B.C.
PRESSURE WAS INCREASED TO 86 PSI 
SAME AS RUN #157 EXCEPT MIN APPL.
3 SEC. AFTER INDEPENDENT RELEASE 

SAME AS RUN #158 EXCEPT MIN APPL.
2 SEC. AFTER INDEPENDENT RELEASE 

SAME AS RUN #159
nt release tests for TOES

1-6-89
. . PIPE BRACKET CHOKES INSTALLED ON ALL CARS EXCEPT CAR 2 AND CAR

35. CAR 35 HAS ATSF "KICKER" ABD WITH BP, BC, AND VENT VALVE PISTON 
PRESSURE TRANSDUCERS INSTALLED. ALL OF THE FOLLOWING TESTS WERE MADE 
WITH THE FRONT 22 CARS STRETCHED, AND THE LAST 10 CARS BUNCHED. 
INDEPENDENT WAS APPLIED AT 86 psi B.C. PRESSURE; THROTTLE ADVANCED TO 
RUN 8, THEN INDEPENDENT WAS RELEASED AS UNITS BEGAN TO MOVE.*
RUN 
# ,

, BRAK1 
AIR

2 APPL. 
DYN.

SPEED
mph

TRACK
MARKER

165 MIN . NO 0 T35
166 MIN NO . o T35

167 MIN • NO 0 T35
168 MIN NO 0 T35
169 . MIN NO 0 T35
170 MIN NO 0 T35

COMMENTS
MINIMUM APPLICATION 2 SEC. AFTER 
INDEPENDENT RELEASE 

SAME AS RUN #165, EXCEPT HAND 
BRAKE APPLIED ON CAR 22 AND LAST 
CAR
SAME AS RUN #166, EXCEPT MINIMUM 
APPLICATION WAS TOO LATE 
SAME AS RUN #166. BEST PIPE PULSE 
SO FAR

SAME AS RUN #168. EXCEPT MINIMUM 
APPLICATION WAS TOO LATE 
SAME AS RUN #168. PULSE ALMOST AS 
GOOD AS RUN #168.

Test was concluded at this point.
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IN F L U E N C E  O F  F R E IG H T  C A R  M O T IO N  

O N  T H E  O P E R A T IO N  O F  T R A I N  B R A K IN G  S Y S T E M S

M i c h a e l  H .  d e  L e o n  S e p t e m b e r  9 ,  1 9 8 8

D a v i d  E .  L i m b e r t  

U n i v e r s i t y  o f  N e w  H a m p s h i r e

A B S T R A C T

A  c o m p u t e r  m o d e l  h a s  b e e n  d e v e l o p e d  w h i c h  a d d s  t o  a n  e x i s t i n g  s i m ­

u l a t i o n  p r o g r a m  t h e  c a p a b i l i t y  o f  s t u d y i n g  t h e  e f f e c t  o f  t r a i n  c a r  m o ­

t i o n  o n  t h e  p e r f o r m a n c e  o f  p n e u m a t i c  b r a k i n g  s y s t e m s .  T h i s  p a p e r  g i v e s  

a n  o v e r v i e w  o f  t h e  m o d e l  a n d  h i g h l i g h t s  s i m u l a t i o n  r e s u l t s ,  w i t h  p a r ­

t i c u l a r  e m p h a s i s  o n  u n d e s i r e d  b r a k i n g  o p e r a t i o n s .  T h e  s i m u l a t i o n s  s h o w  

t h a t  c e r t a i n  t r a i n  c a r  m o t i o n s  c a n  i n d u c e  s i g n i f i c a n t  p r e s s u r e  v a r i a ­

t i o n s  i n  t h e  m a i n  b r a k e  l i n e  ( b r a k e  p i p e ) ,  a n d  i n  s o m e  c a s e s ,  t h e  c a r  

m o u n t e d  A B D W  b r a k e  c o n t r o l  v a l v e s  r e s p o n d  t o  t h e s e  p r e s s u r e  v a r i a t i o n s  

b y  a c t i v a t i n g  c a r  b r a k e s .  I.

I .  IN T R O D U C T IO N

A  g r o w i n g  c o n c e r n  w i t h i n  t h e  r a i l r o a d  i n d u s t r y  i s  t h a t  o f  

u n d e s i r e d  b r a k i n g  o p e r a t i o n s  o c c u r r i n g  s p o n t a n e o u s l y  o n  f r e i g h t  

- t r a i n s . [ 1 ]  S e v e r a l  p h y s i c a l  m e c h a n i s m s  a r e  s u s p e c t e d  t o  b e  c o n t r i b u t ­

i n g  t o  t h e  p r o b l e m . .  O n e  i s  t h a t  t h e  b r a k e  p i p e — a  l o n g  f l u i d  t r a n s m i s ­

s i o n  l i n e  r u n n i n g  t h e  e n t i r e  l e n g t h  o f  t h e  t r a i n — i s  a f f e c t e d  b y  c a r  

m o t i o n ,  r e s u l t i n g  i n  f l u c t u a t i o n s  i n  t h e  p r e s s u r e  o f  t h e  a i r  w i t h i n  t h e  

p i p e .  A n o t h e r  i s  t h a t  t h e  b r a k e  p i p e  i s  a  l i g h t l y  d a m p e d  s y s t e m  w h i c h  

m a y  p r o m o t e  u n d e s i r a b l e  f l o w / p r e s s u r e  o s c i l l a t i o n s .  A  t h i r d  c o n c e r n  i s  

t h a t  t h e  c a r s '  b r a k e  v a l v e s  m a y  b e  m a r g i n a l l y  s t a b l e  a t  c e r t a i n  o p e r a t -  

i n g  p o i n t s ,  a n d  d y n a m i c  i n t e r a c t i o n  w i t h  t h e  b r a k e  p i p e  m a y  c a u s e  t h e m  

t o  g o  i n t o  a n  u n w a n t e d  e m e r g e n c y  m o d e .

B r a k i n g  o p e r a t i o n s  o n  f r e i g h t  t r a i n s  c a n  b e  s i m u l a t e d  u s i n g  c u r ­

r e n t l y  a v a i l a b l e  m o d e l s .  T h e s e  e x i s t i n g  s i m u l a t o r s ,  h o w e v e r ,  a r e  u n ­

a b l e  t o  p r e d i c t  a n o m a l o u s  t r a n s i e n t  b e h a v i o r  b e c a u s e  t h e y  w e r e  d e s i g n e d
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p r i m a r i l y  t o  s t u d y  s t e a d y - s t a t e  p r e s s u r e  d i s t r i b u t i o n s  w i t h i n  t h e  b r a k e  

p i p e ,  o p e r a t i n g  p o i n t s  i n  c a r  v a l v e s  a n d  r e s e r v o i r s ,  c o n t r o l l e d  b r a k i n g  

o p e r a t i o n s ,  a n d  s y s t e m  r e c h a r g e  m o d e s .  T h e  s t u d y  o f  u n d e s i r e d  b r a k i n g  

b e h a v i o r ,  o n  t h e - o t h e r  h a n d ,  r e q u i r e s  t h a t  t h e  m o d e l  t a k e  i n t o  a c c o u n t  

p i p e  a c c e l e r a t i o n s ,  f a s t  t r a n s i e n t s ,  a n d  t h e  e f f e c t  o f  h i g h e r - o r d e r  e n ­

e r g y  s t o r a g e  t e r m s  ( e . g . ,  p i s t o n  m a s s e s  a n d  c a v i t y  c a p a c i t a n c e s ' i n  c a r  

v a l v e s ,  h e a t  t r a n s f e r  a n d  s t o r a g e ,  b r a n c h  p i p e  d y n a m i c s ,  a n d  t i m e - v a r y ­

i n g  b r a k e  p i p e  g e o m e t r i e s ) . T h e  g o a l  o f  t h e  c u r r e n t  r e s e a r c h  i s  t o  d e ­

v e l o p  a  m u c h  m o r e  a c c u r a t e  m o d e l  o f  t h e  b r a k e  p i p e ,  c a l l e d  a  m i c r o ­

m o d e l ,  w h i c h  i s  c a p a b l e  o f  s i m u l a t i n g  f a s t  t r a n s i e n t s  a n d  o t h e r  p h e n o m ­

e n a .

A l t h o u g h  t h e  m i c r o - m o d e l  i s  p r e s e n t l y  u n d e r  d e v e l o p m e n t ,  t h e  f i r s t  

p h a s e  o f  t h e  r e s e a r c h  h a s  p r o d u c e d  i m p o r t a n t  r e s u l t s .  UNH h a s  s u c c e s s ­

f u l l y  m o d e l e d  t h e  d y n a m i c  b e h a v i o r  o f  a i r  i n  a  m o v i n g  b r a k e  p i p e ,  a n d  

s i m u l a t i o n s  v e r i f y  t h a t  c e r t a i n  c a r  m o t i o n s  c a n  i n d u c e  p r e s s u r e  f l u c t u ­

a t i o n s  i n  - t h e  b r a k e  p i p e  w h i c h  a r e  - l a r g e  e n o u g h  t o  t r i g g e r  u n d e s i r e d  

b r a k i n g  o p e r a t i o n s .  II.

I I .  P H Y S I C A L  B A S I S  F O R  T H E  M O D E L

T h e  s i m u l a t i o n  m o d e l  w h i c h  i n c o r p o r a t e s  t r a i n  m o t i o n  i s  c a l l e d  

M O V P I P E . I t  i s  e s s e n t i a l l y  a n  a d d i t i o n  t o  a n  e x i s t i n g  m o d e l  c a l l e d  

P I P E  [ 2 ] ,  P I P E  h a d  n o t  a l l o w e d  r e s e a r c h e r s  t o  s t u d y  t h e  e f f e c t  o f  

t r a i n  m o t i o n  o n  t h e  b r a k e  p i p e ,  s i n c e  i t  w a s  d e s i g n e d  u n d e r  t h e  a s s u m p ­

t i o n  t h a t  p i p e  a c c e l e r a t i o n s  d o  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  c h a n g e s  

i n  f l o w .  T h e  m o t i v a t i o n  f o r  a d d i n g  c a r  v e l o c i t y  t o  t h e  m o d e l  a r o s e  

f r o m  o b s e r v a t i o n s  o f  p r e s s u r e  f l u c t u a t i o n s  i n  t h e  b r a k e  p i p e  c o i n c i d i n g  

w i t h  t r a i n  a c c e l e r a t i o n  d u r i n g  f i e l d  t e s t s .  T h e s e  a c c e l e r a t i o n - i n d u c e d  

p r e s s u r e  v a r i a t i o n s  a r e  s u s p e c t e d  t o  c a u s e  o t  i n f l u e n c e  v a l v e  o p e r a ­

t i o n s .  A  c u r s o r y  a n a l y s i s  ( p r e s e n t e d  b e l o w )  s h o w s  t h a t  a  w h o l e  t r a i n  

a c c e l e r a t i o n  o r  d e c e l e r a t i o n  o f  0 . l g  c o u l d  g e n e r a t e  a  t a i l  e n d  p r e s s u r e  

v a r i a t i o n  o f  1 . 8 6  p s i  r e l a t i v e  t o  a  n o n - a c c e l e r a t i n g  p i p e  ( w i t h  a  h e a d -  

e n d  p r e s s u r e  o f  9 1  p s i g ,  a n d  5 0 0 0 - f t  l e n g t h ) ,  a f t e r  s t e a d y - s t a t e  i s  

a c h i e v e d .

T h e  p h y s i c a l  b a s i s  f o r  a c c e l e r a t i o n - i n d u c e d  p r e s s u r e  f l u c t u a t i o n s  

i n  a  p i p e  i s  s i m i l a r  t o  t h a t  o f  c o f f e e  s l o s h i n g  i n  a  c u p .  O b s e r v i n g  a
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c u p  f u l l  o f  c o f f e e  s i t t i n g  o n  t h e  d a s h b o a r d  o f  a  r a p i d l y  a c c e l e r a t i n g  

a u t o m o b i l e  ( i n  t h i s  c a s e  t h e  t e r m  " a c c e l e r a t i o n "  i s  u s e d  g e n e r a l l y ,  a n d  

m e a n s  a  t i m e  c h a n g e  o f  v e l o c i t y  i n  a n y  d i r e c t i o n ) , o n e  w o u l d  n o t i c e  

t h a t  t h e  a c c e l e r a t i o n  c a u s e s  t h e  c o f f e e  t o  s l o s h  i n  t h e  c u p .  T h i s  i s  

b e c a u s e  t h e  m a s s  o f  t h e  c o f f e e  t e n d s  t o  o p p o s e  c h a n g e s  i n  i t s  v e l o c i t y ,  

a c c o r d i n g  t o  N e w t o n ' s  S e c o n d  L a w .  T h e  c o f f e e  t e n d s  t o  r e m a i n  f i x e d  i n  

s p a c e ,  e v e n  a s  t h e  c u p  i s  a c c e l e r a t e d  a w a y  f r o m  i t s  i n i t i a l  p o s i t i o n .  

D i s r e g a r d i n g  t h e  s p i l l e d  b e v e r a g e  w h i c h  m i g h t  r e s u l t ,  m o s t  o f  t h e  c o f ­

f e e  i s  f o r c e d  t o  a c c e l e r a t e  a t  t h e  s a m e  r a t e  a s  t h e  c u p .  I t s  a c c e l e r a ­

t i o n  i s  a c h i e v e d  t h r o u g h  a  p r e s s u r e  b u i l d u p  i n  t h e  f l u i d  a t  t h e  " b a c k "  

s i d e  o f  t h e  c u p ,  w h i c h  c a n  b e  o b s e r v e d  a s  a  s w e l l i n g  o f  t h e  f r e e  s u r ­

f a c e  [ 3  ] .

I n  a  t r a i n  b r a k e  p i p e ,  t h e  a i r  m a s s  i s  a f f e c t e d  b y  t h e  s a m e  p h y s i ­

c a l  l a w s .  C o n s i d e r  a  c l o s e d - e n d e d  p i p e  o f  l e n g t h  L  a s  s h o w n  i n  F i g u r e  

1 ( a ) .  T h e  e n t i r e  p i p e  i s  s u b j e c t e d  t o  a  c o n s t a n t  a c c e l e r a t i o n  a  t o  t h e  

l e f t .  T h e  i n e r t i a  o f  t h e  a i r  i n  t h e  p i p e  t e n d s  t o  r e s i s t  c h a n g e s  i n  

i t s  v e l o c i t y ,  s o  t h e  a i r  b e g i n s  t o  a c c u m u l a t e  a t  t h e  r i g h t - h a n d  e n d .  

S i n c e  t h a t  e n d  i s  c l o s e d ,  t h e  p r e s s u r e  t h e r e  r i s e s ,  f o r c i n g  t h e  a i r  t o  

t h e  l e f t  o f  i t  t o  a c c e l e r a t e .

0

«-------------- L

S 1 .....
H—  x — H h-

u

9
>

a  ^

F i g u r e  1

( a ) : A c c e l e r a t i n g  

c l o s e d  e n d e d  p i p e .

r * ---- H  !
<3 A o A d x )-------- '(*  -----------------------(P » «* P )A

1 i i ( b ) : D i f f e r e n t i a l  c o n ­

t r o l  v o l u m e .

T h e  e a s i e s t  w a y  t o  a n a l y z e  t h e  r e s p o n s e  i s  t o  d r a w  a  c o n t r o l  v o l ­

u m e  o f  a  d i f f e r e n t i a l  p i e c e  o f  t h e  p i p e ,  d x ,  s h o w n  i n  F i g u r e  1 ( b ) ,  a n d  

a p p l y  t h e  l a w  o f  c o n s e r v a t i o n  o f  l i n e a r  m o m e n t u m .  A s s u m i n g  t h a t  t h e
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a i r  h a s  r e a c h e d  s o m e  s t e a d y - s t a t e  p r e s s u r e  d i s t r i b u t i o n  a n d  h a s  s t o p p e d  

f l o w i n g  r e l a t i v e  t o  t h e  p i p e  w a l l ,  t h e  p r e s s u r e  f o r c e s  a c t i n g  o n  t h e  

c o n t r o l  v o l u m e  a r e  a s  s h o w n .  T h e  a i r  i n  t h e  c o n t r o l  v o l u m e  a c c e l e r a t e s  

i n  r e s p o n s e  t o  t h e  a p p l i e d  f o r c e s .  I n  f a c t ,  w h e n  s t e a d y - s t a t e  i s  

r e a c h e d  i n  t h e  c l o s e d - e n d e d  p i p e ,  t h e  a c c e l e r a t i o n  o f  t h e  a i r  i n  t h e  

p i p e  m a t c h e s  t h a t  o f  t h e  p i p e ,  a .  C o n s e r v a t i o n  o f  m o m e n t u m  a p p l i e d  t o  

t h e  d i f f e r e n t i a l  p i e c e  o f  p i p e  y i e l d s :

p A  +  a ( p A d x )  -  ( p  +  d p ) A

w h e r e  p  - t h e  m a s s  d e n s i t y  o f  a i r  i n  t h e  c o n t r o l  v o l u m e ,

. a n d  A : -  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e . p i p e .

U s i n g  t h e  i d e a l  g a s  l a w  t o  r e p l a c e  p  w i t h  a  f u n c t i o n  o f  t e m p e r a t u r e  a n d  

p r e s s u r e ,  f o l l o w e d  b y  r e a r r a n g i n g ,  g i v e s :

d p .

T h e  d i f f e r e n t i a l  r e l a t i o n s h i p  h e r e  i s  i n t e g r a t e d  b e t w e e n  b o t h  e n d s  o f  

t h e  p i p e  ( a s s u m i n g  c o n s t a n t  t e m p e r a t u r e ) , g i v i n g  t h e  r e l a t i o n s h i p  b e ­

t w e e n  p i p e  a i r  p r e s s u r e  a n d  p o s i t i o n  a l o n g  t h e  p i p e :

a

R T

L

d x

0

dp

P

?!
E v a l u a t i n g  t h e  i n t e g r a l s  l e a d s  t o  a n  e x p r e s s i o n  f o r  t h e  p r e s s u r e  

d i f f e r e n c e  f r o m  o n e  e n d  o f  t h e  p i p e  t o  t h e  o t h e r :

A p p  f e * L / R T

F o r  e x a m p l e :  i f  t h e  p r e s s u r e  a t  t h e  l e f t - h a n d  e n d  o f  a  5 0 0 0 - f t .  

p i p e  ( p  )  w e r e  m a i n t a i n e d  a t  1 0 5 . 8  p s i a  v i a  t h e  a c t i o n  o f  a  r e g u l a t i n g1 _ o
v a l v e ,  a n d  i f  a  -  - 0 . 1  g  -  - 3 . 2 2  f t / s e c  , t h e  p r e s s u r e  d i f f e r e n c e  b e ­

t w e e n  p o i n t s  1  a n d  2  w o u l d  b e  A p  -  - 1 . 8 5 5  p s i ,  a s s u m i n g  t h e  a i r  i s  a t  

7 0 ° F .
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I I I . O V E R V IE W  O F  M O V P IP E

T h e  c o m p u t e r  m o d e l  i s  c r e a t e d  b y  p e r f o r m i n g  c o n t r o l - v o l u m e  a n a l y ­

s e s  o n  d i s c r e t e  p i p e  s e c t i o n s ,  a p p l y i n g  t h e  c o n s e r v a t i o n  l a w s  o f  f l u i d  

m e c h a n i c s  ( c o n t i n u i t y  o f  m a s s  a n d  c o n s e r v a t i o n  o f  l i n e a r  m o m e n t u m ) , 

a n d  w r i t i n g  t h e  g o v e r n i n g  d i f f e r e n t i a l  e q u a t i o n s  f o r  t h e  p i p e  f l o w  [ 3 ] .  

S i n c e  t h e  f l o w  i s  a s s u m e d  t o  b e  i s o t h e r m a l ,  t h e  e n e r g y  e q u a t i o n  i s  n o t  

u s e d .  T h e  e q u a t i o n  o f  s t a t e  f o r  a i r  i s  b a s e d  o n  t h e  i d e a l  g a s  l a w ,  P  -  

p R T .  T h e  n u m e r i c a l  m e t h o d  w h i c h  c a l c u l a t e s  t h e  t i m e  d e r i v a t i v e s  i s  s e ­

l e c t e d  b y  c o n s i d e r i n g  i t s  a c c u r a c y ,  e f f i c i e n c y ,  a n d  s t a b i l i t y .  T h e  

c h o i c e  o f  n u m e r i c a l  m e t h o d  d e t e r m i n e s  h o w  t h e  t i m e  v a r i a b l e s  a r e  m a d e  

d i s c r e t e .  I t  i s  n e c e s s a r y  t h a t  e q u a t i o n s  h a n d l e  o n l y  d i s c r e t e  q u a n t i ­

t i e s ,  s i n c e  d i g i t a l  c o m p u t e r s  a r e  c a p a b l e  o f  u s i n g  o n l y  t h e s e  k i n d s  o f  

d a t a .  I n  t h e  c a s e  o f  M O V P I P E , a  s o - c a l l e d  s e m i - i m p l i c i t  n u m e r i c a l  

s c h e m e  i s  u s e d .  T h e  s e i n i - i m p l i c i t  m e t h o d  i s  r e l a t i v e l y  s t a b l e  a n d  a c ­

c u r a t e ,  a n d  i s  q u i t e  e f f i c i e n t  c o m p u t a t i o n a l l y .

T h e  M O V P I P E  m o d e l  d i f f e r s  f r o m  P I P E  i n  i t s  r e p r e s e n t a t i o n  o f  a b s o ­

l u t e  f l o w  v e l o c i t i e s . T h e  a b s o l u t e  v e l o c i t y  o f  t h e  a i r  i n  t h e  b r a k e  

p i p e  i s  n o w  g i v e n  b y

V
a b s

u  -  V,
P ’

w h e r e  u  -  v e l o c i t y  o f  p i p e  a i r  r e l a t i v e  t o  t h e  p i p e ,  a s s i g n e d  a s  

p o s i t i v e  t o w a r d  t h e  r e a r  o f  t h e  t r a i n ;

V p  -  a b s o l u t e  v e l o c i t y  o f  t h e  b r a k e  p i p e ,  t a k e n  a s  p o s i t i v e  

i n  t h e  d i r e c t i o n  o f  f o r w a r d  m o t i o n .

T h i s  d i f f e r e n c e  a f f e c t s  t h e  m o m e n t u m  e q u a t i o n  i n  t h e  m o d e l .

I V .  S I M U L A T I O N  O F  C A R  V E L O C I T Y

I t  i s  n e c e s s a r y  t o  h a v e  a  m e a n s  b y  w h i c h  t o  g e n e r a t e  s i m u l a t e d  

v a l u e s  f p r  p i p e  v e l o c i t y ,  V  . T h e  a p p r o a c h  u s e d  h e r e  i s  t o  g e n e r a t e  

v e l o c i t y  t e r m s  i n d e p e n d e n t  o f  w h a t e v e r  b r a k i n g  o p e r a t i o n s  a r e  b e i n g  

s i m u l a t e d .  W h i l e  t h i s  a p p r o a c h  d o e s  n o t  r e f l e c t  t h e  r e a l  w o r l d ,  i t  

d o e s  p e r m i t  s t u d y i n g  t h e  e f f e c t  o f  p i p e  m o t i o n  o n  t h e  s i m u l a t i o n  r e ­

s u l t s .  I t  a l s o  d o e s  n o t  p r e c l u d e  t h e  i n c o r p o r a t i o n  o f  a  m o r e  c o m p l e t e ,
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c l o s e d - l o o p  t r a i n  m o t i o n  s i m u l a t o r .  T h e  p r o g r a m  i s  d e s i g n e d  w i t h  t h i s  

a p p r o a c h  i n  m i n d — i t  a l l o w s  t h e  f u t u r e  a d d i t i o n  o f  o t h e r ,  a l t e r n a t i v e  

p i p e  v e l o c i t y  s i m u l a t o r s .

P i p e  v e l o c i t y  t e r m s  a r e  g e n e r a t e d  b y  a  s u b r o u t i n e  i n  M O V P IP E  c a l l ­

e d  P X P E V E L 1 .  T h i s  s u b r o u t i n e  i s  a n  o p e n  l o o p  v e l o c i t y  s i m u l a t o r  w h i c h  

c o m p u t e s  c a r  ( a n d  p i p e )  v e l o c i t i e s  b y  i n t e g r a t i n g  o n  a n  a c c e l e r a t i o n  

s c h e d u l e  s p e c i f i e d  b y  t h e  u s e r .  N e i t h e r  c a r  m a s s e s  a n d  t h e i r  d y n a m i c  

i n t e r a c t i o n s  n o r  t h e  r e t a r d i n g  e f f e c t  o f  s i m u l a t e d  b r a k e  o p e r a t i o n s  a r e  

i n v o l v e d ;  h e n c e  t h e  o p e n  l o o p  d e s i g n a t i o n .  T h e  t r a i n  a c c e l e r a t i o n  i s  

r e a d  f r o m  a n  i n p u t  f i l e  c a l l e d  T R A I N D Y N .D A T ,  a  s c h e d u l e  o f  u p  t o  3 0  

r e c t a n g u l a r  a c c e l e r a t i o n  i n t e r v a l s  d e f i n e d  b y  T S 1 ( K ) , T F 1 ( K ) , a n d  

A C C E L ( K ) — t h e  s t a r t  t i m e  o f  t h e  K t h  i n t e r v a l ,  t h e  f i n i s h  t i m e ,  a n d  t h e  

v a l u e  i n  f e e t / s e c o n d ■, r e s p e c t i v e l y .  F i g u r e  2  g i v e s  a  g r a p h i c a l  e x a m ­

p l e  o f  a n  a c c e l e r a t i o n  s c h e d u l e .  A n  i n t e g r a t i o n  i n  t i m e  o f  t h e  p r o f i l e  

y i e l d s  c a r  v e l o c i t y .

A C C E L (K )

T F (3 )

1

T S (I ) ‘ ‘ T S (2 )  T F (2 )  

T F (I)

T F (2 )  £ _ I j

3

VP(I)

V E L 0

t

F i g u r e  2 .  T o p : T h e  c o m m a n d e d  a c c e l e r a t i o n  s c h e d u l e . 
B o t t o m :  T h e  r e s u l t i n g  c a r  v e l o c i t y .

I t  i s  d e s i r a b l e  t o  i n c l u d e  a  s i m u l a t i o n  o f  c a r  " s t a c k - u p "  o r  r u n -  

i n ,  b e c a u s e  o f  t h e  p o t e n t i a l l y  l a r g e  a c c e l e r a t i o n  i m p u l s e s  a s s o c i a t e d
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w i t h  t h i s  p h e n o m e n o n .  R u n - i n  i s  a  r e s u l t  o f  d e c e l e r a t i n g  a  t r a i n  o f  

c a r s  l i n k e d  b y  c o u p l i n g s  w i t h  s l a c k  i n  t h e m .  I n i t i a l  t r a n s f e r  o f  m o ­

m e n t u m  b e t w e e n  c a r s  h a v i n g  f r e e  p l a y  c a n  b e  a  v e r y  a b r u p t  p r o c e s s .  T h e
r\

m o m e n t a r y  " b u m p " - t h a t  t h e  c a r s  e x p e r i e n c e  m a y  a p p r o a c h  2  g  ( 6 4  f t / s e c  )  

o r  m o r e .

C a r  r u n - i n  i s  s p e c i f i e d  b y  w h i c h  c a r s  ( p i p e  s e c t i o n s )  a r e  t o  e x p e ­

r i e n c e  a  d e c e l e r a t i o n .  T h e  f i r s t  c a r  s p e c i f i e d  i s  N I S T ,  a n d  t h e  l a s t  

c a r  i n  t h e  t r a i n  t o  u n d e r g o  t h e  a c c e l e r a t i o n  i s  N L S T .  O n l y  t h e  c a r s  

b e t w e e n  a n d  i n c l u d i n g  t h e s e  t w o  c a r s  a r e  s u b j e c t e d  t o  t h e  a c c e l e r a t i o n  

c o m m a n d s .  T h e  s t a c k - u p  d e l a y  ( T S L A C K )  i s  a l s o  s u p p l i e d  b y  T R A I N -  

D Y N .D A T .  A n  e x a m p l e  o f  T R A I N D Y N .D A T  i s  g i v e n  i n  F i g u r e  3 .  I n  t h i s  e x ­

a m p l e ,  t h e  f i r s t  t w o  l i n e s  i n d i c a t e  t h a t  r u n - i n  a n d  a n y  s u b s e q u e n t  a c ­

c e l e r a t i o n s  a r e  t o  o c c u r  b e t w e e n  p i p e  s e c t i o n s  5 0  a n d  6 0 .  T h e  t h i r d  

l i n e  g i v e s  t h e  d e l a y  b e t w e e n  s u c c e s s i v e  c a r  c o l l i s i o n s ,  a n d  t h e  f o u r t h  

l i n e  s p e c i f i e s  t h e  i n i t i a l  t r a i n  v e l o c i t y .  T h e  t o t a l  n u m b e r  o f  a c c e l ­

e r a t i o n  i n t e r v a l s  t h a t  t h e s e  c a r s ,  a r e  t o  e x p e r i e n c e  i s  g i v e n  i n  l i n e  5 .

50 NIST
60 NLST
0.044 TSLACK
50.0 VELO
2 NACCEL
-13 0 .0 ACCEL( K)
a . 0 0 TS1(K)
8.12 TF1(K)
-3 .2 2
8.12
10.00

= F i r s t  car in  t ra in  to  be a c c e le ra te d  
= L a st car in  t r a in  to  be a cce le ra te d  
= Time (se c ) between su cce ss ive  c o l l is io n s  
= I n i t i a l  t r a in  v e lo c it y  ( f t/ s e c )
= Number o f  a c c e le ra tio n  in t e r v a ls  
= Kth a cce l va lu e  (ft/sec* * 2 ) > repeat t h is  
= Kth acce l s t a r t  time (sec ) > p a tte rn  fo r  each 
= Kth a cce l f in is h  time (se c ) }  a c c e le ra t io n  in t e r ­

v a l  up to  NACCEL

(T h is  i s  a re fe re n ce  fo r  TRAINDYN.DAT)

F i g u r e  3 :  E x a m p l e  I n p u t  F i l e .

A s  m e n t i o n e d  p r e v i o u s l y ,  a  m o r e  c o m p l e t e  t r a i n  d y n a m i c s  m o d e l  

c o u l d  b e  i n c o r p o r a t e d .  T h i s  m o d e l  m i g h t  i n c l u d e  t h e  d y n a m i c  e q u a t i o n s  

r e p r e s e n t i n g  m o m e n t u m  t r a n s f e r  b e t w e e n  c a r s ,  t r a c t i v e  e f f o r t  b y  l o c o m o ­

t i v e s ,  b r a k i n g  a c t i o n  o f  i n d i v i d u a l  c a r s ,  c o u p l i n g  e l a s t i c  b e h a v i o r ,  

e t c .  I t  m i g h t  a l s o  i n c l u d e  t h e  e f f e c t s  o f  u n c o n t r o l l e d  i n p u t s  s u c h  a s  

t r a c k  g r a d e ,  w i n d a g e  f o r c e s ,  a n d  w h e e l / t r a c k  f r i c t i o n .  T h e  s i m u l a t e d  

c a r  v e l o c i t i e s  g e n e r a t e d  b y  m o d e l s  s u c h  a s  T O S  o r  T O E S  [ 5 ]  c o u l d  b e  

u s e d  a s  i n p u t  t o  M O V P I P E .
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V. SIMULATION RESULTS
T h e  f i r s t  s i m u l a t i o n  r u n ,  F i g u r e  4 ,  r e f l e c t s  t h e  h y p o t h e t i c a l  

s t e a d y  p i p e  a c c e l e r a t i o n  t h a t  w a s  g i v e n  a s  a n  e x a m p l e  i n  S e c t i o n  I I .

T h e  M O V F IP E  m o d e l  w a s  m o d i f i e d  s l i g h t l y  t o  r e m o v e  t h e  l e a k a g e  a n d  

b r a n c h  l i n e  e f f e c t s  o n  t h e  c o m p u t a t i o n .  T h e  f i g u r e  s h o w s  a  f i n a l  v a l u e  

o f  * 1 . 8 6 0  p s i  b e t w e e n  t h e  t w o  e n d s  o f  t h e  p i p e ,  w h i c h  c l o s e l y  m a t c h e s  

t h e  v a l u e  o f  - 1 . 8 5 5  o b t a i n e d  i n  t h e  e x a m p l e .

MOVPIPE5 TEST - with no leakage

F i g u r e  4 :  B r a k e  P i p e  P r e s s u r e  f o r . S t e a d y  A c c e l e r a t i o n .

T h e  s e c o n d  s i m u l a t i o n  s h o w s  h o w  t h e  a c c e l e r a t i o n  o f  o n e  5 0 - f t .  c a r  

( p i p e  s e c t i o n ) ,  i n  t h e  m i d d l e  o f  a  1 0 1 - c a r  t r a i n ,  p r o d u c e s  a  p r e s s u r e  

p u l s e  i n  t h e  b r a k e  p i p e  a t  t h a t  c a r .  F i g u r e  5 ( a )  s h o w s  a  d i a g r a m  o f  

t h i s  c a r  a n d  t h e  v a r i a b l e s  o f  i n t e r e s t .  S i n c e  t h e  c a r  i s  l o c a t e d  m i d ­

t r a i n ,  t h e  e n d s  o f  i t s  p i p e  s e c t i o n  a r e  u n b l o c k e d .  H o w  m a y  a n  u n ­

b l o c k e d  t u b e  c a u s e  l o n g i t u d i n a l  a c c e l e r a t i o n  o f  t h e  a i r  w i t h i n ?  I f  t h e  

p i p e  h a s  a  f r i c t i o n a l  f l o w  c h a r a c t e r i s t i c ,  t h e  i n i t i a l  l o n g i t u d i n a l  

p i p e  a c c e l e r a t i o n  w i l l  g i v e  r i s e  t o  r e l a t i v e  m o t i o n  b e t w e e n  t h e  p i p e  

a n d  i t s  i n t e r i o r  a i r .  T h e  r e l a t i v e  f l o w  c a u s e s  a  p r e s s u r e  d r o p  i n  t h e  

d i r e c t i o n  o f  t h e  f l o w ,  t h e r e b y  s a t i s f y i n g  t h e  c o n s e r v a t i o n  l a w s . T h e
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p r e s s u r e  d r o p  f o r c e s  t h e  a i r  t o  a c c e l e r a t e  i n  t h e  d i r e c t i o n  o f  t h e  

p i p e .  E v e n t u a l l y  t h e  r e l a t i v e  v e l o c i t y  b e t w e e n  t h e  a i r  a n d  t h e  p i p e  

w a l l  i s  r e d u c e d  b y  f r i c t i o n .  A  m o m e n t a r y  d e c e l e r a t i o n  o f  a  s i n g l e  c a r  

a t  t  -  8 . 0 0  s e c  p r o d u c e s  a  p r e s s u r e  d r o p  i n  t h e  b r a k e  p i p e  a t  t h e  r e a r  

o f  t h e  c a r ,  a n d  a  s i m u l t a n e o u s  r i s e  a t  t h e  f r o n t ,  a s  s h o w n  i n  F i g u r e  

5 ( b ) .  T h e s e  i n d u c e d  p r e s s u r e  p u l s e s  t h e n  t r a v e l  a w a y  f r o m  t h e i r  p o i n t s  

o f  o r i g i n  a t  r o u g h l y  t h e  s p e e d  o f  s o u n d .  F i g u r e  6  s h o w s  t h e  p r e s s u r e  

o f  n o d e s ^  4 6  t h r o u g h  5 5 ,  w i t h  5 0  a n d  5 1  r e p r e s e n t i n g  t h e  s o u r c e  p o i n t s .  

N o t i c e  h o w  t h e  p u l s e  d a m p s  o u t  a s  i t  t r a v e l s  a w a y  f r o m  t h e  s o u r c e s  

( n o d e s  5 0  a n d  5 1 ) .

NODE 50 NODE 51
__ _  t C A R  50 TFRONT --------qJ*OFTRAIN ^

ACCELERATION DECELERATION

7.0 7.5 8.0 8.5 9.0
TIME - SECONDS

F i g u r e  5  ( b ) : R e s u l t i n g  B r a k e  P i p e  P r e s s u r e

^  A  n o d e  d e s i g n a t e s  a  p o i n t  i n  t h e  b r a k e  p i p e  b e t w e e n  t w o  c a r s .  T h e  

n o d e  n u m b e r i n g  s t a r t s  w i t h  1  a t  t h e  f r o n t  o f  t h e  t r a i n .
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MOVPIPE5 TEST - with no leakage

O n e  q u e s t i o n  t h a t  a r i s e s  I s  w h e t h e r  p u l s e s  g e n e r a t e d  f r o m  o n e  c a r  

c a n  c o n s t r u c t i v e l y  i n t e r f e r e  w i t h  ( s u p e r i m p o s e  o n )  t h o s e  o f  a n o t h e r  

c a r .  F o r  i n s t a n c e ,  o n e  m i g h t  e x p e c t  t h a t  i f  a  c a r  w e r e  m o m e n t a r i l y  d e ­

c e l e r a t e d ,  i t s  r e a l  e n d  p r e s s u r e  p u l s e  w o u l d  t r a v e l  d o w n  t h e  p i p e  t o  

t h e  c a r  b e h i n d  i t  a t  t h e  s p e e d  o f  s o u n d .  F i g u r e  6  s h o w s  t h i s  a s  t h e  

n e g a t i v e  p u l s e  a r r i v i n g  a t  n o d e  5 2  a t  a p p r o x i m a t e l y  t  -  8 . 0 5  s e c .  N o w ,  

i f  t h e  p u l s e  w e r e  t o  a r r i v e  a t  t h e  s e c o n d  c a r  a t  t h e  s a m e  . t i m e  t h a t  t h e  

c a r  d e c e l e r a t e s ,  t h e  p r e s s u r e  p u l s e  i n d u c e d  i n  t h e  s e c o n d  c a r  w o u l d  

s u p e r i m p o s e  o n  t h a t  o f  t h e  f i r s t .  T h e  r e s u l t  w o u l d  b e  a n  i n c r e a s e  i n  

t h e  t o t a l  p u l s e  s t r e n g t h .  I f  t h i s  p r o c e s s  w e r e  a l l o w e d  t o  c o n t i n u e ,  

t h a t  i s ,  i f  t h e  c a r s  w e r e  s u c c e s s i v e l y  d e c e l e r a t e d  a t  t h e  s a m e  r a t e  a s  

t h e  p u l s e s  w e r e  p r o p a g a t e d  t o w a r d  t h e  r e a r  o f  t h e  t r a i n ,  t h e  p u l s e s  

c o u l d  b u i l d  u p  t o  a n  a p p r e c i a b l e  m a g n i t u d e .

T h e  M O V P IP E  m o d e l  c o n f i r m s  t h a t  i n d e e d  t h i s  p h e n o m e n o n  i s  p o s s i ­

b l e .  F i g u r e  7 s h o w s  t h e  s e q u e n c e  o f  p u l s e  s u p e r p o s i t i o n  r e s u l t i n g  

f r o m  r u n - i n  o f  a  s e r i e s  o f  5 0 - f t  t r a i n  c a r s  a t  t h e  r a t e  o f  1 1 3 0  f p s ,
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t h e  s p e e d  o f  s o u n d  i n  a i r  a t  7 0 ° F .  N o t i c e  t h a t  t h e  p u l s e  s t r e n g t h  

g r a d u a l l y  b u i l d s  u p  b e t w e e n  n o d e  4  a n d  n o d e  1 8 ,  a f t e r  w h i c h  s u c c e s s i v e  

c o l l i s i o n s  a n d  t h e i r  a s s o c i a t e d  p u l s e s  c a n  n o  l o n g e r  s t r e n g t h e n  b e c a u s e  

o f  t h e  i n c r e a s i n g  f r i c t i o n a l  d a m p i n g .  I n  a  s e n s e ,  t h e  p u l s e  h a s  r e a c h ­

e d  i t s  " t e r m i n a l  v e l o c i t y " .  I n  t h i s  r u n ,  t h e  - 4  g  r u n - i n  b u m p  i s  f o l ­

l o w e d  b y  a  - . 1  g  s t e a d y  d e c e l e r a t i o n .

MOVPIPE6 TEST - with no leakage

oa.
■ill

oc
3
<0(0
Ul
c0.

TIME - SECONDS

F i g u r e  7 :  B r a k e  P i p e  P r e s s u r e  B u i l d - U p  f r o m  R u r \ - i n .

T o  a s s e s s  h o w  t h e  s i n g l e - c a r  p u l s e  v a r i e s  w i t h  t h e  c a r ' s  a c c e l e r a ­

t i o n  a n d  d u r a t i o n ,  s e v e r a l  s i m u l a t i o n s  w e r e  m a d e  o f  c a r  5 0  ( o f  a  1 0 1 -  

c a r  t r a i n )  u n d e r g o i n g  m o m e n t a r y  d e c e l e r a t i o n .  F i g u r e  8  s h o w s  s e v e r a l  

c u r v e s  o f  b r a k e  p i p e  p r e s s u r e  a t  n o d e  5 0  a n d  n o d e  5 1 .  I n  t h i s  p l o t ,  

t h e  d e c e l e r a t i o n  m a g n i t u d e  i s  t h e  p a r a m e t e r ,  w h i l e ,  t h e  d u r a t i o n  o f  t h e  

a c c e l e r a t i o n  i s  h e l d  a t  a  c o n s t a n t  0 . 1 2  s e c .  I t  i s  i m p o r t a n t  t o  n o t e  

t h a t  t h e  t i m e  r a t e  o f  p r e s s u r e  c h a n g e  i n c r e a s e s  a s  t h e  m a g n i t u d e  o f  c a r  

a c c e l e r a t i o n  i n c r e a s e s .  F i g u r e  9  i s  a  p l o t  o f  b r a k e  p i p e  p r e s s u r e  a t  

n o d e s  5 0  a n d  5 1 .  T h i s  t i m e  t h e  a c c e l e r a t i o n  i s  h e l d  c o n s t a n t  i n  m a g n i -  

t u d e  ( - 3 0 . 0  f t / s e c  ) ,  b u t  t h e  t i m e  d u r a t i o n  o f  t h e  a c c e l e r a t i o n  i m p u l s e  

i s  v a r i e d  f r o m  0 . 1 2  s e c  t o  0 . 6 0  s e c .  D u r a t i o n s  g r e a t e r  t h a n  0 . 1 2  s e c  

d o  n o t  a f f e c t  t h e  p u l s e  m a g n i t u d e  f o r  t h i s  l e v e l  o f  a c c e l e r a t i o n .
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MOVPIPE6 TEST - with no leakage

F i g u r e  8 :  B r a k e  P i p e  P r e s s u r e ,  S i n g l e  C a r  A c c e l e r a t i o n s ,
V a r y i n g  M a g n i t u d e .

MOVPIPE6 TEST -  with no leakage

F i g u r e  9 :  P i p e  P r e s s u r e ,  S i n g l e  C a r  A c c e l e r a t i o n s ,
V a r y i n g  D u r a t i o n .
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W h a t  o t h e r  m e c h a n i s m s  c o u l d  g e n e r a t e  s i g n i f i c a n t  p r e s s u r e  p u l s e s ?  

P e r h a p s  t h e  m o s t  i m p o r t a n t  i s  r e f l e c t i o n .  T h e  s i m u l a t i o n s  w h i c h  f i r s t  

r e v e a l e d  u n d e s i r e d  b r a k i n g  r e s p o n s e s  s h o w e d  t h a t  t h e  r e a r  c a r s  o f  a  

t r a i n  g o  i n t o  a n  u n d e s i r e d  e m e r g e n c y  (U D E )  o r  s e r v i c e  ( U D S )  a p p l i c a t i o n  

b e f o r e  t h e  c a r s  a h e a d  o f  t h e m .  E x a m i n a t i o n  o f  t h e  b r a k e  p i p e  p r e s s u r e  

c u r v e s  c r e a t e d  b y  t h e  s i m u l a t i o n  c o n f i r m s  w h a t  i s  k n o w n  f r o m  t h e o r e t i ­

c a l  a c o u s t i c s — t h a t  a  w a v e  i n  a  f l u i d  w i l l  t e n d  t o  g r o w  i n  m a g n i t u d e  a s  

i t  r e f l e c t s  f r o m  a  r i g i d  b o u n d a r y .  F i g u r e  1 0  s h o w s  b r a k e  p i p e  p r e s s u r e  

a t  e v e n  n u m b e r e d  n o d e s  b e t w e e n  8 4  a n d  1 0 2  ( t h e  v e r y  e n d  o f  t h e  t r a i n ) .  

T h e  p u l s e  s t e e p e n i n g  i s  f e l t  e v e r y w h e r e  b e t w e e n  n o d e s  9 8  a n d  1 0 2 ,  a n d  

i s  m o s t  p r o n o u n c e d  a t  1 0 2 .  T o  u n d e r s t a n d  h o w  t h i s  p h e n o m e n o n  i s  p o s s i ­

b l e ,  r e f e r  t o  F i g u r e  1 1 .  D u r i n g  r e f l e c t i o n ,  p a r t  o f  t h e  r e f l e c t e d  

p r e s s u r e  p u l s e  i s  s u p e r i m p o s e d  o n  t h e  i n c i d e n t  p u l s e .  T h i s  p r o d u c e s  a  

s h o r t e r ,  t a l l e r  p u l s e  i n  t h e  v i c i n i t y  o f  t h e  c l o s e d  e n d .  A f t e r  r e f l e c ­

t i o n ,  t h e  p u l s e  r e t u r n s  t o  i t s  f o r m e r  s i z e  a n d  s h a p e  ( n e g l e c t i n g  f r i c ­

t i o n a l  e f f e c t s )  [ 4 ] .

(0a
UJ
cc
3
to
(0
UJ
DC
a .

MOVPIPE6 TEST - with no leakage

F i g u r e  1 0 :  S i m u l a t e d  P i p e  P r e s s u r e  R e f l e c t i o n .

I t  i s  p o s s i b l e  f o r  a  p u l s e  t o  r e f l e c t  a t  t h e  h e a d  e n d  o f  t h e  

t r a i n ,  w h e r e  a  2 6 C  v a l v e  i s  l o c a t e d .  H o w e v e r ,  t h e  p u l s e - s t e e p e n i n g
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e f f e c t  I s  m u c h  w e a k e r  f o r  t w o  r e a s o n s .  T h e  f i r s t  i s  t h a t  t h e  v a l v e  

d o e s  n o t  a c t  l i k e  a  r i g i d  f l u i d  b o u n d a r y ,  s o  a  s i g n i f i c a n t  p o r t i o n  o f  

t h e  w a v e  e n e r g y  i s  t r a n s m i t t e d  p a s t  t h e  v a l v e .  T h e  s e c o n d  i s  t h a t  t h e  

2 6 C  i s  a  c l o s e d - l o o p  p r e s s u r e  r e g u l a t o r  w h i c h  r e s p o n d s  t o  a n  e x t r a n e o u s  

p r e s s u r e  f l u c t u a t i o n  b y  a t t e m p t i n g  t o  a t t e n u a t e  t h e  d i s t u r b a n c e .  

T h e r e f o r e ,  i t  i s  m u c h  l e s s  l i k e l y  t h a t  p u l s e  s t e e p e n i n g  w i l l  b e  o f  c o n ­

c e r n  a t  t h e  h e a d  e n d .

P
Fixed Boundary, (no flow) VI.

t=t! .

t=t2

t=t3

t=t4

F i g u r e  1 1 :  P r e s s u r e  I n c r e a s e  D u e  t o  P u l s e  R e f l e c t i o n

V I .  S IM U L A T IO N  O F  U N D E S IR E D  B R A K IN G  O P E R A T IO N

N o w  a t t e n t i o n  i s  t u r n e d  t o  s i m u l a t i n g  u n d e s i r e d  b r a k i n g  o p e r a ­

t i o n s .  T h e  t a b l e  b e l o w  g i v e s  a  d e s c r i p t i o n  o f  v a r i o u s  p i p e  a c c e l e r a ­

t i o n  s c e n a r i o s  a n d  p o i n t s  t o  t h e i r  r e s p e c t i v e  s i m u l a t i o n  r e s u l t s .  T h e  

t r a i n  b e i n g  s i m u l a t e d  h a s  S O - f t  c a r s  e a c h  e q u i p p e d  w i t h  a  s i n g l e  A B D U  

c o n t r o l  v a l v e .  E a c h  a c c e l e r a t i o n  s t a r t s  a t  t  -  8 . 0 0  s e c .  I n  t h e



1 5

F i g u r e s  r e f e r e n c e d  b e l o w ,  P B P  r e f e r s  t o  t h e  g a u g e  p r e s s u r e  a t  t h e  b r a k e  

p i p e  n o d e s  s h o w n .  P B C Y L  r e f e r s  t o  t h e  b r a k e  c y l i n d e r  p r e s s u r e s  a t  t h e  

i n d i c a t e d  c a r s .

T r i a l  D a t a :

t r i a l  n u m b e r  . .........................................

t o t a l  n u m b e r  o f  c a r s  . . . .

c a r s  s u b j e c t  t o  a c c e l e r a t i o n

2
a c c e l e r a t i o n  ( f t / s e c  )  . . . 

d u r a t i o n  o f  a c c e l .  ( s e c )  . .

r u n - i n  d e l a y  ( s e c )  ...........................

s p e e d  o f  s l a c k  w a v e  ( f t / s e c )  

F i g u r e s :  P B P /P B C Y L

1 2 3 4 5 6

1 0 2 1 0 2 1 0 2 1 0 1 1 0 1 1 0 1

8 0 - 1 0 2 5 0 - 7 0 4 0 - 6 0 1 - 1 0 1 8 0 - 1 0 1 5 0 - 7 0

- 2 0 . 0 - 2 4 . 0 - 6 4 . 4 - 1 4 0 . 0 - 6 4 . 4 - 1 3 0 . 0

0 . 4 0 0 . 4 0 0 . 4 0 0 . 3 0  ' 0 . 1 2 0 . 1 2

0 . 0 4 4 0 . 0 4 4 0 . 0 4 4 0 . 0 0 . 0 4 4 0 . 0 4 4

1 1 3 0 1 1 3 0 1 1 3 0 00 1 1 3 0 1 1 3 0

1 2 / 1 3 1 4 / 1 5 1 6 / 1 7 ! 8 / 1 9 / 2 0 /

'v

I n . F i g u r e  1 2 ,  a  s e r v i c e  a p p l i c a t i o n  r e s u l t s  f r o m  r u n - i n  o c c u r r i n g  

i n  t h e  l a s t  2 3  c a r s  o f  a  1 0 2 - c a r  t r a i n .  T h e  r u n - i n  d e c e l e r a t i o n  i m ­

p u l s e  i s  2 / 3  g  f o r  0 . 4  s e c .  R e f l e c t i o n  o f  t h e  i n d u c e d  p u l s e  i s  e v i d e n t  

a t  t h e  e n d  o f  t h e  t r a i n  ( n o d e  1 0 3 ) .  T h e  s t e e p  p u l s e  c a u s e s  t h e  l a s t  

c a r  v a l v e  t o  g o  i n t o  a  s e r v i c e  m o d e ,  a n d  t h e  p i p e  p r e s s u r e  i s  b e i n g  

p u l l e d  d o w n  ( p r o b a b l y  b y  t h e  a c c e l e r a t e d  a p p l i c a t i o n  v a l v e )  e n o u g h  t o  

c a u s e  s e r v i c e  a p p l i c a t i o n s  i n  o t h e r  v a l v e s  t o w a r d  t h e  f r o n t  o f  t h e  

t r a i n .  C o r r e s p o n d i n g  b r a k e  c y l i n d e r  p r e s s u r e s  a r e  s h o w n  i n  F i g u r e  1 3 .

F i g u r e s  1 4  a n d  1 5  s h o w  b r a k e  p i p e  a n d  b r a k e  c y l i n d e r  p r e s s u r e s  

d u r i n g  r u n - i n  o f  c a r s  5 0 - 7 0  o f  t h e  s a m e  t r a i n .  T h e s e  c a r s  e x p e r i e n c e  

d e c e l e r a t i o n  i m p u l s e s  o f  3 / 4  g  f o r  0 . 4  s e c .  N o t i c e  t h a t  t h e  l a s t  c a r  

g o e s  i n t o  s e r v i c e  m o d e  f i r s t .  T h i s  o c c u r s  b e c a u s e  t h e  p u l s e s  i n d u c e d  

m i d - t r a i n  a r e  n o t  o f  s u f f i c i e n t  s t r e n g t h  t o  t r i p  v a l v e s  t h e r e .  I n ­

s t e a d ,  t h e  a g g r e g a t e  p u l s e  t r a v e l s  d o w n  t h e  b r a k e  p i p e  t o w a r d  t h e  r e a r  

e n d .  U p o n  e n c o u n t e r i n g  t h e  c l o s e d  e n d ,  i t  r e f l e c t s  a n d  m o m e n t a r i l y  

s t e e p e n s .  T h e  s l e w  r a t e  o f  t h e  p u l s e  b e c o m e s  h i g h  e n o u g h  t o  p r e c i p i ­

t a t e  a  U D S a t  t h e  r e a r  c a r  f i r s t .
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F i g u r e  1 3 :  B r a k e  C y l i n d e r  P r e s s u r e  D u r i n g  U D S .
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MOVPIPE6 SIMULATION - with leakage

F i g u r e  1 5 :  B r a k e  C y l i n d e r  P r e s s u r e s  D u r i n g  U D S .



1 8

T h e  f i n a l  U O S s i m u l a t i o n  i s  s h o w n  i n  F i g u r e s  1 6  a n d  1 7 .  R u n - i n  o f  

c a r s  4 0 - 6 0  r e s u l t s  i n  s e r v i c e  a p p l i c a t i o n s  w h i c h  c o m m e n c e  m i d - t r a i n .

T h i s  i s  m a d e  p o s s i b l e  b y  s e t t i n g  t h e  c a r  d e c e l e r a t i o n  i m p u l s e s  t o  2 g  

f o r  0 . 4  s e c o n d s  d u r a t i o n .  C a r  6 0  t r i p s  f i r s t  b e c a u s e ; t h e  i n d u c e d  

p u l s e s  b u i l d  u p  t o  a  c r i t i c a l  s t r e n g t h  t h e r e .  T h e  v a l v e  i n  c a r  1 0 2  i s  

t h e  s e c o n d  v a l v e  t o ;  a p p l y  b r a k e s .  T h e  v a l v e s  n e a r  t h e  e n d  o f  t h e  t r a i n  

c a u s e  t h e i r  c a r  b r a k e s  t o  s e t  p r i o r  t o  t h o s e  n e a r  c a r  6 0 ,  s i n c e  t h e  U O S 

i s  m o r e  p r o n o u n c e d  a t  t h e  r e a r  e n d .  . '

F i g u r e s  1 8 ,  1 9 : ,  a n d  2 0  s h o w  U D E | s  r e s u l t i n g  f r o m  t h e  a c c e l e r a t i o n s  

d e s c r i b e d  i n  t r i a l  n u m b e r s  4 ,  5 ,  a n d  6  i n  t h e  t a b l e  a b o v e .  I n  F i g u r e  

1 8 ,  t h e  w h o l e  t r a i n  i s  d e c e l e r a t e d ; w i t h o u t  c a r  r u n - i n  . a t  a  r a t e  o f  4 ; 3  

g  f o r  0 . 3  s e c .  A l t h o u g h  t h i s ,  r e p r e s e n t s  a  t o t a l l y  u n r e a l i s t i c  t r a i n  

m o t i o n ,  i t  c o n f i r m s ,  t h a t  t h e  v a l v e s  c a n  r e s p o n d  t o  r a p i d  p r e s s u r e  v a r i ­

a t i o n s  w h i c h  a r e  ( i n  t h i s  c a s e )  e x t r a n e o u s  t o  n o r m a l  b r a k i n g  o p e r a t i o n .

A n  u n d e s i r e d  e m e r g e n c y  a p p l i c a t i o n ,  s e e n  i n  F i g u r e  1 9 ,  i s  p r o d u c e d  

b y  h a v i n g  e a c h  o f  t h e  l a s t  2 2  c a r s  o f  a  1 0 1 - c a r  t r a i n  r u n  i n  a t  a . r a t e  

o f  - 2  g  f o r  0 . 1 2  s e c .  T h e  r e f l e c t e d  p r e s s u r e  p u l s e  i n  t h e  p i p e  c a u s e s  

c a r  1 0 1  t o  t r i p  . f i r s t .  O n c e  o n e  c a r  v a l v e  g o e s  i n t o  e m e r g e n c y  m o d e ,  i t  

r a p i d l y  e x h a u s t s  a i r  f r o m  t h e  b r a k e  p i p e ,  t h e r e b y  e n s u r i n g  e m e r g e n c y  

a p p l i c a t i o n  o f  a l l  t h e  r e m a i n i n g  v a l v e s  t i e d  i n t o  t h e  l i n e .

A  U D E  i s  a l s o  c a u s e d  b y  r u n - i n  o f  c a r s  3 0 - 7 0 ,  e a c h  u n d e r g o i n g  - 4  g  

f o r  0 . 1 2  s e c .  F i g u r e  2 0  s h o w s  s i m u l a t e d  b r a k e  p i p e  p r e s s u r e  f o r  t h i s  

r u n .  N o t e  t h a t  m i d - t r a i n  c a r s  g o  i n t o  e m e r g e n c y  m o d e  f i r s t  d u r i n g  t h i s  

r u n :  t h e  4  g  i m p u l s e  i s  p o w e r f u l  e n o u g h  t o  t r i p  m i d - t r a i n  v a l v e s  b e f o r e  

t h e  p r e s s u r e  p u l s e  i s  a b l e  t o  p r o p a g a t e  a n d  r e f l e c t  f r o m  t h e  r e a r .

T h e  n e x t  q u e s t i o n  i s  w h e t h e r  s u c h  a c c e l e r a t i o n s  c a n  o c c u r  o n  a  

r e a l  t r a i n .  I n  t h e  r u n  s h o w n  i n  F i g u r e  1 9 ,  m o m e n t a r y  2  g  r u n - i n  d e c e l ­

e r a t i o n s  ( f o r  e a c h  c a r  i n  s u c c e s s i o n )  m i g h t  o c c u r  i n  r e a r  c a r s  i f  t h e  

f i r s t  7 9  c a r s  o f  t h e  t r a i n  a r e  a b l e  t o  d e c e l e r a t e  t o  a  v e l o c i t y  o f  6 . 6  

f t / s e c  l e s s  t h a n  t h a t  o f  t h e  8 0 t h  c a r  b y  t h e  t i m e  t h e  " s l a c k  w a v e "  

r e a c h e s  c a r  8 0 .  T h e  f o l l o w i n g  c a l c u l a t i o n s  s h o w  u n d e r  w h a t  c o n d i t i o n s  

t h i s  m i g h t  h a p p e n .  A s s u m i n g  t h a t  t h e  e n t i r e  t r a i n ' s  c o u p l i n g s  a r e  i n  

t h e i r  e x t e n d e d  p o s i t i o n  a n d  t h a t  e a c h  c o u p l i n g  h a s  f o u r  i n c h e s  o f  

s l a c k ,  i t  i s  p o s s i b l e  t o  g e t  a  r u n - i n  o f  t r a i n  c a r s  a t  t h i s  r a t e  o f  d e ­

c e l e r a t i o n .  T h e  c a l c u l a t i o n  a s s u m e s  t h a t  d e c e l e r a t i o n  i s  c o n s t a n t  f o r
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F i g u r e  1 6 :  P i p e  P r e s s u r e s  D u r i n g  U D S .

MOVPIPE6 SIMULATION - with leakage

F i g u r e  1 7 :  B r a k e  C y l i n d e r  P r e s s u r e s  D u r i n g  U D S .
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MOVPIPE6 SIMULATION - with leakage

F i g u r e  1 9 :  P i p e  P r e s s u r e s  D u r i n g  U D E .
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MOVPIPE6 SIMULATION - with leakage

F i g u r e  2 0 :  P i p e  P r e s s u r e s  D u r i n g  U D E .

e a c h  c a r  a s  i t  r u n s  i n t o  t h e  p r e c e d i n g  c a r .  I f  t h e  v e l o c i t y  o f  c a r  8 0  

i s  r e p r e s e n t e d  b y  V g Q ,  t h e n  t h e  s l a c k  b e t w e e n  c a r s  7 9  a n d  8 0  v a r i e s  a s

A x  ,  -  |V -  V  A t  +  ^  ( A t ) 2 ,
s i  ( 8 0  7 9  J 2 8 0

w h e r e

A x g i s  c o u p l i n g  f r e e  p l a y  ( f t )

a 8 0  s  a c c e l e r a t i o n  o f  c a r  8 0  d u r i n g  r u n - i n  ( f t / s e c ^ )  

A t  =  d u r a t i o n  o f  r u n - i n  d e c e l e r a t i o n  ( s e c ) .

R e a r r a n g i n g  t o  f i n d  t h e  v e l o c i t y  d i f f e r e n c e  b e t w e e n  c a r s  g i v e s :

V
8 0

V
7 9

T^A x  
A t  s i

■^a A t  
2 80



2 2

T h e  v e l o c i t y  c h a n g e  r e q u i r e d  t o  a c h i e v e  a  d e c e l e r a t i o n  l e v e l  o f  2  

g  f o r  0 . 1 2  s e c  i s :

“ ' O . l ^ s e c * ’ 3 3  — ^  -  | ( - 6 4 . 4  f t / s e c 2 ) ( 0 . 1 2  s e c )

*  6 . 6 4  f t / s e c .

N e x t ,  i t  i s  n e c e s s a r y  t o  s h o w . t h a t  t h i s  v e l o c i t y  c h a n g e  i s  p o s s i b l e  i n  

c a r s  n e a r  t h e  r e a r  o f  a  l o n g  t r a i n  w h o s e  f r o n t  e n d  h a s  j u s t  e n c o u n t e r e d  

a  s t e e p  u p g r a d e .  S i n c e  t h e  s l a c k  w a v e  m u s t  n o r m a l l y  t r a v e l  a t  t h e  

s p e e d  o f  s o u n d  ( 1 1 3 0  f t / s e c ) ,  t h e  f i r s t  7 9  c a r s  a r e  r u n - i n  o v e r  a  

p e r i o d  o f :

( 7 9  c a r s ) ( 5 0  f t / c a r ) / ( 1 1 3 0  f t / s e c )  -  3 . 5 0  s e c .

T h i s  i s  t h e  i n t e r v a l  i n  w h i c h  t h e , f r o n t  e n d  o f  t h e  t r a i n  m u s t  s l o w  d o w n  

t o  6 . 6 4  f t / s e c  l e s s  t h a n  i t s  o r i g i n a l  s p e e d .  T h e  a v e r a g e  d e c e l e r a t i o n  

o f  t h e  f r o n t  7 9  c a r s  w o u l d  n e e d  t o  b e :

A v  _  - 6 . 6 4  f t / s e c  
a a v g  "  A t  "  3 . 5 0  s e c

- 1 . 9 0  f t / s e c 2 .

A  f r o n t  e n d  d e c e l e r a t i o n  o f  t h i s  m a g n i t u d e  ( a p p r o x i m a t e l y  0 . 0 6  g )  c o u l d  

o c c u r  w i t h o u t  d y n a m i c  b r a k i n g  f r o m  l o c o m o t i v e s  o n  a  g r a d e  ( a n g l e )  o f  

3 . 3 6 ° ,  a  3 0 9  f t  a l t i t u d e  g a i n  p e r  m i l e .  T h e  m i n im u m  g r a d e  c o u l d  b e  r e ­

d u c e d  i f  t h e  l o c o m o t i v e s  w e r e  b r a k e d  o r  t h e  r e a r  o f  t h e  t r a i n  w e r e  a c ­

c e l e r a t e d  d o w n h i l l  d u r i n g  t h e  f r o n t  e n d ' s  u p h i l l  d e c e l e r a t i o n .  I t  m a y  

b e  c o n c l u d e d  t h a t  a  l o n g  t r a i n  c o u l d  e x p e r i e n c e  a c c e l e r a t i o n - i n d u c e d  

U D E 's  i f  c o n d i t i o n s  s u c h  a s  t h e s e  a r e  e n c o u n t e r e d .

V I I .  O B S E R V A T IO N S  FRO M  M O V P I P E  S IM U L A T I O N S

*  C r i t i c a l  p u l s e  s t r e n g t h  i s  a p p r o x i m a t e l y  - 1 2 . 6  p s i  f o r  0 . 1 4  s e c .  

T h i s  i s  t h e  m i n i m u m  p r e s s u r e  c h a n g e  r e q u i r e d  t o  c a u s e  a  s i m u l a t e d  

A B D U  c a r  c o n t r o l  v a l v e  t o  g o  i n t o  e m e r g e n c y  m o d e .

*  I t  m a y  b e  p o s s i b l e  f o r  s o m e  r e a l  v a l v e s  t o  b e  m o r e  s e n s i t i v e  t h a n  

t h e  A B O W  v a l v e s  m o d e l e d  b y  M O V P IP E  s i n c e  v a r i a t i o n s  i n  p a r a m e t e r s
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s u c h  a s  p i s t o n  f r i c t i o n ,  o r i f i c e  a r e a  ( e . g . ,  d i r t  m a y  c a u s e  c o n ­

s t r i c t i o n s  i n  p a s s a g e s ) , a n d  r e t u r n  s p r i n g  r a t e s  c a n  a f f e c t  v a l v e  

p e r f o r m a n c e .

*  P u l s e - s t e e p e n i n g  o c c u r s  w h e n  a  p r e s s u r e  w a v e  i s  r e f l e c t e d  f r o m  t h e  

t a i l  e n d  o f  t h e  b r a k e  p i p e .  T h i s  c o u l d  c a u s e  t h e  b r a k e s  t o  b e  s e t  

a t  t h e  r e a r  o f  t h e  t r a i n  a s  a  U D S o r  U D E .

*  R u n - i n  o f  c a r s  r e s u l t s  i n  s m a l l  p r e s s u r e  p u l s e s  c r e a t e d  b y  i n d i ­

v i d u a l  c a r s .  I f  c o n d i t i o n s  a r e  r i g h t  ( i . e . ,  i f  t h e  r a t e  o f  r u n -  

i n — t h e  s p e e d  o f  t h e  s l a c k  w a v e — c o i n c i d e s  w i t h  t h e  s p e e d  o f  s o u n d  

i n  t h e  b r a k e  p i p e ) ,  t h e s e  s m a l l  p u l s e s  s u p e r i m p o s e ,  t h e r e b y  

b u i l d i n g  u p  i n  s t r e n g t h .  T h i s  i s  t h e  s i t u a t i o n  m o s t  l i k e l y  t o  

p r e c i p i t a t e  u n d e s i r e d  b r a k i n g  o p e r a t i o n s .

*  R e d u c i n g  t h e  b r a k e  p i p e  p r e s s u r e  e f f e c t i v e l y  r e d u c e s  t h e  a i r  m a s s  

w i t h i n ,  w h i c h  w e a k e n s  t h e  a c c e l e r a t i o n - i n d u c e d  p u l s e s .

*  P u l s e  s u p e r i m p o s i t i o n  i s  s t r o n g e r  i n  t r a i n s  w i t h . 5 0 - f t  c a r s  t h a n  

i n  t h o s e  w i t h  1 0 0 - f t  c a r s  ( a c c o r d i n g  t o  t h e  f r i c t i o n  m o d e l  b e i n g  

u s e d )  b e c a u s e  t h e  a d d e d  a i r  m a s s  o f  t h e  l o n g e r  c a r s  d o e s  n o t  o v e r ­

c o m e  t h e  i n c r e a s e d  c a r - t o - c a r  f r i c t i o n a l  l o s s e s .  I n  o t h e r  w o r d s ,  

t h e  s t r o n g e r  p u l s e  g e n e r a t e d  b y  a  l o n g  c a r  l o s e s  s o m e  o f  i t s  a d d i ­

t i o n a l  s t r e n g t h  b y  t h e  t i m e  i t  r e a c h e s  t h e  a d j a c e n t  c a r ,  d u e  t o  

t h e  l o n g e r  d i s t a n c e  i t  m u s t  t r a v e l .

*  I t  i s  r e a s o n a b l e  t o  e x p e c t  t h a t  a t  l o w e r  v a l u e s  o f  r u n - i n  d e c e l e r ­

a t i o n ,  t h e  l a s t  c a r  o n  t h e  t r a i n  w i l l  b e  m o s t  l i k e l y  t o  g o  i n t o  a  

U D E  o r  U D S  b e c a u s e  o f  p u l s e - s t e e p e n i n g .  F o r  m u c h  h i g h e r  d e c e l e r a ­

t i o n s  s t a r t i n g  a t  t h e  h e a d  e n d ,  t h e  m i d d l e  c a r s  w i l l  t e n d  t o  t r i p  

f i r s t .  *

*  T h e  s p e e d  o f  p r o p a g a t i o n  o f  p r e s s u r e  w a v e s  i n  t h e  b r a k e  p i p e  d e ­

p e n d s  b o t h  o n  t h e  l o c a l  c e l e r i t y  ( s p e e d  o f  s o u n d )  a n d  t h e  s p e e d  o f  

a i r  f l o w  w i t h i n  t h e  p i p e .
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V I I I .  SU M M ARY R E M A R K S :

U h a t  h a s  b e e n  d i s c o v e r e d  u p  t o  t h i s  p o i n t  i s  t h a t  c a r  m o t i o n  i n ­

f l u e n c e s  t h e  a i r  f l o w  w i t h i n  t h e  b r a k e  p i p e ,  a n d  t h a t  t h e  p h e n o m e n o n  i s  

p a r t i c u l a r l y  a c u t e  a t  t h e  t a i l  e n d  o f  a  t r a i n .  F u r t h e r m o r e ,  c o u p l i n g  

s l a c k  c a n  l e a d  t o  i n s t a n c e s  o f  e x t r e m e  c a r  a c c e l e r a t i o n ,  p r o d u c i n g  

s m a l l  p r e s s u r e  p u l s e s  i n  t h e  b r a k e  p i p e .  I n  c e r t a i n  c a s e s ,  s l a c k  r u n -  

i n  p a t t e r n s  c a n  g i v e  r i s e  t o  s u p e r i m p o s i t i o n  o f  i n d u c e d  p r e s s u r e  p u l s e s  

w h i c h  m a y  p e r t u r b  t h e  a i r  i n  t h e  b r a k e  p i p e  e n o u g h  t o  t r i g g e r  b r a k e  

v a l v e s  i n t o  a c t i o n .  A l t h o u g h  t h e  s e t  o f  c i r c u m s t a n c e s  u n d e r  w h i c h  t h i s  

c a n  h a p p e n  i s  l i m i t e d ,  t h e  f i n d i n g s  t h i s  p a p e r  p r e s e n t s  g i v e  s o m e  v a l i ­

d a t i o n  t o  t h e  h y p o t h e s i s  t h a t  t r a i n  m o t i o n  m a y  b e  a n  i m p o r t a n t  f a c e t  o f  

t h e  u n d e s i r e d  b r a k i n g  p r o b l e m .

S u g g e s t i o n s  f o r  f u t u r e  i n v e s t i g a t i o n s  i n c l u d e  t y i n g  i n  a  m o r e  c o m ­

p l e t e  t r a i n  m o t i o n  s i m u l a t o r  ( s u c h  a s  T O S  o r  T O E S ) ,  s t u d y i n g  t h e  e f f e c t  

o f  v a r y i n g  t h e  c h a r a c t e r i s t i c s  ( p a r a m e t e r s )  o f  c a r  v a l v e s ,  a n d  i m p l e ­

m e n t i n g  t h e  m i c r o - m o d e l  o f  t h e  b r a k e  p i p e  a n d  i t s  b r a n c h  l i n e s .  I t  i s  

e x p e c t e d  t h a t  t h e s e  i n v e s t i g a t i o n s  w i l l  l e a d  t o  a  c o r r e l a t i o n  b e t w e e n  

t h e  v a l u e s  o f  c a r  v a l v e  p a r a m e t e r s  a n d  t h e i r  e f f e c t  o n  s e n s i t i v i t y  o f  

t h e  v a l v e s  t o  t r a n s i e n t  p r e s s u r e  p u l s e s .  F u r t h e r ,  t h e s e  s t u d i e s  m a y  

s h o w  t h a t  t h e  d y n a m i c  i n t e r a c t i o n s  b e t w e e n  t h e  v a l v e s  a n d  t h e i r  b r a n c h  

l i n e s  m a y  b e  m a r g i n a l l y  s t a b l e ,  f u r t h e r  s e n s i t i z i n g  t h e  b r a k i n g  s y s t e m  

t o  t h e  m o t i o n - i n d u c e d  b r a k e  p i p e  p u l s e s .
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