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©  Improvements  in  fluid-pressure  operated  anti-skid  braking  systems  for  vehicles. 
©  In  a  fluid-pressure  operated  anti-skid  braking  system 
operation  of  a  brake-applying  relay  valve  (30)  is  controlled  by 
control  pressure  in  an  application  chamber  (23).  A  memory 
chamber  (8)  is  charged  on  initial  brake  application,  with 
pressure  from  a  supply  passage  (44)  connected  to  a  brake 
actuator  (3)  through  a  one-way  valve  (60)  and  an  orifice  (64) 
permits  pressure  in  the  memory  chamber  (8)  to  decay  when 
the  pressure  in  the  supply  passage  (44)  reduces.  This 
reduces  the  effective  volume  of  air  required  for  initial 
operation  of  the  relay  valve  thereby  increasing  its  response 
time.  Re-application  of  the  brakes  following  a  skid  is 
controlled  by  closure  of  a  latch  valve  (9)  which  permits  only  a 
restricted  flow  of  control  pressure  into  the  application 
chamber  (23).  This  is  sufficient  to  re-apply  the  brakes  rapidly 
in  a  first  stage  until  the  pressure  in  the  application  chamber 
(23)  becomes  equal  to  that  of  the  decayed  pressure  in  the 
memory  chamber  (8),  whereafter  brake  re-application  con- 
tinues  at  a  slower  rate  since  the  restricted  flow  of  control 
pressure  has  also  to  increase  the  pressure  in  the  memory 
chamber  (8). 
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 I n   a  fluid-pressure  operated  anti-skid  braking  system 
operation  of  a  brake-applying  relay  valve  (30) is  controlled  by 
control  pressure  in  an  application  chamber  (23).  A  memory 
chamber  (8)  is  charged  on  initial  brake  application,  with 
pressure  from  a  supply  passage  (44)  connected  to  a  brake 
actuator  (3)  through  a  one-way  valve  (60)  and  an  orifice  (64) 
permits  pressure  in  the  memory  chamber  (8)  to  decay  when 
the  pressure  in  the  supply  passage  (44)  reduces.  This 
reduces  the  effective  volume  of  air  required  for  initial 
operation  of  the  relay  valve  thereby  increasing  its  response 
time.  Re-application  of  the  brakes  following  a  skid  is 
controlled  by  closure  of  a  latch  valve  (9)  which  permits  only  a 
restricted  flow  of  control  pressure  into  the  application 
chamber  (23).  This  is  sufficient to  re-apply  the  brakes  rapidly 
in  a  first  stage  until  the  pressure  in  the  application  chamber 
(23)  becomes  equal  to  that  of  the  decayed  pressure  in  the 
memory  chamber  (8),  whereafter  brake  re-application  con- 
tinues  at  a  slower  rate  since  the  restricted  flow  of  control 
pressure  has  also  to  increase  the  pressure  in  the  memory 
chamber  (8). 





T h i s   i n v e n t i o n   r e l a t e s   to   i m p r o v e m e n t s   i n  

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

v e h i c l e s   of  t h e   k i n d   in  w h i c h   f l u i d   f rom  a  s u p p l y   i s  

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

c o n t r o l   a s s e m b l y ,   and  the   a s s e m b l y   i n c o r p o r a t e s   a  

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

b e t w e e n   t h e   s u p p l y   and  t he   b r a k e ,   an  a p p l i c a t i o n   c h a m b e r  

s u b j e c t e d   to  a  c o n t r o l   p r e s s u r e   to  c o n t r o l   o p e r a t i o n   o f  

the   r e l a y   v a l v e ,   m e a n s   r e s p o n s i v e   to   a  s k i d   s i g n a l   f o r  

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

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

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

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

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

s t a g e   c o m p r i s i n g   t h e   r e - a p p l i c a t i o n   to   t he   b r a k e   of   t h e  

s u p p l y   f l u i d   f rom  t h e   s u p p l y   u n t i l   a  p r e s s u r e   l e s s   t h a n  

t h e   p r e s s u r e   a t   t h e   s k i d   p o i n t   i s   a t t a i n e d   a t   t h e  

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

c o n t i n u e d   r e - a p p l i c a t i o n   to  t he   b r a k e   of   t h e   s u p p l y   f l u i d  

bu t   a t   a  r e d u c e d   r a t e   of  p r e s s u r e   i n c r e a s e .  

In  some  a n t i - s k i d   s y s t e m s   of  t he   k i n d   s e t   f o r t h ,   t h e  

memory  c h a m b e r   i s   fed  by  the   c o n t r o l   f l u i d   a n d  

c o n v e n i e n t l y ,   as  in   t h e   s y s t e m   of  G B - A - 2 0 0 2 4 7 1 ,   f rom  t h e  

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

has   to  be  s u f f i c i e n t   f o r   t h e   vo lume   o f   c o n t r o l   f l u i d   t o  

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



In  t h e   p a s t   in  such   known  a n t i - s k i d   s y s t e m s   t h e  

r e s p o n s e   t i m e s ,   as   g o v e r n e d   by  EEC/ECE  r e g u l a t i o n s ,   h a v e  

been   a c h i e v e d   by  p a y i n g   p a r t i c u l a r   a t t e n t i o n   to   t h e  

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

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

f l u i d - p r e s s u r e   o p e r a t e d   a n t i - s k i d   s y s t e m s   f o r   t r a i l e r  

v e h i c l e s ,   a r e   t o w a r d s   i n c r e a s i n g   t he   s i z e   of   t h e  

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

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

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

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

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

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

such  known  a n t i - s k i d   s y s t e m s   to  m e e t   t he   r e s p o n s e   t i m e s  

l a i d   down  by  l e g i s l a t i o n .  

A c c o r d i n g   to  ou r   i n v e n t i o n   in  a  f l u i d - p r e s s u r e  

o p e r a t e d   a n t i - s k i d   b r a k i n g   s y s t e m   of   t he   k i n d   s e t   f o r t h  

the   c o n t r o l   a s s e m b l y   i s   so  a d a p t e d   t h a t   upon  i n i t i a l  

b r a k e   a p p l i c a t i o n   in  a  common  b r a k i n g   c y c l e   t he   m e m o r y  
c h a m b e r   i s   fed  w i t h   f l u i d   f rom  t h e   s u p p l y .  

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

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

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

c h a m b e r .  

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

t h e r e f o r e   t a k e n   from  t h e   s u p p l y   s i d e   of  t h e   r e l a y   v a l v e  

in  w h i c h   t he   v o l u m e   of  t h e   memory  c h a m b e r   i s   s m a l l   i n  

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

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

as  in  known  s y s t e m s ,   in  w h i c h   t h e   v o l u m e   o f   t he   m e m o r y  



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

a p p l i c a t i o n   c h a m b e r .  

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

p r e s s u r e   i s   f ed   to  t h e   memory  c h a m b e r   t h r o u g h   a  m e m o r y  
v a l v e ,   and  t h e   memory  c h a m b e r   i s   i s o l a t e d   f rom  t h e  

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

is   n o r m a l l y   c l o s e d .  

D u r i n g   b r a k e   r e - a p p l i c a t i o n   f o l l o w i n g   c o r r e c t i o n   o f  

t h e   s k i d   t he   o n e - w a y   v a l v e   r e m a i n s   c l o s e d ,   and  t h e  

p r e s s u r e - r e s p o n s i v e   v a l v e   o p e n s   in  r e s p o n s e   to  a  

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

memory  c h a m b e r   and  t h e   a p p l i c a t i o n   c h a m b e r ,   w h e r e a f t e r  

t h e   p r e s s u r e s   in  two  c h a m b e r s   e q u a l i s e   a t   t h e   c h a n g e o v e r  

p o i n t .  

Some  e m b o d i m e n t s   of  ou r   i n v e n t i o n   a r e   i l l u s t r a t e d   i n  

the   a c c o m p a n y i n g   d r a w i n g s   in  w h i c h : -  

F i g u r e   1  i s   a  t r a n s v e r s e   s e c t i o n   t h r o u g h   a  s k i d  

c o n t r o l   u n i t   in  a  p n e u m a t i c a l l y - o p e r a b l e   b r a k i n g  

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

m o d e ;  

F i g u r e   2  i s   a  v i ew   s i m i l a r   to  t h e   u n i t   of   F i g u r e   1 

b u t   w i t h   t he   u n i t   in  a  b r a k e   r e l e a s e   m o d e ;  

F i g u r e   3  i s   a  v i ew   s i m i l a r   to  t h e   u n i t   of   F i g u r e   1 

b u t   w i t h   t h e   u n i t   in  an  a n t i - l o c k   b r a k e   r e l e a s e  

m o d e ;  

F i g u r e  4   i s   a  v i ew  s i m i l a r   to  t h e   u n i t   of   F i g u r e   1 

b u t   w i t h   t h e   u n i t   in  t h e   f i r s t   s t a g e   b r a k e   r e - a p p l y  

mode  f o l l o w i n g   c o r r e c t i o n   of   a  s k i d ;  



F i g u r e   5  i s   a  v iew  s i m i l a r   to   F i g u r e   4  b u t   s h o w i n g  
t h e   s e c o n d   s t a g e   r e - a p p l y   m o d e ;  

F i g u r e   6  shows  a  m o d i f i c a t i o n   to   t h e  

p r e s s u r e - r e s p o n s i v e   v a l v e ;  

F i g u r e   7  shows  a n o t h e r   c o n s t r u c t i o n   o f  

p r e s s u r e - r e s p o n s i v e   v a l v e   w i t h   t h e   v a l v e   in   an  o p e n  

p o s i t i o n ;  

F i g u r e   8  i s   s i m i l a r   to   F i g u r e   7  bu t   shows  t h e   v a l v e  

in  a  c l o s e d   p o s i t i o n ;  

F i g u r e   9  i s   v i e w   s i m i l a r   to   F i g u r e   7  b u t   s h o w i n g   a 

m o d i f i c a t i o n ;  

F i g u r e   10  i s   s i m i l a r   t o   F i g u r e   9  b u t   shows  t h e   v a l v e  

in  a  c l o s e d   p o s i t i o n ;   a n d  

F i g u r e   11  i s   a  t r a n s v e r s e   s e c t i o n   t h r o u g h   a n o t h e r  

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

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

In  t h e   a n t i - s k i d   b r a k i n g   s y s t e m   i l l u s t r a t e d   i n  

F i g u r e s   1  to  5  of   t h e   d r a w i n g s ,   and  p a r t i c u l a r l y   s u i t a b l e  

f o r   u se   w i t h   a  t r a i l e r   v e h i c l e ,   a  s k i d   c o n t r o l   u n i t   1  i s  

a d a p t e d   to   r e g u l a t e   t he   s u p p l y   of   p n e u m a t i c   f l u i d   f rom  a  

s o u r c e   2,  s u i t a b l y   a  r e s e r v o i r ,   to  an  a c t u a t o r   3  of   a  

b r a k e   4  in  a c c o r d a n c e   w i t h   t h e   d e c e l e r a t i o n   of  t h e   w h e e l  

b r a k e d   by  t he   b r a k e   4 .  

As  i l l u s t r a t e d   t he   u n i t   1  c o m p r i s e s   a  h o u s i n g  5  

h a v i n g   a  f i r s t   i n l e t   s u p p l y   p a s s a g e   6  c o n n e c t e d   to  a  

p e d a l - o p e r a t e d   t r e a d l e   a i r   v a l v e   7  f o r   c o n t r o l l i n g   a  

b r a n c h   s u p p l y   f rom  t h e   s o u r c e   2,  a  memory  c h a m b e r   8 ,  



i l l u s t r a t e d   in  t h i s   s e c t i o n   on  o p p o s i t e   s i d e s   of   t he   a x i s  

o f   t h e   h o u s i n g   5,  and  a  l a t c h   v a l v e   9  w h i c h   c o n t r o l s  

c o m m u n i c a t i o n   b e t w e e n   s p a c e d   p o r t s   10  and  11  in   t h e  

p a s s a g e   6.  The  l a t c h   v a l v e   9  c o m p r i s e s   a  v a l v e   member  12 

f o r   e n g a g e m e n t   w i t h   a  s e a t i n g   13  s u r r o u n d i n g   t h e   p o r t   1 0 ,  

and  c a r r i e d   by  a  f l e x i b l e   d i a p h r a g m  1 4 .   The  v a l v e  

member  12  i s   p r o v i d e d   w i t h   a  b l e e d   o r i f i c e   15  p r o v i d i n g   a  
r e s t r i c t e d   f l ow  i n t o   a  c h a m b e r   16  a b o v e   t h e   d i a p h r a g m   14 

and  e x t e n d i n g   t r a n s v e r s e l y ,   even  when  t h e   l a t c h   v a l v e   9 

i s   s h u t ,   to   c u t - o f f   f low  t h r o u g h   t h e   s u p p l y   p a s s a g e   6 

e x c e p t   t h r o u g h   a  r e s t r i c t e d   p a s s a g e   d e f i n e d   by  a  gap  17 

in  t he   v a l v e   member   12.  The  c h a m b e r   16  a l s o   c o m m u n i c a t e s  

w i t h   t h e   s u p p l y   p a s s a g e   at   a  p o s i t i o n   d o w n s t r e a m   of   t h e  

p o r t   10,  t h r o u g h   a  o n e - w a y   v a l v e   4 7 .  

A  s o l e n o i d - o p e r a t e d   v a l v e   18  r e s p o n s i v e   to   a n  

e l e c t r i c a l   s i g n a l   f rom  means   r e s p o n s i v e   to   d e c e l e r a t i o n  

of  a  b r a k e d   w h e e l   and  i n c l u d i n g   a  c o n t r o l   m o d u l e  

i n c o r p o r a t e s   a  v a l v e   member  19  e n g a g e a b l e   a l t e r n a t i v e l y  

w i t h   f i r s t   and  s e c o n d   s p a c e d   s e a t i n g s   20  and  21.  T h e  

f i r s t   s e a t i n g   20  i s   d i s p o s e d   b e t w e e n   t h e   s u p p l y   p a s s a g e   6 

and  an  a p p l i c a t i o n   c h a m b e r   23,  and  t h e   s e c o n d   i s   d i s p o s e d  

b e t w e e n   t he   a p p l i c a t i o n   c h a m b e r   23  and  an  e x h a u s t  

p a s s a g e   24.  The  v o l u m e   of  the   a p p l i c a t i o n   c h a m b e r   23  i s  

s m a l l   in  c o m p a r i s o n   w i t h   t h a t   of   t h e   memory  c h a m b e r   8 .  

When  t h e   s o l e n o i d   i s   d e - e n e r g i s e d ,   d u r i n g   n o r m a l  

b r a k i n g   t he   v a l v e   member  19  i s   e n g a g e d   w i t h   t h e  

s e a t i n g  2 1 .   The  s u p p l y   p a s s a g e   6  i s   in  c o m m u n i c a t i o n  

w i t h   t h e   a p p l i c a t i o n   c h a m b e r   23  t h r o u g h   t h e   open   l a t c h  

v a l v e   9,  and  l i g h t   s p r i n g   75  a c t s   on  t h e   v a l v e   member  12 

to   h o l d   t h e   l a t c h   v a l v e   9  o p e n .   Thus  o p e r a t o r - c o n t r o l l e d  

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

c h a m b e r   23  t h r o u g h   t h e   l a t c h   v a l v e   9  and  t h e   s u p p l y  

p a s s a g e   6,  and  t h e   l a t c h   v a l v e   9  w i l l   r e m a i n   open   s i n c e  



e q u a l   p r e s s u r e s   a re   a p p l i e d   to  o p p o s i t e   s i d e s   o f   t h e  

d i a p h r a g m   1 4 .  

A  p r e s s u r e - r e s p o n s i v e   v a l v e   25  c o n t r o l s  

c o m m u n i c a t i o n   b e t w e e n   t h e   a p p l i c a t i o n   c h a m b e r   23  and  t h e  

memory   c h a m b e r   8.  The  v a l v e   25  c o m p r i s e s   a  h o l l o w  

p i s t o n   50  of  s t e p p e d   o u t l i n e   h o u s e d   in  a  b o r e   51.  T h e  

c r o w n   52  of  t he   p i s t o n   50  w h i c h   i s   of   g r e a t e r   d i a m e t e r  

w o r k s   in  t he   b o r e   51  and  i s   p r o v i d e d   w i t h   two  a x i a l l y  

e x t e n d i n g   p a s s a g e s   53  w h i c h   a r e   n o r m a l l y   c l o s e d   by  a  f l a p  

v a l v e   member  54  c a r r i e d   by  t h e   o u t e r   f a c e   of  t h e  

c r o w n   52.  A  s p r i n g   55  u r g e s   t h e   p i s t o n   50  i n w a r d l y   s o  

t h a t   t h e   f l a p   member  54  i s   c l a m p e d   a g a i n s t   a  f a c e   56  a t  

t h e   i n n e r   end  of  the   b o r e   51  and  s e a l s   t h e   p a s s a g e s   53  t o  

i s o l a t e   t he   memory  c h a m b e r   8  f rom  t h e   a p p l i c a t i o n  

c h a m b e r   23.  An  a n n u l a r   s e a l   57  of   e l a s t o m e r i c   m a t e r i a l  

p r o v i d e s   a  s e a l   b e t w e e n   t h e   w a l l   of   t h e   b o r e   51  and  t h e  

p o r t i o n   of   t he   p i s t o n   50  w h i c h   i s   of   s m a l l e r   d i a m e t e r .  

The  h o u s i n g   1  a l s o   a c c o m m o d a t e s   f l u i d - f l o w   c o n t r o l  

m e a n s   c o m p r i s i n g   a  r e l a y   v a l v e   30  f o r   c o n t r o l l i n g  

c o m m u n i c a t i o n   b e t w e e n   an  i n l e t   s u p p l y   p a s s a g e   31,  w h i c h  

i s   c o n n e c t e d   to  t he   s o u r c e   2,  and  an  o u t l e t   s u p p l y  

p a s s a g e   32  wh ich   is   c o n n e c t e d   to   t h e   a c t u a t o r   3  of   t h e  

b r a k e   4 .  

The  r e l a y   v a l v e   30  c o m p r i s e s   a  b o r e   33  of   s t e p p e d  

o u t l i n e   and  a  p i s t o n   34  d e f i n i n g   t h e   l o w e r   end  of  t h e  

a p p l i c a t i o n   c h a m b e r   23  w o r k s   in  t h e   i n n e r   p o r t i o n   35  o f  

t h e   b o r e   33  which   i s   of  g r e a t e r   d i a m e t e r .   A  v a l v e  

h e a d   36  on  the   f ace   of   t h e   p i s t o n   34  w h i c h   i s   o p p o s i t e  

t h e   c h a m b e r   23  is   e n g a g e a b l e   w i t h   t h e   i n n e r   end  of  a  

s l e e v e   37,  and  the   s l e e v e   37  i s   g u i d e d   in  an  i n w a r d l y  

p r o j e c t i n g   a x i a l   s k i r t   38  o f   a  c l o s u r e   member   39  f o r   t h e  

o u t e r   end  of  t he   b o r e   33  w h i c h   i s   of   s m a l l e r   d i a m e t e r .  

The  s l e e v e   37  has  a  r a d i a l   f l a n g e   40  c o m p r i s i n g   a  v a l v e  



h e a d   w h i c h   i s   u r g e d   i n w a r d l y   t o w a r d s   a  s h o u l d e r   41  a t   t h e  

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

s p r i n g   42,  and  t h e   c l o s u r e   member  39  i s   p r o v i d e d   w i t h   a t  

l e a s t   one  e x h a u s t   p o r t   43  c o m m u n i c a t i n g   w i t h   t h e   i n t e r i o r  

of   t h e   s l e e v e .   The  i n l e t   p a s s a g e   31  i s   l o c a t e d   on  t h e  

same  s i d e   o f   t h e   s e a t i n g   41  as  t h e   v a l v e   h e a d   40  and  t h e  

o u t l e t   p a s s a g e   32  i s   l o c a t e d   on  t h e   o p p o s i t e   s i d e  

t h e r e o f .   T h u s ,   in  t h e   i n o p e r a t i v e   p o s i t i o n   shown  i n  

F i g u r e   1  of   t h e   d r a w i n g ,   c o m m u n i c a t i o n   b e t w e e n   t h e   i n l e t  

p a s s a g e   31  and  a  c h a m b e r   44  in  t h e   b o r e   33  to   w h i c h   t h e  

s i d e   of   t h e   p i s t o n   34  c a r r y i n g   t he   v a l v e   h e a d   36  i s  

e x p o s e d   i s   c u t - o f f   by  t h e   e n g a g e m e n t   of  t h e   h e a d   40  w i t h  

t h e   s e a t i n g   41,  and  t h a t   c h a m b e r   44  i s   e x h a u s t e d   t o  

a t m o s p h e r e   t h r o u g h   t h e   p o r t   43  s i n c e   t h e   h e a d   36  i s  

s p a c e d   from  t h e   s l e e v e   3 7 .  

The  c h a m b e r   44  i s   c o n n e c t e d   to   t he   memory   c h a m b e r   8 

t h r o u g h   a  o n e - w a y   v a l v e   60  c o m p r i s i n g   a  v a l v e   member   61 

w h i c h   i s   b i a s s e d   t o w a r d s   a  s e a t i n g   62  in  t h e   h o u s i n g   5  b y  

means   of   a  s p r i n g   6 3 .  ,  

A  n o t c h   64  i s   p r o v i d e d   in  t h e   s e a t i n g   62  to   d e f i n e   a 

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

p r e s s u r e   in  t h e   memory  c h a m b e r   8  can  d e c a y   when  t h e  

o n e - w a y   v a l v e   60  i s   c l o s e d   w i t h   t h e   v a l v e   member   61  i n  

e n g a g e m e n t   w i t h   t he   s e a t i n g   6 2 .  

In  an  i n o p e r a t i v e   p o s i t i o n ,   and  when  t h e   b r a k e s   a r e  

to   be  a p p l i e d ,   t h e   v a l v e   member  19  i s   h e l d   in  e n g a g e m e n t  
w i t h   t h e   s e a t i n g   21  by  means   of  a  s p r i n g   45  w h i c h   a c t s   o n  

an  a r m a t u r e   46  c a r r y i n g   t h e   v a l v e   member   19.  T h i s  

i s o l a t e s   t he   a p p l i c a t i o n   c h a m b e r   23  f rom  a t m o s p h e r e .  

A l s o   t h e   l a t c h   v a l v e   9  i s   h e l d   in  t h e   o p e n   p o s i t i o n   b y  

t h e   s p r i n g   75.  C o n t r o l   p r e s s u r e   f rom  t h e   t r e a d l e   v a l v e   7 

i s   s u p p l i e d   f rom  t h e   i n l e t   s u p p l y   p a s s a g e   6  to  t h e  

a p p l i c a t i o n   c h a m b e r   23  o f   t he   r e l a y   v a l v e   30  t h r o u g h   t h e  



l a t c h   v a l v e   9,  w h i c h   r e m a i n s   in  t h e   open   p o s i t i o n   s i n c e  

e q u a l   p r e s s u r e s   a r e   a p p l i e d   to  o p p o s i t e   s i d e s   of  t h e  

d i a p h r a g m   14.  The  p r e s s u r e   in  t he   a p p l i c a t i o n   c h a m b e r   23  

a l s o   a c t s   on  t h e   p i s t o n   50  to  u r g e   i t   t o w a r d s   t h e  

s u r f a c e   56  and  e n h a n c e   t h e   f o r c e   in  t h e   s p r i n g   55.  T h i s  

e n s u r e s   t h a t   t h e   f l a p   v a l v e   member  54  makes   good   c o n t a c t  

w i t h   t h e   s u r f a c e   56.  The  p r e s s u r e   in  t h e   a p p l i c a t i o n  

c h a m b e r   23  a c t s   on  t h e   p i s t o n   34  to  u r g e   i t   d o w n w a r d l y  

w i t h   t h e   r e s u l t   t h a t   t h e   v a l v e   head   36  e n g a g e s   w i t h   t h e  

u p p e r   end  of   t h e   s l e e v e   37  to   i s o l a t e   t h e   c h a m b e r   44  f r o m  

a t m o s p h e r e .   T h e r e a f t e r   f u r t h e r   m o v e m e n t   of   t h e   p i s t o n   34 

in  t h e   same  d i r e c t i o n   moves   t he   f l a n g e   40  away  f rom  t h e  

s e a t i n g   41  so  t h a t   t h e   b r a k e s   a re   o p e r a t e d   by  p r e s s u r e  

f rom  t h e   i n l e t   p a s s a g e   31  wh ich   p a s s e s   to   t h e   o u t l e t  

p a s s a g e   32  t h r o u g h   t h e   c h a m b e r  4 4 ,   and  to   t h e   m e m o r y  

c h a m b e r   8  t h r o u g h   t he   o n e - w a y   v a l v e   60.  The  m e m o r y  

c h a m b e r   8  i s   t h e r e f o r e   c h a r g e d   up  by  t h e   b r a k e   s u p p l y  

p r e s s u r e .  

As  shown  in  F i g u r e   2,  when  t h e   c o n t r o l   p r e s s u r e   i n  

t h e   a p p l i c a t i o n   c h a m b e r   23  i s   r e l e a s e d   by  t h e   t r e a d l e  

v a l v e   7  i t   e x h a u s t s   t h r o u g h   the   p a s s a g e   6  and  a  c o n t r o l  

o r i f i c e   6 5 .  

The  r e l a y   v a l v e   30  r e s p o n d s   to   t h i s   r e d u c t i o n   i n  

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

a c t u a t o r   3  t h r o u g h   t h e   c h a m b e r   44  and  t h e   e x h a u s t  

p o r t s   4 3 .  

The  p i s t o n   50  moves   away  from  t h e   s u r f a c e   56  a g a i n s t  

t h e   l o a d i n g   in   t h e   s p r i n g   55  s i n c e   t h e   p r e s s u r e   t r a p p e d  

in  t h e   memory  c h a m b e r   8  i s   s u b s t a n t i a l l y   h i g h e r   t h a n   t h a t  

in  t h e   c h a m b e r   23,  and  t h e   p r e s s u r e   in  t h e   m e m o r y  

c h a m b e r   8  h o l d s  t h e   f l a p   v a l v e   m e m b e r  5 4   a g a i n s t   t h e  

c rown   of   t h e   p i s t o n  5 0   to  p r e v e n t   f l o w   t h r o u g h   t h e  

p a s s a g e s   53.  The  p r e s s u r e   in  t he   memory  c h a m b e r   8  a l s o  



c a u s e s   t h e   o n e - w a y   v a l v e   60  to  c l o s e   due  to   t h e   r e d u c t i o n  

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

o r i f i c e   6 4 .  

As  shown  in  F i g u r e   3,  when  the   d e c e l e r a t i o n   of   t h e  

w h e e l   b r a k e d   by  t h e   b r a k e   4  e x c e e d s   a  p r e d e t e r m i n e d   v a l u e  

the   s o l e n o i d - o p e r a t e d   v a l v e   18  is   e n e r g i s e d   by  a  s k i d  

s i g n a l   and  t h e   a r m a t u r e   46  i s   u r g e d   i n w a r d l y   a g a i n s t   t h e  

l o a d i n g   in  t he   s p r i n g   45  to  c a u s e   t h e   v a l v e   member   t o  

e n g a g e   w i t h   the   s e a t i n g   20.  Th i s   c u t s   o f f   c o m m u n i c a t i o n  

b e t w e e n   t h e   s u p p l y   p a s s a g e   6  and  t h e   a p p l i c a t i o n  

c h a m b e r   23.  The  a p p l i c a t i o n   c h a m b e r   23  i s ,   in  a d d i t i o n ,  

e x h a u s t e d   to   a t m o s p h e r e   t h r o u g h   the   e x h a u s t   p a s s a g e   24 

a l t h o u g h   t h e   l a t c h   v a l v e   9  r e m a i n s   in  t h e   open   p o s i t i o n .  

The  r e d u c t i o n   in   p r e s s u r e   in  t h e   a p p l i c a t i o n  

c h a m b e r   23  p e r m i t s   t h e   p i s t o n   34  to  move  r e l a t i v e l y   a w a y  
f rom  t h e   c l o s u r e   member   39  w i t h   t he   s l e e v e   37  a l s o   m o v i n g  

away  f rom  t h e   c l o s u r e   member   39  u n d e r   t h e   i n f l u e n c e   o f  

t h e   s p r i n g   42  u n t i l   t h e   f l a n g e   40  e n g a g e s   w i t h   t h e  

s e a t i n g   41  to  i s o l a t e   t h e   i n l e t   p a s s a g e   31  from  t h e  

o u t l e t   p a s s a g e   32.  F u r t h e r   movement   of  t h e   p i s t o n   34  i n  

t h e   same  d i r e c t i o n   m o v e s   t he   h e a d  3 6   away  f rom  t h e  

s l e e v e   37  so  t h a t   a i r   u n d e r   p r e s s u r e   in  t h e   c h a m b e r   44  i s  

e x h a u s t e d   to  a t m o s p h e r e   t h r o u g h   the   p o r t   4 3 .  

The  p i s t o n   50  moves   down  w i t h   t he   p o r t s   53  c l o s e d   b y  

t h e   f l a p   v a l v e   member   54,  and  the   o n e - w a y   v a l v e   60 

c l o s e s ,   as  d e s c r i b e d   a b o v e .  

The  p r e s s u r e   in   t h e   memory  c h a m b e r   8  a l s o   r e d u c e s  

t h r o u g h   t he   m e t e r e d   o r i f i c e   64  and  t h e   e x h a u s t   p o r t   43 

b u t   a t   a  r a t e   o f   d e c a y   c o n t r o l l e d   by  t h e   m e t e r e d  

o r i f i c e   6 4 .  



When  t h e   c o n t r o l   m o d u l e   d e t e c t s   t h a t   w h e e l   l o c k   h a s  

b e e n   o v e r c o m e ,   as  shown  in  F i g u r e  4   t h e   s o l e n o i d   i s  

d e - e n e r g i s e d   so  t h a t   t h e   v a l v e   member   19  r e - e n g a g e s   t h e  

s e a t i n g   21  to   i s o l a t e   t h e   a p p l i c a t i o n   c h a m b e r  2 3   f r o m  

a t m o s p h e r e   and  to  open  t he   s u p p l y   p a s s a g e  6   to  t h e  

a p p l i c a t i o n   c h a m b e r   23.  T h i s   r e d u c e s   t h e   p r e s s u r e   a c t i n g  

on  t h e   u n d e r s i d e   of   t h e   d i a p h r a g m   14  so  t h a t   t h e   l a t c h  

v a l v e   9  c l o s e s   a g a i n s t   t h e   f o r c e   in  t h e   s p r i n g   75  and  t h e  

l a t c h   v a l v e   9  r e m a i n s   s h u t   d u r i n g   t h e   r e m a i n d e r   of   t h a t  

b r a k e   a p p l y i n g   s e q u e n c e .  

P r e s s u r e   in  t he   a p p l i c a t i o n   c h a m b e r   23  i s   r a p i d l y  

i n c r e a s e d   by  t he   f low  t h r o u g h   t h e   r e s t r i c t e d   p a s s a g e  
d e f i n e d   by  t h e   gap  17  to   p r o v i d e   a  r e s t r i c t e d   f l o w   w i t h  

t h e   l a t c h   v a l v e   9  s h u t .   The  r e l a y   v a l v e   30  i s   o p e r a t e d  

as   d e s c r i b e d   above   in  r e s p o n s e   to   p r e s s u r e   in   t h e  

a p p l i c a t i o n   c h a m b e r   23  to  r e - a p p l y   t h e   b r a k e s .  

S i n c e   t h e   vo lume   of  t he   a p p l i c a t i o n   c h a m b e r   23  i s  

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

c h a m b e r   23  r i s e s   r a p i d l y   d u r i n g   t h e   f i r s t   s t a g e   of  b r a k e  

r e - a p p l i c a t i o n .  

I n i t i a l l y   t he   p r e s s u r e   in  t h e   memory   c h a m b e r   8  i s  

g r e a t e r   t h a n   the   c o n t r o l   p r e s s u r e   in   t h e   a p p l i c a t i o n  

c h a m b e r   23  and  t h e r e f o r e   h o l d s   t h e   p i s t o n  5 0   in  i t s  

d o w n w a r d   p o s i t i o n   w i t h   t h e   c rown  s p a c e d   f rom  t h e  

s u r f a c e   56.  The  a r e a   of   t h e   p i s t o n   50  w h i c h   i s   r e a c t e d  

upon  by  t h e   p r e s s u r e   in  t he   memory  c h a m b e r   18  i s   g r e a t e r  
t h a n   t h e   a r e a   r e a c t e d   on  by  t h e   c o n t r o l   p r e s s u r e   in  t h e  

c h a m b e r   23.  The  memory  p r e s s u r e   t h e r e f o r e   c o n t i n u e s   t o  

h o l d   t h e   f l a p  5 4   a g a i n s t   t h e   c rown  of   t h e   p i s t o n  5 0 .  

The  memory  p r e s s u r e   i s   a l s o   g r e a t e r   t h a n   t h e   s u p p l y  

p r e s s u r e   and  t h e r e f o r e   h o l d s   t h e   o n e - w a y   v a l v e   60  c l o s e d ,  
b u t   t h e   memory  p r e s s u r e   d e c a y s   by  b l e e d   t h r o u g h   t h e  



m e t e r e d   o r i f i c e   64  a t   a  r e d u c i n g   r a t e ,   as  t h e   s u p p l y  

p r e s s u r e   a p p l i e d   to   t h e   a c t u a t o r   3  r i s e s .  

D u r i n g   t h e   a n t i - l o c k   p r e s s u r e   r e l e a s e   c y c l e  

d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   to   F i g u r e   3,  t h e   p r e s s u r e  
in  t h e   memory  c h a m b e r   18  h a s   b e e n   d e c a y i n g   t h r o u g h   t h e  

o r i f i c e   64.  The  p r e s s u r e   t h u s   p r o v i d e s   a  r e f e r e n c e  

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

t h e   s o l e n o i d   18  and  t he   s u p p l y   p r e s s u r e   c a u s i n g   w h e e l  

l o c k ,   and  h e n c e   i s   i n d i c a t i v e   of   r o a d   a d h e s i o n  

c o n d i t i o n s .  

When  t h e   c o n t r o l   p r e s s u r e   in  t he   a p p l i c a t i o n  

c h a m b e r   23  r i s e s   to   e q u a l   t h e   d e c a y e d   memory  p r e s s u r e ,  
t h e   p i s t o n   50  r e m a i n s   in  i t s   d o w n w a r d   p o s i t i o n   due  to  t h e  

d i f f e r e n t   a r e a s   r e a c t e d   on  by  t h e   p r e s s u r e s   in  t h e  

c h a m b e r s   8  and  23  as  d e s c r i b e d   a b o v e .  

As  t h e   p r e s s u r e   in  t h e   c h a m b e r   23  c o n t i n u e s   to   r i s e  

and  e q u a l s   t h e   p r e s s u r e   in   t h e   c h a m b e r   8,  a t   t h e  

c h a n g e o v e r   p o i n t   t h e   f l a p   v a l v e   54  o p e n s   and  t h e   m e m o r y  
c h a m b e r   8  i s   t h e n   c h a r g e d   f rom  t he   a p p l i c a t i o n  

c h a m b e r   2 3 .  

S i n c e   t h e   v o l u m e   of  t h e   memory  c h a m b e r   8  i s   l a r g e   i n  

c o m p a r i s o n   w i t h   t h e   v o l u m e   of   t h e   a p p l i c a t i o n   c h a m b e r   2 3 ,  

t h e   s u b s e q u e n t   r a t e   of  p r e s s u r e   i n c r e a s e   in  t h e  

a p p l i c a t i o n   c h a m b e r  2 3   t a k e s   p l a c e   a t   a  s l o w e r   r a t e  

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

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

a c t u a t o r   3.  Thus  t h e   b r a k e s   a r e   r e - a p p l i e d   in   a  s e c o n d  

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

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

r e - a p p l i c a t i o n   in  a  common  c y c l e   f o l l o w i n g   a  s k i d  

c o n d i t i o n ,   u n t i l   t h e   end  of   t h a t   b r a k e   a p p l y i n g   s e q u e n c e ,  

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



t h e   s e q u e n c e   of  b r a k e   r e l e a s e   and  r e - a p p l i c a t i o n  

d e s c r i b e d   a b o v e   i s   r e p e a t e d .  

The  l o a d   in  t h e   s p r i n g  6 3   a p p l i e d   to   t h e   v a l v e  

member   61  i s   c h o s e n   s u c h   t h a t ,   t o g e t h e r   w i t h   t h e  

i n c r e a s e d   p r e s s u r e   in  t h e   memory  c h a m b e r   8,  i t   e n s u r e s  

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

c h a r g i n g   o f   t he   memory  c h a m b e r   8  t a k e s   p l a c e   f r o m  t h e  

a p p l i c a t i o n   c h a m b e r   2 3 .  

In  t h e   m o d i f i c a t i o n   shown  in  F i g u r e   6  t h e   s e a l   57  i s  

t r a p p e d   in   a  r a d i a l   g r o o v e   70  in  t h e   p i s t o n   50.  T h i s  

i n c r e a s e s   t he   r e l a t i v e   d i f f e r e n c e   b e t w e e n   t h e   two  a r e a s  

of   t h e   p i s t o n   50  o v e r   w h i c h   t h e   p r e s s u r e   in  t h e  

c h a m b e r s   8  and  23  a c t   by  e n s u r i n g   t h a t   t h e   s e a l   57  c a n n o t  

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

end  of   t h e   b o r e   51  w h i c h   i s   r e m o t e   f rom  t h e   s u r f a c e   5 6 .  

In  t h e   m o d i f i e d   c o n s t r u c t i o n   shown  in  F i g u r e s   7 

and  8  t he   n o t c h   64  i s   o m i t t e d   and  a  m e t e r e d   o r i f i c e   71  i s  

i n c o r p o r a t e d   in  t he   p i s t o n   5 0 .  

The  c o n s t r u c t i o n   and  o p e r a t i o n   of   t h e  

p r e s s u r e - r e s p o n s i v e   v a l v e   25  i s   o t h e r w i s e   t h e   same  a s  

t h a t   d e s c r i b e d   above   e x c e p t   t h a t   t h e   p r e s s u r e   in  t h e  

memory  c h a m b e r   8  i s   now  a l l o w e d   to  b l e e d   i n t o   t h e  

a p p l i c a t i o n   c h a m b e r   23  t h r o u g h   t h e   o r i f i c e   7 1 .  

D e p e n d i n g   upon  t h e   r e l a t i v e   p o s i t i o n   of  t h e  

p i s t o n  5 0   in  t he   b o r e   51,  t h e   s e a l  5 7   m o v e s   to  t h e  

c o r r e s p o n d i n g   s i d e   of   t h e   o r i f i c e   71  when  a c t e d   upon  b y  

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

c h a m b e r   23  and  t he   memory  c h a m b e r   8 .  

The  f l a p   v a l v e   54  i s   s t i l l   o p e r a t i v e   to   p r e v e n t   t h e  

memory  c h a m b e r   8  f rom  b e i n g   c h a r g e d   f rom  t h e   a p p l i c a t i o n  



c h a m b e r   23  on  t he   i n i t i a l   b r a k e   a p p l i c a t i o n   in  a  common 

a n t i - l o c k   c y c l e .  

In  t he   m o d i f i c a t i o n   of   F i g u r e s   7  a n d  8   shown  i n  

F i g u r e s   9  and  10,  t h e   s e a l   57  i s   r e t a i n e d   in  a  r a d i a l  

g r o o v e   72  of  s u f f i c i e n t   a x i a l   l e n g t h   as  to   p e r m i t  

m o v e m e n t   of  t he   s e a l   b e t w e e n   o p p o s i t e   s i d e s   of  t h e  

o r i f i c e   71  in  a c c o r d a n c e   w i t h   m o v e m e n t   of  t h e   p i s t o n  

b e t w e e n   i t s   two  e x t r e m e   p o s i t i o n s ,   b u t   i n s u f f i c i e n t   t o  

p e r m i t   t h e   s e a l  5 7   to   e n g a g e   w i t h   a  s h o u l d e r   in  t h e  

b o r e   51  a t   t he   end  r e m o t e   from  t h e   s u r f a c e   56.  As  in  t h e  

m o d i f i c a t i o n   of  F i g u r e   6  t h i s   e n s u r e s   t h a t   t h a t   r e l a t i v e  

d i f f e r e n c e   b e t w e e n   t h e   two  e f f e c t i v e   a r e a s   of  t h e  

p i s t o n   50  i s   c o n s e r v e d .  

Upon  r e l e a s e   of  t h e   t r e a d l e   v a l v e   7  t he   c o m p o n e n t s  

a r e   r e s t o r e d   to  t h e   p o s i t i o n   shown  in  F i g u r e   2  of   t h e  

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

o n e - w a y   v a l v e  4 7   o p e n s   to  e x h a u s t   p r e s s u r e   f rom  t h e  

c h a m b e r   16  to  e n s u r e   t h a t   t h e   l a t c h   v a l v e   9  o p e n s  

r a p i d l y .  

The  a n t i - s k i d   b r a k i n g   s y s t e m   i l l u s t r a t e d   i n  

F i g u r e   11  of  t he   d r a w i n g s   i s   d e s i g n e d   f o r   u s e   w i t h   a 

t r a i l e r   v e h i c l e   t owed   by  a  t r a c t o r .   As  i l l u s t r a t e d   t h e  

s k i d   c o n t r o l   u n i t   1  i s   m o d i f i e d   to   i n c l u d e   a 

c o n n e c t i o n   80  to  an  e m e r g e n c y   t r a i l e r   s u p p l y   81,  f rom  t h e  

t r a c t o r ,   and  a  s a f e t y   s p r i n g   a s s e m b l y   82  i s   i n c o r p o r a t e d  

in  t h e   r e l a y   v a l v e   30.  The  s p r i n g   a s s e m b l y   82  i s  

a r r a n g e d   a u t o m a t i c a l l y   to   u r g e   t h e   r e l a y   v a l v e   30  i n t o   a 

p o s i t i o n   to  i s o l a t e   t h e   b r a k e   4  f rom  t h e   e x h a u s t   p o r t   43 

and  to  p l a c e   the   r e s e r v o i r   2  in  d i r e c t   c o m m u n i c a t i o n   w i t h  

t h e   b r a k e   3  in  t he   e v e n t   of   f a i l u r e   of   t h e   e m e r g e n c y  

s u p p l y   8 1 .  



The  s a f e t y   s p r i n g   a s s e m b l y   82  c o m p r i s e s   a  s t e p p e d  

p i s t o n   83  h a v i n g   t h r e e   p o r t i o n s   8 4 , 8 5 ,   and  86  o f  

s m a l l e r ,   i n t e r m e d i a t e ,   and  g r e a t e r   d i a m e t e r s   in  a  

d i r e c t i o n   t o w a r d s   t h e   e x h a u s t   p o r t   43 .   The  t h r e e  

p o r t i o n s   work  in  c o m p l e m e n t a r y   p o r t i o n s   o f  

c o r r e s p o n d i n g   d i a m e t e r s   in  t he   h o u s i n g   5,  and  s e a l s  

8 9 , 8 7   and  88  a r e   p r o v i d e d   b e t w e e n   t h e   s u r f a c e s   of  e a c h  

c o m p l e m e n t a r y   p a i r   of  p o r t i o n s .   The  s e a l s   89a  and  87 

a r e   p o s i t i o n e d   on  o p p o s i t e   s i d e s   of   a  p a s s a g e   8 0 a  

l e a d i n g   f rom  t h e   c o n n e c t i o n   80,   and  t h e   s e a l s   87  and  88 

a r e   l o c a t e d   on  o p p o s i t e   s i d e s   of  t h e   c o n n e c t i o n   31  t o  

t he   s o u r c e   2.  A  s a f e t y   c o m p r e s s i o n   s p r i n g   90  a c t s  

b e t w e e n   an  a b u t m e n t   d e f i n e d   by  t h e   c l o s u r e   member  39 

and  an  a b u t m e n t   91  c o m p r i s i n g   a  r i n g   c o u p l e d   to  t h e  

p i s t o n   83  to   b i a s   t h e   p i s t o n   83  in   an  i n w a r d s  

d i r e c t i o n .  

The  s l e e v e   37  of  t h e   r e l a y   v a l v e   30  i s   g u i d e d   in  a  

s l e e v e   92  in  a b u t m e n t   w i t h   t h e   r i n g   91,   and  t h e   s p r i n g  

42  a c t s   in  a  d i r e c t i o n   to  u r g e   t h e   v a l v e   head   40 

t o w a r d s   t h e   s e a t i n g   41  w h i c h   is   d e f i n e d   by  an  i n w a r d l y  

d i r e c t e d   r a d i a l   f l a n g e   on  t h e   p i s t o n   83.   The  v a l v e  

head   36  i s   of   f r u s t o - c o n i c a l   o u t l i n e   and  i s   c a r r i e d   b y  

t h e   l o w e r   end  of  a  s t e m   93  d e p e n d i n g   f r o m   t h e   p i s t o n   34 

f o r   e n g a g e m e n t   w i t h   t h e   v a l v e   h e a d   40  in   o r d e r   t o  

i s o l a t e   t h e   c h a m b e r   44  from  the   e x h a u s t   p o r t   4 3 .  

The  two  p o r t i o n s   of  t he   p i s t o n   34  a r e   s e a l i n g  

g u i d e d   in  r e s p e c t i v e   p o r t i o n s   of  t he   b o r e   33.   The  s t e m  

93  i s   h o l l o w   f o r   a  p o r t i o n   94  t e r m i n a t i n g   a t   t h e   u p p e r  
end  of  t h e   p i s t o n   34  to  p r o v i d e   c o m m u n i c a t i o n   b e t w e e n  

t h e   c h a m b e r   44  and  t h e   memory  c h a m b e r   8  t h r o u g h   a 

memory  v a l v e   c o m p r i s i n g   a  c u t - o f f   v a l v e   95  a t   t h e   u p p e r  
end  of  t h e   p i s t o n   34  and  a  o n e - w a y   v a l v e   96  in  t h e  

h o u s i n g   5.  A  m e t e r e d   o r i f i c e   97  is   l o c a t e d   b e t w e e n   t h e  

memory  c h a m b e r   8  and  t h e   a p p l i c a t i o n   c h a m b e r   2 3 .  



A  f u r t h e r   o n e - w a y   v a l v e   98  p e r m i t s   c o m m u n i c a t i o n  

in  one  d i r e c t i o n   f rom  t h e   c o n n e c t i o n   80  f rom  t h e  

e m e r g e n c y   t r a i l e r   s u p p l y   81,  to   t h e   c o n n e c t i o n   31  t o  

t h e   r e s e r v o i r   2 .  

When  t h e   t r a i l e r   i s   c o r r e c t l y   c o u p l e d   to  " t h e  

t r a c t o r ,   p r e s s u r e   f rom  t h e   e m e r g e n c y   t r a i l e r   s u p p l y  8 1  

f rom  t h e   t r a c t o r   i s   s u p p l i e d   to  t he   c o n n e c t i o n   8 0 .  

T h i s   p r e s s u r e   a c t s   on  t h e   s h o u l d e r   on  t h e   p i s t o n   83  a t  

t h e   s t e p   at   t h e   c h a n g e   in  d i a m e t e r s   b e t w e e n   t h e  

p o r t i o n s   84  and  85  to   u r g e   t h e   p i s t o n   83  i n t o   a  

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

s p r i n g   90  and  w i t h   t he   p i s t o n   83  in   a b u t m e n t   w i t h   t h e  

c l o s u r e   39.  In  t h i s   p o s i t i o n   t h e   s e a t i n g   41  i s   i n  

e n g a g e m e n t   w i t h   t h e   head   40  to   i s o l a t e   t h e   c o n n e c t i o n  

31  f rom  t h e   c h a m b e r   44,  and  t h e   h e a d   40  i s   s p a c e d   f r o m  

t h e   h e a d   36  to  p l a c e   t h e   c h a m b e r   44  in  c o m m u n i c a t i o n  

w i t h   t h e   e x h a u s t   p o r t   43.  In  a d d i t i o n   f l u i d   f rom  t h e  

s u p p l y   81  i s   s u p p l i e d   to  t he   r e s e r v o i r   2,  t h r o u g h   t h e  

o n e - w a y   v a l v e   98,  in  o r d e r   to  p r e s s u r i s e   i t .  

When  t h e   b r a k e   4  is   to  be  a p p l i e d   by  t h e  

a p p l i c a t i o n   of   c o n t r o l   p r e s s u r e   to  t h e   p i s t o n   34,  t h e  

h e a d   36  e n g a g e s   w i t h   t he   h e a d   40  to   i s o l a t e   t h e   c h a m b e r  

44  f rom  t h e   e x h a u s t   p o r t   4 3 .   F u r t h e r   m o v e m e n t   of  t h e  

p i s t o n   34  in  t he   same  d i r e c t i o n   t h e n   u r g e s   t h e   h e a d   40  . 
away  f rom  t h e   s e a t i n g   41  and  a g a i n s t   t h e  f o r c e   in  t h e  

s p r i n g   42  so  t h a t   f l u i d   u n d e r   p r e s s u r e   f rom  t h e  

r e s e r v o i r   2  and  f rom  the   s u p p l y   81  i s   s u p p l i e d   to  t h e  

b r a k e   3.  D u r i n g   t h i s   o p e r a t i o n   f l u i d   f rom  t h e   c h a m b e r  

44  a l s o   p a s s e s   to  t h e   memory  c h a m b e r   8  t h r o u g h   t h e  

v a l v e s   95  and  96  so  t h a t   t h e   memory  c h a m b e r   8  i s  

c h a r g e d   up  by  t h e   b r a k e   s u p p l y   p r e s s u r e .  

In  t h e   e v e n t   of  the   t r a i l e r   b e c o m i n g   a c c i d e n t a l l y  

d e t a c h e d   f r o m  t h e   t r a c t o r   and  a t   l e a s t   t h e   l i n e   f rom  t h e  



e m e r g e n c y   t r a i l e r   s u p p l y   81  b e i n g   s e v e r e d ,   t h e   p r e s s u r e  

a c t i n g   to   h o l d   the   p i s t o n   83  in   t h e   r e t r a c t e d   p o s i t i o n   i s  

r e l i e v e d   t h r o u g h   t h e   p a s s a g e   89  and  t h e   c o n n e c t i o n   8 0 .  

The  s p r i n g  9 0   u r g e s   t he   p i s t o n   83  i n w a r d l y   i n t o   t h e  

a d v a n c e d   p o s i t i o n   shown  in  t h e   d r a w i n g .   D u r i n g   t h i s  

m o v e m e n t   t h e   p i s t o n   83  c a r r i e s   t he   h e a d   40  w i t h   i t ,  

c a u s i n g   i t   to  e n g a g e   w i t h   t h e   head   36  and  i s o l a t e   t h e  

c h a m b e r   44  from  t h e   e x h a u s t   p o r t   43.  F u r t h e r   m o v e m e n t   o f  

t h e   p i s t o n   83  in  t h e   same  d i r e c t i o n   s e p a r a t e s   t h e  

s e a t i n g   41  f rom  t he   head   36  and  t h e   r e s e r v o i r   2  i s   p l a c e d  

in  d i r e c t   c o m m u n i c a t i o n   w i t h   t h e   c h a m b e r   44  to   a p p l y   t h e  

b r a k e   a u t o m a t i c a l l y .  

The  c o n s t r u c t i o n   and  o p e r a t i o n   of   t h e   s y s t e m  

i l l u s t r a t e d   in  F i g u r e   11  i s   o t h e r w i s e   t h e   same  as  t h a t   o f  

F i g u r e s   1  to  5  and  c o r r e s p o n d i n g   r e f e r e n c e   n u m b e r s   h a v e  

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



1.  A  f l u i d - p r e s s u r e   o p e r a t e d   a n t i - s k i d   b r a k i n g   s y s t e m  

f o r   v e h i c l e s   in  w h i c h   f l u i d   f rom  a  s u p p l y   (2)  i s   s u p p l i e d  

to  a  b r a k e   a c t u a t o r   (3)  t h r o u g h   a  b r a k e - p r e s s u r e   c o n t r o l  

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

c o n t r o l   r e l a y   v a l v e   (30)  i n t e r p o s e d   in   t h e   l i n e   b e t w e e n  

t h e   s u p p l y   and  t h e   b r a k e ,   an  a p p l i c a t i o n   c h a m b e r   ( 2 3 )  

s u b j e c t e d   to   a  c o n t r o l   p r e s s u r e   (7)  to  c o n t r o l   o p e r a t i o n  

of  t he   r e l a y   v a l v e ,   means   (18)  r e s p o n s i v e   to   a  s k i d  

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

p r e s s u r e   of   t h e   f l u i d   s u p p l i e d   to  t he   a c t u a t o r   f rom  t h e  

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

a  memory  c h a m b e r   (8)  fo r   s t o r i n g   a  memory  p r e s s u r e  

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

p o i n t   to   p r o v i d e   a  d a t u m   or   c h a n g e o v e r   p o i n t   b e t w e e n  

f i r s t   and  s e c o n d   s u c c e s s i v e   s t a g e s   of   b r a k e   r e - a p p l i -  

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

t he   b r a k e   of   t h e   s u p p l y   f l u i d   f rom  t h e   s u p p l y   u n t i l   a  

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

a t t a i n e d   a t   t h e   c h a n g e o v e r   p o i n t ,   and  t h e   s e c o n d   s t a g e  

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

the   s u p p l y   f l u i d   b u t   a t   a  r e d u c e d   r a t e   of   p r e s s u r e  
i n c r e a s e   c h a r a c t e r i s e d   in  t h a t   t h e   c o n t r o l   a s s e m b l y   (1)  

is   so  a d a p t e d   t h a t   upon   i n i t i a l   b r a k e   a p p l i c a t i o n   in  a 

common  b r a k i n g   c y c l e   t h e   memory  c h a m b e r   (8)  i s   f ed   w i t h  

f l u i d   from  t h e   s u p p l y   ( 2 ) .  

2.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d  

in  t h a t   t h e   s u p p l y   p r e s s u r e   (2)  is   fed   to   t h e   m e m o r y  
c h a m b e r   (8)  t h r o u g h   a  memory  v a l v e   (60)  d u r i n g   t h e   s a i d  

i n i t i a l   b r a k e   a p p l i c a t i o n ,   and  the   memory  c h a m b e r   (8)  i s  

i s o l a t e d   f rom  t h e   a p p l i c a t i o n   c h a m b e r   (23)  by  a  p r e s s u r e -  

r e s p o n s i v e   v a l v e   (25)  w h i c h   i s   n o r m a l l y   c l o s e d   b u t   w h i c h  

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



t he   memory  c h a m b e r   i s   c h a r g e d   f rom  t h e   a p p l i c a t i o n  

c h a m b e r   by  t h e   c o n t r o l   p r e s s u r e .  

3.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i s e d  

in  t h a t   t h e   memory  v a l v e   (60)  c o m p r i s e s   a t   l e a s t   o n e  

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

c h a m b e r   (44)  c o n n e c t e d   to  t h e   b r a k e   a c t u a t o r   (3)  and  t h e  

memory  c h a m b e r   ( 8 ) .  

4.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   c l a i m   2  or   c l a i m   3 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   memory  v a l v e   (60)  i n c o r p o r a t e s  

a  m e t e r e d   o r i f i c e   (64)  w h i c h   d e t e r m i n e s   t he   r a t e   a t   w h i c h  

t he   p r e s s u r e   in  t h e   memory  c h a m b e r   can  d e c a y .  

5.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i s e d  

in  t h a t   t h e   p r e s s u r e - r e s p o n s i v e   v a l v e   (25)  c o m p r i s e s   a  

p i s t o n   (50)  w o r k i n g   in   a  b o r e   ( 5 1 ) ,   in  c o m b i n a t i o n   w i t h   a  

v a l v e   member   (54)  f o r   c o n t r o l l i n g   f l o w   t h r o u g h   a t   l e a s t  

one  p o r t   (53)  in   t h e   p i s t o n ,   t h e   v a l v e   member   n o r m a l l y  

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

f a c e   (56)  on  t h e   c o n t r o l   v a l v e   a s s e m b l y   to   p r e v e n t   f l o w  

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

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

t he   s a i d   p i s t o n   has   moved  r e l a t i v e l y   away  f rom  t h e   s a i d  

f a c e .  

6.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   c l a i m   5,  c h a r a c t e r i s e d  

in  t h a t   t h e   p i s t o n   (50)  i n c o r p o r a t e s   a  m e t e r e d  

o r i f i c e   (71)  w h i c h   d e t e r m i n e s   t h e   r a t e   a t   w h i c h   t h e  

p r e s s u r e   in  t h e   memory  c h a m b e r   (8)  can  d e c a y .  

7.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i s e d  

in  t h a t   t he   o r i f i c e   (71)  c o m p r i s e s   a  r a d i a l   p o r t   in  t h e  

w a l l   of  t h e   p i s t o n   ( 5 0 ) ,   and  an  a n n u l a r   s e a l   ( 5 7 )  

d i s p o s e d   b e t w e e n   t h e   p i s t o n   and  t h e   w a l l   of   a  b o r e   i n  

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



p o r t   when  a c t e d   upon   by  a p p r o p r i a t e   d i f f e r i n g   p r e s s u r e s  

i n   t h e   a p p l i c a t i o n   c h a m b e r   and  t h e   memory  c h a m b e r .  

8.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i s e d  

in   t h a t   t h e   s e a l   (71)  i s   r e t a i n e d   in   a  r a d i a l   g r o o v e   ( 7 2 )  

in  t h e   w a l l   of   t h e   p i s t o n .  

9.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h a t   t h e   s u p p l y   (2)  c o m p r i s e s   a  s u p p l y  

o f   f l u i d   u n d e r   p r e s s u r e   in   a  r e s e r v o i r .  

10.  A  b r a k i n g   s y s t e m   a c c o r d i n g   to   c l a i m   9,  c h a r a c t e r i s e d  

i n   t h a t   t h e   r e s e r v o i r   (2)  i s   s u p p l i e d   t h r o u g h   t h e   r e l a y  

v a l v e   (30)  w i t h   f l u i d   u n d e r   p r e s s u r e   f rom  an  e m e r g e n c y  

s u p p l y   ( 8 1 ) ,   and  a  s a f e t y   s p r i n g   a s s e m b l y   (82)  i s  

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

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

a  p o s i t i o n   to  i s o l a t e   t h e   b r a k e   (4)  f rom  an  e x h a u s t  

p o r t   (43)  and  to  p l a c e   t h e   r e s e r v o i r   (2)  in  d i r e c t  

c o m m u n i c a t i o n   w i t h   t h e   b r a k e   in   t h e   e v e n t   of  f a i l u r e   o f  

t h e   e m e r g e n c y   s u p p l y   ( 8 1 ) .  
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