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@  Power  steering  gear  for  a  vehicle. 

  Seal  wear  of  a  hydraulic  power  steering  gear  housing  (12) 
is  reduced  by  the  formation  of  discrete  texturized  hardened 
friction  bands  (90)  of  the  initially  smooth  wall  of  a  cylindrical 
bore  (14)  in  the  housing,  to  force  relative  rotary  motion  to 
occur,  during  operation,  between  the  seal  (84)  and  a  control 
valve  element  (64)  on  which  the  seal is  mounted,  the  material 
of  the  valve  element  being  typically  more  wear-resistant  than 
the  material  of  the  housing. 



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

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

c l a i m   1,  f o r   e x a m p l e   as  d i s c l o s e d   in  US-A-3   022  7 7 2 .  

P r i o r   to  t h e   p r e s e n t   i n v e n t i o n ,   v e h i c l e   p o w e r  

s t e e r i n g   g e a r s   have   e m p l o y e d   o p e n - c e n t r e   r o t a r y  

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

the   v e h i c l e   s t e e r i n g   w h e e l   f o r   c o n t r o l l i n g   t h e   f l o w   o f  

f l u i d   b e t w e e n   a  p r e s s u r e   s o u r c e   and  an  a c t u a t o r   f o r  

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

w h e e l s   of   a  v e h i c l e .   Such  r o t a r y   c o n t r o l   v a l v e  

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

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

b o r e   f o r m e d   in  a  l i g h t w e i g h t   h i g h - s t r e n g t h   a l u m i n i u m  

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

r o t a t a b l y   m o u n t e d   on  an  o p e r a t o r - a c t u a t e d   v a l v e   s p o o l  

w h i c h   is  d r i v i n g l y   c o n n e c t e d   to   r a c k   and  p i n i o n   o r  

o t h e r   g e a r i n g   by  a  l o s t - m o t i o n   c o n n e c t i o n .   A  t o r s i o n  

b a r   o p e r a t i v e l y   f o r m i n g   p a r t   of  the   v a l v e   a s s e m b l y  

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

p o w e r - a s s i s t e d   s t e e r i n g   is   n o t   d e s i r e d ,   and  a l l o w i n g  

t he   v a l v e   body  and  s p o o l   to  be  r e l a t i v e l y   r o t a t e d   w h e n  

p o w e r - a s s i s t e d   s t e e r i n g   is  d e m a n d e d .   The  v a l v e   b o d y  

has  an  a n n u l a r   h y d r a u l i c   p r e s s u r e   g r o o v e   and  a n n u l a r  

l e f t   and  r i g h t - t u r n   p o w e r   g r o o v e s   f o r m e d   in  t he   o u t e r  

s u r f a c e   t h e r e o f ,   s e p a r a t e d   by  a n n u l a r   s e a l s   o f  

r e i n f o r c e d   p o l y t e t r a f l u o r e t h y l e n e   (eg  T e f l o n )   or   o t h e r  

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

t h e   i n n e r   w a l l   of  t he   b o r e   in  t he   s t e e r i n g   g e a r   h o u s i n g  

when  t h e   v a l v e   body   is  r o t a t e d   in  i t s   b o r e   in  r e s p o n s e  
to  s t e e r i n g   i n p u t .  

T h e s e   p o w e r   s t e e r i n g   g e a r s   do  p r o v i d e   h i g h  

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

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



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

worn   by  t h e   a n n u l a r   s e a l s   to   some  e x t e n t   u n d e r   . a d v e r s e  

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

f rom  o p e r a t i n g   e f f i c i e n c y   and  s e r v i c e   l i f e ,   r e q u i r i n g  

r e b u i l d i n g   or   r e p l a c e m e n t   of   t he   v a l v i n g   as  w e l l   a s  

r e f i n i s h i n g   of   t h e   i n t e r n a l   s u r f a c e   of  t h e   h o u s i n g   t o  

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

p o w e r   g r o o v e s   t h e r e o f .  

The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h  

p r o v i d i n g   a  new  and  i m p r o v e d   h o u s i n g   and  v a l v e   a s s e m b l y  

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

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

s p e c i f i c a l l y   by  t r a n s f e r r i n g   t h e   w e a r   s i t e   of  t h e  

r o t a r y   s e a l s   f rom  t h e   r o t a r y   v a l v e   b o r e   in  t he   h o u s i n g  

to   t h e   v a l v e   b o d y ,   so  m i n i m i z i n g   w e a r   a t   t he   i n t e r f a c e  

b e t w e e n   t h e   s e a l s   and  t h e   v a l v e   b o r e .  

To  t h i s   end  a  p o w e r   s t e e r i n g   g e a r   f o r   a  

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

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

c h a r a c t e r i s i n g   p o r t i o n   of  c l a i m   1 .  

In  t h i s   way  t h e   i n d i c a t e d   a d v a n t a g e s   can  b e  

a c h i e v e d   w i t h   m i n i m a l   c h a n g e s   to   e x i s t i n g   v a l v e   a n d  

h o u s i n g   c o n s t r u c t i o n s .  

A l s o ,   due   to  t h e   v i r t u a l   e l i m i n a t i o n   o f  

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

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

i m p r o v e d .  

The  d i s c r e t e   t e x t u r i z e d   g r i p p i n g   s u r f a c e  

m e a n s   a r e   p r e f e r a b l y   f o r m e d   as  s e p a r a t e   b a n d s   on  t h e  

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

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

b a n d s   b e i n g   c o n v e n i e n t l y   a c h i e v e d   by  means   o f  

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

s p e c i f i e d   i n  c l a i m   6 .  



In  t h e   d r a w i n g s :  

F i g u r e   1  is   a  s e c t i o n a l   v i e w ,   w i t h   p a r t s   i n  

e l e v a t i o n ,   of  one  e m b o d i m e n t   of  an  i n t e g r a l   r a c k   a n d  

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

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

s c h e m a t i c a l l y   shown  h y d r a u l i c   c i r c u i t   t h e r e f o r ;  

F i g u r e   2  is   a  f r a g m e n t a r y   e n l a r g e d   v i e w  

s h o w i n g   a  p o r t i o n   of  t he   p o w e r   s t e e r i n g   g e a r   and  v a l v e  

a s s e m b l y   of  F i g u r e   1 ;  

F i g u r e   3  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i ew   o n  

t he   l i n e   3 - - 3   of  F i g u r e   2,  in  t he   d i r e c t i o n   of  t h e  

a r r o w s ;   a n d  

F i g u r e   4  is   a  f r a g m e n t a r y   s e c t i o n a l   v i ew   o f  

the   p o w e r   s t e e r i n g   g e a r   h o u s i n g   of  F i g u r e   1  w i t h  

t o o l i n g   i n s e r t e d   t h e r e i n   f o r   t e x t u r i z i n g   p o r t i o n s   o f  

the   v a l v e   b o r e   of  t he   h o u s i n g .  

W i t h   r e f e r e n c e   now  to  t h e   d r a w i n g s ,   F i g u r e   1 

shows   a  p o r t i o n   of  an  i n t e g r a l   r a c k   and  p i n i o n   p o w e r  

s t e e r i n g   g e a r   10  h a v i n g   a  ma in   h o u s i n g   12  c a s t   o r  
o t h e r w i s e   f o r m e d   f rom  a l u m i n i u m   or  o t h e r   s u i t a b l e  

l i g h t - w e i g h t   m e t a l .   T h i s   a l u m i n i u m   h o u s i n g   12  has   a  

c y l i n d r i c a l   s m o o t h - w a l l e d   b o r e   14  f o r m e d   t h e r e i n   w h i c h  

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

a s s e m b l y   16  o p e r a t i v e l y   m o u n t e d   t h e r e i n   f o r   a c t u a t i o n  

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

the   d i r i g i b l e   w h e e l s   of  a  v e h i c l e ,   n o t   i l l u s t r a t e d .  

The  v a l v e   a s s e m b l y   16  i n c l u d e s   an  e l o n g a t e   c y l i n d r i c a l  

s p o o l   s h a f t   18  m o u n t e d   by  a  b e a r i n g   a s s e m b l y   20  f o r  

t u r n i n g   m o v e m e n t   in  t h e   h o u s i n g   12.  T h i s   s p o o l   s h a f t  

p r o j e c t s   t h r o u g h   an  a n n u l a r   f l u i d   s e a l   22  c l o s i n g   t h e  

u p p e r   end  of  t h e   h o u s i n g ,   f o r   c o n n e c t i o n   by  a  

c o n v e n t i o n a l   s t e e r i n g   s h a f t   to  a  v e h i c l e   s t e e r i n g  

w h e e l ,   n o t   s h o w n .   The  end  of  t he   s p o o l   s h a f t   18  i s  

s p l i n e d   a t   24  w i t h   a  s e l e c t e d   p r e d e t e r m i n e d   c l e a r a n c e  

( l a s h )   b e f o r e   m e c h a n i c a l   d r i v e   to  an  e l o n g a t e   p i n i o n  



g e a r   28  r o t a t a b l y   m o u n t e d   in  t h e   h o u s i n g   12by  a  s l e e v e  

b e a r i n g   30  and  by  a  b a l l   b e a r i n g   a s s e m b l y   32  t h a t  

r e c e i v e s   an  e x t e n d e d   s h a n k   p o r t i o n   34  of  t he   p i n i o n  

g e a r   28 .   A  n u t   36  t h r e a d e d   on  to   t he   end  of  t h e   s h a n k  

p o r t i o n   34  o u t b o a r d   of   t h e   b e a r i n g   32  s e c u r e s   t h e  

p i n i o n   g e a r   w i t h i n   t h e   h o u s i n g   12.   A  c u p - l i k e   c o v e r   38 

f r i c t i o n a l l y   f i t s   i n t o   an  o p e n   end  of  t h e   h o u s i n g   12  a t  

t h e   l o w e r   end  t h e r e o f   to  p r o v i d e   s e r v i c e   a c c e s s .  

The  t e e t h   of  t h e   p i n i o n   g e a r   28  mesh  w i t h   a  

t o o t h e d   p o r t i o n   40  of   an  e l o n g a t e   r a c k   42  t h a t   i s  

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

s t e e r i n g   g e a r   h o u s i n g   12  and  w i t h i n   a  c o n n e c t e d   p o w e r  

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

GB-A-2   l l 9   7 2 8 .   The  r a c k   42  is   o p e r a t i v e l y   c o n n e c t e d  

to   t h e   d i r i g i b l e   w h e e l s   of  t h e   v e h i c l e   by  t he   u s u a l  

b a l l   j o i n t s   and  t i e   r o d s ,   n o t   i l l u s t r a t e d .   In  such   a n  

a r r a n g e m e n t ,   l i n e a r   m o v e m e n t   of  t he   r a c k   t u r n s   t h e  

d i r i g i b l e   w h e e l s   of   t h e   v e h i c l e   f o r   v e h i c l e   s t e e r i n g  

p u r p o s e s .  
C l o s e   m e s h i n g   e n g a g e m e n t   b e t w e e n   the   t e e t h   o f  

t h e   p i n i o n   g e a r   28  and  t h e   r a c k   42  is  a c h i e v e d   by  t h e  

u s e   o f   a  r a c k   c o n t a c t   s h o e   46  w h i c h   i s   s l i d a b l y  m o u n t e d  

in  a  s e c o n d   b o r e   47  in  t h e   h o u s i n g   12  and  i s   b i a s e d   b y  

a  h e l i c a l   s p r i n g   48  t h a t   i s   o p e r a t i v e l y   i n t e r p o s e d  

b e t w e e n   t h e   c o n t a c t   s h o e   46  and  an  a d j u s t i n g   p l u g   5 0 .  

The  p l u g   50  i s   t h r e a d e d   i n t o   t h e   end  of   t h e   h o u s i n g  

b o r e   47 ,   and  can   be  a d v a n c e d   or   r e t r a c t e d   by  means   of  a  

w r e n c h   t o   v a r y   t h e   f o r c e   of  t h e   s p r i n g   48  and  t h e r e b y  

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

g e a r s   f o r  l a s h   a d j u s t m e n t .   An  a d j u s t e r   p l u g   nu t   52  i s  

t h r e a d e d   on  to   t h e   p l u g   50  and  a g a i n s t   a  f a c e   53  of  t h e  

h o u s i n g   12  t o   m a i n t a i n   t h e   p l u g   in  a  s e l e c t e d   p o s i t i o n .  



The  s p o o l   s h a f t   18  of  t h e   p o w e r   s t e e r i n g  
v a l v e   a s s e m b l y   16  has   a  c y l i n d r i c a l   v a l v e   s p o o l   54  

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

l o n g i t u d i n a l l y   e x t e n d i n g   a r c u a t e   o i l   t r a n s f e r   s l o t s   56  

e q u a l l y   s p a c e d   in  t h e   p e r i p h e r y   t h e r e o f .   T h e s e   s l o t s  

fo rm  p a r t   of  t h e   h y d r a u l i c   s y s t e m ,   w h i c h   can   b e  

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

pump  58  to  r i g h t   or   l e f t - t u r n   p o w e r   c y l i n d e r   c h a m b e r s  

60,   62  and  to  an  e x h a u s t   p a s s a g e   63  w h i c h   f e e d s   i n t o   a  

f l u i d   r e s e r v o i r   66  f o r   t h e   pump  5 8 .  

In  a d d i t i o n   to  t he   v a l v e   s p o o l   54,   t h e   v a l v e  

a s s e m b l y   16  i n c l u d e s   a  c y l i n d r i c a l   s t e e l   v a l v e   body   64  

r o t a t a b l y   m o u n t e d   w i t h i n   t h e   v a l v e   b o r e   14  and  on  t h e  

v a l v e   s p o o l   54.  The  i n n e r   end  of  t he   v a l v e   body  64  

e x t e n d s   o v e r   t h e   end  of   t he   p i n i o n   g e a r   28,   and  i s  

d r i v i n g l y   c o n n e c t e d   t h e r e t o   by  a  r a d i a l   p i n   66.  An 

e l o n g a t e   t o r s i o n   b a r   68  e x t e n d s   c o n c e n t r i c a l l y   t h r o u g h  

an  a x i a l   o p e n i n g   69  in  t h e   s p o o l   s h a f t   18  to  p r o v i d e   a  

c e n t r i n g   s p r i n g   c o n n e c t i o n   b e t w e e n   t h e   v a l v e   s p o o l   5 4  

and  t h e   v a l v e   body   64.   A  c r o s s - p i n   70  c o n n e c t s   t h e  

o u t e r   end  of  t h e   t o r s i o n   b a r   68  to   t h e   c o r r e s p o n d i n g  

end  of  t h e   s p o o l   s h a f t   18 ,   and  t h e  i n n e r   end  of  t h i s  

t o r s i o n   b a r   is  s p l i n e d   a t   72  to  t h e   p i n i o n   g e a r   28.  A 

b e a r i n g   s l e e v e   74  s u p p o r t s   t h e   i n n e r   end  of  t he   s p o o l  

s h a f t   18  on  a  c y l i n d r i c a l   p o r t i o n   of  t h e   t o r s i o n   b a r  

68.  Wi th   t h i s   t o r s i o n a l   s p r i n g   i n t e r c o n n e c t i o n ,   t h e  

v a l v e   s p o o l   54  can   be  t u r n e d   r e l a t i v e   to   t h e   v a l v e   b o d y  

64  so  t h a t   t he   v a l v e   e l e m e n t s   r o u t e   p r e s s u r e   o i l   f o r  

p o w e r - a s s i s t e d   s t e e r i n g ,   and  on  t e r m i n a t i o n   of  t h e  

r o t a t i o n a l   i n p u t   t he   v a l v e   body   and  t he   s p o o l   a r e  

c e n t r e d   by  the   t o r s i o n   b a r   to  t e r m i n a t e   p o w e r - a s s i s t e d  

s t e e r i n g .   The  s t e e r i n g   g e a r   v a l v i n g   and  the   h y d r a u l i c  

s y s t e m   t h e r e o f   may  be  l i k e   t h o s e   d i s c l o s e d   in  t h e  

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

d i s c l o s e d   in  t h e   s a i d   US-A-3   022  7 7 2 .  



The  v a l v e   b o d y   64  is   f o r m e d   w i t h   a  c e n t r a l  
=  a n n u l a r   f l u i d   p r e s s u r e   g r o o v e   78  in  t h e   o u t e r   p e r i p h e r y  

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

g r o o v e   80  and  an  a n n u l a r   l e f t - t u r n   p o w e r   g r o o v e   8 2 .  

A n n u l a r   s e a l s   84  of   r e i n f o r c e d   T e f l o n  

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

r o t a t a b l y   m o u n t e d   in  a n n u l a r   s e a l   r e t a i n e r   g r o o v e s   86  

f o r m e d   in  l a n d s   s e p a r a t i n g   t h e   p r e s s u r e   g r o o v e   78  f r o m  

t h e   r i g h t   and  l e f t - t u r n   p o w e r   g r o o v e s   80  and  82,  and  i n  

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

a n n u l a r   s e a l s   84  a r e   d e s i g n e d   to   h a v e   an  o u t e r   d i a m e t e r  

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

o u t e r   p e r i p h e r y   88  of   e a c h   s e a l   84  is   in  f r i c t i o n a l  

e n g a g e m e n t   w i t h   an  a l i g n e d   a n n u l a r   f r i c t i o n   band  9 0  

t h a t   i s   f o r m e d   by  t e x t u r i z i n g   a n n u l a r   ( c i r c u l a r )   a r e a s  

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

t h e   b o r e   14  o f   t h e   m a i n   h o u s i n g   1 2 .  

T h e s e   t e x t u r i z e d   f r i c t i o n   b a n d s   90  p r o v i d e   a  

h i g h   c o e f f i c i e n t   of   f r i c t i o n   b e t w e e n   t h e   s e a l s   84  a n d  

t h e   b o r e   14  so  t h a t   t h e   s e a l s   a r e   h e l d   by  t he   h o u s i n g  

12  when   t h e   v a l v e   b o d y   64  i s   t u r n e d   d u r i n g   s t e e r i n g  

o p e r a t i o n .   W i t h   t h i s   s e a l   r e t e n t i o n ,   t h e   s i t e   o f  

r e l a t i v e   r o t a t i o n   of   t h e   s e a l   i s   t r a n s f e r r e d   f rom  t h e  

c o m p a r a t i v e l y   s o f t   s u r f a c e   p r e s e n t e d   by  the   b o r e   14  o f  

t h e   a l u m i n i u m   h o u s i n g   12  to   t h e   h a r d   and  w e a r - r e s i s t a n t  

s u r f a c e s   of   t h e   r e t a i n e r   g r o o v e s   86  of  t he   s t e e l   v a l v e  

b o d y   64 .   Wi th   t h e   s e a l s   84  r o t a t i n g   r e l a t i v e   to  t h e  

s t e e l   w a l l s   of  t h e   r e t a i n e r   g r o o v e s   86,   t h e r e   is  l i t t l e  

o r   no  w e a r   of   t h e   w a l l   f o r m i n g   t he   b o r e   14 ,   or  of  t h e  

s e a l   r e t a i n e r   g r o o v e s   86  or   t h e   s e a l s   84  t h e m s e l v e s .  

A c c o r d i n g l y ,   l e a k a g e   p a s t   t h e   s e a l s   84  i s   m i n i m i z e d ,  

f o r   i n c r e a s i n g   t h e   e f f i c i e n c y   and  s e r v i c e   l i f e   of  t h e  

r o t a r y   v a l v e s   of   p o w e r   s t e e r i n g   g e a r s .  



In  a d d i t i o n   to  p r o v i d i n g   a  h i g h   c o e f f i c i e n t  
of  f r i c t i o n   f o r   t h e   s e a l s   84,   t he   t e x t u r i z e d   f r i c t i o n  

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

w e a r   t h a t   may  o t h e r w i s e   o c c u r   in  t he   b o r e   w a l l   o n  

i n a d v e r t e n t   or   u n i n t e n t i o n a l   m o v e m e n t   of  t he   s e a l s  

r e l a t i v e   to  t he   b o r e   w a l l .   For  e x a m p l e ,   t he   s e a l s   m a y  
e x p e r i e n c e   some  a x i a l   m o v e m e n t   in  t h e i r   r e t e n t i o n  

g r o o v e s   as  a  r e s u l t   of  p r e s s u r e   d i f f e r e n t i a l s   a p p e a r i n g  

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

m o v e m e n t   of  t he   s e a l s   a l o n g   t h e   b o r e   w a l l ,   and  c a n  

c a u s e   b o r e   w a l l   w e a r   and  l e a k a g e   a c r o s s   t he   s e a l s .  

F u r t h e r m o r e ,   in  some  c a s e s ,   r e l a t i v e   r o t a t i o n   may  o c c u r  

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

d i f f e r e n t   r a t e s   of  e x p a n s i o n   and  c o n t r a c t i o n   b e t w e e n  

t h e   s e a l s ,   t h e   v a l v e   h o u s i n g   and  t h e   v a l v e   b o d y ,   o r  
b e c a u s e   of  p r o d u c t i o n   t o l e r a n c e   v a r i a t i o n   r e s u l t i n g   i n  

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

c o n t a c t s   t h e   i n t e r n a l   d i a m e t e r   of  t he   b o r e .   A s s u m i n g  

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

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

b a n d s   90  e f f e c t i v e l y   r e s i s t s   wea r   and  g r o o v i n g   of  t h e  

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

e f f e c t i v e l y   m a i n t a i n e d .  

The  f r i c t i o n   b a n d s   90  a r e   p r e f e r a b l y   f o r m e d  

by  r e c a s t i n g   s u r f a c e   l a y e r s   of  t he   b o r e   w a l l   to  i m p r o v e  

t h e   f r i c t i o n a l   p r o p e r t i e s   and  t he   h a r d n e s s   and  w e a r  

r e s i s t a n c e ,   u s i n g   e l e c t r i c a l   d i s c h a r g e   m a c h i n i n g   (EDM).  

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

m a c h i n i n g   is   shown  in  F i g u r e   4  in  an  o p e r a t i n g   p o s i t i o n  

in  t h e   h o u s i n g   12,   and  i d e n t i f i e d   by  r e f e r e n c e   n u m e r a l  

96.   The  d e v i c e   c o m p r i s e s   a  f o u r - f i n g e r e d   e l e c t r o d e   98 

s u p p o r t e d   f o r   r a d i a l   m o v e m e n t   t o w a r d s   and  away  f rom  t h e  

w a l l   of  t h e   b o r e   14  by  a  p l u n g e r   100  t h a t   is  s l i d a b l e  

in  a  r a d i a l   s l o t   102  f o r m e d   in  an  e l e c t r o d e   s u p p o r t  

f i x t u r e   104 .   The  p l u n g e r   has   an  i n c l i n e d   c a m m i n g  



s u r f a c e   106  e n g a g e a b l e   by  a  s i m i l a r l y   i n c l i n e d   c a m m i n g  
s u r f a c e   108  f o r m e d   on  t h e   end  of  an  a c t u a t o r   rod  1 1 0  

t h a t   i s   m o u n t e d   f o r   l o n g i t u d i n a l   s l i d i n g   movemen t   a l o n g  
t h e   a x i s   o f   t h e   e l e c t r o d e   f i x t u r e   104 .   On  such   i n w a r d  

a x i a l   m o v e m e n t ,   t h e   c a m m i n g   f a c e s   i n t e r e n g a g e ,   and  t h e  

p l u n g e r   i s   moved  r a d i a l l y   o u t w a r d l y   to   p o s i t i o n   t h e  

e l e c t r o d e   98  c l o s e l y   a d j a c e n t   t he   w a l l   of  t he   h o u s i n g  
v a l v e  b o r e   14 .   A  r e t u r n   s p r i n g   112  s e a t e d   in  a  p o c k e t  

114  in   t h e   e l e c t r o d e   s u p p o r t   f i x t u r e   104  b e a r s   a g a i n s t  

an  arm  116  e x t e n d i n g   f r o m   t h e   p l u n g e r   100  to   u r g e   t h e  

e l e c t r o d e   98  away  f rom  t h e   w a l l   of  t h e   b o r e   14.  A 

s c r e w   118  t h r e a d e d   t h r o u g h   t h e   arm  116  e x t e n d s   i n t o   t h e  

end  o f   t h e   h e l i c a l   s p r i n g   112  to   m a i n t a i n   t he   s p r i n g   i n  

i t s   o p e r a t i v e   p o s i t i o n .  

A  w i r e   c o n d u c t o r   120  e x t e n d s   t h r o u g h   a  

c e n t r a l   p a s s a g e   122  of   t h e   a c t u a t o r   rod  and  i s  

c o n n e c t e d   t o   a  f e e d e r   t e r m i n a l   124 ,   w h i c h   in  t u r n   i s  

o p e r a t i v e l y   f a s t e n e d   to   t h e   e l e c t r o d e   98  by  a  s c r e w  

l 2 6 .  

The  e l e c t r o d e   and  e l e c t r o d e   s u p p o r t   a s s e m b l y  

i s   p o s i t i o n e d   f o r   r o t a t i o n   w i t h i n   t h e   h o u s i n g   12  b y  

u p p e r   and  l o w e r   c o l l e t s   132  and  134 .   The  l o w e r   c o l l e t  

134  f i t s   on  a  s t e p p e d   c y l i n d r i c a l   s h a n k   p o r t i o n   136  o f  

t h e   e l e c t r o d e   s u p p o r t   f i x t u r e   104 .   A  n e e d l e - t y p e  

t h r u s t   b e a r i n g   137  i s   o p e r a t i v e l y   m o u n t e d   b e t w e e n   a  

r a d i a l   f l a n g e   138  of   t h e   c o l l e t   134  and  a  s i m i l a r  

f l a n g e   140  on  t h e   e l e c t r o d e   s u p p o r t   f i x t u r e   104.   T h e  

c o l l e t   134  h a s   s p l i t   f i n g e r s   142  t h a t   a r e   cammed 

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

c o u n t e r b o r e   144  in   t h e   h o u s i n g   by  e n g a g e m e n t   w i t h   a  

c o n e d   end  146  of   a  c o l l e t   a c t u a t o r   ( e x p a n d e r )   130 .   T h e  

c o l l e t   a c t u a t o r   130  i s   l o o s e l y   r e t a i n e d   on  the   s h a n k  

p o r t i o n   136  of   t h e   e l e c t r o d e   s u p p o r t   f i x t u r e   104  by  a  

s c r e w   150  t h r e a d e d   i n t o   t h e   end  t h e r e o f .   N e e d l e  

b e a r i n g s   152  i n t e r p o s e d   b e t w e e n   t he   s h a n k   p o r t i o n   1 3 6  



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

c o l l e t   a c t u a t o r   130  p e r m i t   r e l a t i v e   r o t a t i o n   of  t h e  

e l e c t r o d e   98  and  e l e c t r o d e   s u p p o r t   f i x t u r e   104  w i t h  

r e s p e c t   to  t he   u p p e r   and  l o w e r   c o l l e t s   132  and  1 3 4 .  

The  u p p e r   c o l l e t   132  has   a  c o l l e t   a c t u a t o r  
t u b e   151  t he   end  of  w h i c h   f i t s   o v e r   a  s t e p p e d  

c y l i n d r i c a l   s h o u l d e r   153  of  t he   e l e c t r o d e   s u p p o r t  
f i x t u r e   104 .   The  f o r w a r d   end  of  t h i s   t u b e   is  t a p e r e d  
to  cam  c o n t a c t   f i n g e r s   154  of  t he   u p p e r   c o l l e t   a g a i n s t  

t h e   w a l l   of  t he   v a l v e   b o r e   14.  Wi th   t h e   f i n g e r s   1 5 4  

b e i n g   u r g e d   o u t w a r d l y   i n  r e s p o n s e   to  i n w a r d   movemen t   o f  

the   c o l l e t   a c t u a t o r   t u b e   151 ,   t he   e l e c t r o d e   s u p p o r t  
f i x t u r e   104  is  h e l d   w i t h i n   t h e   h o u s i n g   12  w i t h   t h e  

e l e c t r o d e   98  p o s i t i o n e d   by  c o n t a c t   of  a  f l a n g e   of  t h e  

u p p e r   c o l l e t   132  a g a i n s t   an  end  f a c e   155  of  t h e  

h o u s i n g .  

In  o p e r a t i o n ,   t h e   a c t u a t o r   rod   110  is  m o v e d  

i n w a r d l y   to  a c t   a g a i n s t   t h e   s p r i n g   112  to  p o s i t i o n   t h e  

e l e c t r o d e   98  c l o s e l y   a d j a c e n t   t he   w a l l   of   t he   b o r e   1 4 .  

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

p a s s a g e   156  b e t w e e n   t h e   u p p e r   c o l l e t   132  and  t h e  

e l e c t r o d e   s u p p o r t   f i x t u r e   104  w h i l s t   t h e   e l e c t r o d e   a n d  

e l e c t r o d e   s u p p o r t   f i x t u r e   is   b e i n g   r o t a t e d .   E l e c t r i c  

c u r r e n t   is  s u p p l i e d   to  t h e   e l e c t r o d e   and  i s   d i s c h a r g e d  

a c r o s s   t he   gap  b e t w e e n   t h e   e l e c t r o d e   and  the   h o u s i n g ,  

w h i c h   is   c o n n e c t e d   to  e l e c t r i c a l   d i s c h a r g e   m a c h i n i n g  

c i r c u i t r y .   I o n i z e d   o i l   v a p o u r   o c c u r r i n g   as  b u b b l e s   i n  

the   o i l   b e t w e e n   t he   e l e c t r o d e   98  and  t h e   h o u s i n g   1 2  

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

d i s c h a r g e .  

The  r o t a t i o n   of  t h e   e n e r g i z e d   e l e c t r o d e s  

c a u s e s   a n n u l a r   s u r f a c e   l a y e r s   of  t h e   b o r e   w a l l s   to  b e  

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

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

b a n d s   90.  D u r i n g   t h i s   r e c a s t i n g ,   p a r t i c u l a t e   m a t t e r  



( f i n e s )   i s   e x p e l l e d   f rom  t he   h o u s i n g   s u r f a c e   a n d  

f l u s h e d   away  by  t h e   o i l   e x i t i n g   t h r o u g h   t he   u p p e r   p a r t  
of  t h e   h o u s i n g .   T h e s e   b a n d s   90  e x h i b i t   a  h a r d e n e d  

l a y e r   t h a t   may  be  of   a  d e p t h   up  to   30  m i c r o n s :   t h i s  

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

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

in  t h e   h o u s i n g   m a t e r i a l   a l s o   become   m o l t e n   d u r i n g   EDM 

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

in  t h i s   s u r f a c e   l a y e r .   F o r m a t i o n   of  t h e   l a y e r   t o g e t h e r  

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

h a r d n e s s   and  t h e   t e x t u r i z e d   f r i c t i o n a l   s u r f a c e   w h i c h  

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

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

s u r f a c e   in   t h e   e v e n t   of  any  s e a l   m o v e m e n t .   The  f i n e l y  

p i t t e d   t e x t u r i z e d   s u r f a c e   is   h a r d e r   t h a n   the   b u l k  

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

r e s i s t a n c e   to   any   s e a l   r i n g   r o t a t i o n   or   s l i d i n g  

m o v e m e n t   r e l a t i v e   to   t h e   h o u s i n g .   The  h o m o g e n e o u s  

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

e l e c t r i c a l   d i s c h a r g e   m a c h i n i n g   m i n i m i z e s   t h i s  

c o n t r i b u t i o n   to   w e a r .  

The  r i n g s   90  h a v e   b e e n   d e s c r i b e d   as  b e i n g  

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

c o u l d   a l t e r n a t i v e l y   be  made  in  o t h e r   ways  and  in  o t h e r  

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

or   by  m a c h i n i n g   k n u r l s   of  v a r i o u s   g e o m e t r i e s   a c r o s s   t h e  

i n t e r i o r   s u r f a c e   of  t h e   h o u s i n g   b o r e .  



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

c o m p r i s i n g   a  m e t a l l i c   h o u s i n g   (12)   h a v i n g   a  

s m o o t h - w a l l e d   c y l i n d r i c a l   b o r e   (14)  f o r m e d   t h e r e i n ,   t h e  

h o u s i n g   (12)   h a v i n g   h y d r a u l i c   i n l e t   and  o u t l e t   p o r t s  
f o r   o p e r a t i v e   c o n n e c t i o n   to  a  h y d r a u l i c   pump  (58)   a n d  

to  a  sump  (66)   f o r   t h e   h y d r a u l i c   pump  ( 5 8 ) ,   t he   h o u s i n g  

(12)   h a v i n g   a  p l u r a l i t y   of  f l u i d   p a s s a g e s   e x t e n d i n g  

t h r o u g h   the   w a l l   of  t h e   h o u s i n g   to  t he   b o r e   t h e r e i n ,   a  

r o t a r y   v a l v e   a s s e m b l y   (16)   r o t a t a b l y   m o u n t e d   in  t h e  

b o r e   (14)   f o r   s u p p l y i n g   f l u i d   p r e s s u r e   to   t he   f l u i d  

p a s s a g e s ,   and  a  r o t a t a b l e   s t e e r i n g   g e a r   i n p u t   ( 1 8 ) ,   t h e  

r o t a r y   v a l v e   a s s e m b l y   (16)   c o m p r i s i n g   a  v a l v e   s p o o l  

(54)   o p e r a t i v e l y   c o n n e c t e d   to   t he   s t e e r i n g   g e a r   i n p u t  

(18)   and  a  c y l i n d r i c a l   v a l v e   body  (64)   o p e r a t i v e l y  

m o u n t e d   on  t h e   v a l v e   s p o o l   (54)   and  w i t h i n   t he   v a l v e  

b o r e ,   and  t h e   v a l v e   body   (64)   h a v i n g   a  p l u r a l i t y   o f  

l a t e r a l l y   s p a c e d   a n n u l a r   s e a l s   (84)   r o t a t a b l y   m o u n t e d  

on  t h e   o u t e r   p e r i p h e r y   of  t h e   v a l v e   body   (64)   t o  

h y d r a u l i c a l l y   s e p a r a t e   t h e   f l u i d   p a s s a g e s ,  
c h a r a c t e r i s e d   in  t h a t   d i s c r e t e   t e x t u r i z e d   g r i p p i n g  

s u r f a c e   means   (90)   a r e   f o r m e d   on  t he   w a l l   of  t h e   b o r e  

(14)   f o r   d i r e c t l y   c o n t a c t i n g   t he   o u t e r   p e r i p h e r y   ( 8 8 )  

of  t h e   s e a l s   (84)   s u c h   t h a t   on  r o t a r y   m o v e m e n t   of  t h e  

v a l v e   b o d y   (64)   t h e   s e a l s   (84)   w i l l   r e m a i n  

s u b s t a n t i a l l y   s t a t i o n a r y   r e l a t i v e   to  t h e   h o u s i n g   ( 1 2 ) ,  

to  t h e r e b y   r e d u c e   f r i c t i o n a l   wear   of  t he   c y l i n d r i c a l  

w a l l   of  t h e   b o r e   (14)   by  t he   s e a l s   ( 8 4 ) .  

2.  A  p o w e r   s t e e r i n g   g e a r   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 he   v a l v e   body   (64)   c o m p r i s e s  

a  m e t a l l i c   v a l v e   body   h a v i n g   a  h a r d n e s s   g r e a t e r   t h a n  

t he   h a r d n e s s   of  t h e   m e t a l l i c   h o u s i n g   ( 1 2 ) ,   t he   a n n u l a r  

s e a l s   (84)   a r e   r o t a t a b l y   m o u n t e d   on  t h e   o u t e r   p e r i p h e r y  

of  t h e   v a l v e   body   (64)   f o r   c o n t a c t i n g   t h e   w a l l   of  t h e  

h o u s i n g   b o r e   (14)   to  p r o v i d e   s e p a r a t e   f l u i d   p a s s a g e s  

t h e r e b e t w e e n ,   and  t h e   d i s c r e t e   t e x t u r i z e d   g r i p p i n g  



s u r f a c e   m e a n s   (90)   c o n s t i t u t e   h a r d e n e d   r e g i o n s   f o r m e d  

on  t h e   w a l l   of   t h e   b o r e   ( 1 4 ) .  

3.  A  p o w e r   s t e e r i n g   g e a r   a c c o r d i n g   to  c l a i m  

1  or   2,  c h a r a c t e r i s e d   in  t h a t   t he   m e t a l l i c   h o u s i n g   ( 1 2 )  

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

t h e   c y l i n d r i c a l   v a l v e   body   (64)   is   f o r m e d   of  a  

r e l a t i v e l y   h a r d   m e t a l   s u c h   as  s t e e l ,   and  t he   d i s c r e t e  

t e x t u r i z e d   g r i p p i n g   s u r f a c e   means   (90)   c o n s t i t u t e  

r o u g h e n e d   r e g i o n s   f o r m e d   on  the   w a l l   of  t he   b o r e   ( 1 4 ) .  

4.  A  p o w e r   s t e e r i n g   g e a r   a c c o r d i n g   to  a n y  

one  of   c l a i m s   1  to   3,  c h a r a c t e r i s e d   in  t h a t   the   v a l v e  

body   ( 6 4 )   h a s   a  p l u r a l i t y   of  a n n u l a r   f l u i d   t r a n s m i s s i o n  

g r o o v e s   ( 7 8 , 8 0 , 8 2 )   f o r m e d   in  t he   o u t e r   p e r i p h e r y  

t h e r e o f ,   and  a l s o   has   a n n u l a r   s e a l   r e t a i n e r   g r o o v e s  

(86)   f o r m e d   b e t w e e n   and  f l a n k i n g   t h e   f l u i d   t r a n s m i s s i o n  

g r o o v e s   ( 7 8 , 8 0 , 8 2 ) ,   w i t h   t h e   a n n u l a r   s e a l s   (84)  b e i n g  

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

g r o o v e s   ( 8 6 ) .  

5.  A  p o w e r   s t e e r i n g   g e a r   a c c o r d i n g   to  a n y  

one  of   c l a i m s   I  to   4,  c h a r a c t e r i s e d   in  t h a t   t h e  

d i s c r e t e   t e x t u r i z e d   g r i p p i n g   s u r f a c e   m e a n s   (90)  a r e  

h a r d e n e d   to   r e s i s t   w e a r   f rom  r e l a t i v e   s l i d i n g   m o v e m e n t  

b e t w e e n   t h e   a n n u l a r   s e a l s   (84)   and  t he   h o u s i n g   ( 1 2 ) .  

6.  A  p o w e r   s t e e r i n g   g e a r   a c c o r d i n g   to  a n y  

one  of   c l a i m s   1  to   5,  c h a r a c t e r i s e d   by  b e i n g   p r o d u c e d  

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

c y l i n d r i c a l   b o r e   (14)   as  a f o r e s a i d   in  an  a l u m i n i u m  

h o u s i n g   ( 1 2 )   as  a f o r e s a i d ,   i n s e r t i n g   an  e l e c t r i c a l  

d i s c h a r g e   m a c h i n e   (96)   w i t h i n   t h e   b o r e   (14)   w i t h   s p a c e d  

e l e c t r o d e s   (98)   of  t h e   m a c h i n e   (96)   d i s p o s e d   c l o s e l y  

a d j a c e n t   t h e   w a l l   of   t h e   b o r e   ( 1 4 ) ,   e f f e c t i n g  

e l e c t r i c a l   d i s c h a r g e   f rom  t h e   e l e c t r o d e s   (98)  w h i l e  

r o t a t i n g   t h e   e l e c t r o d e s   (98)   r e l a t i v e   to   t he   w a l l   o f  

t h e   b o r e   (14)   to   t h e r e b y   t e x t u r i z e   s e p a r a t e   b a n d s   ( 9 0 )  

as  a f o r e s a i d   on  t h e   w a l l   of  t h e   b o r e   (14)   f o r   g r i p p i n g  



s e a l s   (84)   as  a f o r e s a i d   of  t he   v a l v e   body   ( 6 4 ) ,   a n d  

i n s e r t i n g   t h e   v a l v e   body   (64)   w i t h   t h e   s a i d   s e a l s   ( 8 4 )  

t h e r e o n   i n t o   t he   b o r e   (14)   so  t h a t   t he   s e a l s   (84)  a r e  

d i r e c t l y   e n g a g e d   by  t he   r e s p e c t i v e   t e x t u r i z e d   b a n d s  

( 9 0 ) .  

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

the   e l e c t r o d e s   (98)   i s   e f f e c t i v e   to   b o t h   t e x t u r i z e   a n d  

h a r d e n   t h e   s e p a r a t e   b a n d s   (90)   on  the   w a l l   of  the   b o r e  

( 1 4 ) .  
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