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Self-contained  hydraulic  bucket  lifter. 
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(§7)  A  hydraulic  lash  adjusting  tappet  (10)  for  use  in  engine 
valve  gear  of  the  direct-acting  type  have  one  end  of  the  tappet 
contacting  the  end  (26)  of  the  combustion  chamber  valve  stem 
(22)  and  the  other  end  contacting  the  camshaft  lobe  (16).  The 
tappet  has  a  body  (34)  formed  with  a  tubular  wall  portion  (36) 
having  one  end  thereof  closed  by  an  end  wall  (38)  and  with  a 
tubular  hub  (40)  therewithin  formed  integrally  with  the  end  wall 
and  extending  axially  therefrom.  A  lash  adjuster  assembly  (44) 
is  slidingly  received  in  the  tubular  hub  which  defines  a  reaction 
surface  (50)  remote  from  the  cam  face  reaction  surface  (18) 
defined  by  the  end  wall.  A  seal  (88)  defines  an  expansible 
closed  fluid  reservoir  (114)  in  combination  with  the  body  and 
includes  a  compliant  diaphragm  (90)  carried  about  the  outer 
circumferential  portion  (92)  thereof  by  said  body  and  a  sleeve 
cap  (52)  insert-molded  within  the  inner  circumferential  portion 
(110)  of  the  diaphragm  to  provide  a  central  portion  (104)  wear 
surface  interposed,  in  application,  between  the  lash  adjuster 
reaction  surface  and  the  valve  stem. 
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FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  

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

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

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

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

h y d r a u l i c   v a l v e   l i f t e r s   of  t he   b u c k e t - t y p e   w h i c h  

d i r e c t l y   i n t e r c o n n e c t   t he   cam  and  v a l v e   s t e m   of  a n  

o v e r h e a d   cam  and  v a l v e   e n g i n e .   More  s p e c i f i c a l l y ,   t h e  

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

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

BACKGROUND  OF  THE  INVENTION 

In  d e s i g n i n g   v a l v e   g e a r   f o r   i n t e r n a l  

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

5 , 0 0 0   RPM,  i t   has  been   f o u n d   d e s i r a b l e   to  e m p l o y   v a l v e  

g e a r   of  t he   c a m - o v e r - v a l v e   t y p e .   V a l v e   g e a r   of  t h i s  

t y p e   i s   known  as  d i r e c t - a c t i n g   v a l v e   g e a r   and  e m p l o y s   a  

t a p p e t   h a v i n g   one  end  c o n t a c t i n g   the   e n g i n e   c a m s h a f t  

w i t h   t he   o t h e r   end  of  t h e   t a p p e t   in  d i r e c t   c o n t a c t   w i t h  

t h e   end  of  t he   s t e m   of  t he   c o m b u s t i o n   c h a m b e r   v a l v e .  

D i r e c t - a c t i n g   v a l v e   g e a r   o f f e r s   t he   a d v a n t a g e s   of  l o w  

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

t he   e l i m i n a t i o n   of  t he   r o c k e r   arm  a n d / o r   push   r o d s .  

Low  mass   and  h i g h   s t i f f n e s s   r e s u l t   in  a  h i g h   n a t u r a l  

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

a t t a i n   h i g h e r   RPM's  b e f o r e   v a l v e   m i s m o t i o n   o c c u r s .  

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

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

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

g e a r   a r r a n g e m e n t s .   The  low  mass   and  h i g h   s t i f f n e s s   o f  

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

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



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

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

be  made  to  have   c o m p a r a b l e   l i f t   v e l o c i t i e s   a n d  

a c c e l e r a t i o n s ,   a  d i r e c t - a c t i n g   v a l v e   g e a r   a r r a n g e m e n t  

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

of  t he   c a m - c o n t a c t i n g   s u r f a c e s   as  t he   l i f t e r   r o t a t e s ,  

w h i c h   is   no t   p e r m i s s i b l e   w i t h   r o c k e r   arm  t y p e   v a l v e  

g e a r   a r r a n g e m e n t s .   D i r e c t - a c t i n g   v a l v e   g e a r   a r r a n g e -  

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

s t r e s s e s .  

In  a d d i t i o n ,   t he   cam  p r o f i l e   f o r   o t h e r  

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

a c c e l e r a t i o n s   and  v e l o c i t i e s   i s   more  c o m p l e x   t h a n   t h a t  

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

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

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

v a l v e   g e a r   when  h i g h   v e l o c i t i e s   and  a c c e l e r a t i o n s   a r e  

d e s i r e d .  

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

f l u i d   l e a k a g e   by  means   of  s u p p l y i n g   p r e s s u r i z e d   f l u i d  

to  t he   i n t e r i o r   of  t he   l a s h   a d j u s t e r   t h r o u g h   p a s s a g e w a y s  
in  t he   c y l i n d e r   b l o c k .   H o w e v e r ,   t h e r e   a r e   d i s a d v a n t a g e s  

to  s u c h   an  a r r a n g e m e n t   s i n c e   the   p a s s a g e w a y s   t h r o u g h  

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

c o n s t r u c t i o n ,   and  the   o p e r a t i o n   is  o f t e n   u n s t a b l e   d u e  

to  c h a n g e s   in  t he   v e l o c i t y   of  t he   p r e s s u r i z e d   f l u i d .  

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

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

p r o v i d e d   w h i c h   a re   n o t   fed   f rom  an  e x t e r n a l   s o u r c e   o f  

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

s u c h   f l u i d .  

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

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

a r r a n g e m e n t s .   B e c a u s e   no  e x t e r n a l   s o u r c e   of  h y d r a u l i c  



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

e a s i l y   a p p l i e d   to  e n g i n e s   s i n c e   no  o i l   g a l l e r i e s   a r e  

r e q u i r e d .   F u r t h e r m o r e ,   b e c a u s e   no  f l u i d   i s  s u p p l i e d   t o  

t he   o u t s i d e   d i a m e t e r   of  t he   a d j u s t e r ,   l e a k a g e   t h e r e f r o m  

w i l l   n o t   c o l l e c t   w i t h i n   t h e   e n g i n e   b l o c k   and  h e a d   a s  

has   been   h e r e t o f o r e   e x p e r i e n c e d .   B e c a u s e   s e l f - c o n t a i n e d  

l a s h   a d j u s t e r s   do  n o t   c o m m u n i c a t e   w i t h   t h e i r   h o s t  

e n g i n e ' s   h y d r a u l i c   ( l u b r i c a t i o n )   s y s t e m ,   t h e y   do  n o t  

become  s u b j e c t   to  t he   c o n t a m i n a n t s   and  a i r   b u b b l e s  

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

f l u i d   w i t h i n   a  l a s h   a d j u s t e r   is   d e s i r a b l e ,   p a r t i c u l a r l y  

in  r e d u c i n g   c o l d - s t a r t   c a v i t a t i o n   w h i c h ,   in  t he   w o r s t  

c a s e ,   can  c o l l a p s e   t he   l a s h   a d j u s t e r .   A d d i t i o n a l l y ,   b y  

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

s e l f - c o n t a i n e d   l a s h   a d j u s t e r   has   t h e   p o t e n t i a l   f o r  

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

by  s e l e c t i v e   use   of  h y d r a u l i c   f l u i d   h a v i n g   a  v i s c o s i t y  

d i f f e r i n g   f rom  t h a t   of  t he   h o s t   e n g i n e   f l u i d .   A  s t i l l  

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

t h e i r   i n d e p e n d e n c e   of  e n g i n e   f l u i d   p r e s s u r e   w h i c h   t e n d s  

to  be  h i g h   d u r i n g   c o l d - s t a r t   c o n d i t i o n s   and  low  a t   h o t  

i d l e .  

A l t h o u g h   h a v i n g   many  a d v a n t a g e s   o v e r  

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

s e l f - c o n t a i n e d   l a s h   a d j u s t e r s   have   a  number   o f  

s h o r t c o m i n g s .   B e c a u s e   s e l f - c o n t a i n e d   l a s h   a d j u s t e r s ,  

by  d e f i n i t i o n ,   have   no  o u t s i d e   s o u r c e   of  h y d r a u l i c  

f l u i d ,   t he   f l u i d   c o n t a i n e d   t h e r e i n   a t   t h e   t i m e   o f  

m a n u f a c t u r e   mus t   r e m a i n   i n t a c t   f o r   t he   l i f e   of  t he   l a s h  

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

r e q u i r e d   to  p r e v e n t   any  s e l f - c o n t a i n e d   l a s h   a d j u s t e r  

h y d r a u l i c   f l u i d   f rom  e s c a p i n g .   P r o v i d i n g   s u c h   a  s e a J  

has   been   the   A c h i l l e s '   h e e l   of  v i r t u a l l y   a l l   p r i o r   a r t  

c o m m e r c i a l   s e l f - c o n t a i n e d   l a s h   a d j u s t e r s .   Much  of  t h e  



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

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

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

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

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

have   two  d i s t i n c t   a s p e c t s .   F i r s t ,   a l l   s u c h   l a s h  

a d j u s t e r s   r e q u i r e   an  a b s o r p t i o n   c h a m b e r   to  a c c o u n t   f o r  

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

s h o r t c o m i n g ,   in  mos t   p r i o r   a r t   a b s o r p t i o n   c h a m b e r s ,  

l i e s   in  the   a t t e m p t   to  e s t a b l i s h   a  s e a l   b e t w e e n   t w o  

r e c i p r o c a t i n g   e l e m e n t s .   Such  m o t i o n   t e n d s   t o  

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

f a t i g u e   e m b r i t t l e m e n t   and  the   l i k e .   The  s e c o n d   a s p e c t  
is   t he   s e a l i n g   f u n c t i o n   of  the   h i g h - p r e s s u r e   p o r t i o n   o f  

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

d y n a m i c   or  s l i d i n g   s e a l   w h i c h ,   by  i t s   n a t u r e ,   i s  

s u s c e p t i b l e   to  m e c h a n i c a l   wear   f rom  s l i d i n g   c o n t a c t  

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

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

a d j u s t e r s   i s   t he   r e q u i r e m e n t   f o r   some  form  o f  

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

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

m o t i o n   bu t   p r e v e n t s   r e l a t i v e   r o t a t i o n   t h e r e b e t w e e n ,   t o  

p r e v e n t   t o r s i o n a l   s t r e s s i n g   of  t he   i n t e r c o n n e c t i n g  

m e m b r a n e   s e a l .   F u r t h e r m o r e ,   a s s e m b l y   of  p r i o r   a r t  

s e l f - c o n t a i n e d   l a s h   a d j u s t e r s   is   o f t e n   c o m p l i c a t e d   by  

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

u n i t .   A  t y p i c a l   m a n u f a c t u r i n g   p r o c e s s   can   r e q u i r e  

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

h y d r a u l i c   f l u i d .  

I t   has   been   f o u n d   d i f f i c u l t   t o  p r o v i d e  

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

t h e   h e i g h t   of  t he   e n g i n e   mus t   be  k e p t   to  a  min imum  a n d ,  

c o n s e q u e n t l y ,   t he   c a m s h a f t   l o c a t e d   c l o s e l y   a d j a c e n t   t h e  



end  of  t he   c o m b u s t i o n   c h a m b e r   v a l v e   s t e m .   F u r t h e r -  

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

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

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

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

b e t w e e n   the   c a m s h a f t   and  the   end  of  t he   v a l v e   s t e m .  

S i n c e   the   t a p p e t   mus t   be  g u i d e d   in  t h e   b o r e   d e f i n e d   b y  

e n g i n e   s t r u c t u r e   i n t e r m e d i a t e   t he   c a m s h a f t   and  t he   e n d  

of  t he   v a l v e   s t em   t h e   e n g i n e   h e i g h t   t e n d s   to  s o m e w h a t  

i n c r e a s e .  

T h e r e f o r e ,   i t   has   been   d e s i r e d   to  f i n d   a  

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

c o m p a c t   p r o f i l e   h e i g h t   fo r   use   in  e n g i n e s   h a v i n g  

d i r e c t - a c t i n g   v a l v e   g e a r   w i t h   min imum  d i s t a n c e   b e t w e e n  

t he   c a m s h a f t   and  t he   end  of  t he   v a l v e   s t e m   to  m i n i m i z e  

the   mass   of  e n g i n e   s t r u c t u r e   n e c e s s a r y   to  p r o v i d e   t h e  

t a p p e t   g u i d e s .   F u r t h e r m o r e ,   in  d e s i g n i n g   t a p p e t s   f o r  

d i r e c t - a c t i n g   v a l v e   g e a r   so  as  to  m i n i m i z e   s i d e l o a d i n g  

in  t he   g u i d e   fo r   m i n i m i z i n g   w e a r ,   i t   is   d e s i r a b l e   t o  

have   t he   r e a c t i o n   f o r c e   of  t h e   v a l v e   s t e m   c e n t e r e d  

t h r o u g h   the   t a p p e t   a t   a  p o i n t   as  c l o s e l y   a d j a c e n t   t h e  

cam  s u r f a c e   as  p o s s i b l e .   L o c a t i n g   t h e   r e a c t i o n   f o r c e  

n e a r   t he   cam  f a c e   a l s o   p e r m i t s   t he   t a p p e t   to  be  d e s i g n e d  

to  m i n i m i z e   t he   mass   w h i c h ,   in  t u r n ,   r e d u c e s   i n e r t i a .  

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

d i r e c t - a c t i n g   v a l v e   g e a r   have   e m p l o y e d   a  body   or  b u c k e t ,  

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

by  the   c l o s e d   end  of  t he   body  and  an  a n n u l a r   d i a p h r a g m ,  

s u c h   as  t h a t   shown  and  d e s c r i b e d   in  U.S .   P a t e n t  

3 , 5 2 1 , 6 0 8   to  S c h e i b e ,   w h e r e i n   t he   d i a p h r a g m   is   r e t a i n e d  

a b o u t   t he   o u t e r   c i r c u m f e r e n c e   t h e r e o f   to  t he   body  a n d  

e n g a g e s   t he   p l u n g e r   p o r t i o n   of  t he   l a s h   a d j u s t e r   a t   t h e  

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



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

t h a t   shown  in  t he   S c h e i b e   l i f t e r   can  have   s h o r t c o m i n g s  

when  t h e . d e v i c e   is   a p p l i e d   to  c e r t a i n   a p p l i c a t i o n s ,  

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

h y d r a u l i c   f l u i d   l e a k a g e .   Such  a  d e v i c e   o v e r c o m e s   s o m e  

of  t he   a b o v e - d e s c r i b e d   s h o r t c o m i n g s   of  o t h e r   p r i o r   a r t  

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

H o w e v e r ,   t he   r e q u i r e m e n t   of  a  f l u i d - t i g h t   a b s o r p t i o n  

c h a m b e r   r e q u i r e s   l i f e - l o n g   s e a l   i n t e g r i t y .   In  t h e  

a p p l i c a n t s '   e x p e r i e n c e ,   p r o b l e m s   in  p r i o r   a r t   d e s i g n s  

of  t h i s   t y p e   o f t e n   a r i s e   in  t he   a r e a   of  i n t e r f a c e  

b e t w e e n   the   v a l v e   s t em  and  p l u n g e r   a s s e m b l y .   B e c a u s e  

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

t h i s   p o i n t ,   s e a l s   t e n d   to  d e t e r i o r a t e   r a p i d l y   b y  

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

r u p t u r e   a t   a  p o i n t   of  maximum  e x c u r s i o n .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  

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

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

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

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

t y p e   h a v i n g   a  g e n e r a l   c o n f i g u r a t i o n   known  as  a  " b u c k e t "  

w h e r e i n   t he   body  of  t he   t a p p e t   has   a  d i a m e t e r  

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

c o n t a i n e d   t h e r e i n .   The  p r e s e n t   i n v e n t i o n   o v e r c o m e s  

many  of  t h e   s h o r t c o m i n g s   of  t he   p r i o r   a r t   by  p r o v i d i n g  

a  d e s i g n   w h i c h   e l i m i n a t e s   t he   need   f o r   a  d y n a m i c   s e a l ,  

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

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

and  p r o v i d e s   e a s e   of  a s s e m b l y .   The  s e l f - c o n t a i n e d  

h y d r a u l i c   l a s h   a d j u s t i n g   t a p p e t   of  t he   p r e s e n t  



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

o u t e r   a n n u l a r   w a l l   c l o s e d   a t   one  end  t h e r e o f   by  a  

t r a n s v e r s e l y   e x t e n d i n g   end  w a l l   and  an  a n n u l a r   h u b  

t h e r e i n .   H y d r a u l i c   l a s h   a d j u s t i n g   means   a re   r e c e i v e d  

w i t h i n   t he   hub  and  d e f i n e   a  r e a c t i o n   s u r f a c e   w h i c h ,   i n  

a p p l i c a t i o n ,   c o n t a c t s   one  or  more  a s s o c i a t e d   c o m p o n e n t s  

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

a d j u s t m e n t   t h e r e o f .   F i n a l l y ,   s e a l   means   a r e   p r o v i d e d  

w h i c h ,   in  c o m b i n a t i o n   w i t h   t he   body  m e a n s ,   d e f i n e   a n  

e x p a n s i b l e   c l o s e d   f l u i d   r e s e r v o i r .   The  s e a l   m e a n s  

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

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

body  means   to  e s t a b l i s h   a  f l u i d - t i g h t   s e a l   t h e r e b e t w e e n  

and  a  f l o a t i n g   c e n t r a l   p o r t i o n   d e f i n i n g   a  wear   f a c e  

w h i c h ,   in  a p p l i c a t i o n ,   is   i n t e r p o s e d   b e t w e e n   a n d  

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

the   l a s h   a d j u s t e r   means   and  one  of  s a i d   a s s o c i a t e d  

c o m p o n e n t s   of  t he   e n g i n e   v a l v e   g e a r   s u c h   as  t he   end  o f  

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

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

s t r e s s e s   i m p o s e d   t h e r e o n   by  t he   o p e r a t i o n   of  t he   t a p p e t  

to  t h e r e b y   m a x i m i z e   the   s e a l i n g   i n t e g r i t y   a f f o r d e d  

t h e r e b y   and  the   l i f e   e x p e c t a n c y   t h e r e o f .  

In  t he   P r e f e r r e d   E m b o d i m e n t   of  t he   I n v e n t i o n ,  

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

t h e   f l u i d   r e s e r v o i r   and  o p e r a t e   to  a b s o r b   r e s e r v o i r  

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

t h e   l a s h   a d j u s t e r   by  l o c a l i z e d   b e n d i n g   d e f o r m a t i o n .  

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

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

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

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t he   a b o v e - d e s c r i b e d   a c c u m u l a t o r   means   i s  

d e f i n e d   by  one  or  more  d i s p l a c e m e n t   p o c k e t s   i n t e g r a l l y  



f o r m e d ,   such   as  by  m o l d i n g ,   w i t h   t he   s e a l   d i a p h r a g m   a n d  

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

i n t e r m e d i a t e   t he   o u t e r   w a l l   of  t he   hub  body  s t r u c t u r e .  

The  p o c k e t ( s )   has   t he   o u t e r   s u r f a c e s   t h e r e o f   n o r m a l l y  

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

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

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

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

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

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

r a d i a l l y   e x t e n d i n g   web  p o r t i o n s   w h i c h   add  r i g i d i t y   t o  

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

p r o v i d e s   t he   a d v a n t a g e   of  an  e x t r e m e l y   s t r o n g   s e a l  

d i a p h r a g m ,   w h i c h   has   one  or  more  a c c u m u l a t o r s   a t t a c h e d  

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

f rom  o p e r a t i o n   of  t he   t a p p e t   a r e   a b s o r b e d   by  t h e  

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

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

d i a p h r a g m   i t s e l f .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t he   i n v e n t i o n ,  

a  s l e e v e   cap   is  i n s e r t - m o l d e d   w i t h   an  i n n e r   c i r c u m f e r -  

e n t i a l   p o r t i o n   of  t he   d i a p h r a g m   to  d e f i n e   t h e  

a b o v e - m e n t i o n e d   wear   s u r f a c e .   The  s l e e v e   cap   d e f i n e s   a  

c e n t r a l   p o r t i o n   w h i c h   is   i n t e r p o s e d ,   in  the   p r e f e r r e d  

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

r e a c t i o n   s u r f a c e   of  t he   l a s h   a d j u s t e r   and  the   end  o f  

t he   e n g i n e   v a l v e   s t e m .   T h i s   a r r a n g e m e n t   has   t h e  

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

the   l a s h   a d j u s t e r   a s s e m b l y   to  a i d   in  t he   m a n u f a c t u r e   o f  

t he   t a p p e t .   F u r t h e r m o r e ,   t h e   l i k e l i h o o d   of  s e p a r a t i o n  

b e t w e e n   t he   s l e e v e   cap   and  t he   d i a p h r a g m   is   m i n i m i z e d  

by  t he   i n s e r t   m o l d i n g   of  t he   cap  t h e r e i n .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t he   p r e s e n t  

i n v e n t i o n ,   an  a c c e s s   b o r e   is   p r o v i d e d   b e t w e e n   a  c h e c k  



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

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

s u r f a c e .   T h i s   a r r a n g e m e n t   has   t he   a d v a n t a g e  o f  

e n a b l i n g   a  p r o b e   to  be  i n s e r t e d   t h r o u g h   the   b o r e   f o r  

o v e r r i d i n g   of  t he   c h e c k   v a l v e   f o r   p u r g i n g   a i r   f rom  t h e  

h i g h - p r e s s u r e   p o r t i o n   of  t he   l a s h   a d j u s t e r   a s s e m b l y  

d u r i n g   m a n u f a c t u r e .  

A c c o r d i n g   to  s t i l l   a n o t h e r   a s p e c t   of  t h e  

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

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

the   l a s h   a d j u s t e r   a s s e m b l y   to  a  l i m i t   l e s s   e x t e n s i v e  

t h a n   t he   p o s i t i o n   of  the   l a s h   a d j u s t e r   a s s e m b l y   w h e n  

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

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

a d j u s t e r .   S i m u l t a n e o u s l y ,   t he   r e t a i n e r   a l s o   p r e v e n t s  

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

a d j u s t e r   a s s e m b l y   and  t he   body  to  p r e v e n t   t o r s i o n a l  

s t r e s s i n g   of  t he   d i a p h r a g m .  

T h e s e   and  o t h e r   a s p e c t s   and  a d v a n t a g e s   of  t h e  

p r e s e n t   i n v e n t i o n   w i l l   become  a p p a r a n t   upon  r e a d i n g   t h e  

f o l l o w i n g   S p e c i f i c a t i o n   w h i c h ,   a l o n g   w i t h   t he   a p p l i c a -  

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

e m b o d i m e n t   of  t he   i n v e n t i o n   as  w e l l   as  m o d i f i c a t i o n s  

t h e r e o f ,   in  d e t a i l .  

A  d e t a i l e d   d e s c r i p t i o n   of  t he   E m b o d i m e n t   o f  

the   I n v e n t i o n   makes   r e f e r e n c e   to  t he   a c c o m p a n y i n g  

d r a w i n g s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  i s   a  c r o s s   s e c t i o n   of  a  p o r t i o n   o f  

t he   d i r e c t - a c t i n g   v a l v e   g e a r   of  an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   i l l u s t r a t i n g   the   t a p p e t   as  i n s t a l l e d   in  t h e  

e n g i n e ;  

FIGURE  2  i s   a  c r o s s - s e c t i o n a l   v i ew   of  t h e  

t a p p e t   i l l u s t r a t e d   in  FIGURE  1  s h o w i n g   t he   i n t e r n a l  

d e t a i l s   t h e r e o f ;  

FIGURE  3  i s   a  c r o s s - s e c t i o n a l   v i ew   of  a n  

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

FIGURE  2 ;  

FIGURE  4  is   a  c r o s s - s e c t i o n a l   v i ew  of  a  

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

e m b o d i m e n t   of  t he   t a p p e t   i l l u s t r a t e d   in  FIGURE  2;  a n d  

FIGURE  5  i s   a  p r o s p e c t i v e   b r o k e n   v i ew  of  t h e  

s e a l   a s s e m b l y   of  t he   t a p p e t   of  FIGURE  4 .  

DETAILED  DESCRIPTION  OF 

THE  PREFERRED  EMBODIMENTS  OF  THE  INVENTION 

R e f e r r i n g   to  FIGURE  1,  a  b u c k e t   t a p p e t  

i n d i c a t e d   g e n e r a l l y   a t   10  i s   s l i d a b l y   r e c e i v e d   in  a  

g u i d e   b o r e   12  p r o v i d e d   in  t he   c y l i n d e r   head   13  of  t h e  

e n g i n e   s t r u c t u r e .   A  c a m s h a f t   14  h a v i n g   a  cam  l o b e   16  

c o n t a c t s   t h e   u p p e r   end  or  cam  f a c e   r e a c t i o n   s u r f a c e   18  

of  t he   t a p p e t .   A  t y p i c a l   c o m b u s t i o n   c h a m b e r   v a l v e   20 

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

t h e   c y l i n d e r   head   13  w i t h   t he   s t e m   p o r t i o n   22  of  t h e  

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

a  v a l v e   g u i d e   24  f o r m e d   in  the   c y l i n d e r   head   13,  w i t h  

t h e   u p p e r   end  26  of  t h e   v a l v e   s t e m   c o n t a c t i n g   t he   l o w e r  

end  of  t he   t a p p e t .   The  v a l v e   is   b i a s e d   to  t he   c l o s e d  

p o s i t i o n   by  c o n c e n t r i c   v a l v e   s p r i n g s   28,  h a v i n g   t h e i r  

l o w e r   e n d s   r e g i s t e r e d   a g a i n s t   the   e x t e r i o r   of  t he   u p p e r  



p o r t i o n   of  t he   v a l v e   g u i d e   24  and  t h e i r   u p p e r   e n d s   i n  

c o n t a c t   w i t h   a  r e t a i n e r   30  s e c u r e d   to  t he   v a l v e   s t e m  

a d j a c e n t   i t s   u p p e r   end  and  r e t a i n e d   t h e r e o n   in  a  

s u i t a b l e   m a n n e r ,   as  f o r   e x a m p l e ,   by  t he   use   of  a  s p l i t  

k e e p e r   32  w h i c h   i s   w e l l - k n o w n   in  t he   a r t .  

R e f e r r i n g   now  to  FIGURES  4  and  5,  t h e  

p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t   of  t he   t a p p e t   10  i s  

shown  w h e r e i n   t he   b o d y ,   i n d i c a t e d   g e n e r a l l y   a t   34,  i s  

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

p o r t i o n   36  c l o s e d   a t   one  end  by  a  t r a n s v e r s e l y   e x t e n d i n g  

end  w a l l   38.  The  u p p e r   or  o u t s i d e   s u r f a c e   of  end  w a l l  

38  d e f i n e s   cam  f a c e   r e a c t i o n   s u r f a c e   18.  A  t u b u l a r   h u b  

p o r t i o n   40  is   i n t e g r a l l y   f o r m e d   w i t h   end  w a l l   38  w i t h i n  

o u t e r   w a l l   36  and  e x t e n d s   d o w n w a r d l y   t h e r e f r o m .   Hub  40  

d e f i n e s   a  l a s h   a d j u s t e r   a s s e m b l y   r e c e i v i n g   b o r e   4 2  

o p e n i n g   d o w n w a r d l y   and  in  g e n e r a l   a x i a l   a l i g n m e n t   w i t h  

o u t e r   w a l l   36.  A  l a s h   a d j u s t e r   a s s e m b l y ,   i n d i c a t e d  

g e n e r a l l y   a t   44,  i s   s l i d a b l y   r e c e i v e d   w i t h i n   b o r e   4 2 .  

The  o u t e r   p e r i p h e r y   of  o u t e r   w a l l   36  is   s i z e d   to  b e  

r e c e i v e d   in  t he   t a p p e t   g u i d e   b o r e   12  ( s e e   FIGURE  1)  i n  

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

o u t e r   w a l l ,   web  and  hub  have   been   d e s c r i b e d   a s  

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

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

body  f o r m e d   by  j o i n i n g   t h o s e   p o r t i o n s ,   as  f o r   e x a m p l e ,  

by  w e l d m e n t ,   such   as  f u s i o n   or  b r a z i n g .  

In  t he   p r e s e n t l y   p r e f e r r e d   p r a c t i c e ,   t h e  

t a p p e t   body  is   f o r m e d   of  a  s u i t a b l e   s t e e l   a l l o y   a s ,   f o r  

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

c h r o m i u m   and  is   s u i t a b l y   h a r d e n e d   f o r   wear   r e s i s t a n c e .  

H o w e v e r ,   i t   is   c o n t e m p l a t e d   t h a t   t he   body   c o u l d   b e  

f o r m e d   f rom  i r o n - b a s e d   m a t e r i a l   a s ,   f o r   e x a m p l e ,   s t e e l  

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

w e l d e d   t h e r e t o   to  d e f i n e   cam  f a c e   r e a c t i o n   s u r f a c e   1 8 .  



I t   w i l l   a l s o   be  u n d e r s t o o d   t h a t   o t h e r   m a t e r i a l s ,   f o r  

e x a m p l e ,   n i c k e l   a l l o y s   may  be  u s e d   or  h a r d e n a b l e   c a s t  

i r o n   or  c e r a m i c   m a t e r i a l s ,   or  c e r m e t s   may  be  e m p l o y e d  

i f   d e s i r e d .  

Lash  a d j u s t e r   a s s e m b l y   44  i n c l u d e s   a  p l u n g e r  

46  h a v i n g   t he   o u t e r   p e r i p h e r y   48  t h e r e o f   in  s l i d i n g  

c l o s e l y   f i t t i n g   r e l a t i o n s h i p   w i t h   b o r e   42.  O u t e r  

p e r i p h e r y   48  and  b o r e   42  c o m p r i s e   l e a k d o w n   s u r f a c e s ,  

t he   f u n c t i o n   of  w h i c h   w i l l   be  d e s c r i b e d   in  d e t a i l  

h e r e i n b e l o w .   The  p l u n g e r   46  has   a  t r a n s v e r s e   f a c e   50  

t h e r e o f ,   or  l o w e r   f a c e   w i t h   r e s p e c t   to  FIGURE  4 ,  

a d a p t e d   f o r   d r i v i n g   e n g a g e m e n t   w i t h   t he   end  26  ( s e e  

FIGURE  1)  of  the   c o m b u s t i o n   c h a m b e r   v a l v e   s t em   t h r o u g h  

an  i n t e r m e d i a t e   s l e e v e   cap   52,   t h e   f u n c t i o n   of  w h i c h  

w i l l   be  d e s c r i b e d   h e r e i n b e l o w .  

In  t he   p r e s e n t l y   p r e f e r r e d   p r a c t i c e ,   t h e  

p l u n g e r   46  is   f o r m e d   of  s t e e l   w i t h   f a c e   50  s u i t a b l y  

h a r d e n e d   f o r   wear   r e s i s t a n c e .   The  o u t e r   p e r i p h e r y   48  

of  t he   p l u n g e r   46  has   an  a n n u l a r   s h o u l d e r   54  f o r m e d  

t h e r e o n   a t   t he   i n t e r s e c t i o n   w i t h   t he   l o w e r   f a c e   50.  An 

a n n u l a r   r e t a i n e r   56  is  r e c e i v e d   on  the   open  end  of  h u b  

40  and  e n g a g e d   t h e r e w i t h ,   p r e f e r a b l y   in  a  g r o o v e   58 

f o r m e d   in  t he   o u t e r   p e r i p h e r y   of  hub  40.  R e t a i n e r   56  

has   one  or  more  t a n g s   60  e x t e n d i n g   r a d i a l l y   i n w a r d   o f  

b o r e   42,  e a c h   r e g i s t e r i n g   w i t h i n   a  l o c a l   n i t c h   62.  T h e  

u p p e r m o s t   e x t e n t   of  n i t c h   62  d e f i n e s   a  l o c a l   s t e p   6 4 .  

Tang  60  o p e r a t e s   to  l i m i t   a x i a l   d i s p l a c e m e n t   of  p l u n g e r  

46  a t   t he   p o i n t   w h e r e   t a n g   60  c o n t a c t s   s t e p   6 4 .  

S i m u l t a n e o u s l y ,   t a n g   60  o p e r a t e s   to  p r e v e n t   s u b s t a n t i a l  

r e l a t i v e   r o t a t i o n a l   r e p o s i t i o n i n g   of  p l u n g e r   46  a n d  

body   34.  P l u n g e r   46  i s   i l l u s t r a t e d   in  i t s   c o l l a p s e d   o r  

u p w a r d m o s t   l i m i t   of  t r a v e l .  

P l u n g e r   46  has   a  f l u i d   p a s s a g e   66  f o r m e d  

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



68  f o r m e d   t h e r e i n .   The  b o t t o m   end  of  p a s s a g e   6 6  

i n c l u d e s   a  c o n c e n t r i c   p r o b e   b o r e   70  and  a  r a d i a l l y  

e x t e n d i n g   v e n t   p a s s a g e   or  o i l   f e e d   h o l e   72  

i n t e r c o n n e c t i n g   f l u i d   p a s s a g e   66  w i t h   o u t e r   p e r i p h e r y  

48  of  p l u n g e r   46  a t   a  p o i n t   a d j a c e n t   s h o u l d e r   5 4 .  

C o u n t e r b o r e   68  has   a  f l a t   b o t t o m   74  w h i c h   i n t e r s e c t s  

p a s s a g e   66  in  an  a n n u l a r   s e a t i n g   s u r f a c e   76.  A  o n e - w a y  

v a l v e   member  in  t he   form  of  a  c h e c k   b a l l   78  r e s t s  

a g a i n s t   t he   a n n u l a r   s e a t i n g   s u r f a c e   76  and  is   b i a s e d  

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

c o n i c a l   c h e c k   b a l l   s p r i n g   80.  The  c h e c k   b a l l   78  i s  

r e t a i n e d   by  a  c a g e   82  w h i c h   has   an  o u t w a r d l y   e x t e n d i n g  

f l a n g e   84  r e c e i v e d   in  c o u n t e r b o r e   68  and  r e t a i n e d  

t h e r e i n   by  s u i t a b l e   means   a s ,   fo r   e x a m p l e ,   a  p r e s s  

f i t .   The  c a g e   82  is   p r o v i d e d   w i t h   one  or  m o r e  

a p e r t u r e s   or  p a s s a g e w a y s   ( n o t   shown)  to  e n a b l e   t he   f l o w  

of  f l u i d   t h e r e p a s t .   The  s u b a s s e m b l y   of  t h e   c h e c k   b a l l ,  

c a g e   and  p l u n g e r   46  is  b i a s e d   d o w n w a r d l y   by  a  p l u n g e r  

s p r i n g   86  h a v i n g   i t s   u p p e r   end  r e g i s t e r e d   a g a i n s t   t h e  

c l o s e d   end  of  b o r e   42  and  i t s   l o w e r   end  r e g i s t e r e d  

a g a i n s t   f l a n g e   84  of  c h e c k   b a l l   c a g e   8 2 .  

A  s e a l   a s s e m b l y ,   i n d i c a t e d   g e n e r a l l y   a t   8 8 ,  

is  r e c e i v e d   w i t h i n   body  34  and  i n c l u d e s   a  g e n e r a l l y  

a n n u l a r   c o m p l i a n t   d i a p h r a g m   90  f o r m e d   p r e f e r a b l y   o f  

r u b b e r   or  o t h e r   s u i t a b l e   m a t e r i a l   and  s l e e v e   cap   5 2 .  

The  o u t e r   c i r c u m f e r e n t i a l   p o r t i o n   92  of  d i a p h r a g m   90  

has   a  bead   94  f o r m e d   t h e r e i n ,   w h i c h   i s   n e s t i n g l y  

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

s u r f a c e   96  in  o u t e r   w a l l   36  and  r e t a i n e d   t h e r e i n   by  a n  

a n n u l a r   s p r i n g   c l i p   98,  w h i c h   is   h e l d   in  p o s i t i o n   by  a n  

a n n u l a r   r a d i a l l y   i n w a r d l y   d i r e c t e d   s h o u l d e r   100  f o r m e d  

on  the   i n n e r   s u r f a c e   of  o u t e r   w a l l   p o r t i o n   36.  S p r i n g  

c l i p   98  is  d i m e n s i o n e d   so  as  to  b e a r   a g a i n s t   l o w e r  

s u r f a c e   99  of  o u t e r   c i r c u m f e r e n t i a l   p o r t i o n   92  a n d  



t h e r e b y   p a r t i a l l y   c o m p r e s s   bead   94  a g a i n s t   s u r f a c e   96  

to  e n s u r e   a  f l u i d - t i g h t   s e a l   t h e r e b e t w e e n .  

S l e e v e   cap   52  i s   a  r i g i d ,   g e n e r a l l y  

d i s c - s h a p e d   member ,   f o r m e d   p r e f e r a b l y   of  s t e e l ,  

i n c l u d i n g   an  a n n u l a r   r im  p o r t i o n   102  and  a  r e c e s s e d  

c e n t r a l   p o r t i o n  1 0 4   j o i n e d   by  an  i n t e r m e d i a t e   s t e p  

106.   Rim  p o r t i o n   102  has   a  number   of  a p e r t u r e s   1 0 8  

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

D i a p h r a g m   90  has   an  i n n e r   c i r c u m f e r e n t i a l   p o r t i o n   1 1 0  

d e f i n i n g   an  a r e a   of  i n c r e a s e d   t h i c k n e s s   112 .   R i m  

p o r t i o n   102  of  s l e e v e   cap   52  is   i n s e r t - m o l d e d   w i t h i n  

a r e a   of  i n c r e a s e d   t h i c k n e s s   112  w h e r e i n   the   m a t e r i a l  

c o m p r i s i n g   d i a p h r a g m   90  has   f l o w e d   a t   l e a s t   p a r t i a l l y  

t h r o u g h   a p e r t u r e s   108  to  e n s u r e   p o s i t i v e   r e t e n t i o n   a n d  

s e a l i n g   e n g a g e m e n t   t h e r e b e t w e e n .  

The  l o w e r m o s t   p o r t i o n   of  p l u n g e r   46  n e s t s  

w i t h i n   s l e e v e   cap   52  w h e r e b y   t r a n s v e r s e   f a c e   50  t h e r e o f  

a b u t s   t he   u p p e r   s u r f a c e   of  r e c e s s e d   c e n t r a l   p o r t i o n  

104.   The  l o w e r   s u r f a c e   of  r e c e s s e d   c e n t r a l   p o r t i o n   1 0 4  

a b u t s   t he   u p p e r   end  26  of  s t e m   p o r t i o n   22  of  v a l v e   2 0 .  

In  a p p l i c a t i o n ,   s l e e v e   cap   52  is   a l w a y s   s a n d w i c h e d   o r  

b i a s e d   b e t w e e n   p l u n g e r   46  and  v a l v e   s t e m   22  a n d  

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

S t e p   106  in  s l e e v e   cap   52  a b u t s   t he   o u t e r   s u r f a c e   o f  

p l u n g e r   46  f o r m e d   by  s h o u l d e r   54  to  p o s i t i v e l y   l o c a t e  

s l e e v e   cap   52  in  i t s   i l l u s t r a t e d   p o s i t i o n .   T h u s ,   i n  

o p e r a t i o n ,   s l e e v e   cap  52  and  t he   r a d i a l l y   i n n e r m o s t  

p o r t i o n   of  d i a p h r a g m   90  is   f r e e   to  r e c i p r o c a t e   w i t h  

p l u n g e r   46  and  v a l v e   s t em  22  b u t   is  p r e v e n t e d   f r o m  

r a d i a l   d i s p l a c e m e n t   w i t h   r e s p e c t   to  body  34  by  i t s  

n e s t i n g   e n g a g e m e n t   w i t h   p l u n g e r   46.  S l e e v e   cap   52  

c o u l d   be  r e c o n f i g u r e d   to  n e s t i n g l y   e n g a g e   u p p e r   end  26  

of  v a l v e   s t em  p o r t i o n   22  i f   d e s i r e d .   In  i t s   b r o a d e s t  

s e n s e ,   t he   p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   any  form  o f  



r a d i a l   r e s t r a i n t   e f f e c t e d   upon  the   "wear   s u r f a c e "   o f  

the   s e a l ,   s u c h   as  p u r e   c o e f f i c i e n t   of  f r i c t i o n   of  t h e  

s a n d w i c h i n g   p l u n g e r   46  and  u p p e r   p o r t i o n   26,  o b v i a t i n g  

t h e   need   f o r   " n e s t i n g " .   Such  r a d i a l   r e s t r a i n t   t a k e s  

p l a c e   in  a p p l i c a t i o n   o n l y .   O t h e r w i s e ,   t he   wear   s u r f a c e  

f l o a t s   or  s e l f - l o c a t e s   a d j a c e n t   t he   l a s h   a d j u s t e r  

r e a c t i o n   s u r f a c e .  

S e a l   a s s e m b l y   88  and  body  34  c o a c t   to  d e f i n e  

an  e x p a n s i b l e   c l o s e d - f l u i d   r e s e r v o i r   114 .   F l u i d   i n  

r e s e r v o i r   114  is  c o m m u n i c a t e d   to  c h e c k   b a l l   78  t h r o u g h  

v e n t   p a s s a g e   or  o i l   f e e d   h o l e   72  and  f l u i d   p a s s a g e   6 6 .  

The  r e g i o n   above   c h e c k   b a l l   78  and  s e a t i n g   s u r f a c e   7 6  

and  b o u n d e d   by  c o u n t e r b o r e   68  and  b o r e   42  of  hub  40  

c o m p r i s e s   a  h i g h - p r e s s u r e   f l u i d   c h a m b e r   116  f o r  

r e t a i n i n g   t h e r e i n   f l u i d   e n t e r i n g   t h r o u g h   p a s s a g e   66  

upon  o p e n i n g   of  t he   c h e c k   b a l l   7 8 .  

D i a p h r a g m   90  has  i n t e g r a l l y   f o r m e d   t h e r e i n  

f o u r   u p w a r d l y   d i r e c t e d   d i s p l a c e m e n t   p o c k e t s   118  w h i c h  

a r e   c i r c u m f e r e n t i a l l y   s p a c e d   by  i n t e r m e d i a t e   r a d i a l l y  

e x t e n d i n g   web  p o r t i o n s   120  of  d i a p h r a g m   90.   E a c h  

d i s p l a c e m e n t   p o c k e t   118  has   o u t e r   s u r f a c e s   1 2 2  

c o m m u n i c a t i n g   w i t h   f l u i d   w i t h i n   r e s e r v o i r   114  and  i n n e r  

s u r f a c e s   124  c o m m u n i c a t i n g   w i t h   a m b i e n t   p r e s s u r e ,   w h i c h  

in  i n t e n d e d   a p p l i c a t i o n ,   w i l l   be  t he   a t m o s p h e r e .  

A l t h o u g h   f o u r   d i s p l a c e m e n t   p o c k e t s   118  a r e   i l l u s t r a t e d ,  

i t   is   c o n t e m p l a t e d   t h a t   one  or  more  c o u l d   be  e m p l o y e d .  

H o w e v e r ,   i f   two  or  more  a r e   u s e d ,   t h e y   s h o u l d   b e  

i n t e r s p a c e d   by  web  p o r t i o n s   120.   D i s p l a c e m e n t   p o c k e t s  

118  a r e   i n t e n d e d   to  f u n c t i o n   as  r e s i l i e n t   a c c u m u l a t o r s  

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

46  is   r e p o s i t i o n e d   and  f l u i d   e x i t s   f rom  b e t w e e n  

l e a k d o w n   s u r f a c e s   42  and  48.  A l t h o u g h   a l l   t r a n s i e n t  

p h e n o m e n a   and  f o r c e s   upon  d i a p h r a g m   90  have   n o t   b e e n  



a n a l y z e d   in  d e t a i l ,   t he   a p p l i c a n t s   s u r m i s e   t h a t   t h e  

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

d i s p l a c e m e n t   p o c k e t s   is   a  r e s u l t   of  r e d u c e d   t e n s i o n   a n d  

c o m p r e s s i o n   f o r c e s   i m p o s e d   on  d i a p h r a g m   90.   M o m e n t a r y  

c o l l a p s i n g   d i s p l a c e m e n t   of  d i s p l a c e m e n t   p o c k e t s   1 1 8  

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

t o t a l   p o s i t i v e   p r e s s u r e   on  d i a p h r a g m   90  and  t h e r e f o r e  

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

In  o p e r a t i o n ,   c h e c k   b a l l   78  is   b i a s e d   in  a  

c l o s e d   p o s i t i o n   by  s p r i n g   80  and  upon  r o t a t i o n   of  t h e  

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

c o m b u s t i o n   c h a m b e r   to  t he   p o s i t i o n   shown  in  s o l i d  

o u t l i n e   in  FIGURE  1,  t he   u p p e r   s u r f a c e   18  of  t a p p e t   10  

is   r e g i s t e r e d   a g a i n s t   t he   b a s e   c i r c l e   p o r t i o n   of  t h e  

cam  w i t h   t he   l o b e   16  o r i e n t e d   so  as  n o t   to  c o n t a c t   t h e  

cam  f a c e   18  of  t he   t a p p e t .   Upon  r o t a t i o n   of  t h e  

c a m s h a f t   14  to  t he   p o s i t i o n   shown  in  d a s h e d   o u t l i n e   i n  

FIGURE  1,  t he   cam  l o b e   c o n t a c t s   the   cam  f a c e   r e a c t i o n  

s u r f a c e   18  of  t he   t a p p e t   10,  c a u s i n g   the   t a p p e t   to  m o v e  

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

v a l v e   20.  Upon  s u b s e q u e n t   r o t a t i o n   of  t he   c a m s h a f t   t o  

r e t u r n   to  t he   s o l i d   o u t l i n e   p o s i t i o n   of  FIGURE  1,  t h e  

v a l v e   e v e n t   is   c o m p l e t e   and  the   v a l v e   is   r e s e a t e d   o n  

t h e   v a l v e   s e a t .  

In  o p e r a t i o n ,   w i t h   t he   e n g i n e   cam  l o b e   16  i n  

the   p o s i t i o n   shown  in  FIGURE  1,  t he   p l u n g e r   s p r i n g   8 6 ,  

a i d e d   by  h y d r a u l i c   p r e s s u r e   in  f l u i d   c h a m b e r   1 1 6 ,  

m a i n t a i n s   t he   l o w e r   f a c e   50  of  p l u n g e r   46  in  c o n t a c t  

w i t h   t he   u p p e r   s u r f a c e   of  r e c e s s e d   c e n t r a l   p o r t i o n   1 0 4  

of  s l e e v e   cap   52  w h i c h ,   in  t u r n ,   is  m a i n t a i n e d   i n  

c o n t a c t   w i t h   u p p e r   end  26  of  v a l v e   s t e m   22  t h e r e b y  

e l i m i n a t i n g   l a s h   in  t he   v a l v e   g e a r .   T h i s   c a u s e s  

e x p a n s i o n   of  c h a m b e r   116,   w h i c h   d r a w s   open  t he   c h e c k  

b a l l   78  p e r m i t t i n g   f l u i d   to  f l ow  i n t o   c h a m b e r   116  f r o m  



p a s s a g e   66.  Upon  s u c c e s s i o n   of  t he   e x p a n s i o n   o f  

c h a m b e r   116 ,   t he   c h e c k   b a l l   78  c l o s e s   u n d e r   t he   b i a s i n g  

of  s p r i n g   80.  Upon  s u b s e q u e n t   r o t a t i o n   of  cam  l o b e   1 6 ,  

t he   ramp  of  t he   cam  l o b e   b e g i n s   to  e x e r t   a  d o w n w a r d  

f o r c e   on  t he   u p p e r   f a c e   18  of  t he   t a p p e t ,   t e n d i n g   t o  

c o m p r e s s   t he   p l u n g e r   46  i n t o   b o r e   42,  w h i c h   c o m p r e s s i o n  

is   r e s i s t e d   by  f l u i d   t r a p p e d   in  c h a m b e r   116 .   The  f l u i d  

t r a p p e d   in  c h a m b e r   116  is  to  p r e v e n t   s u b s t a n t i a l  

m o v e m e n t   of  t he   p l u n g e r   46  r e l a t i v e   to  body  34,  and  i t  

t r a n s m i t s   t he   m o t i o n   t h r o u g h   t he   b o t t o m   f a c e   50  o f  

p l u n g e r   46  o n t o   the   top   of  v a l v e   s t em   26  t h r o u g h   s l e e v e  

cap  52.  I t   w i l l   be  u n d e r s t o o d   by  t h o s e   h a v i n g   o r d i n a r y  

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

46  w i t h   r e s p e c t   to  body  34  o c c u r s ,   t he   m a g n i t u d e   o f  

w h i c h   is  c o n t r o l l e d   by  t he   a m o u n t   of  f l u i d   p e r m i t t e d   t o  

p a s s   t h r o u g h   the   a f o r e s a i d   l e a k d o w n   s u r f a c e s   42  a n d  

48.  The  p l u n g e r   and  body  t h u s   a c t   as  a  r i g i d   m e m b e r  

t r a n s m i t t i n g   f u r t h e r   l i f t s   of  cam  l o b e   16  f o r   o p e n i n g  

the   v a l v e   to  t he   p o s i t i o n   shown  by  d a s h e d   l i n e   i n  

FIGURE  1 .  

P r o b e   b o r e   70  is  p r o v i d e d   to  f a c i l i t a t e  

a s s e m b l y   of  t a p p e t   10  by  p r o v i d i n g   a  p a s s a g e w a y   b e t w e e n  

f a c e   50  of  p l u n g e r   46  and  c h e c k   b a l l   7 8 .  

I n - p r o c e s s   v e r i f i c a t i o n   of  t he   s u b a s s e m b l y  

c o m p r i s i n g   body  34  and  l a s h   a d j u s t e r   a s s e m b l y   44  can  b e  

e f f e c t e d   p r i o r   to  i n s t a l l a t i o n   of  s e a l   a s s e m b l y   88  b y  

i n s e r t i n g   a  p r o b e   t h r o u g h   b o r e   70  in  p a s s a g e   66  t o  

m o m e n t a r i l y   d i s p l a c e   c h e c k   b a l l   78  f rom  s e a t i n g   s u r f a c e  

76.  Once  s e a l   a s s e m b l y   88  is  i n s t a l l e d ,   p r o b e   b o r e   70 

s e r v e s   no  f u r t h e r   p u r p o s e .  

R e f e r r i n g   to  FIGURE  3,  an  a l t e r n a t i v e  

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

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

r o l l i n g   t y p e   d i a p h r a g m   132  h a v i n g   an  o u t e r   p e r i p h e r a l  



bead   134  r e t a i n e d   in  p o s i t i o n   by  a  s p r i n g   c l i p   136  a n d  

an  i n n e r   p e r i p h e r a l   a r e a   of  i n c r e a s e d   t h i c k n e s s   1 3 8  

w i t h   an  a n n u l a r   r im  p o r t i o n   of  a  s l e e v e   c a p  1 4 0  

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

i n d i c a t e d   g e n e r a l l y   a t   142 .   R o l l i n g   d i a p h r a g m   132  h a s  

a  c o n v o l u t i o n   144  e x t e n d i n g   w i t h i n   a  f l u i d   r e s e r v o i r  

146 .   D e f i n i t i o n a l l y ,   " c o n v o l u t i o n s "   a r e   to  b e  

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

any  p a t e n t   i s s u i n g   t h e r e f r o m   as  m e a n i n g   on  or  more  r o l l  

or  u n d u l a t i o n   of  d i a p h r a g m   132.   O p e r a t i o n   of  b u c k e t  

t a p p e t   130  is   s u b s t a n t i a l l y   as  d i s c l o s e d   and  d e s c r i b e d  

in  c o n n e c t i o n   w i t h   t he   d i s c u s s i o n   of  t he   e m b o d i m e n t  

i l l u s t r a t e d   in  FIGURES  4  and  5  h e r e i n a b o v e .   As  s h o w n  

by  p h a n t o m   l i n e ,   c o n v o l u t i o n   144  w i l l   r o l l   w i t h   i n n e r  

p e r i p h e r a l   a r e a   138  as  p l u n g e r   148  is   d i s p l a c e d  

o u t w a r d l y .   A l t h o u g h   the   d i m e n s i o n s   of  d i a p h r a g m   1 3 2  

w i l l   v a r y   as  a  f u n c t i o n   of  a c t u a l   a p p l i c a t i o n ,   i t   i s  

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

w i l l   r e m a i n   t r u e .   C o n v o l u t i o n   144  w i l l   e x t e n d   a x i a l l y  

a  n o m i n a l   d i m e n s i o n   i n d i c a t e d   a t   D  w h i c h   i s  

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

n o m i n a l   r a d i a l   s p a c i n g   ( d e s i g n e d   R)  of  t he   bead   134  a n d  

a r e a   of  i n c r e a s e d   t h i c k n e s s   1 3 8 .  

R e f e r r i n g   to  FIGURE  2,  a  s e c o n d   a l t e r n a t i v e  

e m b o d i m e n t   of  a  b u c k e t   t a p p e t   150 ,   is   i l l u s t r a t e d ,  

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

t u b u l a r   w a l l   p o r t i o n   154 ,   a  t r a n s v e r s e l y   e x t e n d i n g   e n d  

w a l l   156  and  an  a n n u l a r   hub  158 .   A  l a s h   a d j u s t e r  

a s s e m b l y   160  i s   s l i d i n g l y   r e c e i v e d   w i t h i n   a  b o r e   1 6 2  

d e f i n e d   by  hub  158.   F i n a l l y ,   a  s e a l   a s s e m b l y   1 6 4  

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

d i a p h r a g m   166  and  a  c e n t r a l   i n s e r t - m o l d e d   s l e e v e   c a p  
168 .   Wi th   t h e   e x c e p t i o n s   d i s c u s s e d   h e r e i n b e l o w ,   b u c k e t  

t a p p e t   150  o p e r a t e s   s u b s t a n t i a l l y   i d e n t i c a l l y   as  t h e  



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

to  FIGURES  4  and  5 .  

D i a p h r a g m   166,   l i k e   d i a p h r a g m   132  ( r e f e r  

FIGURE  3)  i s   c i r c u m f e r e n t i a l l y   s y m m e t r i c a l   and  i n c l u d e s  

a  c o n v o l u t i o n   170  e x t e n d i n g   w i t h i n   a  f l u i d   r e s e r v o i r  

172 .   The  i n n e r   p e r i p h e r y   or  b o r e   162  of  hub  158  h a s  

r e c e i v e d   t h e r e i n   a  p l u n g e r   174  in  s l i d i n g   c l o s e l y  

f i t t i n g   r e l a t i o n s h i p   t h e r e w i t h .   P l u n g e r   174  has   a  

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

FIGURE  2,  a d a p t e d   f o r   n e s t i n g   e n g a g e m e n t   w i t h   s l e e v e  

cap  168  f o r   d r i v i n g   v a l v e   s t em   22.  No  r e t a i n e r   i s  

i l l u s t r a t e d   in  t he   e m b o d i m e n t   of  FIGURE  2  a l t h o u g h   i t  

is   c o n t e m p l a t e d   t h a t   one  wou ld   be  e m p l o y e d   in  p r a c t i c e  

fo r   t he   r e a s o n s   s e t   f o r t h   h e r e i n a b o v e .  

P l u n g e r   174  has   a  p r e c i s i o n   c y l i n d r i c a l   b o r e  

176  f o r m e d   in  t he   u p p e r   end  t h e r e o f   w i t h   t he   l o w e r   e n d  

t h e r e o f   t e r m i n a t i n g   in  a  s h o u l d e r e d   f l a t   b o t t o m   1 7 8 .  

The  p r e c i s i o n   b o r e   176  has  s l i d a b l y   r e c e i v e d   t h e r e i n   i n  

v e r y   c l o s e l y   f i t t i n g   r e l a t i o n s h i p   a  p i s t o n   member  1 8 0 ,  

the   o u t e r   p e r i p h e r y   182  t h e r e o f   b e i n g   of  p r e c i s i o n  

d i a m e t e r   and  s m o o t h n e s s   so  as  to  p r o v i d e   c o n t r o l   of  t h e  

l e a k d o w n   or  p a s s a g e   of  p r e s s u r i z e d   f l u i d   t h e r e b e t w e e n .  

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

174  and  the   p i s t o n   180  a r e   f o r m e d   of  a  s u i t a b l e   s t e e l  

m a t e r i a l .  

P i s t o n   180  has   a  f l u i d   p a s s a g e   184  f o r m e d  

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

b o t t o m   end  of  t h e   p a s s a g e w a y   180  has  a  c o u n t e r b o r e   1 8 6  

p r o v i d e d   in  t he   l o w e r   end  of  p i s t o n   180  w h i c h  

c o u n t e r b o r e   has   a  g e n e r a l l y   f l a t   t op   188  w h i c h  

i n t e r s e c t s   t he   p a s s a g e w a y   184  in  an  a n n u l a r   s e a t i n g  

s u r f a c e   190 .   A  o n e - w a y   v a l v e   member  in  t he   fo rm  of  a  

c h e c k   b a l l   192  r e s t s   a g a i n s t   t he   a n n u l a r   s e a t i n g  

s u r f a c e   190 ,   and  is  b i a s e d   t h e r e a g a i n s t   by  a  s u i t a b l e  



e x p e d i e n t   a s ,   f o r   e x a m p l e ,   a  c h e c k   b a l l   s p r i n g   1 9 4 .  

The  c h e c k   b a l l   192  is   r e t a i n e d   by  a  c a g e   196  w h i c h   h a s  

an  o u t w a r d l y   e x t e n d i n g   f l a n g e   198  r e c e i v e d   i n  

c o u n t e r b o r e   186  and  r e t a i n e d   t h e r e i n   by  a  s u i t a b l e  

means   a s ,   f o r   e x a m p l e ,   a  p r e s s   f i t .   The  c a g e   196  h a s  

an  a p e r t u r e   ( n o t   i l l u s t r a t e d )   to  a l l o w   f l u i d  

c o m m u n i c a t i o n   t h e r e b y .   The  s u b a s s e m b l y   of  t he   c h e c k  

b a l l   192 ,   c a g e   196  and  p i s t o n   180  is   b i a s e d   u p w a r d l y   b y  

a  p l u n g e r   s p r i n g   200  h a v i n g   i t s   u p p e r   end  r e g i s t e r i n g  

a g a i n s t   f l a n g e   198  of  t he   c h e c k   b a l l   c a g e   196  and  i t s  

l o w e r   end  c o n t a c t i n g   t he   b o t t o m   178  of  t he   p l u n g e r   1 7 4 .  

F l u i d   p a s s a g e   184  c o m m u n i c a t e s   w i t h   r e s e r v o i r  

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

b y p a s s   r e c e s s   202  f o r m e d   in  t he   l o w e r   s u r f a c e   of  e n d  

w a l l   156  and  an  a x i a l l y   e x t e n d i n g   b y p a s s   r e c e s s   2 0 4  

f o r m e d   in  b o r e   162  of  hub  158.   B y p a s s   r e c e s s e s   202  a n d  

204  f u n c t i o n   to  m a i n t a i n   p a s s a g e w a y   184  and  r e s e r v o i r  

172  in  c o n t i n u o u s   f l u i d   c o m m u n i c a t i o n .   I t   w i l l   b e  

u n d e r s t o o d   t h a t   p i s t o n   180  is  m a i n t a i n e d   in  t he   u p w a r d  

e x t r e m e   p o s i t i o n   and  a g a i n s t   t he   u n d e r s u r f a c e   of  e n d  

w a l l   156 ,   as  i l l u s t r a t e d   in  FIGURE  2  by  s p r i n g   200  a n d  

t h e   h y d r a u l i c   p r e s s u r e   in  c h a m b e r   2 0 6 .  

The  r e g i o n   206  b e l o w   c h e c k   b a l l   172  and  s e a t  

190  and  b o u n d e d   by  b o r e   186  of  p i s t o n   180 ,   b o r e   176  o f  

p l u n g e r   174  and  b o t t o m   178  of  p l u n g e r   174  c o m p r i s e   a  

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

e n t e r i n g   p a s s a g e   184  upon  o p e n i n g   of  t he   c h e c k   b a l l   1 9 2 .  

In  o p e r a t i o n ,   c h e c k   b a l l   192  is   b i a s e d   in  a  

c l o s e d   p o s i t i o n   by  s p r i n g   194  and  upon  r o t a t i o n   of  t h e  

c a m s h a f t   in  t i m e d   r e l a t i o n   to  t he   e v e n t s   of  t h e  

c o m b u s t i o n   c h a m b e r   to  t he   p o s i t i o n   shown  in  s o l i d  

o u t l i n e   in  FIGURE  1,  t he   u p p e r   s u r f a c e   of  the   t a p p e t   i s  

r e g i s t e r e d   a g a i n s t   t he   b a s e   c i r c l e   of  t he   cam  w i t h   t h e  

l o b e   16  o r i e n t e d   so  as  no t   to  c o n t a c t   t h e   cam  f a c e   18  



of  t he   t a p p e t .   Upon  r o t a t i o n   of  t he   c a m s h a f t   14  to  t h e  

p o s i t i o n   shown  in  d a s h e d   o u t l i n e   in  FIGURE  1,  t he   c a m  

l o b e   c o n t a c t s   t he   u p p e r   f a c e   18  of  t he   t a p p e t ,   c a u s i n g  

t h e   t a p p e t   to  move  d o w n w a r d l y ,   t h e r e b y   o p e n i n g   t he   c o m -  

b u s t i o n   c h a m b e r   v a l v e .   Upon  s u b s e q u e n t   r o t a t i o n   of  t h e  

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

FIGURE  1,  t he   v a l v e   e v e n t   is  c o m p l e t e   and  t he   v a l v e   i s  

r e s e a t e d   on  the   v a l v e   s e a t .   In  o p e r a t i o n ,   w i t h   t h e  

e n g i n e   cam  l o b e   16  in  t he   p o s i t i o n   shown  in  FIGURE  1 ,  

t he   p l u n g e r   s p r i n g   200,   a i d e d   by  h y d r a u l i c   p r e s s u r e ,  
m a i n t a i n s   the   u p p e r   end  of  p i s t o n   180  in  c o n t a c t   w i t h  

the   u n d e r   s u r f a c e   of  end  w a l l   156  and  u r g e s   t he   p l u n g e r  

174  in  the   downward   d i r e c t i o n   u n t i l   t he   end  f a c e   1 7 5  

t h e r e o f   c o n t a c t s   the   u p p e r   f a c e   26  of  t he   v a l v e   s t e m   22  

( t h r o u g h   s l e e v e   cap   168)  t h e r e b y   e l i m i n a t i n g   l a s h   i n  

t he   v a l v e   g e a r .   T h i s   c a u s e s   e x p a n s i o n   of  t he   c h a m b e r  

206  w h i c h   d r a w s   open  the   c h e c k   b a l l   192  p e r m i t t i n g  

f l u i d   to  f l ow  i n t o   c h a m b e r   206.   Upon  s u c c e s s i o n   o f  

e x p a n s i o n   of  c h a m b e r   206 ,   the   c h e c k   b a l l   192  c l o s e s  

u n d e r   the   b i a s i n g   of  s p r i n g   194.   Upon  s u b s e q u e n t  

r o t a t i o n   of  t he   cam  l o b e   16,  t he   ramp  of  the   cam  l o b e  

b e g i n s   to  e x e r t   a  downward   f o r c e   on  the   u p p e r   f a c e   18  

of  t he   t a p p e t   t e n d i n g   to  c o m p r e s s   t he   p i s t o n   180  i n t o  

the   b o r e   176  of  t he   p l u n g e r   w h i c h   c o m p r e s s i o n   i s  

r e s i s t e d   by  the   f l u i d   t r a p p e d   in  c h a m b e r   206.   The  f l u i d  

t r a p p e d   in  c h a m b e r   206  p r e v e n t s   s u b s t a n t i a l   m o v e m e n t   o f  

the   p i s t o n   180  r e l a t i v e   to  p l u n g e r   174  and  t r a n s m i t s  

t h e   m o t i o n   t h r o u g h   t he   b o t t o m   f a c e   of  p l u n g e r   174  o n t o  

the   t op   of  t he   v a l v e   s t em  26.  I t   w i l l   be  u n d e r s t o o d   b y  

t h o s e   h a v i n g   o r d i n a r y   s k i l l   in  the   a r t   t h a t   a  m i n o r  

m o v e m e n t   of  t he   p l u n g e r   w i t h   r e s p e c t   to  t he   p i s t o n  

o c c u r s ,   t h e   m a g n i t u d e   of  w h i c h   is   c o n t r o l l e d   by  t h e  

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

l e a k d o w n   s u r f a c e s   176  and  182.   The  p i s t o n   180  a n d  



p l u n g e r   174  t h u s   a c t   as  a  r i g i d   member  t r a n s m i t t i n g  

f u r t h e r   l i f t s   of  cam  l o b e   16  f o r   o p e n i n g   t he   v a l v e .  

The  n o v e l   c o n s t r u c t i o n   of  t he   t a p p e t   1 5 0  

i l l u s t r a t e d   in  FIGURE  2  p r o v i d e s   t he   l a s h   a d j u s t m e n t   b y  

a  p r e c i s i o n   f i t   of  a  p i s t o n   in  a  b o r e   f o r m e d   in  a  

p l u n g e r   s l i d a b l y   r e c e i v e d   in  the   hub ,   and  t h u s  

e l i m i n a t e s   t he   need   f o r   p r e c i s i o n   f i t t i n g   l e a k d o w n  

c o n t r o l   s u r f a c e s   on  t he   i n t e r i o r   of  t he   t a p p e t   h u b .  

The  e x t e r n a l   r e t e n t i o n   means   i l l u s t r a t e d   in  t h e  

e m b o d i m e n t s   of  FIGURES  3  and  4  p e r m i t   e a s e   o f  

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

a s s e m b l y   fo r   c l e a n i n g   a n d / o r   p a r t s   r e p l a c e m e n t .  

F u r t h e r m o r e ,   s p r i n g   c l i p s   98  and  136  p r o v i d e   e f f e c t i v e  

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

c i r c u m f e r e n c e   of  t he   d i a p h r a g m   and  the   body  w h i l e  

p e r m i t t i n g   d i s a s s e m b l y   and  s e r v i c e ,   i f   r e q u i r e d ,  

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

I t   is  to  be  u n d e r s t o o d   t h a t   the   i n v e n t i o n   h a s  

been   d e s c r i b e d   w i t h   r e f e r e n c e   to  s p e c i f i c   e m b o d i m e n t s  

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

d e s c r i b e d ,   and  t h a t   such   s p e c i f i c   e m b o d i m e n t s   a r e  

s u s c e p t i b l e   of  m o d i f i c a t i o n   as  w i l l   be  a p p a r e n t   t o  

t h o s e   s k i l l e d   in  t he   a r t .   A c c o r d i n g l y ,   t he   f o r e g o i n g  

d e s c r i p t i o n   is   n o t   to  be  c o n s t r u e d   in  a  l i m i t i n g   s e n s e .  



1.  A  s e l f - c o n t a i n e d   h y d r a u l i c   l a s h   a d j u s t i n g  

t a p p e t   (10;   130;   150)  f o r   use   in  t h e   v a l v e   g e a r   of  a n  

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

(a)  body  means   (34;   152)  i n c l u d i n g  

s t r u c t u r e   d e f i n i n g ,  

( i)   an  o u t e r   a n n u l a r   w a l l   ( 3 6 ;  

1 5 4 ) ,  

( i i )   a  t r a n s v e r s e l y   e x t e n d i n g   e n d  

w a l l   (38;   156)  s u b s t a n t i a l l y   c l o s i n g   one  end  of  s a i d  

o u t e r   w a l l   and  d e f i n i n g   a  cam  f a c e   r e a c t i o n   s u r f a c e  

( 1 8 ) ,   a n d  

( i i i )   an  a n n u l a r   hub  w i t h i n   ( 4 0 ;  

158)  s a i d   o u t e r   w a l l ;  

(b)  h y d r a u l i c   l a s h   a d j u s t i n g   means   ( 4 4 ;  

160)  r e c e i v e d   w i t h i n   s a i d   hub  and  d e f i n i n g   a  r e a c t i o n  

s u r f a c e   (50;   175)  a d a p t e d   f o r   c o n t a c t i n g   a s s o c i a t e d  

c o m p o n e n t s   (22)  of  t h e   e n g i n e   v a l v e   g e a r   f o r   e f f e c t i n g  

l a s h   a d j u s t m e n t   t h e r e o f ;   a n d  

(c)  s e a l   means   (88;   142;   164)  d e f i n i n g  

an  e x p a n s i b l e   c l o s e d   f l u i d   r e s e r v o i r   (114 ;   146;   172)  i n  

c o m b i n a t i o n   w i t h   s a i d   body   means   c h a r a c t e r i z e d   in  t h a t  

s a i d   s e a l   means   i n c l u d e s :  

a  c o m p l i a n t   d i a p h r a g m   (90;   132;   1 6 6 )  

h a v i n g   an  o u t e r   c i r c u m f e r e n t i a l   p o r t i o n   (92)  t h e r e o f  

r e t a i n e d   w i t h i n   s a i d   body  means   to  e s t a b l i s h   a  

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

p o r t i o n   (52;   140;   168)  d e f i n i n g   a  wear   s u r f a c e  

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

r e s t r a i n e d   by  s a i d   l a s h   a d j u s t e r   means   r e a c t i o n   s u r f a c e  

and  a t   l e a s t   one  of  s a i d   a s s o c i a t e d   c o m p o n e n t s   of  t h e  

e n g i n e   v a l v e   g e a r .  



2.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   I ,  

f u r t h e r   c o m p r i s i n g   a c c u m u l a t o r   means   ( 118 ;   144 ;   1 7 0 )  

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

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

a s s o c i a t e d   w i t h   s a i d   l a s h   a d j u s t m e n t .  

3.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   2 ,  

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

d i s p l a c e m e n t   p o c k e t   (118)  e x t e n d i n g   w i t h i n   s a i d  

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

s t r u c t u r e ,   s a i d   p o c k e t   c h a r a c t e r i z e d   by  o u t e r   s u r f a c e s  

(122)  n o r m a l l y   c o m m u n i c a t i n g   w i t h   f l u i d   in  s a i d  

r e s e r v o i r   and  i n n e r   s u r f a c e s   (124)  n o r m a l l y  

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

4.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   2 ,  

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

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

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

s a i d   r e s e r v o i r   r a d i a l l y   i n t e r m e d i a t e   s a i d   o u t e r   w a l l  

and  hub  s t r u c t u r e ,   e a c h   s a i d   p o c k e t   c h a r a c t e r i z e d   b y  

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

s a i d   r e s e r v o i r   and  i n n e r   s u r f a c e s   n o r m a l l y  

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

5.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   4 ,  

w h e r e i n   s a i d   s e a l   means   f u r t h e r   d e f i n e s   s u b s t a n t i a l l y  

r a d i a l l y   e x t e n d i n g   web  p o r t i o n s   (120)  c i r c u m f e r e n t i a l l y  

i n t e r s p a c i n g   s a i d   d i s p l a c e m e n t   p o c k e t s .  

6.  A  s e l f - c o n t a i n e d   h y d r a u l i c   l a s h   a d j u s t i n g  

t a p p e t   f o r   use   in  t h e   v a l v e   g e a r   of  an  i n t e r n a l  

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

(a)  body   means   i n c l u d i n g   s t r u c t u r e  

d e f i n i n g ,  



( i )   an  o u t e r   a n n u l a r   w a l l ,  

( i i )   a  t r a n s v e r s e l y   e x t e n d i n g   e n d  

w a l l   s u b s t a n t i a l l y   c l o s i n g   one  end  of  s a i d   o u t e r   w a l l  

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

( i i i )   an  a n n u l a r   hub  d e p e n d i n g   f r o m  

s a i d   end  w a l l   w i t h i n   s a i d   o u t e r   w a l l ;  

(b)  h y d r a u l i c   l a s h   a d j u s t i n g   m e a n s  

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

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

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

r e a c t i o n   s u r f a c e   w i t h   r e s p e c t   to  s a i d   cam  f a c e   r e a c t i o n  

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

(c)  s e a l   means   d e f i n i n g   an  e x p a n s i b l e  

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

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

c h a r a c t e r i z e d   in  t h a t   s a i d   s e a l   means   i n c l u d e s :  

( i)   a  c o m p l i a n t   d i a p h r a g m   h a v i n g  

an  o u t e r   c i r c u m f e r e n t i a l   p o r t i o n   t h e r e o f   r e t a i n e d  

w i t h i n   s a i d   body  means   to  e s t a b l i s h   a  f l u i d - t i g h t   s e a l  

t h e r e b e t w e e n ,   a n d  

( i i )   a  s l e e v e   cap   (52;   140;   1 6 8 )  

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

s a i d   d i a p h r a g m   and  d e f i n i n g   a  c e n t r a l   p o r t i o n   ( 1 0 4 )  

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

r e s t r a i n e d   by  s a i d   l a s h   a d j u s t i n g   means   r e a c t i o n  

s u r f a c e   and  a t   l e a s t   one  of  s a i d   a s s o c i a t e d   c o m p o n e n t s  

of  t h e   e n g i n e   v a l v e   g e a r .  

7.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   6 ,  

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

c o m p r i s e s   a  f i r s t   p o r t i o n   (104)  d i s p o s e d   s u b s t a n t i a l l y  

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

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

g e a r ,   and  a  s e c o n d ,   a x i a l l y   e x t e n d i n g   p o r t i o n   (106)   f o r  

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



8.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   6 ,  

f u r t h e r   c o m p r i s i n g   means   (60 ;   62)  o p e r a t i v e   to  p r e v e n t  

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

a d j u s t i n g   means   and  s a i d   body   m e a n s .  

9.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   8 ,  

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

r e t a i n e r   (56)  s i m u l t a n e o u s l y   o p e r a t i v e   to  l i m i t   o u t w a r d  

a x i a l   d i s p l a c e m e n t   of  s a i d   l a s h   a d j u s t i n g   means   w i t h i n  

s a i d   h u b .  

10.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   6 ,  

w h e r e i n   s a i d   s e a l   means   f u r t h e r   d e f i n e s   a t   l e a s t   o n e  

c o m p l i a n t   d i s p l a c e m e n t   p o c k e t   e x t e n d i n g   w i t h i n   s a i d  

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

s t r u c t u r e ,   s a i d   p o c k e t   c h a r a c t e r i z e d   by  o u t e r   s u r f a c e s  

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

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

p r e s s u r e .  

11.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   6 ,  

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

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

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

s a i d   o u t e r   w a l l   and  hub  s t r u c t u r e ,   e a c h   s a i d   p o c k e t  

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

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

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

12.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 1 ,  

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

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

i n t e r s p a c i n g   s a i d   d i s p l a c e m e n t   p o c k e t s .  



13.  A  s e l f - c o n t a i n e d   h y d r a u l i c   l a s h   a d j u s t i n g  

t a p p e t   f o r   use   in  t h e   v a l v e   g e a r   of  an  i n t e r n a l  

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

(a)  body   means   i n c l u d i n g   s t r u c t u r e  

d e f i n i n g ,  

( i)   an  o u t e r   a n n u l a r   w a l l   h a v i n g  

the   o u t e r   p e r i p h e r y   t h e r e o f   f o r m i n g   a  wear   r e s i s t a n t  

s u r f a c e ,  

( i i )   a  t r a n s v e r s e l y   e x t e n d i n g   e n d  

w a l l   s u b s t a n t i a l l y   c l o s i n g   one  end  of  s a i d   o u t e r   w a l l  

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

s u r f a c e ,   a n d  

( i i i )   an  a n n u l a r   hub  d i s p o s e d   w i t h i n  

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

d e p e n d i n g   f rom  and  h a v i n g   one  end  t h e r e o f   c l o s e d   b y  

s a i d   end  w a l l ,   and  d e f i n i n g   an  a n n u l a r   i n n e r   p e r i p h e r y  

d i s p o s e d   in  a  g e n e r a l l y   p a r a l l e l   r e l a t i o n s h i p   to  s a i d  

wear   s u r f a c e ;  

(b)  h y d r a u l i c   l a s h   a d j u s t i n g   m e a n s  

m o v a b l y   r e c e i v e d   in  t he   open  end  of  s a i d   hub ,   s a i d   l a s h  

a d j u s t i n g   means   i n c l u d i n g   s t r u c t u r e   d e f i n i n g   a  r e a c t i o n  

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

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

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

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

a d j u s t i n g   means   i n c l u d i n g   means   d e f i n i n g   a  f l u i d  

p r e s s u r e   c h a m b e r   (206)  and  o n e - w a y   v a l v e   means   ( 1 9 0 ;  

192;   194)  o p e r a b l e   to  a d m i t   f l u i d   to  s a i d   c h a m b e r   f o r  

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

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

a d j u s t m e n t   in  s a i d   v a l v e   g e a r , . s a i d   l a s h   a d j u s t i n g  

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

s u r f a c e   away  f rom  s a i d   cam  f a c e   r e a c t i o n   s u r f a c e ;   a n d  

(c)  s e a l   means   e x t e n d i n g   g e n e r a l l y  

t r a n s v e r s e l y   w i t h i n   s a i d   o u t e r   a n n u l a r  w a l l   a n d  



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

r e s e r v o i r   in  c o m b i n a t i o n   w i t h   s a i d   body   means   f o r  

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

c h a r a c t e r i z e d   in  t h a t   s a i d   s e a l   means   i n c l u d e s :  

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

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

c a r r i e d   w i t h i n   s a i d   body  means   to  e s t a b l i s h   a  

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

( i i )   a  s l e e v e   cap   i n s e r t - m o l d e d  

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

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

i n t e r p o s e d   in  a p p l i c a t i o n   b e t w e e n   and  r a d i a l l y  
r e s t r a i n e d   by  s a i d   l a s h   a d j u s t i n g   means   r e a c t i o n  

s u r f a c e   and  a t   l e a s t   one  of  s a i d   c o n t a c t i n g   a s s o c i a t e d  

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

14.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

d i a p h r a g m   d e f i n e s   an  a r e a   of  i n c r e a s e d   t h i c k n e s s   ( 9 4 ;  

134)  c o n t o u r e d   to  c o m p l e m e n t a r i l y   c o n f o r m   w i t h   a  m a t i n g  

s u r f a c e   (96)  d e f i n e d   by  s a i d   body  m e a n s ,   and  f u r t h e r  

c o m p r i s i n g   r e t a i n e r   means   (98;   136)  e n g a g i n g   s a i d   b o d y  

means   f o r   c o m p r e s s i v e   l o a d i n g   of  s a i d   a r e a   of  i n c r e a s e d  

t h i c k n e s s   to  e f f e c t   s a i d   f l u i d - t i g h t   s e a l .  

15.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 4 ,  

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

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

t he   i n n e r   s u r f a c e   (100)  of  s a i d   o u t e r   w a l l .  

16.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

d i a p h r a g m   d e f i n e s   an  a r e a   of  i n c r e a s e d   t h i c k n e s s   ( 1 1 2 )  

and  s a i d   s l e e v e   cap  c o m p r i s e s   an  a n n u l a r   r im  p o r t i o n  

(102)  d e f i n i n g   a  p l u r a l i t y   of  a x i a l l y   a l i g n e d  



p a s s a g e w a y s   ( 1 0 8 ) ,   s a i d   a r e a   of  i n c r e a s e d   t h i c k n e s s  

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

m o l d i n g ,   s u b s t a n t i a l l y   f i l l s   s a i d   p a s s a g e w a y s .  

17.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

a d j u s t i n g   means   w i t h i n   s a i d   h u b .  

18.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 7 ,  

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

member  e n g a g i n g   t h e   o u t e r   p e r i p h e r y   (58)  of  s a i d   h u b  

s t r u c t u r e   w a l l .  

19.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 7 ,  

w h e r e i n   s a i d   hub  s t r u c t u r e   i n c l u d e s   a  c i r c u m f e r e n t i a l  

g r o o v e   (62)  f o r m e d   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   a n d  

s a i d   r e t a i n i n g   means   c o m p r i s e s   an  a n n u l a r   s p r i n g   c l i p  

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

20.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 7 ,  

w h e r e i n   s a i d   r e t a i n i n g   means   is   d i s p o s e d   w i t h i n   s a i d  

f l u i d   r e s e r v o i r .  

21.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

means   (174)  r e c e i v e d   in  s a i d   hub  and  i n c l u d i n g  

s t r u c t u r e   d e f i n i n g   a  p i s t o n   b o r e   (176)  w i t h   a  p i s t o n  

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

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

p l u n g e r   means   c o o p e r a t i n g   to  d e f i n e   s a i d   f l u i d   p r e s s u r e  
c h a m b e r   (206)   w h e r e i n   s a i d   c l o s e l y   f i t t i n g   r e l a t i o n s h i p  

of  s a i d   p i s t o n   in  s a i d   p i s t o n   b o r e   is  o p e r a t i v e   t o  

c o n t r o l   l e a k d o w n   f rom  s a i d   c h a m b e r   upon  a p p l i c a t i o n   o f  

an  a x i a l   l o a d   on  s a i d   p i s t o n   t e n d i n g   to  u r g e   s a i d  

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



22.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

e x t e n d i n g   a n n u l a r   s h o u l d e r   r a d i a l l y   i n t e r m e d i a t e   s a i d  

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

a d j u s t i n g   means   r e a c t i o n   s u r f a c e   s t r u c t u r e .  

23.   The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

(144 ;   170)  i n t e r m e d i a t e   s a i d   i n n e r   and  o u t e r   a r e a s   o f  

i n c r e a s e d   t h i c k n e s s .  

24.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   2 3 ,  

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

u n i f o r m   c o n v o l u t i o n s   (144 ;   1 7 0 ) .  

25.   The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   2 4 ,  

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

a  n o m i n a l   d i m e n s i o n   D  w h i c h   is  d i m e n s i o n a l l y   s u b s t a n -  

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

s a i d   i n n e r   and  o u t e r   a r e a s   of  i n c r e a s e d   t h i c k n e s s .  

26.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   2 3 ,  

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

d i r e c t e d   g e n e r a l l y   a x i a l l y   t o w a r d   t h e   c l o s e d   end  of  s a i d  

o u t e r   w a l l   f rom  s a i d   i n n e r   and  o u t e r   a r e a s   of  i n c r e a s e d  

t h i c k n e s s .  

27.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

28.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

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

m a t i n g   s u r f a c e   d e f i n e d   by  s a i d   body   means   and  a  

c i r c u m f e r e n t i a l   r e t a i n e r   means   b e a r i n g   s u r f a c e  

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



29.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 7 ,  

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

o p e r a t i v e   to  e n a b l e   o u t w a r d   a x i a l   d i s t e n s i o n   of  s a i d  

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

t r a v e l ,   and  s a i d   r e t a i n i n g   means   is  o p e r a t i v e   t o  

e s t a b l i s h   an  o u t w a r d   a x i a l   l i m i t   of  t r a v e l   f o r   s a i d  

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

of  t r a v e l   s u b s t a n t i a l l y   e x c e e d i n g   s a i d   r e t a i n i n g   m e a n s  

l i m i t   of  t r a v e l .  

30.  The  l a s h   a d j u s t i n g   t a p p e t   of  C l a i m   1 3 ,  

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

p r o b e   b o r e   (70)  e x t e n d i n g   b e t w e e n   s a i d   r e a c t i o n   s u r f a c e  

and  s a i d   o n e - w a y   v a l v e   means   w h e r e b y   a  p r o b e   i n s e r t e d  

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

means   w i t h i n   s a i d   body  means   is  o p e r a t i v e   to  e f f e c t   a  

m o m e n t a r y   o p e n i n g   of  s a i d   o n e - w a y   v a l v e   means   f o r  

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

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

31.  A  s e l f - c o n t a i n e d   h y d r a u l i c   l a s h   a d j u s t i n g  

t a p p e t   f o r   use   in  t h e   v a l v e   g e a r   of  an  i n t e r n a l  

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

(a)  body  means   i n c l u d i n g   s t r u c t u r e  

d e f i n i n g ,  

( i)   an  o u t e r   a n n u l a r   w a l l ,  

( i i )   a  t r a n s v e r s e l y   e x t e n d i n g   e n d  

w a l l   s u b s t a n t i a l l y   c l o s i n g   one  end  of  s a i d   o u t e r   w a l l  

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

( i i i )   an  a n n u l a r   hub  w i t h i n   s a i d  

o u t e r   w a l l ;  

(b)  h y d r a u l i c   l a s h   a d j u s t i n g   m e a n s  

r e c e i v e d   w i t h i n   s a i d   hub  and  d e f i n i n g   a  r e a c t i o n   s u r f a c e  

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

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

a n d  



(c)  m o v e a b l e   w a l l   means   d e f i n i n g ,   i n  

c o o p e r a t i o n   w i t h   s a i d   body  means   and  l a s h   a d j u s t e r  

m e a n s ,   an  e x p a n s i b l e   c l o s e d   f l u i d   r e s e r v o i r ,  

( c h a r a c t e r i z e d   in  t h a t   s a i d   w a l l   means   i n c l u d e s :  

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

p o r t i o n   s e a l i n g l y   e n g a g i n g   s a i d   body  means   and  a  r i g i d  

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

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

t h e r e w i t h   upon  s a i d   t a p p e t   b e i n g   i n s t a l l e d   in  t h e   e n g i n e  

v a l v e   g e a r .  

32.  A  s e l f - c o n t a i n e d   h y d r a u l i c   l a s h   a d j u s t i n g  

t a p p e t   f o r   use   in  t h e   v a l v e   g e a r   of  an  i n t e r n a l  

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

(a)  body  means   i n c l u d i n g   s t r u c t u r e  

d e f i n i n g ,  

( i)   an  o u t e r   a n n u l a r   w a l l ,  

( i i )   a  t r a n s v e r s e l y   e x t e n d i n g   e n d  

w a l l   s u b s t a n t i a l l y   c l o s i n g   one  end  of  s a i d   o u t e r   w a l l  

and  d e f i n i n g   a  cam  f a c e   r e a c t i o n   s u r f a c e ,   and  . 

( i i i )   an  a n n u l a r   hub  w i t h i n   s a i d  

o u t e r   w a l l ;  

(b)  h y d r a u l i c   l a s h   a d j u s t i n g   m e a n s  
r e c e i v e d   w i t h i n   s a i d   hub  and  d e f i n i n g   a  r e a c t i o n   s u r f a c e  

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

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

t h e r e o f ;   a n d  

(c)  s e a l   means   d e f i n i n g   an  e x p a n s i b l e  

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

means   and  i n c l u d i n g   a  c o m p l i a n t   d i a p h r a g m   h a v i n g   a n  

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

s a i d   body  means   to  e s t a b l i s h   a  f l u i d - t i g h t   s e a l  

t h e r e b e t w e e n ,   c h a r a c t e r i z e d   in  t h a t   s a i d   t a p p e t   f u r t h e r  

i n c l u d e s :  



a c c u m u l a t o r   means   c o m m u n i c a t i n g   w i t h  

s a i d   f l u i d   r e s e r v o i r   and  o p e r a t i v e   to  a b s o r b   r e s e r v o i r  

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

a d j u s t m e n t   by  l o c a l i z e d   b e n d i n g   d e f o r m a t i o n .  
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