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@  Lash  adjuster  with  embedded  wear  face. 

  A  bucket  tappet  (10)  is  provided  for  direct-acting  valve 
gear  having  a  molded  body  portion  (46)  formed  of  a  lightweight 
material,  preferably  plastic,  having  a  thermal  expansion  suit- 
able  for  use  in  an  aluminium  engine  head.  The  body  of  the  tap- 
pet  includes  a  tubular  wall  (48),  an  inner  tubular  hub  (52),  and  a 
transverse  end  wall  (50)  joining  and  supporting  the  hub  within 
the  outer  tubular  wall.  The  body  of  the  tappet  has  a  cam  face 
member  (54)  formed  of  hardened  material,  preferably  steel  or 
iron-based,  embedded  therein  for  providing  a  cam  contacting 
surface  (22).  A  hydraulic  lash  adjusting  piston/plunger  assem- 
bly  (64)  formed  of  steel  is  received  within  the  tubular  hub. 
Leakdown  control  surfaces  (70)  within  the  lash  adjuster  are 
formed  on  the  mating  interfaces  between  the  steel  piston  (72) 
and  plunger  (66). 



INTRODUCTION 

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   l a s h   a d j u s t e r s   a n d ,   more  p a r t i c u l a r l y ,   t o  

l i g h t w e i g h t   a d j u s t e r s   a p p l i e d   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 

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

t a p p e t s   h a v i n g   one  end  t h e r e o f   c o n t a c t i n g   t he   e n g i n e  

c a m s h a f t   and  the   o t h e r   end  c o n t a c t i n g   the   end  of  t h e  

s t em  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   of  low  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  to  t h e  

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   t he   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 he   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   f o r   a  g i v e n   v a l v e   m o t i o n  

and  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   of  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   and  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   c a m  

c o n f i g u r a t i o n s   can  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   and  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   o f  

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

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

c o n t a c t   s t r e 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   is   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  

cam  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 he   v a l v e   g e a r   when  h i g h   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 r e   d e s i r e d .  

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   a r e  

r e c e i v e d   in  a  g u i d e   b o r e   p r o v i d e d   in  t he   e n g i n e   a b o v e  

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

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   mus t   have   a  

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

p r o v i d e   a d e q u a t e   l i f t .   A c c o r d i n g l y ,   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   g e n e r a l l y   have   a  l e n g t h - t o -  

d i a m e t e r   r a t i o   in  t he   o r d e r   of  m a g n i t u d e   of  one .   When 

the   t a p p e t   b o r e   is   f o r m e d   in  c a s t   i r o n ,   t he   body  o f  

the   t a p p e t   may  be  f o r m e d   f rom  a  s u i t a b l e   i r o n - b a s e d  

m a t e r i a l   or  a l l o y   s t e e l   to  m a t c h   the   h a r d n e s s   and  t h e  

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

I t   has  l o n g   been   d e s i r e d   to  f i n d   a  way  t o  

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

s u b s t a n t i a l l y   l o w e r   w e i g h t   t h a n   i r o n   or  s t e e l   and  y e t  

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

p r o p e r t i e s .   Lower  w e i g h t   t a p p e t s   p e r m i t   g r e a t e r   v a l v e  

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

M o r e o v e r ,   w h e r e   t he   e n g i n e   c o m b u s t i o n   c h a m b e r  

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

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

m a t c h   t he   s u r f a c e   wear   and  t h e r m a l   e x p a n s i o n   p r o p e r t i e s  



of  t he   a l u m i n u m   e n g i n e   head   in  o r d e r   to  p r e v e n t  

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

T a p p e t s   of  i r o n   or  s t e e l   p o s s e s s   t he   r e q u i s i t e  

d u r a b i l i t y   and  s u r f a c e   wear   r e s i s t a n c e   b u t   e x h i b i t   a  

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

e x p a n s i o n .   T h u s ,   i f   t he   i r o n   or  s t e e l   t a p p e t s   a r e  

o p t i m a l l y   s i z e d   to  t he   t a p p e t   g u i d e   b o r e   when  t h e  

e n g i n e   i s   c o l d ,   upon  t he   e n g i n e   r e a c h i n g   n o r m a l  

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

t h e   g u i d e   b o r e .   C o n v e r s e l y ,   i f   an  i r o n   or  s t e e l  

t a p p e t   i s   o p t i m a l l y   s i z e d   to  f i t   t he   t a p p e t   g u i d e   b o r e  

in  t he   a l u m i n u m   e n g i n e   head   a t   n o r m a l   e n g i n e   o p e r a t i n g  

t e m p e r a t u r e s ,   a s s e m b l y   a t   room  t e m p e r a t u r e   w i l l   b e  

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

m o r e ,   i f   t he   a s s e m b l y   is   p e r f o r m e d   w i t h   t he   e n g i n e  

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

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

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

I t   h a s ,   t h e r e f o r e ,   been   d e s i r a b l e   to  f i n d   a  

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

c h a m b e r   h e a d s   of  a l u m i n u m   or  s i m i l a r   l i g h t w e i g h t  

h i g h - t h e r m a l   e x p a n s i o n   t y p e   m a t e r i a l s .   I t   has   f u r t h e r  

been   d e s i r a b l e   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   f o r   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   e n g i n e s   h a v i n g  

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

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

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

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

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

l o b e .   F u r t h e r m o r e ,   i t   has   been   d e s i r a b l e   to  f i n d   a  

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

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



BRIEF  DESCRIPTION  OF  THE  INVENTION 

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  

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  t he   p r i o r   a r t   b y  

p r o v i d i n g   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   f o r   use   i n  

the   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 n c l u d i n g   body  means   m o l d e d   of  a  m a t e r i a l   h a v i n g   a  

c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n   n o t   l e s s   t h a n   22  x  
1 0  / u n i t   l e n g t h / ° C   as  m e a s u r e d   in  t he   r a n g e   o f  

2 0 - 1 0 0 ° C ,   such   as  p l a s t i c   or  a l u m i n u m .   A  f a c e   m e m b e r  

is   e n t r a i n e d   w i t h i n   t he   body  means   by  the   m o l d i n g  

t h e r e o f   and  d e f i n e s   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   a  cam  l o b e .   F i n a l l y ,   h y d r a u l i c  

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

a s s o c i a t e   w i t h   t he   body  means   and  d e f i n e   a  s e c o n d  

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

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

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

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

a d j u s t m e n t   of  t he   v a l v e   g e a r .   Th 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  an  e x t r e m e l y   l i g h t w e i g h t ,  

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

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

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

In  i t s   p r e f e r r e d   e m b o d i m e n t ,   t h e   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  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   t y p e   u sed   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. 

The  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   i s   o f  

t he   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 "   t a p p e t   whe re   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 h e  

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  t a p p e t   o f  

the   p r e s e n t   i n v e n t i o n   has   a  g r e a t e r   m a s s ,   or  b o d y ,  

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



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

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

h e a d .   The  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   c o n t a i n s   a  

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

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

o n e - w a y   v a l v e   means   and  a  h i g h - p r e s s u r e   o i l   c h a m b e r  

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

A  r e s e r v o i r   is  f o r m e d   in  t he   p l a s t i c   body  i n  

the   r e g i o n   s u r r o u n d i n g   one  end  of  t he   p l u n g e r  

a s s e m b l y .   The  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   has   a  

s t e e l   a l l o y   member  p r o v i d e d   on  the   cam  f a c e   of  t h e  

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

d r i v i n g   s u r f a c e   of  a  h a r d e n e d   i r o n - b a s e d   e n g i n e   c a m .  

The  f a c e   member  i s  g e n e r a l l y   c u p - s h a p e d   and  e m b e d d e d  

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

c o n s t r u c t i o n   e n a b l e s   t he   t a p p e t   to  be  s l i d a b l y  

c o m p a t i b l e   w i t h   t he   g u i d e   b o r e   and  f u r t h e r   to  m a t c h  

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

e n g i n e   head   to  m a i n t a i n   t he   p r o p e r   r u n n i n g   c l e a r a n c e  

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

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

t e m p e r a t u r e s .  

The  body  of  t he   p r e s e n t   t a p p e t   has   a  

g e n e r a l l y   t u b u l a r   o u t e r   w a l l   c o n s t r u c t i o n   and  a n  

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

t h e r e b e t w e e n .   A  web  s t r u c t u r e   e x t e n d s   r a d i a l l y  

i n w a r d l y   f rom  the   o u t e r   w a l l   to  s u p p o r t   t he   hub .   T h e  

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

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

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

web,   t he   end  of  t he   p i s t o n   and  i n n e r   p e r i p h e r y   of  t h e  

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



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

t he   t a p p e t   b o d y ,   y e t   p r o v i d e s   f o r   e a s e   o f  

m a n u f a c t u r i n g   in  t h a t   t h e   o u t e r   w a l l ,   hub  and  web  m a y  
be  f o r m e d   i n t e g r a l l y .   The  h y d r a u l i c   l a s h   a d j u s t i n g  

a s s e m b l y   is   p r e a s s e m b l e d   and  i n s e r t e d   i n t o   t he   hub  a n d  

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

The  u n i q u e   c o n s t r u c t i o n   of  t he   p r e s e n t  

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

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

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

f o r m e d   in  t he   i r o n - b a s e d   or  s t e e l   p a r t s .   The  use   o f  

the   i n t e r m e d i a t e   p l u n g e r   t h e r e f o r e   makes   t he   use   of  a  

l i g h t w e i g h t   body  p r a c t i c a l   o v e r   t he   r a n g e   of  n o r m a l  

e n g i n e   o p e r a t i n g   t e m p e r a t u r e s .   The  p r e s e n t   i n v e n t i o n  

t h u s   p r o v i d e s   a  s o l u t i o n   to  the   p r o b l e m   of  p r o v i d i n g   a  

l i g h t w e i g h t   t a p p e t   f o r   use   in  d i r e c t - a c t i n g   v a l v e   g e a r  
and  one  t h a t   is   c o m p a t i b l e   w i t h   m a t e r i a l   of  a n  

a l u m i n u m   e n g i n e   head   and  f u n c t i o n a l l y   c o m p a t i b l e   w i t h  

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

a d e q u a t e   wear   r e s i s t a n c e   l e a k d o w n   s u r f a c e s .  

In  s e v e r a l   a l t e r n a t i v e   e m b o d i m e n t s   of  t h e  

i n v e n t i o n ,   v a r i o u s   f a c e   member  c o n f i g u r a t i o n s   a r e   d i s -  

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

can  be  c i r c u m f e r e n t i a l l y   c o n t i n u o u s   or  s e g m e n t e d   t o  

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

the   m a t e r i a l   of  t he   body  to  p r e v e n t   r e l a t i v e   m o v e m e n t  

t h e r e b e t w e e n .   The  s k i r t   c i r c u m s c r i b e s   a  g e n e r a l l y  

d i s c - s h a p e d   f a c e   p o r t i o n   of  t he   f a c e   member  and  can  b e  

e m b e d d e d   w i t h i n   t he   o u t e r   w a l l   or  the   a n n u l a r   hub  o f  

t he   b o d y .   F i n a l l y ,   t he   f a c e   p o r t i o n   of  t he   f a c e  

member  i s   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 he   n o m i n a l  

c r o s s - s e c t i o n a l   a r e a   of   t he   o u t e r   a n n u l a r   w a l l   t o  

m a x i m i z e   p o t e n t i a l   c o n t a c t   a r e a   w i t h   t he   c a 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   o f  

t h e   i n v e n t i o n   w i l l   become  a p p a r e 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 h e   p a t e n t  

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   a n d  

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

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

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

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

FIGURE  3  i s   an  end  v i ew   of  the   p l u n g e r   e n d  

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

t h e   p r e s e n t   i n v e n t i o n ;  
FIGURE  4  i s   a  c r o s s   s e c t i o n   t a k e n   a l o n g  

s e c t i o n   i n d i c a t i n g   l i n e s   4-4  of  FIGURE  3  and  shows  t h e  

t a p p e t   w i t h   t he   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  

a s s e m b l e d   t h e r e i n ;  

FIGURE  5  i s   a  c r o s s - s e c t i o n a l   v i ew   of  t h e  

f a c e   member  shown  in  a s s e m b l y   in  FIGURE  4 ;  

FIGURE  6  i s   an  a l t e r n a t i v e   e m b o d i m e n t   of  t h e  

f a c e   member  of  FIGURE  5 ;  

FIGURE  7  i s   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  t he   f a c e   member  of  FIGURE  5 ;  

FIGURE  8  is   a  c r o s s - s e c t i o n a l   v i ew  t a k e n  

a l o n g   s e c t i o n   i n d i c a t i n g   l i n e s   8-8  of  FIGURE  7  and  s h o w s  

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

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

d e f i n e d   by  the   s k i r t   p o r t i o n   of  t he   f a c e   m e m b e r ;  

FIGURE  9  i s   a  v i ew  s i m i l a r   to  FIGURE  3  a n d  

shows   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   t a p p e t ;  

FIGURE  10  i s   a  s e c t i o n   v iew  t a k e n   a l o n g  

s e c t i o n   i n d i c a t i n g   l i n e s   1 0 - 1 0   of  FIGURE  9 ;  

FIGURE  11  i s   a  v i ew   s i m i l a r   to  FIGURE  3  a n d  

shows  a n o t h e r   a l t e r n a t i v e   e m b o d i m e n t   of  t he   i n v e n t i o n ;  

a n d  

FIGURE  12  is   a  s e c t i o n   v i ew  t a k e   a l o n g  

s e c t i o n   i n d i c a t i n g   l i n e s   1 2 - 1 2   of  FIGURE  1 1 .  



DETAILED  DESCRIPTION  OF  THE 

PREFERRED  AND  ALTERNATIVE  EMBODIMENTS  OF  THE  INVENTION 

R e f e r r i n g   to  FIGURE  1,  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   10  is   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  a  c y l i n d e r   head   14  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   16.  A  c a m s h a f t   18  h a v i n g   a  cam  l o b e  

20  c o n t a c t s   t he   u p p e r   end  or  cam  f a c e   22  of  t h e  

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   24  i s  

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   in  t h e  

c y l i n d e r   h e a d ,   w i t h   a  s t e m   p o r t i o n   26  of  t he   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 l y   t h r o u g h   a  

v a l v e   g u i d e   28  f o r m e d   in  t he   c y l i n d e r   h e a d ,   w i t h   t h e  

u p p e r   end  30  of  t he   v a l v e   s t em   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  v a l v e  s p r i n g s   32  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  v a l v e   g u i d e   28  and  t h e i r   u p p e r   e n d s   in  c o n t a c t   w i t h  

a  r e t a i n e r   34  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  

a s ,   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   3 6 ,  

w h i c h   i s   w e l l - k n o w n   in  t he   a r t .   A  s u p p l y   of  l u b r i c a n t  

is   p r o v i d e d   to  t a p p e t   20  f rom  a  p r e s s u r i z e d   s o u r c e  

( n o t   i l l u s t r a t e d )   t h r o u g h   a  g a l l e r y   38  and  a  p a s s a g e  
40  i n t e r c o n n e c t i n g   g a l l e r y   38  and  g u i d e   b o r e   1 2 .  

R e f e r r i n g   to  FIGURE  2,  a  t y p i c a l   a l l - s t e e l  

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

h a r d e n e d   s t e e l   or  i r o n   cap   42  i s   a f f i x e d   to  a  m i l d  

s t e e l   body  44  by  w e l d i n g   the   c i r c u m f e r e n t i a l   j o i n t   43  

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

t r e a t e d   in  p r i o r   a r t   P a t e n t   4 , 2 7 0 , 4 9 6 .  

R e f e r r i n g   to  FIGURES  3,  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   46,  i s  

shown  as  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   48  h a v i n g   a  t r a n s v e r s e   end  w a l l  

50  e x t e n d i n g   g e n e r a l l y   r a d i a l l y   i n w a r d l y   f rom  t h e  

i n n e r   p e r i p h e r y   of  t he   o u t e r   t u b u l a r   w a l l   p o r t i o n   a t   a  
l o c a t i o n   a d j a c e n t   t he   u p p e r   end  t h e r e o f   (as  v i e w e d   i n  

FIGURE  4 ) .   The  end  w a l l   50  has   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   t h e r e w i t h   a  t u b u l a r   hub  p o r t i o n   52  e x t e n d i n g  

a x i a l l y   f rom  t he   end  w a l l   in  a  d o w n w a r d   d i r e c t i o n .  

The  end  w a l l   i s o l a t e s   h y d r a u l i c   p r e s s u r e   i n s i d e   hub  52  

f rom  a  f a c e   member  54  cam  f a c e   22.  Cam  f a c e   22  d e f i n e s  

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

c o n t a c t s   cam  l o b e   20.  The  hub  52  has   t he   i n n e r  

p e r i p h e r y   t h e r e o f   e x t e n d i n g   in  g e n e r a l   p a r a l l e l  

r e l a t i o n s h i p   to  t he   o u t e r   p e r i p h e r y   of  t he   t u b u l a r  

w a l l   p o r t i o n   48.  The  o u t e r   p e r i p h e r y   of  t h e   t u b u l a r  

w a l l   p o r t i o n   48  i s   s i z e d   to  be  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  (FIGURE  1)  in  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 .   At  l e a s t   one  web  56  is   p r o v i d e d  

to  s u p p o r t   hub  52  w h i c h   e x t e n d s   r a d i a l l y   o u t w a r d l y  

t h e r e f r o m   to  t he   i n n e r   s u r f a c e   of  w a l l   4 8 .  

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   of  t h e  

i n v e n t i o n ,   t he   o u t e r   w a l l   p o r t i o n   48,  end  w a l l   50,  h u b  

p o r t i o n   52,  and  web  56  a r e   f o r m e d   i n t e g r a l l y   f rom  a  

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

t h e r m a l   e x p a n s i o n   of  a t   l e a s t   22 .0   x  1 0 - 6 / u n i t  

l e n g t h / ° c ,   as  m e a s u r e d   in  t he   r a n g e   20  to  1 0 0 ° c .   T h e  

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

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

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

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

s i l i c o n   a l u m i n u m   a l l o y   in  o r d e r   to  have   t he   s u r f a c e  

h a r d n e s s   v a l u e   of  a t   l e a s t   8  ( t o p a z )   as  m e a s u r e d   o n  

t h e   Mohs '   s c a l e .   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 he   i n t e g r a l l y   f o r m e d   b o d y ,   web,   end  w a l l ,   and  hub  a r e  

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



2 . 8 5   g / c u   c ,   s u c h   as  g r a p h i t e   r e i n f o r c e d   p l a s t i c .   T h e  

m a t e r i a l   may  i n c l u d e   wear   a d d i t i v e s   s u c h   as  g r a p h i t e  

f i b e r s / p a r t i c u l a t e s ,   T e f l o n   or  f i b e r g l a s s .   As  i s  

w e l l - k n o w n   to  t h o s e   d e a l i n g   in  t he   s p e c i f i c a t i o n   o f  

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

a d d i t i v e s   can  be  i n c l u d e d   to  e n a b l e   m a t c h i n g   o f  

t h e r m a l   e x p a n s i o n   c o e f f i c i e n t s   of  t he   p l a s t i c   and  t h e  

m e t a l   f a c e   member  5 4 .  

Cam  f a c e   member  54  i s   a  r e l a t i v e l y   t h i n  

d i s k - s h a p e d   f a c e   p o r t i o n   58  and  a  g e n e r a l l y   a n n u l a r  

s k i r t   p o r t i o n   60  d e p e n d i n g   f rom  the   r a d i a l l y   o u t w a r d -  

mos t   p o r t i o n   t h e r e o f .   S k i r t   p o r t i o n   60  has   f o r m e d  

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

d i r e c t e d   p a s s a g e w a y s   62.  Body  46  is   i n j e c t i o n - m o l d e d  

to  e n t r a i n   or  c a p t u r e   f a c e   member  54  w h e r e i n   m a t e r i a l  

c o m p r i s i n g   body  46  f l o w s   t h r o u g h   p a s s a g e w a y   62  and  t o  

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

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

t he   form  d e f i n e d   by  body  46  t a k e s   a  s e t ,   f a c e   m e m b e r  

54  is   p e r m a n e n t l y   j o i n e d   to  body  46  and  r e s t a i n e d   f r o m  

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

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

m a n i f e s t e d   by  b o r e s   or  p a s s a g e w a y s   62,  as  w i l l   be  s e e n  

h e r e i n b e l o w ,   r e t e n t i o n   s u r f a c e s   can  be  d e f i n e d   a n y  
number   of  ways  w i t h i n   t he   s p i r i t   of  t he   p r e s e n t  
i n v e n t i o 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   of  t h e  

i n v e n t i o n ,   t he   cam  f a c e   member  54  i s   f o r m e d   o f  

m a t e r i a l ,   h a v i n g   a  b u l k   d e n s i t y   n o t   l e s s   t h a n   7 . 5  

g / c u   c  and  a  s u r f a c e   h a r d n e s s   v a l u e   on  the   f a c e   m e m b e r  

r e a c t i o n   s u r f a c e   or  cam  f a c e   22  t h e r e o f   of  a t   l e a s t  

89,  as  m e a s u r e d   on  t he   R o c k w e l l   15  IN  s c a l e   f o r   a  

minimum  e f f e c t i v e   d e p t h   of  a t   l e a s t   0 . 0 1 2   i n c h e s   ( 0 . 3  

m i l l i m e t e r ) .   H o w e v e r ,   i t   i s   to  be  u n d e r s t o o d   t h a t  

m a t e r i a l s   h a v i n g   a  b u l k   d e n s i t y   l e s s   t h a n   7 .5   g / c u   c  



may  be  e m p l o y e d   f o r   t he   cam  f a c e   member  p r o v i d e d   t h e  

s u r f a c e   h a r d n e s s   t h e r e o f   i s   m a i n t a i n e d .   The  cam  f a c e  

member  i s   p r e f e r a b l y   f o r m e d   of  an  i r o n - b a s e   m a t e r i a l  

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

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

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

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

b a s e   member  54,  i f   d e s i r e d .   In  t h e   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   of  t he   i n v e n t i o n ,   t he   body  member  46  

p r e f e r a b l y   has   a  b u l k   d e n s i t y   l e s s   t h a n   40%  of  t h e  

b u l k   d e n s i t y   of  the   cam  f a c e   member  54,  a l t h o u g h   t h e  

b u l k   d e n s i t y   of  t he   body  member  46  to  t he   b u l k   d e n s i t y  

of  t he   cam  f a c e   member  54  can  be  g r e a t e r   t h a n   40%  i f   a  

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

the   cam  f a c e   m e m b e r .  

The  body  46  has   a  h y d r a u l i c   l a s h   a d j u s t i n g  

u n i t   i n d i c a t e d   g e n e r a l l y   a t   64  s l i d a b l y   r e c e i v e d   i n  

t he   i n n e r   p e r i p h e r y   of  t he   hub  52  in  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 .   The  h y d r a u l i c   l a s h  

a d j u s t i n g   u n i t   64  c o m p r i s e s   a  g e n e r a l l y   c u p - s h a p e d  

p l u n g e r   member  66  h a v i n g   t he   open  end  t h e r e o f   d i s p o s e d  

a d j a c e n t   t he   end  w a l l   50  and  the   c l o s e d   end  e x t e n d i n g  

a x i a l l y   s l i g h t l y   d o w n w a r d l y   f rom  the   l o w e r   end  of  h u b  

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

r e a c t i o n   s u r f a c e   68  f o r   c o n t a c t i n g   u p p e r   end  30  o f  

v a l v e   s t em   p o r t i o n   26  ( s ee   FIGURE  1 ) .   The  p l u n g e r   66  

has   a  p r e c i s i o n   b o r e   70  p r o v i d e d   on  the   i n n e r  

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

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

f i n i s h .   The  p l u n g e r   has   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  

s l i d i n g   c o n t a c t   t h e r e i n   a  p i s t o n   member  72  h a v i n g   t h e  

o u t e r   p e r i p h e r y   t h e r e o f   s i z e d   to  i n t e r f i t   t he   p l u n g e r  

b o r e   70  in  c l o s e l y   c o n t r o l l e d   c l e a r a n c e   to  p r o v i d e  

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



b e t w e e n   the   b o r e   70  and  the   p i s t o n   72.  The  p i s t o n   7 2  

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

end  t h e r e o f   d i s p o s e d   u p w a r d l y   a d j a c e n t   end  w a l l   50  o f  

body  46  and  has   an  i n t e r i o r   c a v i t y   74  p r o v i d e d   t h e r e i n  

w i t h   a  v e r t i c a l l y   e x t e n d i n g   p a s s a g e   76  e x t e n d i n g  

d o w n w a r d l y   t h r o u g h   t h e   c l o s e d   end  of  p i s t o n   72.  A 

o n e - w a y   v a l v e   m e a n s ,   in  t he   form  of  a  c h e c k   b a l l   7 8 ,  

i s   d i s p o s e d   to  c o n t a c t   t he   l o w e r   end  p e r i p h e r y   80  o f  

the   p a s s a g e   76  f o r   w h i c h   p e r i p h e r y   80  p r o v i d e s   a  v a l v e  

s e a t   f o r   t he   c h e c k   v a l v e   78.  The  c h e c k   v a l v e   i s  

r e t a i n e d   by  a  c a g e   82  a t t a c h e d   to  t he   l o w e r   end  o f  

p i s t o n   72.  A  s p r i n g   84  i s   p r o v i d e d   b e t w e e n   the   c a g e  
82  and  t he   c h e c k   b a l l   f o r   b i a s i n g   the   c h e c k   v a l v e   7 8  

to  t h e   c l o s e d   p o s i t i o n   a g a i n s t   v a l v e   s e a t   8 0 .  

An  a n n u l a r   r e c e s s   86  i s   p r o v i d e d   in  t h e   i n n e r  

p e r i p h e r y   of  hub  52  of  body  46  a d j a c e n t   t he   u p p e r   o r  

end  w a l l   end  t h e r e o f   f o r   p r o v i d i n g   a  p o r t i o n   of  a  

r e s e r v o i r   f o r   h y d r a u l i c   f l u i d .   At  l e a s t   one  b y p a s s  

p a s s a g e   88  is   p r o v i d e d   p r e f e r a b l y   f o r   c o m m u n i c a t i n g   t h e  

a n n u l a r   r e c e s s   86  w i t h   t he   c a v i t y   74  p r o v i d e d   in  t h e  

p i s t o n   72  to  p r o v i d e   a  d i v i d e d   c h a m b e r   h y d r a u l i c   f l u i d  

r e s e r v o i r   f o r   s u p p l y i n g   t h e   c h e c k   v a l v e   78,  t h e  

r e s e r v o i r   c o m m u n i c a t i n g   w i t h   the   p a s s a g e   76.  Web  56  

e x t e n d s   r a d i a l l y   i n w a r d l y   f rom  w a l l   p o r t i o n   48  to  t h e  

hub  52  and  has   f o r m e d   t h e r e t h r o u g h   a  h y d r a u l i c   f l u i d  

p a s s a g e   90  w h i c h   c o m m u n i c a t e s   w i t h   a n n u l a r   r e c e s s   86  

f rom  a  f l u i d   c o l l e c t i n g   r e c e s s   or  g r o o v e   92  p r o v i d e d   i n  

t he   o u t e r   p e r i p h e r y   of  t u b u l a r   w a l l   48  of  t he   body  4 6 .  

In  o p e r a t i o n ,   v a l v e   20  i s   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 s   32  and ,   upon  r o t a t i o n   of  t h e  

c a m s h a f t   18  in  t i m e d   r e l a t i o n s h i p   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  the   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  t he   t a p p e t  

10  i s   r e g i s t e r e d   a g a i n s t   the   b a s e   c i r c l e   p o r t i o n   o f  



t he   cam  w i t h   l o b e   20  w h e r e i n   so  n o t   to  c o n t a c t   t h e  

u p p e r   or  cam  f a c e   22  of  the   t a p p e t .   Upon  r o t a t i o n   o f  

the   c a m s h a f t   18  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   in  FIGURE  1,  t he   cam  l o b e   20  c o n t a c t s   u p p e r  
f a c e   22  of  t h e   t a p p e t ,   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   to  t he   p o s i t i o n   i n d i c a t e d   in  d a s h e d   o u t l i n e  

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   24.  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   to  r e t u r n   to  t h e  

s o l i d   l i n e   p o s i t i o n   of  FIGURE  1,  the   v a l v e   e v e n t   i s  

c o m p l e t e ,   and  t he   v a l v e   is   r e s e a t e d   on  the   v a l v e   s e a t .  

A l t h o u g h   the   e m b o d i m e n t   of  FIGURE  3 

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

f o r m ,   w h e r e i n   t he   end  w a l l   50  of  body  46  has   a  

p l u r a l i t y   of  w e i g h t - r e d u c i n g   h o l e s   94  p r o v i d e d  

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

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

may  be  e m p l o y e d   f o r   r e d u c i n g   the   w e i g h t   of  end  w a l l   50  

and  web  56.  The  end  w a l l   50  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   i s   s o l i d   in  t he   r e g i o n   e x t e n d i n g   t r a n s v e r s e l y  

a c r o s s   t he   u p p e r   end  of  t he   hub  52.  H o w e v e r ,   i t   w i l l  

be  u n d e r s t o o d   t h a t   t he   s o l i d   p o r t i o n   of  t he   end  w a l l  

50  a c r o s s   t he   end  of  hub  52  may  be  o m i t t e d   i f   t he   c a m  

f a c e   member  54  is   f l u i d l y   s e a l e d   to  the   o u t e r   w a l l  

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

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

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   20  i n  

a  p o s i t i o n   shown  in  FIGURE  1,  the   p l u n g e r   s p r i n g   9 6 ,  

a i d e d   by  h y d r a u l i c   p r e s s u r e ,   u r g e s   t he   p i s t o n   72  in  a n  

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

c o n t a c t   w i t h   t he   u n d e r s u r f a c e   of  t he   end  w a l l   50  a n d  

u r g e s   t he   p l u n g e r   66  in  t he   d o w n w a r d   d i r e c t i o n   u n t i l  

t h e   r e a c t i o n   s u r f a c e   68  t h e r e o f   c o n t a c t s   t he   u p p e r   e n d  

30  of  t he   v a l v e   s t em   26,  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   an  e x p a n s i o n   of  a  h i g h -  

p r e s s u r e   c h a m b e r   98  f o r m e d   b e t w e e n   the   c l o s e d   e n d s   o f  

p l u n g e r   66  and  p i s t o n   72,  w h i c h   d r a w s   open   the   c h e c k  

b a l l   78  to  a  p o s i t i o n   s p a c e d   f rom  v a l v e   s e a t   80  t h e r e b y  

p e r m i t t i n g   f l ow  i n t o   t he   c h a m b e r   98.  Upon  c e s s a t i o n  

of  the   e x p a n s i o n   of  c h a m b e r   98,  the   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   84.  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   20,  t h e   ramp  of  the   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  the   u p p e r   f a c e   22  

of  t h e   t a p p e t   10,  t e n d i n g   to  c o m p r e s s   t he   p i s t o n   72  

i n t o   t he   b o r e   70  in  t he   p l u n g e r   66,  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   98.  The  f l u i d  

t r a p p e d   in  c h a m b e r   98  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   72  r e l a t i v e   to  t he   p l u n g e r   66  and  t r a n s m i t s  

the   m o t i o n   t h r o u g h   the   b o t t o m   f a c e   68  of  t he   p l u n g e r  

o n t o   t he   t op   30  of  t he   v a l v e   s t em   26.  I t   w i l l   b e  

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   66,  w i t h   r e s p e c t  

to  the   p i s t o n   72,  o c c u r s ,   t he   m a g n i t u d e   of  w h i c h   i s  

c o n t r o l l e d   by  the   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  
b e t w e e n   p r e c i s i o n   b o r e   70  and  the   o u t e r   s u r f a c e   o f  

p i s t o n   72  ( l e a k d o w n   s u r f a c e s ) .   The  p i s t o n   72  a n d  

p l u n g e r   66  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  t he   cam  l o b e   20  f o r   o p e n i n g   t he   v a l v e  

2 4 .  

Lash   a d j u s t i n g   u n i t   64  can  be  h e l d   i n  

a s s e m b l y   w i t h i n   hub  52  in  a  number   of  w a y s .   F o r  

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

g r o o v e   can   be  f o r m e d   w i t h i n   hub  52  and  a  s n a p   r i n g  

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

l a s h   a d j u s t i n g   u n i t   64.  A l t e r n a t i v e l y ,   t he   l o w e r m o s t  

p o r t i o n   of  hub  52  can  be  d e f o r m e d   r a d i a l l y   i n w a r d l y   t o  

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

a d j u s t i n g   u n i t   64.  S t i l l   a n o t h e r   a l t e r n a t i v e   means   o f  



r e t e n t i o n   i s   d e s c r i b e d   in  U n i t e d   S t a t e s   P a t e n t  

4 , 3 7 3 , 4 7 7 .   H o w e v e r ,   a  p a r t i c u l a r l y   a d v a n t a g e o u s  

a p p r o a c h   to  t he   r e t e n t i o n   of  l a s h   a d j u s t i n g   u n i t   64  i s  

in  t he   a p p l i c a t i o n   of  a  b o t t l e c a p - t y p e   r e t a i n e r   1 0 0  

w h i c h   i s   c h a r a c t e r i z e d   by  a  p l u r a l i t y   of  r a d i a l l y  

i n w a r d l y   d i r e c t e d   t a n g s   102  l a n c e d   i n w a r d l y   f rom  a  

s k i r t   p o r t i o n   104  t h e r e o f .   In  a s s e m b l y ,   r e t a i n e r   1 0 0  

is   a l i g n e d   c o n c e n t r i c a l l y   w i t h   hub  52  and  i n s e r t e d  

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

s u r f a c e   of  a  body  p o r t i o n   102  a b u t s   the   l o w e r m o s t  

s u r f a c e   of  hub  52.  In  so  d o i n g ,   t a n g s   102  p e n e t r a t e  

t h e   o u t e r   s u r f a c e   of  hub  52  and  e s t a b l i s h   an  e x t r e m e l y  

t e n a c i o u s   i n t e r f i t   t h e r e w i t h .   Base   p o r t i o n   1 0 6  

d e f i n e s   a  p a s s a g e w a y   108  t h e r e t h r o u g h   in  r e g i s t e r   w i t h  

the   b o r e   d e f i n e d   by  hub  52  b u t   of  s l i g h t l y   s m a l l e r  

d i a m e t e r .   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   66  has   a n  

a r e a   of  r e d u c e d   d i a m e t e r   f o r m i n g   a  s h o u l d e r   110  w h i c h ,  

c o n t a c t s   b a s e   p o r t i o n   106  of  r e t a i n e r   100  when  l a s h  

a d j u s t i n g   u n i t   64  is   in  i t s   l o w e r m o s t   l i m i t   o f  

t r a v e l .   Use  of  t he   b o t t l e c a p - d e s i g n ,   r e t a i n e r   100  i s  

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

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

t he   p l a s t i c   body  m a t e r i a l   i s   r e l a t i v e l y   s o f t .   T h e  

o u t e r   c i r c u m f e r e n t i a l   s u r f a c e   of  hub  52  can   b e  

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

i n a s m u c h   as  t he   t a n g s   102  can  e a s i l y   p e n e t r a t e   t h e  

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

m a c h i n e d   or  m o l d e d   c o n t o u r s   m o l d e d   in  t he   hub  52  f o r  

m a t i n g   or  r e c e i v i n g   the   r e t a i n e r   as  i s   r e q u i r e d   i n  

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

FIGURE  3  i s   i l l u s t r a t e d   w i t h   r e t a i n e r   100  r e m o v e d .  

R e f e r r i n g   to  FIGURE  6,  t he   a l t e r n a t i v e  

e m b o d i m e n t   of  t h e   cam  f a c e   member  i s   i l l u s t r a t e d   a t  

112 ,   w h i c h   i s   s u b s t a n t i a l l y   i d e n t i c a l   to  f a c e   m e m b e r  

54,  w i t h   t he   e x c e p t i o n   t h a t   t he   o u t e r   p e r i p h e r a l  



p o r t i o n   of  s k i r t   p o r t i o n   60  is   r e m o v e d   to  e s t a b l i s h   a  

c i r c u m f e r e n t i a l   s t e p   14  b e t w e e n   the   s k i r t   p o r t i o n   l 1 6  

and  f a c e   p o r t i o n   118 .   In  t he   e m b o d i m e n t   of  t he   c a m  

f a c e   member  i l l u s t r a t e d   in  FIGURE  5,  t he   o u t e r  

d i a m e t e r   of  s k i r t   p o r t i o n   60  i s   s l i g h t l y   l e s s   t h a n   t h e  

o u t e r   d i a m e t e r   of  o u t e r   t u b u l a r   w a l l   p o r t i o n   48  t o  

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

t i a l l y   e m b r a c e   s u b s t a n t i a l l y   t he   e n t i r e   o u t e r   s u r f a c e  

of  s k i r t   p o r t i o n   60.  H o w e v e r ,   in  so  d o i n g ,   a  s m a l l  

a m o u n t   of  cam  f a c e   22  s u r f a c e   a r e a   has   b e e n  

s a c r i f i c e d .   The  cam  f a c e   member  l12   e m b o d i m e n t   o f  

FIGURE  6  o v e r c o m e s   t h a t   s h o r t c o m i n g   by  p r o v i d i n g   s t e p  

114  w h i c h   r e n d e r s   t he   cam  f a c e   120  of  cam  f a c e   m e m b e r  

112  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 he   n o m i n a l   c r o s s -  

s e c t i o n a l   a r e a   of  w a l l   p o r t i o n   4 8 .  

R e f e r r i n g   to  FIGURES  7  and  8,  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  cam  f a c e   member  i s  

i l l u s t r a t e d   g e n e r a l l y   a t   122  i n c l u d i n g   a  f a c e   p o r t i o n  

124  and  a  s k i r t   p o r t i o n   126 .   Face   p o r t i o n   124  d e f i n e s  

a  cam  f a c e   128  w h i c h ,   in  a p p l i c a t i o n ,   i s   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 he   n o m i n a l   c r o s s - s e c t i o n a l   a r e a   o f  

o u t e r   t u b u l a r   w a l l   p o r t i o n   48.  S k i r t   p o r t i o n   126  h a s  

a  d i a m e t e r   l e s s   t h a n   t h a t   of  f a c e   p o r t i o n   124  and  i s  

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

t r a n s i t i o n a l   p o r t i o n   130 .   The  cam  f a c e   member  122  o f  

FIGURE  7,  n o t   o n l y   p r e s e n t s   a  m a x i m i z e d   cam  f a c e   1 2 8  

a r e a   to  cam  l o b e   20,  b u t   a l s o   t o l e r a t e s   a  d e g r e e   o f  

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

46  and  cam  f a c e   member  122 .   S k i r t   126  has   a  number   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   g e n e r a l l y   t r a p e z o i d a l l y  

s h a p e d   r e l i e f s   132  f o r m e d   t h e r e i n   and  d e f i n e s  

c o m p l e m e n t a r y   p a i r s   of  r e t e n t i o n   s u r f a c e s   134  t h e r e b y .  

R e t e n t i o n   s u r f a c e s   134  a r e   s u b s t a n t i a l l y   a x i a l l y  

m i s a l i g n e d   w h e r e b y ,   once   i n j e c t i o n - m o l d e d   w i t h   a  b o d y  



4 6 ' ,   i n t i m a t e l y   e m b r a c e   the   m a t e r i a l   t h e r e o f   w h i c h   h a s  

f l o w e d   a d j a c e n t   t h e r e t o .   A l t h o u g h   t he   s k i r t s  

i l l u s t r a t e d   in  FIGURES  5,  6,  and  7  e x t e n d   s u b s t a n t i a l l y  

p a r a l l e l   to  t he   a x i s   of  body  46,  i t   i s   c o n t e m p l a t e d  

t h a t   t h e y   c o u l d   be  a n g l e d   i n w a r d l y   or  o u t w a r d l y   t o  

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

cam  f a c e   m e m b e r .  

R e f e r r i n g   now  to  FIGURES  9  and  10,   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   10  of  t he   p r e s e n t  

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

g e n e r a l l y   a t   136  and  a  cam  f a c e   member  i l l u s t r a t e d  

g e n e r a l l y   a t   138.   No  l a s h   a d j u s t i n g   u n i t   i s  

i l l u s t r a t e d   f o r   the   s a k e   of  s i m p l i c i t y .   Body  1 3 6  

c o m p r i s e s   an  o u t e r   t u b u l a r   p o r t i o n   140 ,   a  t u b u l a r   h u b  

p o r t i o n   142 ,   and  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   webs  144  i n t e g r a l l y   i n t e r c o n n e c t i n g   o u t e r   a n d  

hub  p o r t i o n s   140  and  142 ,   r e s p e c t i v e l y .   Cam  f a c e  

member  138  i n c l u d e s   a  f a c e   p o r t i o n   146  and  an  a n n u l a r  

s k i r t   p o r t i o n   148 ,   d e p e n d i n g   d o w n w a r d l y   t h e r e f r o m   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   c e n t e r   and  t h e   o u t s i d e  

c i r c u m f e r e n c e   of  f a c e   p o r t i o n   146 .   Hub  p o r t i o n   142  i s  

p r o v i d e d   w i t h i n   a r e a   of  i n c r e a s e d   d i a m e t e r   150  w i t h i n  

w h i c h   is   m o l d i n g l y   e n t r a i n e d   s k i r t   p o r t i o n   148 .   S k i r t  

p o r t i o n   148  has   a  number   of  c i r c u m f e r e n t i a l l y   s p a c e d ,  

r a d i a l l y   d i r e c t e d   p a s s a g e w a y s   152  f o r m e d   t h e r e i n   w h i c h  

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

the   m a t e r i a l   of  hub  142  w h i c h   has   f l o w e d   t h e r e t h r o u g h  

d u r i n g   the   m o l d i n g   p r o c e s s .   A  f l u i d   p a s s a g e   9 0 '  

e x t e n d s   t h r o u g h   one  of  t h e   webs  144  in  a  m a n n e r  

d e s c r i b e d   h e r e i n a b o v e   in  r e l a t i o n   to  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  3  and  4.  S k i r t   148  i n c l u d e s   a  

l o c a l   d i s c o n t i n u a t i o n   154  a l i g n e d   w i t h   p a s s a g e w a y   9 0 '  

to  p r e v e n t   t he   o b s t r u c t i o n   t h e r e o f .   When  p r o v i d e d  

w i t h   l a s h   a d j u s t i n g   u n i t   64,  t he   e m b o d i m e n t   of  t h e  



i n v e n t i o n   i l l u s t r a t e d   in  FIGURE  10  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 a t   d e s c r i b e d   h e r e i n a b o v e .  

R e f e r r i n g   now  to  FIGURES  11  and  12,  s t i l l  

a n o t h e r   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   10  of  t h e  

p r e s e n t   i n v e n t i o n   is   i l l u s t r a t e d   as  h a v i n g   a  b o d y  

i n d i c a t e d   g e n e r a l l y   a t   154  and  a  cam  f a c e   member  1 5 6 .  

The  e m b o d i m e n t   of  FIGURE  12  has   s t r u c t u r e   v e r y   s i m i l a r  

to  t h a t   i l l u s t r a t e d   in  FIGURE  4  i n c l u d i n g   an  o u t e r  

t u b u l a r   p o r t i o n   158 ,   a  hub  p o r t i o n   160 ,   and  a n  

i n t e g r a l l y   i n t e r c o n n e c t i n g   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   webs  162 .   Body  154  has   an  a r e a   o f  

i n c r e a s e d   d i a m e t e r   164 .   Cam  f a c e   member  156  c o m p r i s e s  

a  f a c e   p o r t i o n   166  and  a  t u b u l a r   s k i r t   p o r t i o n  

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

c o - e x t e n s i v e   w i t h   the   o u t e r   c i r c u m f e r e n t i a l   edge   o f  

f a c e   p o r t i o n   166 .   A  p l u r a l i t y   of  r a d i a l l y   d i r e c t e d  

p a s s a g e w a y s   170  a r e   f o r m e d   w i t h i n   s k i r t   168  and  a r e  

e n t r a i n e d   w i t h i n   t he   a r e a   of  i n c r e a s e d   d i a m e t e r   1 6 4  

d u r i n g   t he   m o l d i n g   p r o c e s s   of  body  154  when  t h e  

m a t e r i a l   t h e r e c o m p r i s i n g   f l o w s   t h r o u g h   p a s s a g e w a y s   1 7 0 .  

As  in  t he   c a s e   of  t he   e m b o d i m e n t   i l l u s t r a t e d   i n  

FIGURES  9  and  10,  when  t h e   t a p p e t   body  i l l u s t r a t e d   i n  

FIGURE  12  i s   p r o v i d e d   w i t h   a  l a s h   a d j u s t e r   u n i t   6 4 ,  

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

h e r e i n a b o v e .  

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

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

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  the   i n t e r i o r   o f  

the   t a p p e t   hub .   The  a r e a ,   s u r r o u n d i n g   the   p l u n g e r  

b e t w e e n   t he   web  and  the   t u b u l a r   w a l l   of  t he   body  a n d  

the   cam  f a c e   m e m b e r ,   p r o v i d e s   a  r e s e r v o i r   f o r   f l u i d   t o  

s u p p l y   t he   o n e - w a y   c h e c k   v a l v e   fo r   h y d r a u l i c   l a s h  



a d j u s t m e n t .   The  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  

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

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

p r o v i d e d   in  an  a l u m i n u m   e n g i n e   c y l i n d e r   h e a d .   The  b o d y  

of  t he   t a p p e t   of  the   p r e s e n t   i n v e n t i o n   has   t he   o u t e r  

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

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

of  t he   a l u m i n u m   e n g i n e   h e a d .   The  t a p p e t   is   f o r m e d   o f  

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

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

s u r f a c e   of  t he   a l u m i n i m   e n g i n e   head   and  the   t a p p e t  

m a t e r i a l   m a t c h i n g   t he   c o e f f i c i e n t   of  t h e r m a l   e x p a n s i o n  

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

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

g u i d a n c e   d u r i n g   r e c i p r o c a t i o n   of  t he   t a p p e t   a n d  

m a i n t e n a n c e   of  an  a d e q u a t e   l u b r i c a n t   f i l m   t h e r e b e t w e e n .  

The  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   e m p l o y e s   a  

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

a t t a c h e d   to  t he   body  f o r   w e a r - r e s i s t a n t   d r i v i n g  

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

f o r m e d   of  i r o n - b a s e d   m a t e r i a l   h a v i n g   a  h a r d e n e d  

s u r f a c e .  

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

has   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   t he   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   s u c h   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   to  t h o s e   s k i l l e d   in  t h e   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  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   ( 1 0 )  

f o r   use   in  t h e   v a l v e   g e a r   (18 ,   24)  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   ( 1 6 ) ,   s a i d   t a p p e t   c o m p r i s i n g :  

body  means   ( 4 6 ) ,  

a  f a c e   member  (54)  d e f i n i n g   a  r e a c t i o n  

s u r f a c e   (22)  a d a p t e d   f o r   c o n t a c t i n g   a  cam  l o b e   ( 2 0 ) ,  

a n d  

h y d r a u l i c   l a s h   a d j u s t i n g   means   ( 6 4 )  

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

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   ( 6 8 )  

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   (24)  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   m o v a b l e  

w i t h   r e s p e c t   to  s a i d   f a c e   member  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 ,   c h a r a c t e r i z e d   i n  

t h a t  

s a i d   body  means   is   f o r m e d   of  m o l d a b l e  

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

t h e r m a l   e x p a n s i o n   s u c h   as  a l u m i n u m   or  p l a s t i c ;   a n d  

s a i d   f a c e   member  is   j o i n e d   to  s a i d   b o d y  

means   by  m o l d i n g   of  s a i d   body  means   a b o u t   a  p o r t i o n   o f  

s a i d   f a c e   m e m b e r .  

2.  The  t a p p e t   d e f i n e d   in  C l a i m   1  w h e r e i n  

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

p o r t i o n   (58)  d e f i n i n g   s a i d   r e a c t i o n   s u r f a c e   and  a  

g e n e r a l l y   a n n u l a r   s k i r t   p o r t i o n   (60)  a x i a l l y   d e p e n d i n g  

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

m e a n s .  



3.  The  t a p p e t   d e f i n e d   in  C l a i m   1,  w h e r e i n  

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

a  b u l k   d e n s i t y   l e s s   t h a n   2 . 8 5   g r ams   pe r   c m 3 .  

4.  The  t a p p e t   d e f i n e d   in  C l a i m   1,  w h e r e i n  

s a i d   f a c e   member  is   f o r m e d   of  s t e e l   and  s a i d   b o d y  

means   is   f o r m e d   of  m a t e r i a l   h a v i n g   c o e f f i c i e n t   o f  

t h e r m a l   e x p a n s i o n   no t   s u b s t a n t i a l l y   l e s s   t h a n   22  x  
10 -6   pe r   u n i t   l e n g t h   pe r   °C  as  m e a s u r e d   in  t h e   r a n g e  

2 0 - 1 0 0 ° C .  

5.  The  t a p p e t   d e f i n e d   in  C l a i m   1,  w h e r e i n  

s a i d   f a c e   member  d e f i n e s   r e t e n t i o n   s u r f a c e s   ( 6 2 )  

o p e r a t i v e   to  r e a c t   a g a i n s t   t he   m a t e r i a l   of  s a i d   b o d y  

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

t h e r e b e t w e e n .  

6.  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   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 :  

body  means   f o r m e d   of  m a t e r i a l   h a v i n g   a  

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

l e s s   t h a n   22  x  1 0 - 6  p e r   u n i t   l e n g t h   pe r   °C  a s  

m e a s u r e d   in  t h e   r a n g e   2 0 - 1 0 0 ° C   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   ( 4 8 ) ,  

( i i )   an  a n n u l a r   hub  d i s p o s e d   ( 5 2 )  

w i t h i n   s a i d   a n n u l a r   w a l l   a n d  

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

( i i i )   a  p o r t i o n   (56)  i n t e r c o n n e c t i n g  

s a i d   w a l l   and  h u b ;  

a  f a c e   member  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  cam  l o b e   and  j o i n e d  

to  s a i d   body  means   by  m o l d i n g   of  s a i d   body  means   a b o u t  

a  p o r t i o n   of  s a i d   f a c e   member ;   a n d  



h y d r a u l i c   l a s h   a d j u s t i n g   means   m o v a b l y  

r e c e i v e d   w i t h i n   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  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 ,   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  

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

7.  The  t a p p e t   d e f i n e d   in  C l a i m   6,  w h e r e i n  

s a i d   f a c e   member  is   f o r m e d   of  s t e e l   and  s a i d   b o d y  

means   o u t e r   w a l l ,   hub  and  i n t e r c o n n e c t i n g   p o r t i o n   a r e  

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

8.  The  t a p p e t   d e f i n e d   in  C l a i m   6,  w h e r e i n  

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

a  b u l k   d e n s i t y   l e s s   t h a n   2 . 8 5   g r a m s   pe r   c m 3 .  

9.  The  t a p p e t   d e f i n e d   in  C l a i m   6  w h e r e i n  

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

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

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

p o r t i o n   e n t r a i n e d   w i t h i n   s a i d   body  m e a n s .  

10.  The  t a p p e t   d e f i n e d   in  C l a i m   9,  w h e r e i n  

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

a n n u l a r   w a l l .  

11.  The  t a p p e t   d e f i n e d   in  C l a i m   9,  w h e r e i n  

s a i d   s k i r t   p o r t i o n   e x t e n d s   a x i a l l y   i n t o   s a i d   h u b .  

12.  The  t a p p e t   d e f i n e d   in  C l a i m   9,  w h e r e i n  

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

c o n t i n u o u s .  



13.  The  t a p p e t   d e f i n e d   in  C l a i m   9,  w h e r e i n  

s a i d   s k i r t   has   a t   l e a s t   one  c i r c u m f e r e n t i a l  

d i s c o n t i n u a t i o n   ( 1 3 2 ) .  

14.  The  t a p p e t   d e f i n e d   in  C l a i m   9,  w h e r e i n  

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

r e a c t   a g a i n s t   t h e   m a t e r i a l   of  s a i d   body  means   t h e r e -  

a d j a c e n t   f o r   p r e v e n t i n g   r e l a t i v e   m o v e m e n t   t h e r e b e t w e e n .  

15.  The  t a p p e t   d e f i n e d   in  C l a i m   14,  w h e r e i n  

s a i d   r e t e n t i o n   s u r f a c e s   c o m p r i s e   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   t h r o u g h p a s s a g e s   ( 6 2 ) .  

16.  The  t e p p e t   of  C l a i m   9,  w h e r e i n   s a i d   f a c e  

p o r t i o n   i s   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  

c r o s s - s e c t i o n a l   a r e a   of  t h e   o u t e r   a n n u l a r   w a l l .  

17.  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   f o r  

use   in  t he   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   a  

w e a r - r e s i s t a n t   s u r f a c e   on  t h e  

o u t e r   p e r i p h e r y   t h e r e o f ,  

( 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   hub  i n c l u d i n g   an  i n n e r  

s u r f a c e   d e f i n i n g   a  b o r e ,  

( i i i )   an  end  w a l l   a t t a c h e d   r e s p e c t i v e -  

ly   to  and  e x t e n d i n g   t r a n s v e r s e l y  

a c r o s s   one  a x i a l   end  of  s a i d   h u b ,  

a n d  

( iv )   web  s t r u c t u r e   e x t e n d i n g   i n w a r d l y  

f rom  s a i d   o u t e r   a n n u l a r   w a l l   a n d  



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

body  means   is  f o r m e d   of  m a t e r i a l  

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

e x p a n s i o n   no t   s u b s t a n t i a l l y   l e s s  

t h a n   2 2 . 0   x  10-6   p e r   u n i t   l e n g t h  

pe r   °C  as  m e a s u r e d   in  t h e   r a n g e  

1 0 - 1 0 0 ° C ;  

(b)  a  f a c e   member  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   to  c o n t a c t   an  e n g i n e   cam,  s a i d   f a c e  

member  f u r t h e r   d e f i n i n g   g e n e r a l l y   a x i a l l y   e x t e n d i n g  

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

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

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

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

h a r d n e s s   v a l u e   of  a t   l e a s t   89  as  m e a s u r e d   on  t h e  

R o c k w e l l   15N  s c a l e   f o r   t he   r e a c t i o n   s u r f a c e ;  

(c)  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  s a i d   b o r e ,   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   v a l v e   g e a r  

c o m p o n e n t s ,   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   f a c e   member  r e a c t i o n   s u r f a c e   a n d  

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   (98)  and  p l u n g e r   means   i n c l u d i n g   p i s t o n  

s t r u c t u r e   (72)  c o o p e r a t i n g   w i t h   s a i d   end  w a l l   to  f o r m  

a  f i r s t   f l u i d   p o r t i o n   (74)  of  a  f l u i d   r e s e r v o i r ,   a n d  

s a i d   p l u n g e r   means   i n c l u d i n g   p l u n g e r   s t r u c t u r e   ( 6 8 )  

c o o p e r a t i n g   w i t h   p o r t i o n s   of  s a i d   hub  to  fo rm  a  s e c o n d  

p o r t i o n   (86)  of  s a i d   f l u i d   r e s e r v o i r ,   and  o n e - w a y  
v a l v e   means   (78 ,   80)  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   f a c e   member  r e a c t i o n  

s u r f a c e ,   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   (96)  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 r o m  

s a i d   f a c e   member  r e a c t i o n   s u r f a c e ,   s a i d   body   m e a n s  

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 t   l e a s t   one  b y p a s s  

c h a n n e l   (88)  o p e r a b l e   to  c o m m u n i c a t e   s a i d   f i r s t  

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

fo r   a l l   p o s i t i o n s   of  s a i d   p i s t o n   s t r u c t u r e   and  s a i d  

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

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

w a l l   f rom  s a i d   wear   r e s i s t a n t   s u r f a c e   to  s a i d   s e c o n d  

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

o n e - w a y   v a l v e   means   upon  i n s t a l l a t i o n   of  s a i d   t a p p e t   i n  

an  e n g i n e   and  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  s a i d  

p a s s a g e ;   a n d  

(e)  means   (100)  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   in  s a i d   h u b .  

18.  The  t a p p e t   d e f i n e d   in  C l a i m   17,  w h e r e i n  

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

r a d i a l   web  e x t e n d i n g   b e t w e e n   s a i d   o u t e r   t u b u l a r   w a l l  

and  s a i d   h u b .  

19.  The  t a p p e t   d e f i n e d   in  C l a i m   17,   w h e r e i n  

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

a  b u l k   d e n s i t y   l e s s   t h a n   2 . 8 5   g r a m s   pe r   c m 3 .  

20.   The  t a p p e t   d e f i n e d   in  C l a i m   17,   w h e r e i n  

s a i d   f a c e   member  is   f o r m e d   of  s t e e l   and  s a i d   b o d y  

m e a n s ,   o u t e r   w a l l ,   hub  and  web  a r e   f o r m e d   of  s u b s t a n -  

t i a l l y   p l a s t i c   or  a l u m i n u m   m a t e r i a l .  

21.  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   f o r  

use   in  t he   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 :  

body  means   f o r m e d   of  m a t e r i a l   h a v i n g   a  



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

l e s s   t h a n   22  x  1 0  6   pe r   u n i t   l e n g t h   pe r   °C  a s  

m e a s u r e d   in  t h e   r a n g e   2 0 - 1 0 0 ° C ;  

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

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  

cam  l o b e ,   s a i d   i n s e r t   member  f u r t h e r   d e f i n i n g   a t   l e a s t  

one  r e c e s s   f o r   r e c e i v i n g   body  m a t e r i a l   t h e r e i n   to  j o i n  

s a i d   body  means   and  s a i d   i n s e r t ;   a n d  

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  

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

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

to  s a i d   f a c e   member  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 .  
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