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©  Hydraulic  tappet 
A  hydraulic  tappet  of  the  type  having  a  one-way  check 

valve  (74)  for  valve  gear  of  an  internal  combustion  engine  is 
provided  which  is  especially  suited  for  use  in  smaller  dis- 
placement,  higher  r.p.m.  engines,  Tappets  having  conven- 
tional  check  valves  in  some  instances  experience  unsatisfac- 
tory  operation  at  higher  engine  speeds  due  to  excessive  inter- 
nal  pressure  in  the  tappet  which  results  in  over  extension  of 
the  tappet.  The  hydraulic  tappet  of  the  invention  eliminates 
this  problem  and  includes  a  movable  plunger  assembly  (62) 
received  in  the  tappet  body  (54).  The  plunger  assembly 
defines  an  internal  fluid  reservoir  (72)  and,  in  combination 

with  the  tappet  body,  a  fluid  cavity  (70).  The  one-way  check 
valve  (74)  is  located  within  the  fluid  cavity  and  comprises  a 

spherical  valve  member  (78)  biased  by  a  conical  spring  (84) 
into  engagement  with  a  valve  seat  (76)  adjacent  a  fluid  pas- 
sageway  connecting  the  fluid  reservoir  and  the  cavity.  A 
retaining  cage  (79)  surrounds  the  valve  member  and  spring 
and  limits  the  movement  of  the  valve  member  away  from  the 
valve  seat.  In  the  maximum  open  position  the  conical  biasing 
spring  is  compressed  to  a  minimum  height  substantially 

1  equivalent  to  its  wire  diameter,  thereby  permitting  the  ball  to 
move  away  from  the  valve  seat  without  obstruction  from  the 

I  spring.  An  opening  (88)  in  the  retaining  cage  allows  the  valve 
member  to  extend  partially  therethrough  to  further  increase 

the  travel  of  the  ball. 



BACKGROUND  OF  THE  INVENTION 

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

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

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

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

DESCRIPTION  OF  THE  PRIOR  ART 

An  o p e r a t i n g   c o n d i t i o n   known  as  " p u m p - u p "  

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

in  wh ich   e n g i n e   s p e e d s   g e n e r a l l y   e x c e e d   4000  r . p . m .  
When  p u m p - u p   o c c u r s   an  e x c e s s i v e   amount   of  h y d r a u l i c  

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

the   l i f t e r   body  and  t h e   l o w e r   end  of  the   p l u n g e r   w h i c h  

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

the   l i f t e r .   The  e x c e s s i v e   l e n g t h   p r e v e n t s   t h e   i n t a k e   o r  

e x h a u s t   v a l v e   f rom  c o m p l e t e l y   c l o s i n g .   F a i l u r e   of  t h e  

v a l v e s   to  p r o p e r l y   s e a t   r e s u l t s   in  l o s s   of  e n g i n e   p o w e r ,  
back   f i r i n g   i n t o   t he   e x h a u s t   or  i n t a k e   m a n i f o l d   c h a m b e r ,  

and  v a l v e   b u r n i n g .   In  some  i n s t a n c e s   where   b a l l   t y p e  

c h e c k   v a l v e s   a re   e m p l o y e d   p u m p - u p   p r o b l e m s   can  b e  

e l i m i n a t e d   by  i n c r e a s i n g   t h e   d i s t a n c e   t h a t   t he   b a l l  

v a l v e   member  of  t he   t a p p e t   c h e c k   v a l v e   t r a v e l s .   T h e  

l o n g e r   b a l l   t r a v e l   a l l o w s   t h e   c h e c k   v a l v e   to   be  o p e n   f o r  

a  g r e a t e r   p e r i o d   of  t i m e ,   t h e r e b y   p e r m i t t i n g   t h e  

t a p p e t t o   "pump  down"  e v e n   a f t e r   v a l v e   g e a r   f o r c e s   a r e  

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

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

b a l l   t r a v e l   in  t a p p e t   c h e c k   v a l v e s   is  t h a t ,   in  s o m e  

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

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

a s s e m b l y   is   no t   a v a i l a b l e   due  to  d i m e n s i o n a l   c o n s t r a i n t s  

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

SUMMARY  OF  THE  INVENTION 

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

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

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



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

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

of  the   l i f t e r   p l u n g e r   by  a  c o m p r e s s i o n   b i a s i n g  s p r i n g .  

A  b a l l   v a l v e   member  i s   m a i n t a i n e d   in  s e a t i n g   e n g a g e m e n t  

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

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

b e n e a t h   the   p l u n g e r .   The  c a v i t y   is   d e f i n e d   by  the   l o w e r  

end  of  t he   p l u n g e r   and  a  b l i n d   b o r e   f o r m e d   in  t he   l o w e r  

end  of  the   l i f t e r   b o d y .   A  c o n i c a l   b i a s i n g   s p r i n g   h a s  

i t s   m a j o r   d i a m e t e r   end  s e a t e d   a g a i n s t   t h e   b o t t o m   end  o f  

the   cup  s h a p e d   r e t a i n e r   and  i t s   m i n o r   d i a m e t e r   e n d  

r e a c t i n g   a g a i n s t   t h e   b a l l   v a l v e   member .   The  w i r e  

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

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

t e c h n i q u e s   to  p e r m i t   t h e   s p r i n g   to   c o m p r e s s   to   a  h e i g h t  

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

p e r m i t t i n g   t h e   b a l l   v a l v e   member  to   r e a l i z e   m a x i m u m  

t r a v e l   away  f rom  t h e   v a l v e   s e a t .   S l o t s   f o r m e d   t h r o u g h  

t he   s i d e   w a l l   of  t h e   cup  s h a p e d   r e t a i n e r   p e r m i t   t he   f r e e  

f low  of  o i l   f rom  t h e   r e s e r v o i r   i n t o   t h e   c a v i t y .  

I t   is   t h e r e f o r e   an  o b j e c t   of  t he   i n v e n t i o n  

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

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

minimum  a m o u n t   of   s p a c e   and  w i t h o u t   d i m i n i s h i n g   t h e  

v o l u m e   of  t he   f l u i d   c a v i t y   in  w h i c h   t h e   c h e c k   v a l v e  

a s s e m b l y   is  m o u n t e d .  

I t   i s   a n o t h e r   o b j e c t   o f   t h e   i n v e n t i o n   t o  

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

a s s e m b l y   w h i c h   r e q u i r e s   a  min imum  a m o u n t   of   s p a c e   w h i l e  

a t   t he   same  t i m e   p r o v i d i n g   r e l a t i v e l y   l o n g   b a l l   t r a v e l .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  t r a n s v e r s e   c r o s s - s e c t i o n a l   v i e w  

of  t he   b l o c k   of   an  e n g i n e   h a v i n g   o v e r h e a d   v a l v e   g e a r  

e m p l o y i n g   cam  in  b l o c k   and  a  h y d r a u l i c   t a p p e t   of  t h e  

p r e s e n t   i n v e n t i o n   w i t h   p u s h r o d s   i n t e r m e d i a t e   cam  a n d  

v a l v e   r o c k e r s ;  



F i g .   2  is  a  p a r t i a l   s e c t i o n a l   v i e w  t a k e n  

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

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

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

F i g .   3  is  a  p a r t i a l   s e c t i o n   v i ew   s i m i l a r   t o  

F i g .   2  s h o w i n g   the   o n e - w a y   c h e c k   v a l v e   in  t he   o p e n  

p o s i t i o n .  

DETAILED  DESCRIPTION 

R e f e r r i n g   to  F i g .   1  a  h y d r a u l i c   t a p p e t ,  

i n d i c a t e d   g e n e r a l l y   at  10,  is   shown  in  a s s o c i a t i o n   w i t h  

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

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

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

c a m - o v e r - r o c k e r   t y p e   v a l v e   g e a r .  
The  v a l v e   g e a r   i n c l u d e s   a  v a l v e   12  h a v i n g   a  

s t e m   14  t h e r e o f   r e c e i v e d   in  a  v a l v e   g u i d e   16  f o r m e d   in  a  

c y l i n d e r   head   18  of  the   e n g i n e .   A  v a l v e   c l o s i n g   m e a n s  

as ,   fo r   e x a m p l e ,   s p r i n g   20  is  r e c e i v e d   o v e r   t he   v a l v e  

s tem  w i t h   a  k e e p e r   22  a t t a c h e d   t h e r e o n   to  r e t a i n   t h e  

s p r i n g ,   t h u s   c a u s i n g   s p r i n g   20  to  b i a s   v a l v e   12  to  a  

c l o s e d   p o s i t i o n .   A  r o c k e r   s h a f t   24  is   p r o v i d e d   o n  

e n g i n e   h e a d   18  and  i n d i v i d u a l   r o c k e r   arms  26  p i v o t  

t h e r e a b o u t   so  as  to   e a c h   have   one  end  t h e r e o f   c o n t a c t i n g  

the   end  of  t h e   v a l v e   s t e m .   The  o p p o s i t e  e n d   28  of  e a c h  

r o c k e r   arm  is  in  p i v o t a l   c o n t a c t   w i t h   a  p u s h r o d   30  w h i c h  

e x t e n d s   d o w n w a r d l y   t h r o u g h   a  p a s s a g e   32  in  c y l i n d e r   h e a d  

18  in  a  m a n n e r   s u c h   t h a t   p u s h r o d   30  is  f r e e   t o  

r e c i p r o c a t e   in  t he   c y l i n d e r   h e a d .   A  t a p p e t   g u i d e   b o r e  

34  is   p r o v i d e d   in  an  e n g i n e   b l o c k   36  and  g u i d e   b o r e   34  

has   a  p a s s a g e   38  c o m m u n i c a t i n g   t h e r e w i t h ,   w h i c h   p a s s a g e  
a l s o   c o m m u n i c a t e s   w i t h   a  g a l l e r y   40  in  a  p r e s s u r i z e d  

e n g i n e   o i l   pump  c i r c u i t .   T a p p e t   10  is  r e c e i v e d   s l i d a b l y  

in  b o r e   34  and  has   an  end  f a c e   42  t h e r e o f   in  c o n t a c t  

w i t h   a  cam  s u r f a c e   44  of  a  r o t a t i n g   c a m s h a f t   46.  Cam 

s u r f a c e   44  of  s h a f t   46  has  a  c o n v e n t i o n a l   b a s e   c i r c l e  



p o r t i o n   48  and  a  r a d i a l l y   e x t e n d i n g   l o b e   p o r t i o n   50  f o r  

c a u s i n g   l o n g i t u d i n a l   m o v e m e n t   of  h y d r a u l i c   t a p p e t   1 0  

w i t h i n   b o r e   34  d u r i n g   e a c h   r e v o l u t i o n   of  t h e   c a m s h a f t .  

H y d r a u l i c   t a p p e t   10  has   an  o i l   r e c e i v i n g  

g r o o v e   52  p r o v i d e d   a r o u n d   t h e   p e r i p h e r y   t h e r e o f   f o r  

r e g i s t e r i n g   w i t h   o i l   p a s s a g e   38  as  t he   t a p p e t   moves   i n  

b o r e   34  f o r   r e c e i v i n g   a  s u p p l y   of   p r e s s u r i z e d   o i l   f r o m  

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

a d j u s t i n g   means   w i t h i n   t h e   t a p p e t .  

R e f e r r i n g   now  to  F i g .   2,  h y d r a u l i c   t a p p e t   10 

is   shown  in  e n l a r g e d   c r o s s - s e c t i o n   as  h a v i n g   a  b o d y   5 4 .  

A  b l i n d   b o r e   56  is  f o r m e d   in  body  54  w i t h   t h e   b l i n d   e n d  

of  t h e   b o r e   t e r m i n a t i n g   a d j a c e n t   cam  f a c e   42  of   t h e  

t a p p e t .   I n l e t   p o r t   m e a n s   a r e   p r o v i d e d   in  t h e   f o rm  of   a  

h o l e   58  in  t h e   w a l l   of  t h e   body   54.  O i l   r e c e i v i n g  

g r o o v e   52  c o m m u n i c a t e s   w i t h   b o r e   56  t h r o u g h   h o l e   58  f o r  

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

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

The  t a p p e t   b o r e   56  has  a  p l u n g e r   m e a n s   6 2  

s l i d a b l y   r e c e i v e d   t h e r e i n .   P l u n g e r   means   62  is   f o r m e d  

of  an  u p p e r   p o r t i o n   64  and  a  l o w e r   p o r t i o n   66  w h i c h  

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

a d j a c e n t   t r a n s v e r s e   f a c e s .   At  l e a s t   one ,   and  p r e f e r a b l y  

a  p l u r a l i t y ,   of  r a d i a l   g r o o v e s   68  and  70  a re   f o r m e d   i n  

t he   b o t t o m   s u r f a c e   of   u p p e r   p l u n g e r   p o r t i o n   64.  P l u n g e r  

m e a n s   62  f o r m s ,   in  c o o p e r a t i o n   w i t h   t h e   end  of   b l i n d  

b o r e   56,   a  c a v i t y   70  f o r   r e t a i n i n g   o i l   t h e r e i n .   A  f l u i d  

r e s e r v o i r   72  is  d e f i n e d   by  p l u n g e r   m e a n s   62.  An 

i n t e r n a l   g r o o v e   69  f o r m e d   i n t o   b o r e   56  and  a  r e d u c e d  

u p p e r   d i a m e t e r   p o r t i o n   71  on  l o w e r   p l u n g e r   p o r t i o n   66  

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

h o l e   58  t h r o u g h   g r o o v e s   68  and  70  and  t h e n   i n t o   f l u i d  

r e s e r v o i r   72.   A  o n e - w a y   v a l v e   m e a n s ,   i n d i c a t e d  

g e n e r a l l y   a t   74,   c o m m u n i c a t e s   r e s e r v o i r   72  w i t h   c a v i t y  

70  and  i s   in  a b u t m e n t   w i t h   t h e   l o w e r   end  of   l o w e r  

p l u n g e r   p o r t i o n   6 6 .  



V a l v e   means   74  has   a  v a l v e   s e a t   7 6  f o r m e d   a t  

t he   j u n c t u r e   of   a  p a s s a g e   77  w h i c h   f l u i d l y   c o m m u n i c a t e s  

r e s e r v o i r   72  w i t h   c a v i t y   70.  A  b a l l   v a l v e   member  78  i s  

m o v a b l e   f rom  a  c l o s e d   p o s i t i o n   c o n t a c t i n g   v a l v e   s e a t   76 

to  an  open   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   76.  A 

r e t a i n i n g   c a g e   79  is  r e c e i v e d   o v e r   b a l l   v a l v e   member  78  

and  s e r v e s   to  r e t a i n   t he   b a l l   t h e r e i n .   A  c o n i c a l  

b i a s i n g   s p r i n g   80  is   p r o v i d e d   w i t h i n   r e t a i n i n g   c a g e   79 

and  has   a  m a j o r   d i a m e t e r   end  82  in  a b u t m e n t   w i t h   c a g e   79  

and  a  m i n o r   d i a m e t e r   end  84  in  a b u t m e n t   w i t h   b a l l   v a l v e  

member  7 9 .  

Cage  79  has   a  p l u r a l i t y   of  l o n g i t u d i n a l l y  

e x t e n d i n g   s l o t s   86  t h r o u g h   t h e   s i d e   w a l l   t h e r e o f ,   one  o f  

w h i c h   is  shown  p a r t i a l l y   in  F i g .   3,  fo r   p e r m i t t i n g   t h e  

f r e e   f l ow  of  f l u i d   p a s t   c a g e   78  i n t o   c a v i t y   70.  Cage  78  

has   an  o p e n i n g   88  t h r o u g h   t h e   l o w e r   end  t h e r e o f   f o r  

a c h i e v i n g   maximum  t r a v e l   of  b a l l   v a l v e   member  78  a w a y  
f rom  s e a t   76  by  a l l o w i n g   the   l o w e r   p o r t i o n   of  t he   b a l l  

to  e x t e n d   t h e r e i n   as  shown  by  F i g .   3.  C o n i c a l   s p r i n g   80  

u r g e s   b a l l   v a l v e   member  78  to  a  c l o s e d   p o s i t i o n   i n  

c o n t a c t   w i t h   v a l v e   s e a t   7 6 .  

In  t h e   e m b o d i m e n t   shown  by  F i g s .   1  -   3,  t h e  

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

b a l l   h a v i n g   a  d i a m e t e r   of  0 . 2 1 8 7   i n c h   ( 5 . 5 5 6   mm)  i s  

a p p r o x i m a t e l y   0 . 0 7 5   i n c h   ( 1 . 9 0 5   mm).  Pump-up   was  f o u n d  

to  o c c u r   when  b a l l   t r a v e l   w i t h   a  c o n v e n t i o n a l   o n e - w a y  
v a l v e   a s s e m b l y   was  a p p r o x i m a t e l y   0 . 0 3 0   i n c h   ( 0 . 0 7 6   mm) .  

A  p l u n g e r   b i a s   s p r i n g   90  is  p r o v i d e d   i n  

c a v i t y   70  and  r e g i s t e r s   a g a i n s t   t h e   l o w e r   end  of  l o w e r  

p l u n g e r   p o r t i o n   66  to  u r g e   p l u n g e r   means   62  in  a  

d i r e c t i o n   away  f rom  the   b l i n d   end  of   b o r e   5 6 .  

An  a n n u l a r   p l u n g e r   r e t a i n e r   92  is  p r o v i d e d  

o v e r   t he   u p p e r   end  of   u p p e r   p l u n g e r   p o r t i o n   64.  When  n o  

l o a d   is  p r e s e n t   on  t h e   p l u n g e r   m e a n s   62  f rom  t h e  

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 s ,   r e t a i n e r   9 2  

s e r v e s   to  r e t a i n   t h e   p l u n g e r   m e a n s   in  body  54  a g a i n s t  

t he   b i a s   f o r c e   of   s p r i n g   9 0 .  



In  o p e r a t i o n ,   as  t h e   c a m s h a f t   46  of   F i g .   1  

r o t a t e s ,   t he   l o b e   of   t he   cam  s u r f a c e   c a u s e s   t h e   t a p p e t  

to  move  u p w a r d l y   w i t h i n   b o r e   34  so  as  to  e x e r t   a  f o r c e  

on  t he   p u s h r o d   30.   The  u p w a r d   m o v e m e n t   of   p u s h r o d   3 0  

r o t a t e s   r o c k e r   26  in   a  c l o c k w i s e   m a n n e r   a b o u t   t h e   s h a f t  

24  to  p r e s s   down  u p o n   s t e m   14  of  v a l v e   12  and  t h u s   o p e n s  
the   v a l v e .   When  l o b e   p o r t i o n   50  of  t h e   cam  s u r f a c e  

b e g i n s   to   r a i s e   t h e   t a p p e t   10,  t h e   o n e - w a y   v a l v e   m e a n s  

74  c l o s e s   and  t r a p s   o i l   in  c a v i t y   70  w h i c h   p r e v e n t s   t h e  

p l u n g e r   means   62  f rom  f u r t h e r   c o l l a p s i n g   w i t h i n   b o r e  

56.  When  t he   l o b e d   s u r f a c e   p o r t i o n   of  t h e   cam  s u r f a c e s  

p a s s e s   t h e   t a p p e t ,   t h e   t a p p e t   f a c e   91  r e s t s   on  t h e   b a s e  

c i r c l e   p o r t i o n   of  t h e   cam  and  t h e   v a l v e   c l o s e s .   When  t h e  

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

p o r t i o n   48  of  t h e   cam,  t h e   f o r c e   on  p u s h r o d   30  t h e n  

d e c r e a s e s   to  a  l e v e l   as  d e t e r m i n e d   by  t he   p l u n g e r   b i a s  

s p r i n g   90  p r o v i d e d   in  c a v i t y   70  of  t h e   t a p p e t   body   5 4 .  

The  p l u n g e r   b i a s   s p r i n g   90  moves   t h e   p l u n g e r   u p w a r d l y  

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

t a k e   up  any  l a s h   in  t h e   p u s h r o d - r o c k e r - v a l v e   t r a i n ;   a n d ,  

s i m u l t a n e o u s l y   o i l   i s   a d m i t t e d   i n t o   t h e   c a v i t y   7 0  

t h r o u g h   t h e   o n e - w a y   v a l v e   means   74  by  t h e   s u c t i o n   f o r m e d  

in  c a v i t y   70  due  to  t h e   o u t w a r d   m o t i o n   of  t h e   p l u n g e r  

means   t h e r e f r o m .   As  t h e   cam  s u r f a c e   44  c o n t i n u e s  

r o t a t i o n   f o r   a  s u b s e q u e n t   v a l v e   e v e n t ,   and  t h e   l o b e  

p o r t i o n   50  p u s h e s   t h e   h y d r a u l i c   t a p p e t   10  u p w a r d ,   t h e  

p u s h r o d   e x e r t s   a  f o r c e   on  t he   p l u n g e r   means   62  a n d  

c a u s e s   o n e - w a y   v a l v e   means   74  to  c l o s e ,   r e t a i n i n g   t h e  

p l u n g e r   in  i t s   a d j u s t e d   p o s i t i o n   by  t r a p p i n g   t h e r e i n   t h e  

f l u i d   w h i c h   e n t e r e d   i n t o   c a v i t y   70  d u r i n g   t h e   t i m e   w h e n  

the   v a l v e   means   74  was  o p e n .   H o w e v e r ,   d u r i n g   h i g h  

e n g i n e   r . p . m .   o p e r a t i n g   c o n d i t i o n s ,   ( a p p r o x i m a t e l y   4 0 0 0  

r . p . m .   and  a b o v e )   an  a m o u n t   of  o i l   can   s o m e t i m e s   f l o w  

i n t o   t h e   c a v i t y   w h i c h   is  in  e x c e s s   of   t h a t   n e e d e d   t o  

t a k e   up  l a s h   in  t h e   v a l v e   g e a r .   The  e x c e s s   o i l   v o l u m e  

in  c a v i t y   70  c a u s e s   t h e   f o r c e   t r a n s m i t t i n g   l e n g t h   t o  

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



T h i s   e x c e s s i v e   o i l   f l ow  can  o c c u r   a t   v a r i o u s  

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

d y n a m i c   u n l o a d i n g   o c c u r s   on  t h e   h y d r a u l i c   t a p p e t   10.  I n  

t he   i n v e n t i o n   as  e m b o d i e d   in  F i g s .   1  -   3,  t he   l o n g   b a l l  

t r a v e l   a l l o w s   t h e   e x c e s s i v e   v o l u m e   of  f l u i d   in  c a v i t y   70  

to  "pump  down"  or  f l o w   back   i n t o   r e s e r v o i r   72  p r i o r   t o  

c l o s i n g   of   b a l l   v a l v e   member  78  a g a i n s t   s e a t   7 6 .  

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

a p p a r e n t   to  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   a n d  

t he   i n v e n t i o n   is  l i m i t e d   o n l y   by  the   f o l l o w i n g   c l a i m s .  



C l a i m   1.  A  h y d r a u l i c   t a p p e t   (10)  f o r   a  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 ,   t h e   t a p p e t   b e i n g  
of  t h e   t y p e   a d a p t e d   to  r e c e i v e   and  t r a n s m i t   p e r i o d i c a l l y  

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

(a)  body   means   (54)  h a v i n g   a  b l i n d   b o r e   ( 5 6 )  

f o r m e d   t h e r e i n ,   s a i d   body   means   i n c l u d i n g   a  c o n t a c t   s u r -  
f a c e   (42)  a d a p t e d   to  c o n t a c t   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 s   f o r   r e c e i v i n g   s a i d   f o r c e s ;  

(b)  p l u n g e r   means   (62)  s l i d a b l y   r e c e i v e d   i n  

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

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

( i)   means   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 4 )  

a d a p t e d   to   c o n t a c t   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 s   and  t r a n s m i t   s a i d   f o r c e s ,  

( i i )   means   d e f i n i n g   a  f l u i d   r e s e r v o i r   ( 7 2 ) ,  

(c)  s a i d   body   means   and  s a i d   p l u n g e r   m e a n s  

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

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

(52 ,   58,   71 ,   6 8 ) ;  

(d)  means   b i a s i n g   s a i d   p l u n g e r   m e a n s  

o u t w a r d l y   of   s a i d   c a v i t y   ( 9 0 ) ;   a n d  

(e)  o n e - w a y   v a l v e   m e a n s   (74)  f o r   p e r m i t t i n g  
f l u i d   f l o w   f rom  s a i d   r e s e r v o i r   to   s a i d   c a v i t y ,   s a i d   o n e - w a y  
v a l v e   m e a n s   i n c l u d i n g  

( i )   a  s p h e r i c a l   v a l v e   member   ( 7 8 ) ,  

( i i )   r e t a i n i n g   means   (79)  r e c e i v e d   o v e r   s a i d  

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

a  member   h a v i n g   a  p o r t i o n   in  a b u t m e n t   w i t h   s a i d  

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

p a s s a g e w a y   means   (86)  f o r   p e r m i t t i n g   f l u i d   f l o w  

t h e r e t h r o u g h ,  

( i i i )   a  c o n i c a l   b i a s i n g   s p r i n g   (80)  h a v i n g   o n e  

end  e n g a g i n g   s a i d   v a l v e   member   and  t h e   o t h e r   e n d  

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



m e a n s ,   s a i d   s p r i n g   u r g i n g   s a i d   v a l v e   m e m b e r  

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

f rom  s a i d   r e s e r v o i r   to  s a i d   c a v i t y ,  

( iv )   s a i d   r e t a i n i n g   means   member   f u r t h e r  

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

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

of  s a i d   v a l v e   member   to   e x t e n d   t h e r e t h r o u g h  

w h i l e   s a i d   v a l v e   member   i s   in  s a i d   s e c o n d  

p o s i t i o n .  

C l a i m   2.  A  h y d r a u l i c   t a p p e t   (10)  f o r   a  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 ,   c o m p r i s i n g :  

(a)  body   means   (54)  h a v i n g   a  b l i n d   b o r e   ( 5 6 )  

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

(42)  a d a p t e d   to  c o n t a c t   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 s   f o r   r e c e i v i n g   p e r i o d i c a l l y   a p p l i e d   f o r c e s ;  

(b)  p l u n g e r   means   (62)  s l i d a b l y   r e c e i v e d   in  s a i d  

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

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

( i)   m e a n s   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 4 )  

a d a p t e d   to   c o n t a c t   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 s   and  t r a n s m i t   s a i d   p e r i o d i c a l l y  

a p p l i e d   f o r c e s ,  

( i i )   m e a n s   d e f i n i n g   a  f l u i d   r e s e r v o i r   ( 7 2 ) ,   a n d  

(c)  s a i d   body   m e a n s   and  s a i d   p l u n g e r   m e a n s  

i n c l u d i n g   means   f o r   r e c e i v i n g   f l u i d   u n d e r   p r e s s u r e   f r o m  

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

(52,   58,  71,  6 8 ) ,  

(d)  means   b i a s i n g   s a i d   p l u n g e r   m e a n s  

o u t w a r d l y   of  s a i d   c a v i t y   ( 9 0 ) ;   a n d  

(e)  o n e - w a y   v a l v e   means   (74)  f o r   p e r m i t t i n g  

f l u i d   f l o w   f rom  s a i d   r e s e r v o i r   to   s a i d   c a v i t y ,   s a i d   o n e - w a y  

v a l v e   means   i n c l u d i n g ,  

(i)  means   d e f i n i n g   a  f l u i d   p a s s a g e w a y   ( 7 7 )  

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

and  a  v a l v e   s e a t   (76)  a d j a c e n t   one  end  of  s a i d  

f l u i d   p a s s a g e w a y ,  



( i i )   a  s p h e r i c a l   v a l v e   member   (78)  m o v a b l e  
b e t w e e n   a  c l o s e d   p o s i t i o n   in  s e a l i n g   e n g a g e m e n t  
w i t h   s a i d   v a l v e   s e a t   and  an  o p e n   p o s i t i o n  

s p a c e d   f rom  s a i d   v a l v e   s e a t ,  
( i i i )   r e t a i n e r   m e a n s   (79)  f o r   l i m i t i n g  

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

e s t a b l i s h i n g   s a i d   o p e n   p o s i t i o n   of   s a i d   v a l v e  

m e m b e r ,   s a i d   r e t a i n e r   m e a n s   i n c l u d i n g   a  c u p -  
s h a p e d   member  (79)  h a v i n g   p a s s a g e w a y   m e a n s   ( 8 6 )  
f o r   p e r m i t t i n g   f l u i d   f l o w   t h e r e t h r o u g h ,   s a i d  

c u p - s h a p e d   member   h a v i n g   an  o p e n i n g   (88)  t h r o u g h  
t h e   b o t t o m   end  t h e r e o f ,  

( i v )   b i a s i n g   means   (80)  f o r   u r g i n g   s a i d   v a l v e  

member   to   s a i d   c l o s e d   p o s i t i o n ,   s a i d   b i a s i n g  

m e a n s   i n c l u d i n g   a  c o n i c a l   s p r i n g   (80)  h a v i n g   a  
m i n o r   d i a m e t e r   end  p o r t i o n   (84)  in  c o n t a c t   w i t h  

s a i d   v a l v e   member   and  a  m a j o r   d i a m e t e r   e n d  

p o r t i o n   (82)  in  c o n t a c t   w i t h   s a i d   r e t a i n e r   m e a n s ,  
s a i d   c o n i c a l   s p r i n g   c o m p r e s s i b l e   to   a  s u b s t a n t i a l -  

ly   f l a t   p o s i t i o n   f o r   p e r m i t t i n g   a  p o r t i o n   o f  

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

s a i d   o p e n i n g   in   s a i d   c u p - s h a p e d   m e m b e r .  

C l a i m   3.  A  h y d r a u l i c   t a p p e t   (10)  f o r   a  v a l v e  

g e a r   o f   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 ,   t h e   t a p p e t   b e i n g   o f  

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

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

(a)  body   means   (54)  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  c o n t a c t   s u r f a c e   (42)  a d a p t e d   to   c o n t a c t  

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 s   f o r  

r e c e i v i n g   s a i d   t o r c e s ;  

(b)  l a s h   a d j u s t i n g   m e a n s   (62 ,   74)  a s s o c i a t e d   w i t h  

s a i d   body   m e a n s   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 ,   s a i d   l a s h  

a d j u s t i n g   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  r e a c t i o n  

s u r f a c e   (64)   a d a p t e d   to  c o n t a c t   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 s   and  t r a n s m i t   s a i d   f o r c e s ,   s a i d   l a s h   a d j u s t i n g  



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

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

c o n t a c t   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   i n c l u d i n g   o n e -  

way  v a l v e   m e a n s   (74)  f o r   p e r m i t t i n g   f l u i d   f l o w   to   s a i d  

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

( i )   a  s p h e r i c a l   v a l v e   member   ( 7 8 )  

( i i )   r e t a i n i n g   means   (79)  r e c e i v e d   o v e r   s a i d  

v a l v e   m e m b e r ,   s a i d   r e t a i n i n g   m e a n s  .  

i n c l u d i n g   a  member   h a v i n g   a  p o r t i o n   i n  

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

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

means   (86)  f o r   p e r m i t t i n g   f l u i d   f l o w  

t h e r e t h r o u g h ,  

( i i i )   a  c o n i c a l   b i a s i n g   s p r i n g   (80)  h a v i n g   o n e  

end  e n g a g i n g   s a i d   v a l v e   member   and  t h e  

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

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

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

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

to  s a i d   c a v i t y ,  

( i v )   s a i d   r e t a i n i n g   means   member   f u r t h e r   d e f i n -  

ing   a  c e n t r a l   o p e n i n g   (88)  f o r m e d   t h r o u g h  

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

p o r t i o n   of  s a i d   v a l v e   member   to   e x t e n d  

t h e r e t h r o u g h   w h i l e   s a i d   v a l v e   member   i s  

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

(c)  s a i d   body  means   and  s a i d   l a s h   a d j u s t i n g  

means   c o o p e r a t i n g   to  d e f i n e   a  p a s s a g e   (52,   58,  71,   68,   7 2 )  

f o r   d i r e c 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  s a i d  

body  means   b e i n g   a p p l i e d   w i t h   f l u i d   f rom  t h e   e n g i n e ;   a n d ,  

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

(90)  in  a  d i r e c t i o n   to  i n c r e a s e   t h e   d i s -  

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

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