
Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 3 0   7 8 1  

Office  europeen  des  brevets  A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80302755.6  ©  Int.  CI.3:  F  01  L  1/24 

©  Date  of  filing:  11.08.80 

©  Priority:  05.12.79  US  100689 

(©  Date  of  publication  of  application: 
24.06.81  Bulletin  81-25 

©  Designated  Contracting  States: 
DE  FR  GB  IT 

©Applicant:  EATON  CORPORATION 
100  Erieview  Plaza 
Cleveland  Ohio  441  14(US) 

©  Inventor:  Buente,  Stephen  Mark 
6017  Oakland  Drive 
Kalamazoo  Michigan  49002(US) 

©  Inventor:  Mihalic,  William  Thomas 
200  Parkshore  Drive 
Battle  Creek  Michigan  49017(US) 

©  Representative:  Wright,  Peter  D.J.  et  al, 
R.G.C.  Jenkins  &  Co.  Chancery  House  53-64  Chancery 
Lane 
London  WC2A  IQU(GB) 

(©  Hydraulic  tappet  for  direct-acting  valve  gear. 
  A  hydraulic  lash  adjusting  tappet  10  for  use  in  engine 
valve  gear  of  the  direct  acting  type  having  one  end  of  the 
tappet  contacting  the  end  of  the  combustion  chamber  valve 
stem  26  and  the  other  end  contacting  the  cam-shaft  lobe  16. 
the tappet  has the  body 40 formed  with  a tubular wall  portion 
42  having  an  inwardly  extending  web  portion  44  intermediate 
the  ends  thereof  with  a  tubular  hub  46  disposed  therewithin 
formed  integrally  with  the  web  and  extending  axially 
therefrom.  A  cam  face  disc  member  18  is  attached  about  the 
periphery  thereof  to  one  end  of  the  tubular  wall.  A  plunger 
means  50  is  slidably  received  in  thetubular  hub  and  includes  a 
piston  64  slidable  therein  forming  a  high  pressure  chamber86 
within  the  plunger  remote  from  the  cam  face  and  having 
therein  one-way  valve  means  for  admitting  fluid  to  the 
chamber  for  lash  adjustment.  An  annular  retainer  56  is 
received  over  the  outward  end  of  the  hub  and  a  passage  84  is 
provided  through  the tubular wall  portion  for  communicating 
fluid  to  the  reservoir. 





In  d e s i g n i n g   v a l v e   g e a r   for   i n t e r n a l   c o m b u s t i o n  

e n g i n e s   o p e r a t i n g   a t   s p e e d s   in  e x c e s s   of  5 , 0 0 0   rpm,  i t   h a s  

been   found   d e s i r a b l e   to  employ   v a l v e   g e a r   of  t h e  

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

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

end  c o n t a c t i n g   the   e n g i n e   cam  s h a f t   w i t h   the   o t h e r   end  o f  

the   t a p p e t   in  d i r e c t   c o n t a c t   w i t h   the   end  of  the  s t em  o f  

the   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   the  a d v a n t a g e   of  low  m a s s ,   f ewer   w o r k i n g   p a r t s   a n d  

h i g h e r   s t i f f n e s s   due  to  the   e l i m i n a t i o n   of  the   r o c k e r   a r m  

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

g e a r   to  a t t a i n   h i g h e r   r p m ' 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   the  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   for   a  g i v e n   v a l v e   m o t i o n   a n d  

e n g i n e   s p e e d   as  c o m p a r e d   w i t h   t h o s e   used   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 h e  

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

a c c e l e r a t i o n s   wh ich   i n c r e a s e   the   a r e a   u n d e r   the  v a l v e   l i f t  

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

A l t h o u g h   o t h e r   o v e r h e a d   cam  c o n f i g u r a t i o n s   can  be  made  t o  

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   the  a d d i t i o n a l  

a d v a n t a g e   of  p e r m i t t i n g   r o t a t i o n   of  the   cam  c o n t a c t i n g  

s u r f a c e s   as  the  l i f t e r   r o t a t e s   wh ich   is  no t   p o s s i b l e   w i t h  

r o c k e r   arm  t ype   v a l v e   g e a r   a r r a n g e m e n t s .   D i r e c t   a c t i n g  

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

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

In  a d d i t i o n ,   the   cam  p r o f i l e   fo r   o t h e r   o v e r h e a d   c am 

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   a n d  



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   o f  

d i r e c t   a c t i n g   v a l v e   g e a r   r e s u l t s   in  l e s s   m a n u f a c t u r i n g  

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

v e l o c i t i e s   and  a c c e l e r a t i o n s   a r e   d e s i r e d .  

I t   h a s ,   h o w e v e r ,   been   f o u n d   d i f f i c u l t   to  p r o v i d e  

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

h e i g h t   of  t he   e n g i n e   mus t   be  k e p t   to   a  minimum  a n d  

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

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

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

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

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

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

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

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

e n g i n e ,   i t   is  n e c e s s a r y   to   p r o v i d e   s t r u c t u r e   i n t e r m e d i a t e  

the   cam  s h a f t   and  the   end  of  t he   v a l v e   s t em  i n  . o r d e r   t o  

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

to  s o m e w h a t   i n c r e a s e .  

T h e r e f o r e ,   i t   has   been   d e s i r e d   to  f i n d   an  h y d r a u l i c  

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

use  in  e n g i n e s   h a v i n g   d i r e c t   a c t i n g   v a l v e   g e a r   w i t h  

min imum  d i s t a n c e   b e t w e e n   t he   cam  s h a f t   and  t he   end  of  t h e  

v a l v e   s t e m   to  m i n i m i z e   t h e   mass   of  e n g i n e   s t r u c t u r e  

n e c e s s a r y   to  p r o v i d e   the   t a p p e t   g u i d e s .   F u r t h e r m o r e ,   i n  

d e s i g n i n g   t a p p e t s   fo r   d i r e c t   a c t i n g   v a l v e   g e a r   so  as  t o  

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

is   d e s i r a b l e   to  have   the   r e a c t i o n   f o r c e   of  t he   v a l v e   s t e m  

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

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

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

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

Known  h y d r a u l i c   t a p p e t s   f o r   d i r e c t - a c t i n g   v a l v e   g e a r  
have   e m p l o y e d   a  b o d y ,   or  b u c k e t ,   f o r m e d   as  an  i n t e g r a l  



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

p l u n g e r   g u i d e   b o r e   f o r m e d   in  the  b u c k e t ,   such  as  t h a t  

shown  and  d e s c r i b e d   in  U.S.   P a t e n t   3 , 5 0 9 , 8 5 8   to  S c h e i b e   e t  

a l ,   w h e r e i n   the   n e c e s s i t y   of  u n d e r c u t t i n g   r e q u i r e s   a 

r e l a t i v e l y   l a r g e   p l u n g e r   g u i d e   b o r e   in  the  body  wh ich   i n  

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

o p e r a t i n g   l i m i t .   F u r t h e r m o r e ,   i f   the   d i a m e t e r   of  t h e  

p l u n g e r   g u i d e   b o r e   is   r e d u c e d ,   the   u n d e r c u t   r e s e r v o i r   i s  

r e d u c e d   in  v o l u m e   and  the   mass  of  the   t a p p e t   is  i n c r e a s e d ,  

r e s u l t i n g   in  g r e a t e r   i n e r t i a .  

A n o t h e r   p r o b l e m   e n c o u n t e r e d   in  d e s i g n i n g   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   fo r   d i r e c t - a c t i n g   v a l v e   g e a r   h a s  

been  the  p r o b l e m   of  p r o v i d i n g   means  for   r e t a i n i n g   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   p l u n g e r   s u b - a s s e m b l y   in  t h e  

t a p p e t   b u c k e t   p r i o r   to  i n s t a l l a t i o n   in  the  e n g i n e .  

A  f u r t h e r   p r o b l e m   e n c o u n t e r e d   in  the   d e s i g n   of  s u c h  

h y d r a u l i c   b u c k e t   t a p p e t s   has  been   the   n e c e s s i t y   o f  

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

of  the   p l u n g e r   and  the   i n n e r   p e r i p h e r y   of  the   p l u n g e r  

g u i d e   bo re   f o r m e d   in  the   b u c k e t .   Such  p r e c i s i o n   s u r f a c e s  

a re   r e q u i r e d   in  o r d e r   to  p r o v i d e   c o n t r o l   of  l e a k d o w n   f r o m  

the   h igh   p r e s s u r e   h y d r a u l i c   chamber   in  the  t a p p e t   w h e r e  

t h i s   s l i d i n g   i n t e r f a c e   is  e m p l o y e d   as  the   l e a k d o w n   c o n t r o l  

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

German  P a t e n t   1 , 9 1 4 , 6 9 3 .   In  t a p p e t s   h a v i n g   t h i s   l a t t e r  

known  c o n s t r u c t i o n ,   the   h igh   p r e s s u r e   h y d r a u l i c   f l u i d  

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

n e a r   the   u p p e r   l e v e l   of  the   f l u i d   r e s e r v o i r   a n d  

c o n s e q u e n t l y   is  s u s c e p t a b l e   to  r e t e n t i o n   of  t r a p p e d   a i r .  

T h i s   r e q u i r e m e n t   fo r   l e a k d o w n   c o n t r o l   has  h e r e t o f o r e  

r e q u i r e d   e x t r e m e l y   t i g h t   t o l e r a n c e s   on  the   d i m e n s i o n s   o f  

the   b u c k e t   b o r e   and  p l u n g e r   d i a m e t e r .   The  n e c e s s i t y   o f  

f o r m i n g   the  p l u n g e r   g u i d e   bo re   in  the   b u c k e t   to  t i g h t  

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

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



SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  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  the   p r e s e n t   i n v e n t i o n   i s   o f  

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

" b u c k e t "   w h e r e   t he   body  of  t he   t a p p e t   has   a  d i a m e t e r  

s u b s t a n t i a l l y   l a r g e r   t h a n   t h a t   of  t he   h y d r a u l i c   p l u n g e r  
c o n t a i n e d   t h e r e i n .   The  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   a  low  p r o f i l e   h e i g h t   f o r   m i n i m i z i n g   t h e   d i s t a n c e  

r e q u i r e d   b e t w e e n   t he   e n g i n e   cam  and  t he   end  of  t h e  

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

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

l e a k d o w n   s u r f a c e s   f rom  the   h i g h   p r e s s u r e   c h a m b e r   a r e  

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

t h e r e i n   r a t h e r   t h a n   b e t w e e n   t h e   t a p p e t   body  and  t h e  

p l u n g e r .   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   c o n t r o l   of  t h e  

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

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

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

the   t a p p e t   b o d y .   S c r a p   l o s s e s   r e l a t e d   to  s u r f a c e s  

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

the   p l u n g e r   p i s t o n   s u b - a s s e m b l y .  

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   p r o v i d e s  

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

r e d u c e s   t he   l o a d   t r a n s m i t t e d   to  t he   cam  and  v a l v e   a t   h i g h  

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

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

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

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

c o n v e n i e n t   e s c a p e   p a t h   f o r   any  t r a p p e d   a i r .  

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

web  d i s p o s e d   i n t e r m e d i a t e   t he   ends   w i t h   a  t u b u l a r   h u b  



d i s p o s e d   in  the   c e n t e r   of  the   body  and  fo rmed   i n t e g r a l l y  

w i t h   the  web  and  e x t e n d i n g   a x i a l l y   t h e r e f r o m .   The  f a c e   o f  

the   t a p p e t   is  p r o v i d e d   by  j o i n i n g   a  g e n e r a l l y   d i s c - s h a p e d  

member  a b o u t   i t s   p e r i p h e r y   to  one  end  of  the   t u b u l a r   o u t e r  

w a l l   p o r t i o n .   The  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  

is  r e c e i v e d   in  the   i n n e r   hub  and  the   h y d r a u l i c   r e s e r v o i r  

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

the   cam  s u r f a c e   member ,   the   o u t e r   t u b u l a r   w a l l ,   the   w e b ,  

the   i n n e r   t u b u l a r   hub  and  the   p l u n g e r .   Th 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   fo r   a  r e l a t i v e l y   l a r g e   d i a m e t e r  

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

i n n e r   p e r i p h e r y   of  the   o u t e r   w a l l   p o r t i o n   w i t h o u t  

r e q u i r i n g   u n d e r c u t t i n g   of  m a t e r i a l   in  f o r m i n g   the  t a p p e t  

body .   The  r e s u l t a n t   a s s e m b l y   of  the   t a p p e t   of  the  p r e s e n t  
i n v e n t i o n   g i v e s   a  v e r y   low  p r o f i l e   h e i g h t   for  an  h y d r a u l i c  

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

of  c o n t r o l   in  m a n u f a c t u r i n g   of  the   l e a k d o w n   s u r f a c e s   a n d  

a l s o   y i e l d s   an  a d e q u a t e   r e s e r v o i r   of  f l u i d   for   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   m e c h a n i s m . T h e   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   a l s o   p r o v i d e s   means   for   t r a p p e d   a i r  

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

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

a l s o   p r o v i d e s   a  u n i q u e   means   fo r   r e t a i n i n g   the  h y d r a u l i c  

l a s h   a d j u s t i n g   s u b - a s s e m b l y   in  t he   b o d y .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  is  a  c r o s s   s e c t i o n   of  a  p o r t i o n   of  the   d i r e c t  

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

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

FIGURE  2  is  an  end  v iew  of  the   p l u n g e r   end  of  t h e  

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

FIGURE  3  is  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   3-3  of  F i g u r e   2  and  shows  the  t a p p e t  

h a v i n g   the   o n e - w a y   v a l v e   means  in  the   c l o s e d   p o s i t i o n ;  

FIGURE  4  is  a  v iew  s i m i l a r   to  F i g u r e   3  showing   t h e  

o n e - w a y   v a l v e   in  t he   f u l l y   open  p o s i t i o n ;  



FIGURE  5  is   a  v i ew   s i m i l a r   to  F i g u r e   2  s h o w i n g   a  

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

a l t e r n a t e   r e t a i n i n g   means   f o r   t he   p l u n g e r ;   a n d  

FIGURE  6  is   a  v i ew  s i m i l a r   to  F i g u r e   5  s h o w i n g   a n  
a d d i t i o n a l   e m b o d i m e n t   of  t he   t a p p e t   e m p l o y i n g   a  t h i r d  

p l u n g e r   r e t a i n i n g   m e a n s .  

FIGURE  7  is  a  v i ew  s i m i l a r   to  F i g u r e   3  s h o w i n g   a n o t h e r  

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

t he   b o d y ;  

FIGURE  8  is  a  v i e w   s i m i l a r   to  F i g u r e   3  s h o w i n g   s t i l l  

a n o t h e r   v e r s i o n   of   t h e   b o d y .  

DETAILED  DESCRIPTION 

R e f e r r i n g   now  to  F i g u r e   1,  t h e   b u c k e t   t a p p e t   i n d i c a t e d  

g e n e r a l l y   as  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  t he   c y l i n d e r   head   H  of  t h e   e n g i n e   s t r u c t u r e .  

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

or  cam  f a c e   18  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   20  is   shown  s e a t e d   on  a  v a l v e   s e a t i n g  

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

p o r t i o n   22  of  t h e   v a l v e   e x t e n d i n g   s u b s t a n t i a l l y   v e r t i c a l l y  

u p w a r d   t h r o u g h   a  v a l v e   g u i d e   24  f o r m e d   in  t he   c y l i n d e r  

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

t h e   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 h e  

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

r e g i s t e r i n g   a g a i n s t   t he   e x t e r i o r   of   t he   u p p e r   p o r t i o n   o f  

t he   v a l v e   g u i d e   24  and  i t s   u p p e r   end  in  c o n t a c t   w i t h   a  

r e t a i n e r   30  s e c u r e d   to  t he   v a l v e   s t e m   a d j a c e n t   i t s   u p p e r  

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

e x a m p l e ,   by  t h e   use   of  a  s p l i t   k e e p e r   32  w h i c h   i s   w e l l  

known  in  t he   a r t .  

R e f e r r i n g   now  to  F i g u r e s   2,  3,  and  4,  t he   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 h e  

b o d y ,   i n d i c a t e d   g e n e r a l l y   a t   40,  is   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  

42  h a v i n g   a  t r a n s v e r s e   web  44  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  the   i n n e r   p e r i p h e r y   of  the   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   i n t e r m e d i a t e   the  ends   t h e r e o f .  

The  web  44  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   46  f o r m e d   a b o u t   the   i n n e r   p e r i p h e r y   o f  

the   web  44  w i t h   the   hub  46  e x t e n d i n g   a x i a l l y   from  the   web  

in  a  downward   d i r e c t i o n   w i t h   r e s p e c t   to  F i g u r e   3.  The  h u b  

46  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 l y  

p a r a l l e l   r e l a t i o n s h i p   to  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   42.  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   42  is  s i z e d   to  be  r e c e i v e d   in  t h e  

t a p p e t   g u i d e   b o r e   12  ( s ee   F i g .   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 .   A l t h o u g h   the   o u t e r   w a l l   web  and  h u b  

have   been  d e s c r i b e d   as  p r e f e r a b l y   f o r m e d   i n t e g r a l l y ,   i t  

w i l l   be  u n d e r s t o o d   t h a t   such   p o r t i o n s   may  be  f o r m e d  

s e p a r a t e l y   and  the   body  f o r m e d   by  j o i n i n g   of  t h o s e  

p o r t i o n s ,   as  for   e x a m p l e ,   by  w e l d m e n t ,   such  as  f u s i o n   o r  

b r a z i n g .  

In  the   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  the   i n v e n t i o n   a 

cam  f a c e   member  18  h a v i n g   a  r e l a t i v e l y   t h i n   d i s c - s h a p e d  

c o n f i g u r a t i o n   is   j o i n e d   a b o u t   the   o u t e r   p e r i p h e r y   t h e r e o f  

w i t h   the  u p p e r   end  of  the   t u b u l a r   body  p o r t i o n   42  in  a 

s u i t a b l e   m a n n e r ,   as  for   e x a m p l e ,   l a s e r   f u s i o n   w e l d m e n t .   A 

f l u i d   b y - p a s s   r e c e s s   43  is  f o r m e d   in  the   u n d e r f a c e   o f  

member  18,  the   f u n c t i o n   of  wh ich   w i l l   be  h e r e i n a f t e r  

d e s c r i b e d .   In  the   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   the  t a p p e t  

cam  f a c e   member  is  f o r m e d   of  a  s u i t a b l e   a l l o y   s t e e l   a s ,  
for   e x a m p l e ,   an  a l l o y   c o n t a i n i n g   a  d e s i r e d   amount   o f  

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

The  t u b u l a r   body  p o r t i o n   in  the   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   is  f o rmed   of  a  s u i t a b l e   i r o n   ba se   m a t e r i a l   a s ,  
for   e x a m p l e ,   s t e e l   or  c a s t   i r o n .   A l t h o u g h   in  t h e  

p r e f e r r e d   p r a c t i c e   the   cam  f a c e   member  is  fo rmed   of  s t e e 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   w i l l   be  u n d e r s t o o d   t h a t  

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

h a r d e n a b l e   c a s t   i r o n   or  c e r a m i c   m a t e r i a l s   or  c e r m e t s   may 



be  e m p l o y e d   i f   d e s i r e d .  

The  i n n e r   p e r i p h e r y   48  of  hub  46  has   r e c e i v e d   t h e r e i n  

a  p l u n g e r   50  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   in  s l i d i n g  

c l o s e l y   f i t t i n g   r e l a t i o n s h i p   w i t h   t he   i n t e r i o r   48  of  t h e  

hub .   The  p l u n g e r   50  has   t h e   t r a n s v e r s e   f a c e   52  t h e r e o f ,  

or  l o w e r   f a c e   w i t h   r e s p e c t   to  F i g .   3,  a d a p t e d   f o r   d r i v i n g  

e n g a g e m e n t   w i t h   t h e   end  26  ( s e e   F i g .   1)  of  t he   c o m b u s t i o n  

c h a m b e r   v a l v e   s t e m .  

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 ,   t he   p l u n g e r   i s  

f o r m e d   of  s t e e l   w i t h   end  52  s u i t a b l y   h a r d e n e d   fo r   w e a r  

r e s i s t a n c e .   The  o u t e r   p e r i p h e r y   50  of  t h e   p l u n g e r   has   a n  

a n n u l a r   s h o u l d e r   54  f o r m e d   t h e r e o n   a t   t h e   i n t e r s e c t i o n  

w i t h   t he   l o w e r   f a c e   52.  An  a n n u l a r   r e t a i n e r   56  i s  

r e c e i v e d   on  the   end  of  t h e   hub  46  and  e n g a g e d   t h e r e w i t h ,  

p r e f e r a b l y   in  a  g r o o v e   58  f o r m e d   in  t he   o u t e r   p e r i p h e r y   o f  

hub  46.  The  i n n e r   p e r i p h e r y   60  of  t he   r e t a i n e r   has   a  

d i a m e t e r   i n t e r m e d i a t e   t h a t   of  t h e   hub  i n t e r i o r   48  and  t h e  

i n n e r   d i a m e t e r   s h o u l d e r   54  such   t h a t   t h e   r e t a i n e r   56 

s e r v e s   to  l i m i t   t he   d o w n w a r d   m o t i o n   of  t h e   p l u n g e r   4 9 .  

The  p l u n g e r   50  has   a  p r e c i s i o n   c y l i n d r i c a l   b o r e   62  

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

t e r m i n a t i n g   in  a  s h o u l d e r e d   f l a t   b o t t o m   64.  The  p r e c i s i o n  

b o r e   62  has   s l i d a b l y   r e c e i v e d   t h e r e i n   in  v e r y   c l o s e l y  

f i t t i n g   r e l a t i o n s h i p   a  p i s t o n   member  64,   t he   o u t e r  

p e r i p h e r y   66  t h e r e o f   b e i n g   of  p r e c i s i o n   d i a m e t e r   a n d  

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

p a s s a g e   of  p r e s s u r i z e d   e n g i n e   l u b r i c a n t   t h e r e b e t w e e n .   I n  

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   t he   p i s t o n   64  is   f o r m e d  

of  a  s u i t a b l e   s t e e l   m a t e r i a l .  

T h e   p i s t o n   64  has   a  f l u i d   p a s s a g e   68  f o r m e d   v e r t i c a l l y  

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

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

has   a  c o u n t e r b o r e   71  p r o v i d e d   in  t he   l o w e r   end  of  t h e  

p i s t o n   64  w h i c h   c o u n t e r b o r e   has   a  f l a t   b o t t o m   73  w h i c h  

i n t e r s e c t s   t he   p a s s a g e w a y   68  in  an  a n n u l a r   s e a t i n g   s u r f a c e  

74.   A  o n e - w a y   v a l v e   member  in  t he   fo rm  of  c h e c k - b a l l   72  



r e s t s   a g a i n s t   the   a n n u l a r   s e a t i n g   s u r f a c e   74,  and  i s ,   a s  

known  in  the  a r t   and  d e s c r i b e d   in  t he   c o p e n d i n g  

a p p l i c a t i o n   of  John   J.  K r i e g ,   S e r i a l   No.  , 
f i l e d   ,  and  a s s i g n e d   to  the   a s s i g n e e   of  t h e  

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

e x p e d i e n t   a s ,   fo r   e x a m p l e ,   a  c o n i c a l   c h e c k - b a l l   s p r i n g  

76.  The  c h e c k - b a l l   72  is  r e t a i n e d   by  the   cage   78  w h i c h  

has   an  o u t w a r d l y   e x t e n d i n g   f l a n g e   80  r e c e i v e d   i n  

c o u n t e r b o r e   70  and  r e t a i n e d   t h e r e i n   by  s u i t a b l e   means   a s ,  
fo r   e x a m p l e ,   a  p r e s s   f i t .   The  c a g e   in  the   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   has  a  c e n t r a l   a p e r t u r e   75  i n t o   w h i c h  

the   c h e c k - b a l l   72  is  p a r t i a l l y   r e c e i v e d   in  the  v a l v e   f u l l y  

open  p o s i t i o n   as  shown  in  F i g .   4  and  as  d e s c r i b e d   in  t h e  

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

of  t he   c h e c k - b a l l ,   cage   and  p i s t o n   is  b i a s e d   u p w a r d l y   by  a 

p l u n g e r   s p r i n g   82  h a v i n g   i t s   u p p e r   end  r e g i s t e r i n g   a g a i n s t  

the   f l a n g e   80  of  the   c h e c k - b a l l   c a g e   and  i t s   l ower   e n d  

c o n t a c t i n g   the   b o t t o m   64  of  the   p l u n g e r .  

The  a r e a   s u r r o u n d i n g   the  p l u n g e r   49  above   the  web  44 

and  b o u n d e d   by  the   u n d e r   s u r f a c e   of  cam  f a c e   member  18 

c o m p r i s e s   a  f i r s t   p o r t i o n   83  f l u i d   r e s e r v o i r   which   i s  

c o m m u n i c a t e d   w i t h   the   r e g i o n   e x t e r n a l l y   of  the  b o d y  

p e r i p h e r y   42  by  a  p a s s a g e w a y   84  p r o v i d e d   t h r o u g h   the  o u t e r  

t u b u l a r   w a l l   of  the   t a p p e t   body  and  the   web  44.  T h e  

b y - p a s s   r e c e s s   43  f u n c t i o n s   to  m a i n t a i n   the   s e c o n d   p o r t i o n  

85  of  the   r e s e r v o i r   b o u n d e d   by  p i s t o n   b o r e   70  and  t h e  

u n d e r f a c e   of  member  18  in  c o n t i n u o u s   f l u i d   c o m m u n i c a t i o n  

w i t h   the   o u t e r   r e g i o n s   83  of  the   r e s e r v o i r .   I t   w i l l   b e  

u n d e r s t o o d   the   p i s t o n   is  m a i n t a i n e d   in  the   upward   e x t r e m e  

p o s i t i o n   and  a g a i n s t   the   u n d e r s u r f a c e   of  member  18,  a s  

i l l u s t r a t e d   in  F i g u r e s   3  and  4  by  s p r i n g   82  and  t h e  

h y d r a u l i c   p r e s s u r e   in  c h a m b e r s   8 6 .  

In  the   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 ,   the   f l u i d  

r e t a i n e d   in  the   s e c o n d   p o r t i o n   85  of  the   f l u i d   r e s e r v o i r  

s u p p l i e s   the   o n e - w a y   v a l v e   72  upon  e n g i n e   s t a r t - u p   in  t h e  



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

d r a i n e d   f rom  the   f i r s t   p o r t i o n   83  of  t he   r e s e r v o i r .  

The  r e g i o n   86  b e l o w   t h e   p i s t o n   c h e c k - b a l l   and  s e a t   74 

and  b o u n d e d   by  the   b o r e   of   t h e   p l u n g e r   t he   b o t t o m   64  o f  

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

r e t a i n i n g   t h e r e i n   f l u i d   e n t e r i n g   t h r o u g h   p a s s a g e   68  u p o n  

o p e n i n g   of  t he   c h e c k - b a l l   7 2 .  

In  o p e r a t i o n ,   t he   v a l v e   72  is   b i a s e d   in  a  c l o s e d  

p o s i t i o n   by  s p r i n g   28  and  upon  r o t a t i o n   of  the   cam  s h a f t  

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 he   c o m b u s t i o n  

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

1,  the   u p p e r   s u r f a c e   of  t he   t a p p e t   i s   r e g i s t e r e d   a g a i n s t  

the   b a s e   c i r c l e   p o r t i o n   of   t he   cam  w i t h   t he   l o b e   16 

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

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

shown  in  d a s h e d   o u t l i n e   in  F i g u r e   1,  t h e   cam  l o a d   c o n t a c t s  

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

move  d o w n w a r d l y   to  the   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 .  

Upon  s u b s e q u e n t   r o t a t i o n   of  t he   cam  s h a f t   to  r e t u r n   to  t h e  

s o l i d   o u t l i n e   p o s i t i o n   of  F i g u r e   1,  t h e   v a l v e   e v e n t   i s  

c o m p l e t e   and  the   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 .  

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

p o s i t i o n   shown  in  F i g .   1,  t he   p l u n g e r   s p r i n g   82,  a i d e d   b y  

h y d r a u l i c   p r e s s u r e ,   m a i n t a i n s   t he   u p p e r   end  of  p i s t o n   64  

in  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  cam  f a c e   member  18  a n d  

u r g e s   t he   p l u n g e r   49  in  t h e   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  

end  f a c e   52  t h e r e o f   c o n t a c t s   t he   u p p e r   f a c e   26  of  t h e  

v a l v e   s t e m   22  t h e r e b y   e l i m i n a t i n g   l a s h   in  t he   v a l v e   g e a r .  
T h i s   c a u s e s   e x p a n s i o n   of  c h a m b e r   64  w h i c h   d r a w s   open   t h e  

c h e c k - b a l l   72  to  the   p o s i t i o n   shown  in  F i g .   4  p e r m i t t i n g  

f l u i d   to  f l o w   i n t o   c h a m b e r   86.  Upon  c e s s a t i o n   of  t h e  

e x p a n s i o n   of   c h a m b e r   86,  t he   c h e c k - b a l l   72  c l o s e s   u n d e r  

the   b i a s i n g   s p r i n g   76.  Upon  s u b s e q u e n t   r o t a t i o n   of  t h e  

cam  l o b e   16,  t he   ramp  of  t he   cam  l o b e   b e g i n s   to  e x e r t   a  



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

to  c o m p r e s s   t he   p i s t o n   64  i n t o   b o r e   62  in  the   p l u n g e r ,  

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  

86.  The  f l u i d   t r a p p e d   in  the   c h a m b e r   86  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   of  the   p i s t o n   64  r e l a t i v e   to  p l u n g e r  

50  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   o f  

p l u n g e r   52  o n t o   the   top   of  the   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  the   a r t   t h a t  

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

o c c u r s ,   t he   m a g n i t u d e   of  wh ich   is  c o n t r o l l e d   by  t he   a m o u n t  

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

s u r f a c e s   62  and  66.  The  p i s t o n   64  and  p l u n g e r   50  t h u s   a c t  

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

16  fo r   o p e n i n g   the   v a l v e   to  the   p o s i t i o n   shown  by  d a s h e d  

l i n e   in  F i g .   1 .  

R e f e r r i n g   now  to  F i g .   5,  an  a l t e r n a t e   e m b o d i m e n t   o f  

the   t a p p e t   is  shown  g e n e r a l l y   at   100  as  e m p l o y i n g   a  

t u b u l a r   o u t e r   w a l l   102  h a v i n g   an  i n w a r d l y   e x t e n d i n g   web  

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

p o r t i o n   106  f o r m e d   i n t e g r a l l y   w i t h   the   web  104.  A  p l u n g e r  

108  is  s l i d a b l y   r e c e i v e d   in  the   hub  106.   The  p l u n g e r   h a s  

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

of  e m b o d i m e n t   of  F i g .   3,  and  the   o u t e r   t u b u l a r   w a l l   102  

has  the   one  end  t h e r e o f   c l o s e d   by  a  cam  f a c e   member  1 0 7 .  

The  p l u n g e r   108  in  the   e m b o d i m e n t   of  F i g .   5  has  a  

c i r c u m f e r e n t i a l   g r o o v e   110  f o r m e d   a b o u t   the   p e r i p h e r y  

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

C - s h a p e d   s n a p - r i n g   112  r e c e i v e d   t h e r e i n .  

In  a s s e m b l i n g   the   e m b o d i m e n t   of  F i g .   5,  the   p l u n g e r  

a s s e m b l y   w i t h   the   r i n g   112  r e c e i v e d   t h e r e o n   is  p i l o t e d  

i n t o   the   i n n e r   p e r i p h e r y   of  the   hub  108,  the   r i n g   112  i s  

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

t h a n   the   i n n e r   p e r i p h e r y   of  the   hub.   The  p l u n g e r   is  t h e n  

moved  upward   w i t h   r e s p e c t   to  F i g .   5  u n t i l   the   snap   r i n g  



112  p a s s e s   t h r o u g h   the   hub  108  and  t h e n   is   f r e e   to  e x p a n d  

s l i g h t l y   so  as  to  r e t a i n   the   p l u n g e r   a s s e m b l y   f rom  r e m o v a l  

f rom  the   hub .   I t   w i l l   be  r e c o g n i z e d   t h a t   t he   e m b o d i m e n t  

of  F i g .   5  e l i m i n a t e s   the   need  f o r   t he   f o r m i n g   of  a  g r o o v e ,  
such   as  g r o o v e   58,   in  the   w a l l   of  t he   hub  46  ( see   F i g .   3)  

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

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

of  the   body  i s   l e s s   t h a n   35mm.  The  e m b o d i m e n t   of  F i g .   5 

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

s u b a s s e m b l y   is  p o t e n t i a l l y   more  d i f f i c u l t   to  r e m o v e .  

R e f e r r i n g   now  to  F i g .   6,  a  f u r t h e r   a l t e r n a t e  

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

p o r t i o n s   of  t he   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  120  a r e  

shown .   The  body  of  the   t a p p e t   of  F i g .   6  has   an  o u t e r  

t u b u l a r   w a l l   p o r t i o n   122  and  a  t r a n s v e r s e   web  124  h a v i n g  

i n t e g r a l l y   f o r m e d   t h e r e w i t h   a  c e n t r a l   t u b u l a r   hub  1 2 6  

e x t e n d i n g   a x i a l l y   d o w n w a r d l y   f rom  t he   web  124.   The  i n n e r  

p e r i p h e r y   of  the   hub  126  has  a  c i r c u m f e r e n t i a l   g r o o v e   1 2 8  

f o r m e d   t h e r e i n   a d j a c e n t   the   l o w e r   end  t h e r e o f   w i t h   a  

r e t a i n i n g   m e a n s   in  the   form  of  a  s n a p   r i n g   130  r e c e i v e d  

t h e r e i n   fo r   r e t a i n i n g   the   p l u n g e r   132  in   the   h u b .  

R e f e r r i n g   now  to  F i g u r e   7,  an  a l t e r n a t e   e m b o d i m e n t   o f  

t he   t a p p e t   10  is   i l l u s t r a t e d   h a v i n g   a  body  o u t e r   t u b u l a r  

w a l l   p o r t i o n   140  c l o s e d   at  the   u p p e r   e n d  t h e r e o f   b y  

t r a n s v e r s e   web  142  h a v i n g   the   u p p e r   s u r f a c e   t h e r e o f  

h a r d e n e d   f o r   c o n t a c t i n g   a  cam.  The  web  142  is   p r e f e r a b l y  

f o r m e d   i n t e g r a l l y   w i t h   the   o u t e r   w a l l   140  and  of  a  

s u i t a b l e   i r o n   b a s e   m a t e r i a l   such   as  a  r e a d i l y   f o r m a b l e   a n d  

h a r d e n a b l e   s t e e l .   The  o u t e r   w a l l   140  has   a  p r e f e r a b l y  

a n n u l a r   r i b   144  e x t e n d i n g   f rom  the   i n n e r   s u r f a c e   t h e r e o f  

i n t e r m e d i a t e   the   ends   of  the   o u t e r   w a l l   p o r t i o n   and  has   a  

c i r c u m f e r e n t i a l   g r o o v e   146  f o r m e d   in  t he   i n n e r   p e r i p h e r y  

of  the   w a l l   p o r t i o n   140  and  s p a c e d   v e r t i c a l l y   downward   i n  

F i g u r e   7  f rom  the   r i b   144.   An  a n n u l a r   member  146  f o r m e d  

of  a  s u i t a b l e   i r o n   ba se   m a t e r i a l   a s ,   f o r   e x a m p l e ,   a n  



u n h a r d e n e d   c a r b o n   s t e e l ,   is  r e c e i v e d   in  the   i n n e r  

p e r i p h e r y   of  the   w a l l   140  w i t h   the   u p p e r   s u r f a c e   o f  

a n n u l a r   member  146  r e g i s t e r i n g   a g a i n s t   the   lower   s u r f a c e  

of  a n n u l a r   r i b   144.   The  a n n u l a r   member  146  has  a 

d o w n w a r d l y   e x t e n d i n g   a n n u l a r   hub  p o r t i o n   148  f o r m e d  

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

t h e r e t o   w h i c h   hub  p o r t i o n   148  has   r e c e i v e d   t h e r e i n   a  

s u i t a b l e   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   i n d i c a t e d  

g e n e r a l l y   at   150  and  which   is  s i m i l a r   to  the   a s s e m b l y  

shown  and  d e s c r i b e d   h e r e i n a b o v e   w i t h   r e s p e c t   to  F i g u r e s   3 ,  

4  and  5.  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   150  i s  

r e t a i n e d   in  the   i n n e r   p e r i p h e r y   of  hub  148  by  d e f o r m a t i o n  

of  the   l o w e r   edge  of  the   hub  i n w a r d l y   to  form  the  l i p   1 5 2 .  

The  o u t e r   p e r i p h e r y   of  a n n u l a r   member  146  has  a n  

a n n u l a r   w a l l   p o r t i o n   154  e x t e n d i n g   d o w n w a r d l y   wi th   r e s p e c t  

to  F i g u r e   7  f rom  the   o u t e r   p e r i p h e r y   of  the   a n n u l a r   member  

146  and  a l o n g   the   i n n e r   s u r f a c e   of  the   w a l l   p o r t i o n   141  o f  

the   t a p p e t   b o d y .   The  l ower   edge  of  w a l l   154  is  d e f o r m e d  

o u t w a r d l y   i n t o   the   g r o o v e   146  to  r e t a i n   the   a n n u l a r   member  

146  r e g i s t e r e d   a g a i n s t   the  u n d e r s u r f a c e   of  r i b   144  and  t o  

p r e v e n t   r e m o v a l   of  the  a n n u l a r   member  146  from  the  t a p p e t  

body .   The  a n n u l a r   member  146  t h u s   p r o v i d e s   the  o u t e r  

a n n u l a r   p o r t i o n   156  of  the  h y d r a u l i c   f l u i d   r e s e r v o i r  

s i m i l a r   to  the   p o r t i o n   83  of  the   e m b o d i m e n t   of  F i g u r e   3 .  

The  f u n c t i o n   of  the   h y d r a u l i c   l a s h - a d j u s t i n g   m e c h a n i s m   150  

in  t a p p e t   140  is  o t h e r w i s e   i d e n t i c a l   to  t h a t   d e s c r i b e d  

h e r e i n a b o v e   w i t h   r e s p e c t   to  the  e m b o d i m e n t s   of  F i g u r e s   2 

t h r u   5.  The  e m b o d i m e n t   of  F i g u r e   7  p r o v i d e s   a  s i m p l i f i e d  

s t r u c t u r e   for   the  b u c k e t   or  t a p p e t   body ;   h o w e v e r ,   a 

s e p a r a t e   i n s e r t   member  is  r e q u i r e d   to  p r o v i d e   for   t h e  

o u t e r   p o r t i o n   of  the   f l u i d   r e s e r v o i r   and  the  s u p p o r t i n g  

hub  fo r   the   l a s h - a d j u s t i n g   m e c h a n i s m .  

R e f e r r i n g   now  to  F i g u r e   8,  a n o t h e r   e m b o d i m e n t   of  t h e  

t a p p e t   is  d e n o t e d   g e n e r a l l y   at  160  wh ich   e m p l o y s   the  b o d y  

h a v i n g   an  o u t e r   t u b u l a r   w a l l   p o r t i o n   162  w i t h   a  t r a n s v e r s e  



web  164  c l o s i n g   t h e   u p p e r   end  t h e r e f o r   w i t h   r e s p e c t   t o  

F i g u r e   8  and  p r o v i d i n g   on  the   u p p e r   s u r f a c e   of  t he   w e b  

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

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  the   i n v e n t i o n   t h e  

o u t e r   w a l l   162  and  web  164  a r e   f o r m e d   of  a  s u i t a b l y  

h a r d e n a b l e   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  h i g h  

c a r b o n   s t e e l .   An  i n n e r   t u b u l a r   hub  166  is   j o i n e d   w i t h   t h e  

u n d e r s u r f a c e   of  web  164  and  e x t e n d s   d o w n w a r d l y   t h e r e f r o m  

in  F i g u r e   8  and  i s   d i s p o s e d   g e n e r a l l y   c e n t r a l l y   w i t h  

r e s p e c t   t h e r e t o .   The  i n n e r   p e r i p h e r y   of  t he   hub  166  i s  

has   r e c e i v e d   t h e r e i n   an  h y d r a u l i c   l a s h   a d j u s t i n g  

s u b - a s s e m b l y   150  in  t he   same  m a n n e r   and  f u n c t i o n   as  in  t h e  

e m b o d i m e n t   d e s c r i b e d   a b o v e   w i t h   r e s p e c t   to  F i g u r e   7.  I n  

t he   e m b o d i m e n t   of  F i g u r e   8  an  a n n u l a r   member  168  i s  

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

w a l l   162  and  r e g i s t e r s   a g a i n s t   an  a n n u l a r   r i b   168  f o r m e d  

on  the   i n n e r   p e r i p h e r y   of  w a l l   162.   A n n u l a r   member  1 6 8  

has   u p p e r   s u r f a c e   t h e r e o f   in  the   r e g i o n   a d j a c e n t   t he   i n n e r  

p e r i p h e r y   r e g i s t e r i n g   a g a i n s t   the   end  of  hub  166  w i t h   a n  

a n n u l a r   w a l l   p o r t i o n   170  e x t e n d i n g   u p w a r d l y   ove r   the   o u t e r  

p e r i p h e r y   of  t he   hub  166.   A  s e a l   member  172  is   r e c e i v e d  

in  a  g r o o v e   p r o v i d e d   in  t he   o u t e r   p e r i p h e r y   of  hub  1 6 6 ,  

w h i c h   s e a l   member  p r o v i d e s   a  s e a l   b e t w e e n   the   hub  a n d  

i n n e r   p e r i p h e r y   of  a n n u l a r   w a l l   170.   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 he   i n v e n t i o n   t he   a n n u l a r   m e m b e r ,  

i n c l u d i n g   w a l l   170 ,   i s   f o r m e d   of  a  l i g h t - w e i g h t   r e l a t i v e l y  

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

in  t he   i n n e r   p e r i p h e r y   of  t he   body  by  s u i t a b l y   s t a k i n g   t h e  

o u t e r   p e r i p h e r y   of  the   member  168  r a d i a l l y   o u t w a r d l y   i n  

the   rim  p o r t i o n   174  p r o v i d e d   a b o u t   t he   o u t e r   p e r i p h e r y  

t h e r e o f .   The  e m b o d i m e n t   of  F i g u r e   8  t h u s   p r o v i d e s   a  

t u b u l a r   hub  f o r m e d   i n t e g r a l l y   w i t h   t he   web  and  o u t e r   w a l l  

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

p e r i p h e r y   of  the   hub  to  which   the   l a s h   a d j u s t e r   150  i s  

r e c e i v e d .   The  e m b o d i m e n t   of  F i g u r e   8  e n a b l e s   the   use   o f  



an  a n n u l a r   member  f o rmed   of  s o f t   m a t e r i a l   such  as  a l u m i n u m  

fo r   c l o s i n g   the   o u t e r   a n n u l a r   p o r t i o n   176  of  the   f l u i d  

r e s e r v o i r .   The  e m b o d i m e n t   of  F i g u r e   8  is  o t h e r w i s e  

f u n c t i o n a l l y   s i m i l a r   to  the   e m b o d i m e n t s   of  F i g u r e s   2  t h r u  

7 .  

The  p r e s e n t   i n v e n t i o n ,   as  d e s c r i b e d   and  i l l u s t r a t e d   i n  

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

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

s p e e d s   in  e x c e s s   of  5 , 000   rpm.  The  p r e s e n t   t a p p e t   e m p l o y s  

a  h a r d e n e d   s t e e l   d i s c   a t t a c h e d   ove r   one  end  of  a  t u b u l a r  

body  fo r   p r o v i d i n g   the  cam  f a c e   of  the   t a p p e t .   T h e  

t u b u l a r   body  has  fo rmed   i n t e g r a l l y   t h e r e w i t h   an  i n w a r d l y  

e x t e n d i n g   web  d i s p o s e d   i n t e r m e d i a t e   the   ends   of  t h e  

t u b u l a r   w a l l ,   w i t h   the  web  h a v i n g   f o rmed   i n t e g r a l l y  

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

the   h y d r a u l i c   l a s h   a d j u s t i n g   p l u n g e r   m e c h a n i s m .   T h e  

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

means   e n g a g i n g   the  w a l l   of  the   t u b u l a r   hub  o r  

a l t e r n a t i v e l y ,   by  snap  r i n g   p r o v i d e d   in  the  o u t e r  

p e r i p h e r y   of  the   p l u n g e r .   The  n o v e l   c o n s t r u c t i o n   of  t h e  

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

f i t   of  a  p i s t o n   in  a  bo re   f o rmed   in  the  p l u n g e r   s l i d a b l y  

r e c e i v e d   in  the   hub,   and  t h u s   e l i m i n a t e s   the   need  f o r  

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

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

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

the   cam  f a c e   member  p r o v i d e s   a  f i r s t   p o r t i o n   of  a 

r e s e r v o i r   and  a  c a v i t y   in  the  p i s t o n   p r o v i d e s   a  s e c o n d  

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

v a l v e   fo r   the   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 .   T h e  

e x t e r n a l   r e t a i n i n g   means  in  the  p r e f e r r e d   e m b o d i m e n t  

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

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

r e p l a c e m e n t .  



A l t h o u g h   the   i n v e n t i o n   has   been   d e s c r i b e d   a n d  

i l l u s t r a t e d   h e r e i n a b o v e   in  the   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 t   w i l l   be  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   t h a t   m o d i f i c a t i o n s   and  v a r i a t i o n s   of  t h e  

i n v e n t i o n   may  be  made  to  t he   f o r m s   d i s c l o s e d   h e r e i n   a n d  

t h e   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 .  



1.  A  b u c k e t   t a p p e t   f o r   t h e   v a l v e   g e a r   of   a n  

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

(a)  b o d y   means   (40)  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  g e n e r a l l y   c y l i n d r i c a l   t u b u l a r   o u t e r   w a l l   ( 4 2 ; 1 0 2 ; 1 2 2 ;  

1 4 1 ; 1 6 2 )   h a v i n g   t h e   o u t e r   p e r i p h e r y   (50)  t h e r e o f   a d a p t e d  

to   be  r e c e i v e d   in   s l i d i n g   e n g a g e m e n t   w i t h   a  g u i d e   s u r f a c e  

p r o v i d e d   in   t h e   e n g i n e   and  i n c l u d i n g   s t r u c t u r e   ( 1 8 ; 1 0 7 ;  

142)  d e f i n i n g   a  f a c e   g e n e r a l l y   t r a n s v e r s e   to   t h e   c y l i n d r i -  

c a l   p e r i p h e r y   (50)  and  a d a p t e d   to   c o n t a c t   a  t i m e d   c a m ,  

s a i d   b o d y   m e a n s   (40)  i n c l u d i n g   t h e r e w i t h i n   i n t e g r a l  

s t r u c t u r e   d e f i n i n g   a  t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ; 1 6 6 )  

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

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

s a i d   b o d y   m e a n s   (40)  f u r t h e r   i n c l u d i n g   web  s t r u c t u r e  

( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ; 1 6 4 )   j o i n i n g   s a i d   w a l l   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 ; 1 6 2 )  

and  hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ; 1 6 6 ) ,   s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ; 1 6 4 )  

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   t u b u l a r   w a l l   ( 4 2 ; 1 0 2 ;  

1 2 2 ; 1 4 1 ; 1 6 2 ) ,   s a i d   web  s t r u c t u r e   ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ; 1 6 4 )   b e i n g  

o p e r a t i v e   to   p o s i t i o n   and  s u p p o r t   s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ;  

166)  w i t h i n   s a i d   o u t e r   t u b u l a r   w a l l   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 ; 1 6 2 ) ;  

c h a r a c t e r i s e d   by  t h e   c o m b i n a t i o n   o f  :  

(b)  p l u n g e r   means   ( 4 9 , 6 4 )   s l i d a b l y   r e c e i v e d   in  s a i d  

t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ; 1 6 6 )  ,   s a i d   p l u n g e r   means   ( 4 9 , 6 4 )  



i n c l u d i n g   s t r u c t u r e   (49)  d e f i n i n g   a  p i s t o n   b o r e   ( 6 2 )  

w i t h   a  p i s t o n   (64)  s l i d a b l y   r e c e i v e d   t h e r e i n   in   p r e c i s i o n  

c l o s e l y   f i t t i n g   r e l a t i o n s h i p   t h e r e t o ,   s a i d   p i s t o n   ( 6 4 )  

and  s a i d   p l u n g e r   m e a n s   (49)  c o - o p e r a t i n g   t o   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   (86)  w h e r e i n   s a i d   c l o s e l y   f i t t i n g  

r e l a t i o n s h i p   of   s a i d   p i s t o n   (64)  in   s a i d   p i s t o n   b o r e  

(62)  i s   o p e r a t i v e   to   c o n t r o l   l e a k d o w n   f rom  s a i d   c h a m b e r  

(86)  upon   a p p l i c a t i o n   of   an  a x i a l   l o a d   on  s a i d   p i s t o n   ( 6 4 )  

t e n d i n g   t o   u r g e   s a i d   p i s t o n   (64)  in  a  d i r e c t i o n   to   c o m p r e s s  

f l u i d   i n   s a i d   c h a m b e r   ( 8 6 ) ;  

(c)  o n e - w a y   v a l v e   m e a n s   ( 7 2 , 7 4 )   d i s p o s e d   in   s a i d  

p i s t o n   (64)  and  o p e r a b l e   to   p e r m i t   f l o w   of  f l u i d   i n t o  

s a i d   f l u i d   c h a m b e r   (86)  u p o n   m o v e m e n t   of  s a i d   p i s t o n   ( 6 4 )  

in  a  d i r e c t i o n   o u t w a r d l y   of   s a i d   p i s t o n   b o r e   ( 6 2 ) ,   s a i d  

v a l v e   m e a n s   ( 7 2 , 7 4 )   b e i n g   o p e r a b l e   to   p r e v e n t   o p p o s i t e  

f l o w   t h e r e t h r o u g h   upon   m o v e m e n t   of  s a i d   p i s t o n   (64)  i n  

a  d i r e c t i o n   t e n d i n g   to   d e c r e a s e   v o l u m e   of   s a i d   c h a m b e r   ( 8 6 ) ;  

(d)  means   (82)  b i a s i n g   s a i d   p i s t o n   (64)  in   a  

d i r e c t i o n   o u t w a r d l y   of   s a i d   p i s t o n   b o r e   ( 6 2 ) ;  

(e)  r e t a i n i n g   m e a n s   ( 5 6 ; 1 1 2 ; 1 3 0 ; 1 6 8 )   in  e n g a g e -  

men t   w i t h   t h e   w a l l   of   s a i d   hub  s t r u c t u r e   ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ;  

166)  a d j a c e n t   t h e   end   t h e r e o f   r e m o t e   f rom  s a i d   c a m  

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

( 4 9 , 6 4 )   in   s a i d   t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ; 1 6 6 ) ;  

(f)  s a i d   p l u n g e r   m e a n s   ( 4 9 , 6 4 ) ,   s a i d   hub  ( 4 6 ; 1 0 6 ;  



1 2 6 ; 1 4 8 ; 1 6 6 ) ,   s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ; 1 6 4 )   and  s a i d   c a m  

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

r e s e r v o i r   ( 8 3 ; 8 5 ; 1 5 6 ; 1 7 6 )   f o r   s u p p l y 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   ( 7 2 , 7 4 ) ;   a n d ,  

(g)  s a i d   body   means   (40)  d e f i n i n g   a  f l u i d  

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

(50)  w i t h   s a i d   f l u i d   r e s e r v o i r   ( 8 3 ; 8 5 ; 1 5 6 ; 1 7 6 ) .  

2.  A  t a p p e t   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r i s e d  

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

( 5 6 ; 1 6 8 )   e n g a g i n g   t h e   o u t e r   p e r i p h e r y   of  s a i d   hub  s t r u c t u r e  

w a l l .  

3.  A  t a p p e t   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i s e d  

in  t h a t   s a i d   hub  s t r u c t u r e   (46)  i n c l u d e s   a  c i r c u m f e r e n t i a l  

g r o o v e   (58)  f o r m e d   in  t h e   o u t e r   p e r i p h e r y   t h e r e o f   a n d  

s a i d   r e t a i n i n g   means   c o m p r i s e s   an  a n n u l a r   s p r i n g   c l i p   ( 5 6 )  

e n g a g i n g   t h e   s a i d   c i r c u m f e r e n t i a l   g r o o v e   ( 5 8 ) .  

4.  A  t a p p e t   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i s e d  

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

( 5 6 ; 1 6 8 )   r e c e i v e d   o v e r   t h e   end  of  s a i d   hub  ( 4 6 ; 1 6 6 )   r e m o t e  

f rom  s a i d   c l o s e d   end  of  s a i d   body  ( 4 0 ) .  



5.  A  b u c k e t   t a p p e t   f o r   t h e   v a l v e   g e a r   of  a n  

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

one  end   t h e r e o f   in   d i r e c t   c o n t a c t   w i t h   t h e   s t e m   of   t h e  

c o m b u s t i o n   c h a m b e r   v a l v e   w i t h   t h e   o t h e r   end   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   a  cam  l o b e ,   s a i d   t a p p e t   c o m p r i s i n g :  

(a)  b o d y   m e a n s   (40)  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  

an  o u t e r   t u b u l a r   w a l l   p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 ; 1 6 2 )  

h a v i n g   one  end  t h e r e o f   c l o s e d   and  d e f i n i n g   a  cam  f a c e   a n d  

s t r u c t u r e   d e f i n i n g   an  i n w a r d l y   e x t e n d i n g   web  ( 4 4 ; 1 0 4 ; 1 2 4 ;  

1 4 6 ; 1 6 4 )   d i s p o s e d   g e n e r a l l y   t r a n s v e r s e l y   to   and  i n t e r -  

m e d i a t e   t h e   e n d s   of   s a i d   o u t e r   t u b u l a r   w a l l .  ( 4 2 ; 1 0 2 ; 1 2 2 ;  

1 4 1 ; 1 6 2 ) ,   s a i d   b o d y   means   (40)  f u r t h e r   i n c l u d i n g   a  t u b u l a r  

hub  p o r t i o n   ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ; 1 6 6 )   j o i n e d   w i t h   and  s u p p o r t e d  

by  s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ; 1 6 4 )   and  d i s p o s e d   w i t h i n   s a i d  

o u t e r   t u b u l a r   w a l l   p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 ; 1 6 2 ) ,   w h e r e i n  

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

( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 ; 1 6 2 )   i s   a d a p t e d   to   be  s l i d a b l y   r e c e i v e d   i n  

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

c l o s e d   end   p o r t i o n   i s   a d a p t e d   to   be  c o n t a c t e d   by  a n  

a c t u a t i n g   c a m ;  

c h a r a c t e r i s e d   by  t h e   c o m b i n a t i o n  :  

(b)  p l u n g e r   means   ( 4 9 , 6 4 )   s l i d a b l y   r e c e i v e d   in   s a i d  

t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ; 1 6 6 )   in   c l o s e l y   f i t t i n g   r e l a t i o n -  

s h i p   t h e r e w i t h ,   s a i d   p l u n g e r  m e a n s   ( 4 9 , 6 4 )   i n c l u d i n g  

s t r u c t u r e   (49)  d e f i n i n g   a  p i s t o n   b o r e   (62)  w i t h   a  p i s t o n  



(64)  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   ( 6 2 ) ,   s a i d   p l u n g e r  

means   (49)  and  s a i d   p i s t o n   (64)  c o - o p e r a t i n g   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   (86)  w h e r e i n   s a i d   p i s t o n   ( 6 4 )  

i n t e r f i t s   in  s a i d   b o r e   (62)  in   a  m a n n e r   p r o v i d i n g   c o n t r o l l e d  

l e a k d o w n   f rom  s a i d   c h a m b e r   (86)  upon   a p p l i c a t i o n   of  a n  

a x i a l   l o a d   on  s a i d   p i s t o n   (64)  t e n d i n g   to   u r g e   s a i d   p i s t o n  

(64)  in  a  d i r e c t i o n   to   c o m p r e s s   f l u i d   in  s a i d   c h a m b e r   ( 8 6 ) ;  

(c)  o n e - w a y   v a l v e   means   ( 7 2 , 7 4 )   o p e r a t i v e ,   u p o n  

m o v e m e n t   of  s a i d   p i s t o n   (64)  in  a  d i r e c t i o n   t e n d i n g   t o  

e x p a n d   s a i d   c h a m b e r   ( 8 6 ) ,   to   p e r m i t   f l u i d   to   f l o w   t h e r e -  

t h r o u g h   to   s a i d   c h a m b e r   (86)  and  o p e r a t i v e   to   p r e v e n t  

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

(64)  in  a  d i r e c t i o n   t e n d i n g   to   d e c r e a s e   s a i d   c h a m b e r  

v o l u m e ;  

(d)  means   (82)  b i a s i n g   s a i d   p i s t o n   (64)  in  a  

d i r e c t i o n   t e n d i n g   to   e x p a n d   s a i d   c h a m b e r   ( 8 6 ) ;  

(e)  r e t a i n i n g   means   ( 5 6 ; 1 1 2 ; 1 3 0 ; 1 6 8 )   e n g a g i n g  

p o r t i o n s   o f  t h e   w a l l   of  s a i d   t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ;  

166)  a d j a c e n t   t h e   end  t h e r e o f   and  o p e r a b l e   to  r e t a i n   s a i d  

p l u n g e r   means   ( 4 9 , 6 4 )   t h e r e i n ;  

(f)  s a i d   p l u n g e r   means   ( 4 9 , 6 4 ) ,   s a i d   hub  ( 4 6 ; 1 0 6 ;  

1 2 6 ; 1 4 8 ; 1 6 6 )   and  s a i d   c l o s e d   end  of  s a i d   w a l l   d e f i n i n g  

s t r u c t u r e   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 ; 1 6 2 )   c o - o p e r a t i n g   to   d e f i n e   a  

f l u i d   r e s e r v o i r   ( 8 3 ; 8 5 ; 1 5 6 ; 1 7 6 )   o p e r a t i v e   f o r   s u p p l y 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   ( 7 2 , 7 4 ) ;   a n d  



(g)  s a i d   b o d y   m e a n s   (40)  f u r t h e r   d e f i n i n g   a  

f l u i d   p a s s a g e   (84)  c o m m u n i c a t i n g   s a i d   w a l l   o u t e r   p e r i p h e r y  

(50)  w i t h   s a i d   f l u i d   r e s e r v o i r   ( 8 3 ; 8 5 ; 1 5 6 ; 1 7 6 ) .  

6.  A  b u c k e t   t a p p e t   f o r   t h e   v a l v e   g e a r   of   a n  

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

t h e   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 h e   s t e m   of  t h e  

c o m b u s t i o n   c h a m b e r   v a l v e   and  t h e   o p p o s i t e   end  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   cam  l o b e ,   c h a r a c t e r i s e d   by  s a i d   b u c k e t  

t a p p e t   c o m p r i s i n g   in   c o m b i n a t i o n :  

(a)  a  body   member   (40)  h a v i n g   a  t u b u l a r   w a l l  

p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 )   w i t h   t h e   o u t e r   p e r i p h e r y   (50)  t h e r e o f  

a d a p t e d   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   a  t a p p e t   g u i d e  

s u r f a c e   f o r m e d   in   t h e   e n g i n e ,   s a i d   body   (40)  h a v i n g   a  w e b  

p o r t i o n   ( 4 4 ; 1 0 4 ; 1 2 4 )   f o r m e d   i n t e g r a l l y   w i t h   s a i d   t u b u l a r  

w a l l   p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 )   i n t e r m e d i a t e   t h e   e n d s   t h e r e o f   a n d  

e x t e n d i n g   i n w a r d l y   t h e r e f r o m ,   and  a  t u b u l a r   hub  p o r t i o n  

( 4 6 ; 1 0 6 ; 1 2 6 )   f o r m e d   i n t e g r a l l y   w i t h   s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ) ,  

s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 )   h a v i n g   t h e   i n n e r   p e r i p h e r y   t h e r e o f  

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

p e r i p h e r y   (50)  of   s a i d  w a l l   p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 ) ,   s a i d   h u b  

p o r t i o n   ( 4 6 ; 1 0 6 ; 1 2 6 )   h a v i n g   one  end  t h e r e o f   e x t e n d i n g  

a x i a l l y   b e y o n d   s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ) ;  

(b)  a  cam  f a c e   m e m b e r   ( 1 8 ; 1 0 7 )   h a v i n g   a  g e n e r a l l y  

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



f o r   c o n t a c t i n g   t h e   e n g i n e   cam,  s a i d   f a c e   member  ( 1 8 ; 1 0 7 )  

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

( 4 2 ; 1 0 2 ; 1 2 2 )   and  s e c u r e d   t h e r e t o   a b o u t   t h e   p e r i p h e r y  

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

(c)  p l u n g e r   means   ( 4 9 , 6 4 )   s l i d a b l y   r e c e i v e d   i n  

s a i d   hub  p o r t i o n   ( 4 6 ; 1 0 6 ; 1 2 6 )   in  c l o s e l y   f i t t i n g   r e l a t i o n -  

s h i p   w h e r e i n   s a i d   p l u n g e r   means   ( 4 9 , 6 4 ) ,   s a i d   web  ( 4 4 ;  

1 0 4 ; 1 2 4 ) ,   s a i d   t u b u l a r   w a l l   p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 )   and  s a i d  

cam  f a c e   member   ( 1 8 ; 1 0 7 )   c o - o p e r a t e   to   d e f i n e   a  f l u i d  

r e s e r v o i r   ( 8 3 , 8 5 ) ,   s a i d   p l u n g e r   means   ( 4 9 , 6 4 )   i n c l u d i n g   a  

member   (49)  h a v i n g   an  end  f a c e   (52)  r e m o t e   f rom  s a i d   c am 

f a c e   and  a d a p t e d   f o r   d i r e c t l y   c o n t a c t i n g   t h e   end  of  t h e  

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

( 4 9 , 6 4 )   h a v i n g   t h e r e i n   h y d r a u l i c   l a s h   a d j u s t i n g   m e a n s  

c o m m u n i c a t i n g   w i t h   s a i d   r e s e r v o i r   ( 8 3 , 8 5 )   and  o p e r a b l e  

upon  i n s t a l l a t i o n   in  an  e n g i n e   t a p p e t   g u i d e   b o r e   and  b e i n g  

p r o v i d e d   w i t h   a  s u p p l y   of  p r e s s u r i z e d   f l u i d   to   s a i d  

r e s e r v o i r   . ( 8 3 , 8 5 ) ,   to   a d j u s t   t he   d i s t a n c e   b e t w e e n   s a i d  

p l u n g e r   end  f a c e   (52)  and  s a i d   cam  f a c e   upon  r e l a x a t i o n   o f  

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

b e t w e e n   t h e   v a l v e   s t em   and  cam;  a n d  

(d)  r e t a i n i n g   means   ( 5 6 ; 1 1 2 )   c o n t a c t i n g   s a i d   h u b  

p o r t i o n   ( 4 6 ; 1 0 6 ; 1 2 6 )   and  o p e r a b l e   to   r e t a i n   s a i d   p l u n g e r  

means   ( 4 9 , 6 4 )   in  s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ) .  



7.  A  t a p p e t   as  c l a i m e d   in   c l a i m   6,  c h a r a c t e r i s e d  

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

(49)  h a v i n g   a  c i r c u m f e r e n t i a l   r e c e s s   (58)  and  s a i d   r e t a i n -  

ing   m e a n s   c o m p r i s e s   an  a n n u l a r   member   (56)  r e c e i v e d   i n  

s a i d   r e c e s s .  

8.  A  b u c k e t   t a p p e t   f o r   t h e   v a l v e   g e a r   of   a n  

i n t e r n a l   c o m b u s t i o n   e n g i n e   of  t h e   t y p e   h a v i n g   one  end   o f  

t h e   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 h e   s t e m   of   t h e  

c o m b u s t i o n   c h a m b e r   v a l v e   and   t h e   o p p o s i t e   end  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 h e   cam  l o b e ,   c h a r a c t e r i s e d   by  s a i d  

b u c k e t   t a p p e t   c o m p r i s i n g   in   c o m b i n a t i o n :  

(a)  b o d y   means   (40)  d e f i n i n g   a  t u b u l a r   w a l l  

( 4 2 ; 1 0 2 ; 1 2 2 )   w i t h  t h e   o u t e r   p e r i p h e r y   (50)  t h e r e o f   a d a p t e d  

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

f o r m e d   in   t h e   e n g i n e ,   s a i d   b o d y   means   (40)  d e f i n i n g   a  

web  ( 4 4 ; 1 0 4 ; 1 2 4 )   f o r m e d   i n t e g r a l l y   w i t h   s a i d   t u b u l a r   w a l l  

( 4 2 ; 1 0 2 ; 1 2 2 )   i n t e r m e d i a t e   t h e   e n d s   t h e r e o f   and  e x t e n d i n g  

i n w a r d l y   t h e r e f r o m ,   and  s a i d   body   m e a n s   (40)  f u r t h e r  

d e f i n i n g   a  t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 )   f o r m e d   i n t e g r a l l y   w i t h  

s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ) ,   s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 )   h a v i n g   t h e  

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

r e l a t i o n s h i p   t o   t h e   o u t e r   p e r i p h e r y   (50)  of  s a i d   w a l l  

( 4 2 ; 1 0 2 ; 1 2 2 ) ,   s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 )   h a v i n g   one  end  t h e r e o f  

e x t e n d i n g   a x i a l l y   b e y o n d   s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ) ;  



(b)  s a i d   body   means   (40)  i n c l u d i n g   s t r u c t u r e  

( 1 8 ; 1 0 7 )   d e f i n i n g   a  cam  f a c e   g e n e r a l l y   t r a n s v e r s e   t o  

s a i d   t u b u l a r   w a l l   ( 4 2 ; 1 0 2 ; 1 2 2 )   a c r o s s   one  end  t h e r e o f  

and  a d a p t e d   f o r   c o n t a c t i n g   t h e   e n g i n e   c a m ;  

(c)  p l u n g e r   means   ( 4 9 , 6 4 )   s l i d a b l y   r e c e i v e d   i n  

s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 )   p o r t i o n   in  c l o s e l y   f i t t i n g   r e l a t i o n -  

s h i p   w h e r e i n   s a i d   p l u n g e r   means   ( 4 9 , 6 4 ) ,   s a i d   web  ( 4 4 ; 1 0 4 ;  

1 2 4 ) ,   s a i d   t u b u l a r   w a l l   p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 )   and  s a i d   c a m  

f a c e   s t r u c t u r e   ( 1 8 : 1 0 7 )   c o - o p e r a t e   to   d e f i n e   a  f l u i d  

r e s e r v o i r   ( 8 3 , 8 5 ) ,   s a i d   p l u n g e r   means   i n c l u d i n g   a  m e m b e r  

(49)  h a v i n g   an  end   f a c e   (52)  r e m o t e   f rom  s a i d   cam  f a c e   a n d  

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

t h e   c o m b u s t i o n   c h a m b e r   v a l v e ,   s a i d   p l u n g e r   means   ( 4 9 , 6 4 )  

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

w i t h   s a i d   r e s e r v o i r   ( 8 3 , 8 5 )   and  o p e r a b l e   upon  i n s t a l l a t i o n  

in  an  e n g i n e   t a p p e t   g u i d e   b o r e   and  b e i n g   p r o v i d e d   w i t h   a  

s u p p l y   of   p r e s s u r i z e d   f l u i d   to   s a i d   r e s e r v o i r   ( 8 3 , 8 5 ) ,  

to   a d j u s t   t h e   d i s t a n c e   b e t w e e n   s a i d   p l u n g e r   end  f a c e   ( 5 2 )  

and  s a i d   cam  f a c e   upon   r e l a x a t i o n   of  e n g i n e   v a l v e   t i m i n g  

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

and  cam;  a n d  

(d)  r e t a i n i n g   means   ( 5 6 ; 1 1 2 )   e n g a g i n g   p o r t i o n s  

of  s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 )   and  o p e r a b l e   to   r e t a i n   s a i d   p l u n g e r  

means   ( 4 9 , 6 4 )   in   s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ) .  



9.  A  b u c k e t   t a p p e t   f o r   t h e   v a l v e   g e a r   of  a n  

i n t e r n a l   c o m b u s t i o n   e n g i n e   of  t h e   t y p e   h a v i n g   one  end  o f  

t h e   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 h e   s t e m   o f  

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

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

(a)  b o d y   m e a n s   (40)  d e f i n i n g   a  t u b u l a r   w a l l  

( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 )   w i t h   t h e   o u t e r   p e r i p h e r y   (50)  t h e r e o f  

a d a p t e d   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   a  t a p p e t   g u i d e  

s u r f a c e   f o r m e d   in  t h e   e n g i n e ,   s a i d   b o d y   m e a n s   (40)  d e f i n i n g  

a  w e b   ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 )   a t t a c h e d   to   s a i d   t u b u l a r  w a l l   ( 4 2 ;  

1 0 2 ; 1 2 2 ; 1 4 1 )   i n t e r m e d i a t e   t h e   e n d s   t h e r e o f   and  e x t e n d i n g  

i n w a r d l y   t h e r e f r o m ,   and  s a i d   b o d y   m e a n s   (40)  f u r t h e r   d e f i n -  

i n g   a  t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   a t t a c h e d   to   s a i d   w e b  

( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ) ,   s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   h a v i n g   t h e   i n n e r  

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

s h i p   t o   t h e   o u t e r   p e r i p h e r y   (50)  of   s a i d   w a l l   ( 4 2 ; 1 0 2 ;  

1 2 2 ; 1 4 1 ) ,   s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   h a v i n g   one  end  t h e r e o f  

e x t e n d i n g   a x i a l l y   b e y o n d   s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ) ;  

(b)  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   ( 1 8 ; 1 0 7 ;  

142)  d e f i n i n g   a  cam  f a c e   g e n e r a l l y   t r a n s v e r s e   to   s a i d  

t u b u l a r   w a l l   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 )   a c r o s s   one  end   t h e r e o f   a n d  

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

(c)  p l u n g e r   m e a n s   ( 4 9 , 6 4 )   s l i d a b l y   r e c e i v e d   i n  

s a i d  h u b   ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   p o r t i o n   in   c l o s e l y   f i t t i n g   r e l a t i o n - -  



s h i p   w h e r e i n   s a i d   p l u n g e r   means   ( 4 9 ; 6 4 ) ,   s a i d   web  ( 4 4 ;  

1 0 4 ; 1 2 4 ; 1 4 6 ) ,   s a i d   t u b u l a r   w a l l   p o r t i o n   ( 4 2 ; 1 0 2 ; 1 2 2 ;  

141)  and  s a i d   cam  f a c e   s t r u c t u r e   ( 1 8 ; 1 0 7 ; 1 4 2 )   c o - o p e r a t e  

to   d e f i n e   a  f l u i d   r e s e r v o i r   ( 8 3 ; 8 5 ; 1 5 6 ) ,   s a i d   p l u n g e r  

means   i n c l u d i n g   a  member   (49)  h a v i n g   an  end  f a c e   ( 5 2 )  

r e m o t e   f r o m   s a i d   cam  f a c e   and  a d a p t e d   f o r   d i r e c t l y  

c o n t a c t i n g   t h e   end  of  t h e   s t em   of  t h e   c o m b u s t i o n   c h a m b e r  

v a l v e ,   s a i d   p l u n g e r   means   ( 4 9 , 6 4 )   h a v i n g   t h e r e i n   h y d r a u l i c  

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

( 8 3 ; 8 5 ; 1 5 6 )   and  o p e r a b l e   upon  i n s t a l l a t i o n   of  t h e   t a p p e t  

in  an  e n g i n e   t a p p e t   g u i d e   b o r e   and  b e i n g   p r o v i d e d   w i t h   a  

s u p p l y   of  p r e s s u r i z e d   f l u i d   to  s a i d   r e s e r v o i r   ( 8 3 ; 8 5 ; 1 5 6 ) ,  

t o   a d j u s t   t h e   d i s t a n c e   b e t w e e n   s a i d   p l u n g e r   end  f a c e   ( 5 2 )  

and  s a i d   cam  f a c e   upon   r e l a x a t i o n   of  e n g i n e   v a l v e   t i m i n g  

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

and  cam;  a n d  

(d)  r e t a i n i n g   means   ( 5 6 ; 1 1 2 ; 1 3 0 )   e n g a g i n g   p o r t i o n s  

of  s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   and  o p e r a b l e   to  r e t a i n   s a i d  

p l u n g e r   means   ( 4 9 , 6 4 )   in   s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ) .  

10.  An  h y d r a u l i c   l a s h - a d j u s t i n g   b u c k e t   t a p p e t  

f o r   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  

c h a r a c t e r i s e d   b y :  

(a)  body   means   (40)  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  g e n e r a l l y   c y l i n d r i c a l   t u b u l a r   o u t e r   w a l l   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 )  



h a v i n g   t h e   o u t e r   p e r i p h e r y   (50)  t h e r e o f   a d a p t e d   to   b e  

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

p r o v i d e d   in   t h e   e n g i n e   and  i n c l u d i n g   s t r u c t u r e   ( 1 8 ; 1 0 7 ;  

142)  d e f i n i n g   a  cam  f a c e   g e n e r a l l y   t r a n s v e r s e   to   t h e  

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

s a i d   b o d y   m e a n s   (40)   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  w e b  

( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 )   a t t a c h e d   to   s a i d   t u b u l a r   w a l l   ( 4 2 ; 1 0 2 ;  

1 2 2 ; 1 4 1 )   i n t e r m e d i a t e   t h e   e n d s   t h e r e o f   and  e x t e n d i n g  

i n w a r d l y   t h e r e f r o m ,   s a i d   body   means   (40)  f u r t h e r   d e f i n i n g  

a  t u b u l a r   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   a t t a c h e d   to   and  s u p p o r t e d  

by  s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 ) ,   s a i d  h u b   ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )  

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

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

( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 )  , s a i d   hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   h a v i n g   one  e n d  

t h e r e o f   e x t e n d i n g   a x i a l l y   b e y o n d   s a i d   web  ( 4 4 ; 1 0 4 ; 1 2 4 ; 1 4 6 )  

in   a  d i r e c t i o n   away  f r o m   s a i d   cam  f a c e ;  

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

r e c e i v e d   in   s a i d   hub   ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 )   and  i n c l u d i n g  

s t r u c t u r e   (49)  d e f i n i n g   a  r e a c t i o n   s u r f a c e   (52)  d i s p o s e d  

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

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

o u t e r   w a l l   ( 4 2 ; 1 0 2 ; 1 2 2 ; 1 4 1 ) ,   s a i d   l a s h   a d j u s t m e n t   m e a n s  

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

f l u i d   t o   a d j u s t   t h e   s p a c i n g   of  s a i d   r e a c t i o n   s u r f a c e   ( 5 2 )  

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



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

11.  A  t a p p e t   as  c l a i m e d   in  c l a i m   10,  c h a r a c t e r i s e d  

in   t h a t   s a i d   l a s h   a d j u s t m e n t   means   i n c l u d e s  

(a)  a  p l u n g e r   (49)  s l i d a b l y   r e c e i v e d   in  s a i d  

hub  ( 4 6 ; 1 0 6 ; 1 2 6 ; 1 4 8 ) ,   s a i d   p l u n g e r   (49)  h a v i n g   a  c a v i t y  

(62)  t h e r e i n ;   a n d  

(b)  a  p i s t o n   (64)  s l i d a b l y   r e c e i v e d   in  s a i d  

p l u n g e r   c a v i t y   ( 6 2 ) ,   s a i d   p i s t o n   (64)  and  s a i d   p l u n g e r  

(62)  c o - o p e r a t i n g   t o   d e f i n e   a  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   c a v i t y   (86)  f o r   l a s h   a d j u s t m e n t ,   w h e r e i n   s a i d  

c a v i t y   (86)  i s   d i s p o s e d   a x i a l l y   r e m o t e   f rom  s a i d   cam 

f a c e ,   s a i d   p i s t o n   (64)  and  p l u n g e r   (49)  h a v i n g   t h e r e b e t w e e n  

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

p r e s s u r e   c h a m b e r   ( 8 6 ) ;   a n d ,  

(c)  o n e - w a y   v a l v e   means   ( 7 2 , 7 4 )   o p e r a t i v e   to   a d m i t  

h y d r a u l i c   f l u i d   f rom  a  p r e s s u r i z e d   s o u r c e   to   s a i d   h i g h  

p r e s s u r e   c h a m b e r   ( 8 6 ) .  

12.  A  t a p p e t   as  c l a i m e d   in   c l a i m   10,  w h e r e i n :  

(a)  s a i d   body   means   (40)  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 e   to   d e f i n e   a  f l u i d   r e s e r v o i r   ( 8 3 , 8 5 )   h a v i n g  

a  f i r s t   p o r t i o n   (83)  c o m m u n i c a t i n g   w i t h   t h e   o u t e r   p e r i p h e r y  

of  t h e   b o d y   and  a  s e c o n d   p o r t i o n   ( 8 5 ) ;   a n d ,  



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

( 4 9 , 6 4 )   d e f i n i n g   a  h i g h   p r e s s u r e   c a v i t y   (86)  c o - o p e r a t i n g  

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

means   ( 7 2 , 7 4 )   o p e r a t i v e   t o   a d m i t  f l u i d   t o   s a i d   h i g h  

p r e s s u r e   c h a m b e r   ( 8 6 ) ,   w h e r e i n   s a i d   s e c o n d   p o r t i o n   ( 8 5 ) '  

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

v a l v e   m e a n s   ( 7 2 , 7 4 ) ,   s a i d   s e c o n d   p o r t i o n   (85)  of  s a i d  

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

f o r   s u p p l y i n g   s a i d   o n e - w a y   v a l v e   ( 7 2 , 7 4 )   d u r i n g   e n g i n e  

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

s a i d   f i r s t   p o r t i o n   (83)  of   s a i d   r e s e r v o i r   d u r i n g   p e r i o d s  

of  e n g i n e   i n a c t i v i t y .  
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