
Europaisches  Pa tentamt  

European  Patent  Office  ©  Publication  number:  0  0 3 7   2 6 9  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81301342.2  ©Int.  CI.3:  F  01  L  13/00 

^   F  02  D  17/02 
(22)  Date  of  filing:  27.03.81 

©  Priority:  28.03.80  CA  348753  ©  Applicant:  ENGINE  CONTROL  INDUSTRIES  LTD. 
14.11.80  CA  348753  1  Piace  Ville  Marie  Suite  2707  P.O.  Box  1631  Station  A 

Montreal  Quebec  H3C  3A2(CA) 

(©  Date  of  publication  of  application:  ©)  Inventor:  Tamas,  Jozsef 
07.10.81  Bulletin  81/40  3610  MacTavish  Street 

Apt.  16,  Montreal(CA) 
©  Designated  Contracting  States: 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE  ©  Inventor:  Petrillo,  Gino 
7447  Comb  Street 
St.  Leonard,  Quebec(CA) 

©  Inventor:  Tamas,  Laszlo 
3610  MacTavish  Street 
Apt.  16,  Montreal(CA) 

©  Representative:  Hartley,  David  et  al, 
c  0  Withers  &  Rogers  4  Dyer's  Buildings  Holborn 
London,  EC1N2JT(GB) 

to  
CM 

CO 
o  

Q. 
LU 

(sj)  Engine  cylinder  cutout  system. 
A  novel  engine  cylinder  cutout  system  for internal  com- 

bustion  engines,  e.g.,  gasoline  engines,  or  diesel  engines,  is 
provided  herein.  The  system  may  be  operated  either  by fluids, 
e.g.,  pneumatic  or  hydraulic,  or  mechanically.  The  system 
includes  a  plurality  of  uncoupling  devices  (20)  (equal  in 
number to the  number of  cylinders  or valves  in  the  engine)  for 
selectively  coupling  or  uncoupling  valve  operators  (14)  from 
their  respective  driving  member  (23).  Fluid  or  mechanical 
shifting  mechanisms  (37, 47)  are  selectively  actuated  to  pro- 
vide  variation  of valve  operation  from  normal  cycles  allowing 
the  valves  (15) to  be  opened  or  closed  as  required,  to  cut  off 
operation  (to  uncouple  selective  one  or  ones  of the  operators) 
so  that  selected  exhaust  valves  are  open  while  the  associated 
selected  intake  valves  are  closed.  A  retentive  control  means 
(39,49) is  provided  responsive  to  the  status  of vehicle  operat- 
ing  parameters  for  randomly  initiating  operation  of  shifting 
mechanism  (37,  47)  associated  with  each  such  uncoupling 
device  (20) for random  initial activation  thereof, thereby  selec- 
tively  cutting  out  one  or  more  cylinders  to  assure  operation  of 
the  cylinders  in  the  engine  a  substantially  even  average 
amount  oftime. 

This  cutout  system  can  desirably  operate  independently 
of  the  oil  pressure  system  of the  engine,  although  it  can  also 

use  such  system.  The  retentive  control  means  also  assures 
even  cutout  of  the  cylinders  during  different  sequences  of 
operation  so  that  engine  wear is  reduced,  and  any  such  wear 
is even. 



This  i nven t ion   r e l a t e s   to  an  improvement  in  an  engine  c y l i n d e r  

cutout   system  inc lud ing   (a)  a  p l u r a l i t y   of  uncoup l ing   dev ices   for  s e l e c -  

t i v e l y   coup l ing   or  uncoupl ing  a s s o c i a t e d   valve  o p e r a t o r s   from  r e s p e c t i v e  
dr iven  members,  the  cutout   devices   being  s e l e c t i v e l y   o p e r a b l e   for  nor r . a l  

o p e r a t i o n   enab l ing   the  normal  cycle  of  o p e r a t i o n   of  the  valve  ope ra to r s   and 

for  cu tout   o p e r a t i o n   i n t e r r u p t i n g   the  normal  cycle  in  any  phase  of  i t s  

o p e r a t i o n ,   the  p l u r a l i t y   of  cutout   devices   being  equal  in  number  to  t h e  

number  of  c y c l i n d e r s   or  va lves   in  the  engine ,   and  (b)  s h i f t i n g   mechanism 

for  s e l e c t i v e l y   ope ra t i ng   the  cutout   devices   to  p rov ide   v a r i a t i o n   of  v a l v e  

o p e r a t i o n   from  normal  cyc l e s ,   a l lowing   the  valves   to  be  opened  o r  c l o s e d   as 

r e q u i r e d ,   and  cutout   o p e r a t i o n ,   uncoup l ing   s e l e c t i v e   one  or  ones  of  the  

valve  o p e r a t o r s   so  that  s e l e c t e d   exhaust   valves   are  open  whi le   a s s o c i a t e d  

s e l e c t e d   i n t ake   valves  are  c losed .   More  p a r t i c u l a r l y ,   i t   r e l a t e s   to  an 

improved  c o n t r o l   means  to  enable   s e l e c t i v e   o p e r a t i o n   of  the  c y l i n d e r   c u t o u t  

system  which  is  f u n c t i o n a l   by  f l u i d   p r e s s u r e   or  by  mechan i ca l   means .  

(c)  Re levan t   Background  A r t  

I n t e r n a l   combustion  engines   that   opera te   on  less   than  fu l l   c y l i n -  

der  complement  to  achieve  fuel  economy  have  been  under  development   s i n c e  

the  b e g i n n i n g   of  the  1900 's .   Their  commercial  i m p l e m e n t a t i o n   has  been 

i m p r a c t i c a l   due  to  the  complexi ty   and  c o r r e s p o n d i n g   high  cos t s   of  e x i s t i n g  

sys tems ,   as  well  as  un impress ive   r e l i a b i l i t y   r e c o r d s .  

Cyl inder   cutout  systems  are  in tended   to  be  used  to  enable  m u l t i -  

ple  c y l i n d e r   engines  to  f unc t i on   with  fewer  than  a l l   of  t h e i r   c y l i n d e r s ,  

the reby   to  conserve   fuel  when  less   than  fu l l   power  o p e r a t i o n   of  the  eng ine  

is  n e c e s s a r y .   Thus,  a  l a r g e r   d i s p l a c e m e n t   engine  in  e f f e c t   can  be  c o n v e r -  

ted  in  s e r v i c e   to  a  smal le r   d i s p l a c e m e n t   engine ,   with  the  power  l o s s  



i n c i d e n t a l   to  such  r e d u c t i o n   being  a c c e p t a b l e   under  l i g h t   load  c o n d i t i o n s .  

Cy l inde r   cutout   sys tems  of  the  p r i o r   a r t   o p e r a t e   to  modify  the  o p e r a t i o n   o f  

the  va lves   of  the  eng ine .   The  usua l   o b j e c t i v e   of  these  dev ices   is  to  d i s -  

able  one  or  more  of  the  c y l i n d e r s   of  the  engine   by  c u t t i n g   off   fuel   t h e r e -  

to  or  o the rwi se   a f f e c t i n g   the  c y l i n d e r   o p e r a t i o n   so  tha t   the  c y l i n d e r   i s  

dead  as  far  as  fuel   consumpt ion   and  power  ou tpu t   are  c o n c e r n e d .  

Typica l   o f  t h e   p r i o r   a r t   engine   c y l i n d e r   cu tou t   systems  and  c o n -  

t r o l s   t h e r e f o r   is  the  system  p r o v i d e d ,   for  example,   in  Jones ,   United  S t a t e s  

Pa t en t   No.  1 , 2 0 1 , 0 5 5 ,   g r a n t e d   October  10,  1961.  Jones  t aught   a  c y l i n d e r  

cu tout   system  where in   fue l   was  c u t  o f f   to  a  s i n g l e   bank  of  s ix  c y l i n d e r s   i n  

a  V-12  engine ,   with  the  i n t a k e   valve  of  the  c u t o f f   bank  being  held  c l o s e d  

and  the  exhaust   va lves   be ing   held  open.  The  va lve   c o n t r o l   system  was  an 

e l e c t r o - m e c h a n i c a l   a r r a n g e m e n t   adapted  to  work  d i r e c t l y   on  the  rocker   arm 

of  the  valve  t r a i n   to  hold  the  valve  e lements   in  the  d e s i r e d   open  or  c l o s e d  

p o s i t i o n   when  i t   was  d e s i r e d   to  d e a c t i v a t e   the  c y l i n d e r s   a s s o c i a t e d   w i t h  

the  v a l v e s .  

F u l l e r ,   J r .   et  al ,   United  S t a t e s   P a t e n t   No.  4 ,050 ,435   i s s u e d  

September  27,  1977,  was  a l l e g e d   to  p rov ide   an  improved  dev ice   to  c o n t r o l  

the  va lves   for  e n a b l i n g   i n t a k e   and  exhaus t   va lves   of  the  c y l i n d e r s   of  an  

i n t e r n a l   combust ion  engine   to  be  held  r e s p e c t i v e l y   c losed  and  open  to  d i s -  

able  some  of  the  c y l i n d e r s   and  thus  to  conse rve   fue l   and  energy.   In  t h e  

i n v e n t i o n   as  t aught   in  Uni ted  S t a t e s   P a t e n t   No.  4 , 0 5 0 , 4 3 5 ,   a  f l u i d -  

ope ra t ed   valve  pushrod  e l o n g a t i n g   or  s h o r t e n i n g   device   was  p rov ided   t h a t  

could  be  i n s t a l l e d   as  an  a c c e s s o r y   in  an  e x i s t i n g   engine  using  a  p u s h r o d  

and  rocker   arm  va lve   t r a i n   system.   The  system  was  said  to  be  c o n t r o l l a b l e ,  

in  e f f e c t   to  e l o n g a t e   the  exhaust   valve  pushrods   and  to  d e a c t i v a t e   t h e  

i n t a k e   valve  pushrods   for   each  c y l i n d e r   to  be  cut  out  from  engine  o p e r a t i o n .  

This  system  was  a lso   sa id   to  be  c o n t r o l l a b l e   so  tha t   the  i n t a k e   and  e x h a u s t  

valves   could  o p e r a t e   in  the  normal  manner  in  r e sponse   to  the  r e c i p r o c a t i n g  

movement  of  the  p u s h r o d s .   Engine  o i l   p r e s s u r e   p r e f e r a b l y   se rved   as  t h e  

a c t u a t i n g   medium.  The  dev ice   was  a l l e g e d   to  pe rmi t   f u l l   or  p a r t i a l   e n g i n e  

o p e r a t i o n   under  any  c o n t r o l   set   up  d e s i r e d .  

(d)  Assessment  of  the  P r i o r   A r t  

The  p r i o r   a r t   was  s i l e n t   in  r e s p e c t   of  a  s u i t a b l e   c o n t r o l   means 

to  enable   s e l e c t i v e   o p e r a t i o n   of  the  cu tou t   d e v i c e .   Since,   m o r e o v e r ,  

United  S t a t e s   Pa t en t   No.  4 ,050 ,435   t augh t   the  use  of  the  o i l   p r e s s u r e   o f  

the  engine  to  c o n t r o l   the  o p e r a t i o n   of  the  d e v i c e ,   the  device   was  o n l y  

ope rab le   when  the  o i l   p r e s s u r e   was  at  a  p r e d e t e r m i n e d   minimum.  C o n s e q u e n t l y ,  



any  d i s r u p t i o n   in  a  c o n s t a n t   oil   p r e s su re   would  render   the  dev ice ,   and 

hence  the  i n t e r n a l   combust ion  engine  i t s e l f ,   i n o p e r a b l e .   Moreover,  t h e  
normal  d i r t   and  grime  which  accumulate   in  the  oi l   from  normal  engine  wear  
tends  to  h inder   the  working  of  this   and  any  o ther   such  mechanism  r e ly ing   on 
engine  oi l   p r e s s u r e .   Consequen t ly ,   it  is  p r e f e r a b l e   to  use  brake  or  t r a n s -  
mi s s ion   f l u id   as  the  o p e r a t i n g   f l u i d .   F u r t h e r m o r e ,   no  means  were  t a u g h t  
for  any  sequenc ing   of  the  in take   and  exhaust   valve  c o n t r o l s   or  s e l e c t i v e  

c o n t r o l l i n g   of  the  c y l i n d e r s   to  be  cut  out  to  enable   even  wear  of   the  e n g i n e .  
(e)  D i s c l o s u r e   of  the  I n v e n t i o n  

The  i n v e n t i o n   as  claimed  is  i n t ended   to  p rov ide   a  remedy.  This  

i n v e n t i o n   now  aims  to  p rov ide   an  i n t e r n a l   combust ion  engine  con t ro l   s y s t e m  

having  three  e s s e n t i a l   segments  t h e r e i n ,   namely,  the  uncoupl ing   devices  o r  
mechanisms  of  c y l i n d e r   c o n t r o l ,   improved  s o l e n o i d - c o n t r o l l e d   s h i f t i n g  

mechanisms,   and  improved  r e t e n t i v e   con t ro l   means,  i . e . ,   i n f o r m a t i o n   p r o c e s -  

s ing .   The  i n v e n t i o n   thus  p rovides   for  the  i n t e g r a t e d   a c t u a t i o n   of  t h e s e  

th ree   e s s e n t i a l   segments  with  the  end  r e s u l t   of  a l lowing   s e l e c t i v i t y ,   e i t h e r  

manual  or  a u t o m a t i c ,   in  the  f u n c t i o n i n g   of  the  c y l i n d e r s   of  an  i n t e r n a l   com- 

b u s t i o n   engine.   By  this   i n v e n t i o n ,   mechanisms  are  provided  to  e f f e c t   con -  

t r o l   of  c y l i n d e r   va lves   through  i n t e r r u p t i o n   of  t h e i r   normal  a c t u a t i o n  

pu l ses   by  the  c o n t r o l l e d   a l t e r a t i o n   of  the  f u n c t i o n   of  normal  pushrods .   By 

th i s   i n v e n t i o n ,   means  are  also  provided  for  c y l i n d e r   f i r i n g   p a t t e r n s   to  be  

a l t e r e d   to  minimize  v i b r a t i o n   and  to  provide  for  s u b s t a n t i a l l y   even  c y l i n -  

der  use  and  wear  while  r esponding   to  s e n s o r - m o n i t o r e d   load  c o n d i t i o n s .  

Thus,  the  p r e s e n t   i nven t ion   so lves   the  problem  by  means  of  a  r e -  

t e n t i v e   con t ro l   means  r e s p o n s i v e   to  the  s t a t u s   of  v e h i c l e   ope ra t i ng   p a r a -  

meters   for  randomly  i n i t i a t i n g   o p e r a t i o n   of  s h i f t i n g   mechanism  a s s o c i a t e d  

with  each  of  the  uncoupl ing   devices  for  random  i n i t i a l   a c t i v a t i o n   t h e r e o f ,  

the reby   s e l e c t i v e l y   c u t t i n g   out  one  or  more  c y l i n d e r s   in  the  engine  a  s u b -  

s t a n t i a l l y   even  average  amount  of  time,  so  that   engine  wear  is  b a l a n c e d .  

(f)  A d v a n t a g e o u s  E f f e c t s   of  the  I n v e n t i o n  

By  the  use  of  the  r e t e n t i v e   con t ro l   means  of  th is   i n v e n t i o n ,   a 

c o n t r o l   system  whereby  an  average  sequencing  of  the  cu to f f   of  the  c y l i n d e r s  

is  provided  in  order  to  provide  balanced  engine  wear.  In  the  i n v e n t i o n ,   t h e  

uncoup l ing   devices   are  opera ted   by  f lu id   ( p r e f e r a b l y   not  the  engine  o i l  

p r e s s u r e   system)  under  s u b s t a n t i a l l y   cons t an t   d e s i r e d   p re s su re   and  in  which  

the  f lu id   p r e s s u r e   may  be  main ta ined   s u b s t a n t i a l l y   c o n s t a n t   r e g a r d l e s s   of  

the  s t a t e   of  o p e r a t i o n   of  the  engine.   In  a d d i t i o n ,   normal  valve  o p e r a t i o n  

may  be  s e l e c t i v e l y   i n t e r r u p t e d   in  order  to  a s s i s t   in  s t a r t - u p   of  the  e n g i n e  



through  t empora ry   r e d u c t i o n   of  p i s t o n   compression  and  fuel   i n t ake   ( t h u s  

p r e v e n t i n g   f l o o d i n g ) .  

This  i n v e n t i o n   has  t h e r e f o r e   provided  improved  s h i f t i n g   mechan-  

isms,  improved  s o l e n o i d   mechanism,  uncoupl ing   d e v i c e s ,   and  c y l i n d e r   c o n t r o l  

mechan isms ,   and  improved  r e t e n t i v e   c o n t r o l   means  or  i n f o r m a t i o n   p r o c e s s i n g  
mechanisms  which  are  s imple   in  de s ign ,   easy  to  m a n u f a c t u r e ,   p rov ide   f a s t ,  

r e l i a b l e   c o n t r o l   of  va lve   f u n c t i o n   and  do  not  i n t e r f e r e   with  normal  push rod  

f u n c t i o n s   of  r e l i a b l e   va lve   a c t u a t i o n   (when  so  d e s i r e d )   and  with  normal  

rocker   a r m / e n g i n e   head  l u b r i c a t i o n .   Such  mechanisms  are  de s igned   for  use  

with  s t a n d a r d   i n t e r n a l   combust ion   eng ines ,   i n v o l v i n g   only  minor  p u s h r o d  

m o d i f i c a t i o n .   Such  mechanisms  are  des igned  to  be  f u l l y   compa t ib l e   w i t h  

any  s t a n d a r d   i n t e r n a l   combus t ion   engine  r e g a r d l e s s   of  fuel   used  or  number 

of  c y l i n d e r s .   The  p r i n c i p l e s   i nvo lved   in  the  mechanisms  of  a spec t s   of  t h i s  

i n v e n t i o n   can  be  adapted   to  the  va lves   d i r e c t l y   for  use  with  an  o v e r h c a d -  

cam  type  e n g i n e .  

(g)  D i s c l o s u r e   of  F u r t h e r   F e a t u r e s   of  the  I n v e n t i o n  

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

are  o p e r a t e d   by  f l u i d   under  s u b s t a n t i a l l y   cons t an t   p r e s s u r e ,   or  are  o p e r a -  

ted  m e c h a n i c a l l y .  

In  a  second  f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  u n c o u p l i n g  

device   is  s p e c i a l l y   c o n s t r u c t e d   for  s e l e c t i v e l y   coup l ing   or  uncoupl ing   a 

r e c i p r o c a t i n g   pushrod   member  from  a  dr iven  member,  and  for   ho ld ing   such 

dr iven   member  at  a  c o n t r o l l e d   p o s i t i o n   with  r e s p e c t   to  the  pushrod  member 

while   the  push rod   member  motion  i t s e l f   is  u n i n t e r r u p t e d ,   wi th   t h e  d r i v e n  

member  hav ing   a  r e t u r n   s t r o k e   d r i v i n g   means,  the  u n c o u p l i n g   device   c o m p r i s -  

ing:  (a)  a  s u p p o r t   means  d i s p o s e d   between  a  s e l e c t e d   pushrod  member  and  a 

s e l e c t e d   d r i v e n   member;  (b)  a  v a r i a b l e   l ength   member  connec ted   to  t h e  

suppo r t   means  and  r e l a t i v e l y   movable  with  r e s p e c t   t h e r e o n ;   (c)  c o u p l i n g  

means  on  the  v a r i a b l e   l eng th   member  for  engaging  the  s e l e c t e d   pushrod  mem- 

ber ;   (d)  means  for  s e l e c t i v e l y   o p e r a t i n g   or  d e a c t i v a t i n g   the  c o u p l i n g  

means,  whereby  the  v a r i a b l e   l eng th   member  may  be  s e l e c t i v e l y   d r iven   by  t h e  

pushrod  member  when  coupled  t h e r e t o   or,  when  uncoup led ,   not  d r iven   by  t he  

pushrod  member  t h roughou t   i t s   normal  cycle  while  the  motion  of  the  pushrod  

is  unimpeded  wi th   r e s p e c t   to  the  v a r i a b l e   length   member;  (e)  l e n g t h - v a r y i n g  

means  movable  a t t a c h e d   to  the  v a r i a b l e   length  member  for  p e r m i t t i n g   r e l a t i v e  

motion  be tween  f i r s t   and  second  l i m i t   p o s i t i o n s ,   the  v a r i a b l e   length   member 

be ing   at  minimum  and  maximum  l e n g t h s ,   r e s p e c t i v e l y ,   when  the  l e n g t h - v a r y i n g  

means  is  d i s p o s e d   at  i t s   f i r s t   and  second  l imi t   p o s i t i o n s   r e s p e c t i v e l y ,   t h e  

l e n g t h - v a r y i n g   means  being  d r i v i n g l y   connected  to  the  dr iven  member;  and  ( f )  



e x t e n s i o n - a c t u a t i n g   means  for  s e l e c t i v e l y   ex tend ing   the  l e n g t h - v a r y i n g  

means  to  i t s   second  l imi t   p o s i t i o n   r e l a t i v e   to  the  v a r i a b l e   l eng th   member, 
and  for  h o l d i n g   the  l e n g t h - v a r y i n g   member  at  such  p o s i t i o n .  

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

device  for  c o n t r o l l i n g   the  valve  of  the  i n t e r n a l   combust ion  engine  of  t h e  

engine  c y l i n d e r   cutout   system  compr i ses :   (1)  a  cas ing ;   (2)  a  compos i t e  

o p e r a t i n g   mechanism  compr is ing   an  inner   pushrod  and  ou te r   t a p p e t   rod  t e l e s -  

c o p i c a l l y   assembled  t o g e t h e r   and  s l i d a b l y   mounted  wi th in   the  ca s ing ;   and 

(3)  c o n t r o l l e d   means  a c t u a t a b l e   for  a u t o m a t i c a l l y   (i)  p e r m i t t i n g   the  i n n e r  

pushrod  to  s l i d e   with  r e s p e c t   to  the  outer   tappet   rod  so  t ha t   the  o u t e r  

tappet   rod  is  immovable  with  r e s p e c t   to  the  cas ing ,   and  ( i i )   locking  t h e  

inner   pushrod  to  the  outer   t appe t   rod,  thereby  to  cause  the  inner   push rod  

to  move  the  ou te r   tappet   rod  s l i d a b l y   with  r e spec t   to  the  c a s i n g .  

By  a  v a r i a n t   t h e r e o f ,   the  inner  p u s h r o d  i n c l u d e s   a  major  c y l i n -  

d r i c a l   p o r t i o n   s l i d a b l y   d isposed   w i th in   a  major  hollow  c y l i n d r i c a l   p o r t i o n  

of  the  outer   t appe t   r o d .  

By  a  v a r i a t i o n   t h e r e o f ,   the  major  hollow  c y l i n d r i c a l   p o r t i o n  

inc ludes   a  minor  c e n t r a l   p r o j e c t i n g   pin,  s l i d a b l y   d i sposed   w i t h i n   a  minor  

c e n t r a l   bore  at  one  end  of  the  outer   t appe t   r o d .  

By  ano the r   v a r i a t i o n ,   one  end  of  the  ou te r   t a p p e t   rod  inc ludes   a 

p l u r a l i t y   of  bores   ex tend ing   l o n g i t u d i n a l l y   t h e r e t h r o u g h ,   and  the  i n n e r  

pushrod  i n c l u d e s   a  c e n t r a l   bore  ex tend ing   l o n g i t u d i n a l l y   t h e r e t h r o u g h .  

In  a  fou r th   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  means  (3)  com- 

p r i s e s :   (a)  a  f i r s t   s e m i - t o r o i d a l   groove  in  the  inner   push rod ;   (b)  a 

p l u r a l i t y   of  d i s c r e t e   s l i t s   around  the  c i r cumfe rence   of  the  ou te r   t a p p e t  

rod;  (c)  a  p l u r a l i t y   of  b a l l s   d i sposed   wi th in   the  d i s c r e t e   s l i t s ;   (d)  a 

s l i d a b l e   member  w i th in   the  cas ing ,   the  s l i d a b l e   member  i n c l u d i n g   a  second 

s e m i - t o r o i d a l   groove  on  the  inner   face  t h e r e o f ;   and  (e)  means  for  moving 

the  s l i d a b l y   member  (d)  between  (i)  a  f i r s t   p o s i t i o n ,   where  the  second  

groove  is  a l i g n e d   with  the  f i r s t   groove,   thereby  to  permit   the  inner   p u s h -  

rod  to  s l i d e   with  r e spec t   to  the  outer   tappet   rod,  and  ( i i )   a  second  p o s i -  

t i on ,   where  the  second  groove  is  not  a l igned  with  the  f i r s t   g roove ,   t h e r e b y  

to  lock  the  inner   pushrod  with  r e s p e c t   to  the  outer   t appe t   r o d .  

By  a  v a r i a t i o n   t h e r e o f ,   the  s l i d a b l e   member  c o m p r i s e s :   a  p i s t o n  

having  a  head  p o r t i o n   and  a  rod  p o r t i o n ,   the  second  groove  being  d i s p o s e d  

on  the  rod  p o r t i o n   of  the  p i s t o n ;   and  the  moving  means  c o m p r i s e s :   a  p r e s -  

sure  f l u id   i n j e c t a b l e   into  s e l e c t e d   a s s o c i a t e d   p r e s s u r e   chambers  w i t h i n  

the  casing  for  a c t i n g   a g a i n s t   s e l e c t e d   su r faces   of  the  head  p o r t i o n   of  t h e  



p i s t o n .  

By  ano the r   v a r i a t i o n ,   the  device  i n c l u d e s   a  lower  p r e s s u r e  
chamber  w i t h i n   the  casing  for  f i l l i n g   with  the  p r e s s u r e   f l u i d   for  u r g i n g  
the  lower  face  of  the  head  of  the  p i s t o n   u p w a r d l y .  

By  a  f u r t h e r   v a r i a t i o n ,   the  device   i n c l u d e s   an  i n t e r m e d i a t e   p r e s -  
sure  chamber  w i t h i n   the  cas ing   for  f i l l i n g   with  the  p r e s s u r e   f l u i d   f o r  

u rg ing   the  upper  face  of  the  head  of  the  p i s t o n   downward ly .  

By  a  s t i l l   f u r t h e r   v a r i a t i o n ,   the  device   i n c l u d e s   an  upper  p r e s -  

sure  chamber  w i th in   the  cas ing   for  f i l l i n g   with  the  p r e s s u r e   f l u i d   f o r  

u rg ing   the  upper  face  of  the  rod  of  the  p i s t o n   downward ly .  

By  yet  ano ther   v a r i a t i o n ,   the  p i s t o n   rod  i n c l u d e s   a  s h o u l d e r  

e n g a g e a b l e   with  the  cas ing   to  l i m i t   the  ex ten t   of  the  lower  movement  of  t h e  

p i s t o n .  

By  a  s t i l l   f u r t h e r   v a r i a t i o n ,   the  casing  i n c l u d e s   an  inner   s h o u l -  

der  e n g a g e a b l e   with  the  upper  face  of  the  head  of  the  p i s t o n   to  l imi t   t h e  

e x t e n t   of  the  upper  movement  of  the  p i s t o n .  

By  a n o t h e r   v a r i a n t ,   the  inner   pushrod  i n c l u d e s :   (a)  an  i n n e r  

c y l i n d r i c a l   rod;  (b)  an  i n t e r m e d i a t e   hollow  c y l i n d r i c a l   bush ing ;   and  (c) 

an  ou te r   hol low  c y l i n d r i c a l   s l i d a b l e   member,  the  ou te r   member  i n c l u d i n g   a 

c i r c u m f e r e n t i a l   e n c i r c l i n g   f i r s t   groove  around  the  ou te r   face  t h e r e o f .  

By  a  v a r i a t i o n   t h e r e o f ,   the  outer   t appe t   rod  i n c l u d e s :   (a)  a  

hol low  c y l i n d r i c a l   main  p o r t i o n ,   the  main  p o r t i o n   i n c l u d i n g   a  p l u r a l i t y   of  

d i s c r e t e   e n c i r c l i n g  s l i t s   t h e r e a r o u n d ;   and  (b)  an  ou te r   upper  p r o j e c t i n g  

r o d .  

By  yet  ano the r   v a r i a t i o n ,   the  device  i n c l u d e s   a  second  s l i d a b l e  

member  d i s p o s e d   between  the  inner   wal l   of  the  cas ing   and  the  outer   wall  o f  

the  o u t e r   t a p p e t   rod,  the  second  s l i d a b l e   member  i n c l u d i n g   a  c i r c u m f e r e n -  

t i a l   e n c i r c l i n g   second  groove  around  the  inner   face  t h e r e o f .  

In  a  f i f t h   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  means  (3)  com- 

p r i s e s :   (d)  a  p l u r a l i t y   of  b a l l s   d i sposed   w i t h i n   the  d i s c r e t e   e n c i r c l i n g  

s l i t s ;   and  (e)  means  for  moving  the  s l i d a b l e   member  between  (i)  a  f i r s t  

p o s i t i o n   where  the  second  groove  is  a l igned   with  the  f i r s t   groove,   ( i i )   a 

second  p o s i t i o n   where  the  second  groove  is  not  a l i g n e d   with  the  o u t e r  

hol low  c y l i n d r i c a l   s l i d a b l e   member  with  the  f i r s t   groove  thereon   in  i t s  

upper  p o s i t i o n ,   and  ( i i i )   a  t h i r d   p o s i t i o n   where  the  second  groove  is  n o t  

a l i g n e d   with  the  f i r s t   groove  when  the  ou te r   hol low  c y l i n d r i c a l   s l i d a b l e  

member  with  the  f i r s t   groove  t he reon   is  in  i t s   lower  p o s i t i o n .  

By  ano the r   v a r i a t i o n ,   the  moving  means  compr i ses   a  p r e s s u r e  



f l u id   i n j e c t a b l e   in to   s e l e c t e d   p r e s s u r e   chambers  w i th in   the  cas ing  f o r  

ac t i ng   a g a i n s t   s e l e c t e d   su r f aces   of  r e s p e c t i v e   such  movable  members.  

By  yet  ano the r   v a r i a t i o n ,   the  hol low  c y l i n d r i c a l   main  p o r t i o n   o f  

the  outer   t appe t   rod  inc ludes   a  lower  head  p o r t i o n .  

By  s t i l l   ano the r   v a r i a t i o n ,   the  f l u i d   p r e s s u r e   chambers  i n c l u d e  

a  lower  p r e s s u r e   chamber  for  f i l l i n g   with  the  p r e s s u r e   f l u id   for  u r g i n g  

the  lower  face  of  the  lower  head  p o r t i o n   to  move  the  member  u p w a r d l y .  

By  a  s t i l l   f u r t h e r   v a r i a t i o n ,   the  f l u i d   p r e s s u r e   chambers  

inc lude   a  lower  i n t e r m e d i a t e   chamber  for  f i l l i n g   with  the  p r e s s u r e   f l u i d  

for  u rg ing   the  upper  face  of  the  lower  head  p o r t i o n   to  move  the  member 

downward ly .  

In  a  f i f t h   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  means  (3)  com- 

p r i s e s :   (d)  a  p l u r a l i t y   of  b a l l s   d i sposed   w i t h i n   the  d i s c r e t e   e n c i r c l i n g  

s l i t s ;   and  (e)  means  for  moving  the  s l i d a b l e   member  between  (i)  a  f i r s t  

p o s i t i o n   where  the  second  groove  is  a l i gned   with  the  f i r s t   groove,   ( i i )   a 

second  p o s i t i o n   where  the  second  groove  is  not  a l igned   with  the  o u t e r  

hollow  c y l i n d r i c a l   s l i d a b l e   member  with  the  f i r s t   groove  thereon   in  i t s  

upper  p o s i t i o n ,   and  ( i i i )   a  th i rd   p o s i t i o n   where  the  second  groove  is  n o t  

a l igned   with  the  f i r s t   groove  when  the  ou te r   hollow  c y l i n d r i c a l   s l i d a b l e  

member  with  the  f i r s t   groove  thereon  is  in  i t s   lower  p o s i t i o n ,   and  t h e  

f l u id   p r e s s u r e   chambers  inc lude  an  upper  i n t e r m e d i a t e   chamber  for  f i l l i n g  

with  the  p r e s s u r e   f l u i d   for  urging  the  lower  face  of  the  second  s l i d a b l e  

member  u p w a r d l y .  

By  a  v a r i a t i o n   t h e r e o f ,   the  f l u i d   p r e s s u r e   chambers  inc lude   an 

upper  i n t e r m e d i a t e   chamber  for  f i l l i n g   with  the  p r e s s u r e   f l u id   for  u r g i n g  

the  lower  face  of  the  second  s l i d a b l e   member  u p w a r d l y .  

By  a n o t h e r   v a r i a t i o n ,   the  f l u i d   p r e s s u r e   chambers  inc lude   an 

upper  chamber  for  f i l l i n g   with  the  p r e s s u r e   f l u i d   for  urging  the  upper  f a c e  

of  the  second  s l i d a b l e   member  downward ly .  

By  y e t  a   f u r t h e r   v a r i a t i o n ,   the  cas ing   i nc ludes   an  upper  i n n e r  

shou lde r   for  r e s t r i c t i n g   the  upper  movement  of  the  second  s l i d a b l e   member. 

By  a  f u r t h e r   v a r i a t i o n ,   the  casing  i n c l u d e s   a  f a l se   f l o o r  

between  the  lower  i n t e r m e d i a t e   chamber  and  the  upper  i n t e r m e d i a t e   chamber 

for  s i m u l t a n e o u s l y   r e s t r i c t i n g   lower  movement  of  the  second  s l i d a b l e   member 

and  upper  movement  of  the  head  of  the  s l i d a b l e   member. 

By  a n o t h e r   v a r i a n t ,   the  inner   pushrod  i n c l u d e s   a  main  lower  

c y l i n d r i c a l   p o r t i o n   and  a  minor  upper  c e n t r a l   p r o j e c t i o n   of  l e s s e r   d i a -  

r e t e r   than  the  lower  c y l i n d r i c a l   p o r t i o n .  



By  a  v a r i a t i o n   t h e r e o f ,   the  ou t e r   t appe t   rod  i n c l u d e s   a  main 

inner   c y l i n d r i c a l   p o r t i o n   and  a  hol low  core  w i th in   which  the  minor  uppe r  
c e n t r a l   p r o j e c t i o n   is  adapted  to  s l i d e .  

By  a  f u r t h e r   v a r i a t i o n ,   the  ou te r   t appe t   rod  i n c l u d e s   means  t o  

r e s t r i c t   lower  movement  t h e r e o f .  

By  yet   ano the r   v a r i a t i o n ,   the  inner   pushrod  i n c l u d e s   a  main  lower  

c y l i n d r i c a l   p o r t i o n   and  a  minor  upper  c e n t r a l   p r o j e c t i o n   of  l e s s e r   d i a -  

meter   than  the  lower  c y l i n d r i c a l   p o r t i o n ,   and  the  ou te r   t appe t   rod  i n c l u d e s  

a  f u r t h e r   main  i nne r   c y l i n d r i c a l   p o r t i o n   and  a  hol low  core  w i t h i n   which  t h e  

minor  c e n t r a l   p r o j e c t i o n   of  the  pushrod  is  adapted  to  s l i d e ,   and  an  o u t e r  

s l i d a b l e   c y l i n d e r   s l i d a b l y   d i sposed   between  the  inner   wal l   of  the  c a s i n g  

and  the  ou te r   wal l   of  the  f u r t h e r   main  c y l i n d r i c a l   p o r t i o n .  

By  s t i l l   ano ther   v a r i a t i o n ,   the  device   i n c l u d e s   c o o p e r a t i n g  

s h o u l d e r s   on  the  ou te r   t appe t   rod  and  the  f u r t h e r   c y l i n d r i c a l   p o r t i o n .  

In  a  s i x t h   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  means  (3)  com- 

p r i s e s :   (e)  means  (i)  for  urging  the  s l i d a b l e   member  downwardly  to  r e q u i r e  

the  ou te r   t a p p e t   rod  to  move  in  unison  with  the  inner   pushrod  with  r e s p e c t  

to  the  c a s i n g ,   and  ( i i )   for  urging  the  s l i d a b l e   member  upwardly  to  p e r m i t  

the  inner   pushrod   to  s l i d e   with  r e s p e c t   to  the  outer   t a p p e t   r o d .  

In  a  s even th   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  means  (3)  com- 

p r i s e s :   (e)  means  (i)  for  urging  the  s l i d a b l e   member  downwardly  to  r e q u i r e  

the  ou te r   t a p p e t   rod  to  move  in  unison  with  the  inner   pushrod  wi th   r e s p e c t  

to  the  c a s i n g ,   and  ( i i )  f o r   u rg ing   the  s l i d a b l e   member  upwardly  t o  p e r m i t  

the  inner   pushrod   to  s l i d e   with  r e s p e c t   to  the  outer   t a p p e t   rod,   and  t h e  

means  (e)  i n c l u d e s   a  p r e s s u r e   chamber  for  f i l l i n g   with  p r e s s u r e   f l u i d  

below  the  lower  face  of  the  base  of  the  f u r t h e r   c y l i n d r i c a l   p o r t i o n   f o r  

urging  the  face   upwardly ,   or  above  the  upper  face  of  the  base  of  the  f u r -  

ther   c y l i n d r i c a l   p o r t i o n   for  u rg ing   the  face  downward ly .  

By  a  v a r i a n t   t h e r e o f ,   the  means  (e)  i n c l u d e s   a  p r e s s u r e   chamber 

for  f i l l i n g   wi th   p r e s s u r e   f l u i d   below  the  l o w e r  f a c e   of  the  base  of  t he  

f u r t h e r   c y l i n d r i c a l   p o r t i o n   for  u rg ing   the  face  upward ly ,   or  above  t he  

upper  face  of  the  base  of  the  f u r t h e r   c y l i n d r i c a l   p o r t i o n   for  u rg ing   t he  

face  d o w n w a r d l y .  

By  yet   ano ther   v a r i a n t ,   the  inner   pushrod  compr i ses   a  main  lower  

c y l i n d r i c a l   p o r t i o n   s l i d a b l y   d i sposed   w i t h i n   the  lower  p o r t i o n   of  the  c a s -  

ing,   the  c y l i n d r i c a l   p o r t i o n   i n c l u d i n g   an  upper  c e n t r a l   e x t e n s i o n   r o d ;  

the  ou te r   t a p p e t   rod  comprises   a  main  lower  c y l i n d r i c a l   p o r t i o n   s l i d a b l y  

d i sposed   w i t h i n   the  upper  p o r t i o n   of  the  c a s i n g ,   a  c e n t r a l   lower  w e l l  



w i t h i n   which  the  upper  e x t e n s i o n   rod  is  adapted  to  s l i d e ,   and  an  upper  
pushrod  engagement  b a l l .  

In  a  s even th   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  means  (3)  com- 

p r i s e s   a  lower  chamber  in  the  casing  between  the  pushrod  and  the  tappet   rod 

and  a  means  for  f i l l i n g   the  chamber  with  a  p r e s s u r e   f l u i d   so  tha t ,   (i)  when 

the  chamber  is  f i l l e d   with  f l u i d ,   r e c i p r o c a t i o n   of  the  pushrod  p r o v i d e s  

c o r r e s p o n d i n g   r e c i p r o c a t i o n   of  the  tappet   rod;  and  ( i i )   when  the  chamber 

is  empty  of  f l u i d ,   r e c i p r o c a t i o n   o f  t h e   pushrod  does  not  provide  c o r r e s -  

ponding  r e c i p r o c a t i o n   of  the  t appe t   r o d .  

By  a  v a r i a t i o n ,   the  inner  pushrod  and  the  ou te r   tappet   are  l o n g i -  

t u d i n a l l y   bored  t h e r e t h r o u g h   for  normal  o i l   l u b r i c a t i o n .  

By  s t i l l   ano the r   v a r i a n t ,   the  cas ing  i n c l u d e s   a  lower  po r t ion   of 

a  f i r s t   i n t e r n a l   d i a m e t e r ,   and  an  upper  p o r t i o n   of  a  second  l a rge r   i n t e r - a l  

d i a m e t e r .  

By  a  v a r i a t i o n   t h e r e o f ,   the  inner   pushrod  comprises   a  lower  

c y l i n d r i c a l   p o r t i o n   adapted  to  s l i d e   r e c i p r o c a t i n g l y   wi th in   the  lower  p o r -  
t ion  of  the  c a s i n g ,   a  lower  coun te r sunk   pushrod  engagement  face,   and  an 

upper  reduced  d i ame te r   u p s t a n d i n g   e x t e n s i o n   rod;  and  the  outer  tappet   rod 

comprises   an  upper  p o r t i o n   of  l a r g e r   d iameter   adapted   to  s l ide   r e c i p r o c a t -  

ingly   w i t h i n   the  upper  p o r t i o n   of  the  cas ing ,   a  lower  po r t i on   of  l e s s e r  

d i ame te r   adapted   to  s l i d e   r e c i p r o c a t i n g l y   w i th in   the  lower  por t ion   of  t h e  

c a s i n g ,   a  lower  well   w i th in   which  the  e x t e n s i o n   rod  is  adapted  to  s l i d e  

r e c i p r o c a t i n g l y ,   and  an  upper  pushrod  engagement  b a l l .  

By  ano the r   v a r i a t i o n   t h e r e o f ,   the  upper  p o r t i o n   of  the  o u t e r  

t appe t   rod  is  adapted  to  abut  on  an  inner  s h o u l d e r   on  the  casing  t o  

r e s t r i c t   lower  movement  t h e r e o f .  

By  yet  a n o t h e r   v a r i a t i o n ,   the  inner   pushrod  and  the  outer   t a p p e t  

rod  are  l o n g i t u d i n a l l y   bored  t h e r e t h r o u g h   for  normal  o i l   l u b r i c a t i o n .  

By  a  f u r t h e r   v a r i a t i o n ,   the  casing  i n c l u d e s   an  upper  chamber ,  

fed  with  p r e s s u r e   f l u i d   through  a  pair   of  unimpeded  flow  condu i t s ,   and  a 

lower  chamber,  fed  with  p r e s s u r e   f lu id   through  a  p o s i t i v e   c o n t r o l l e d   f low 

c o n d u i t ,   whereby  (i)  when  the  lower  chamber  is  f i l l e d   with  p re s su re   f l u i d ,  

r e c i p r o c a t i o n   of  the  inner   pushrod  provides   a  c o r r e s p o n d i n g   r e c i p r o c a t i o n  

of  the  outer   t appe t   rod;  ( i i )   when  the  lower  chamber  is  emptied  of  t he  

p r e s s u r e   f l u id   and  when  the  upper  chamber   is  emptied  of  p r e s su re   f l u i d ,  

r e c i p r o c a t i o n   of  the  outer   t appe t   rod  does  not  p rov ide   a  c o r r e s p o n d i n g  

r e c i p r o c a t i o n   of  the  ou te r   t appe t   rod,  with  the  ou te r   t appe t   rod  at  i t s  

lower  l i m i t   p o s i t i o n ;   and  ( i i i )   when  the  lower  chamber  is  eopt ied  of  t h e  



p r e s s u r e   f l u i d ,   r e c i p r o c a t i o n   of  the  outer   t a p p e t   rod  does  not  p rov ide   a 

c o r r e s p o n d i n g   r e c i p r o c a t i o n   of  the  ou te r   t a p p e t   rod,  with  the  outer   t a p p e t  
rod  at  a  s l i g h t l y   e l e v a t e d   p o s i t i o n   to  p r o v i d e   a  s l i g h t   b l e e d - o f f   of  t h e  

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

By  yet  ano the r   v a r i a t i o n ,   the  dev ice   i n c l u d e s   an  a d d i t i o n a l  

unimpeded  flow  condu i t   from  the  upper  p o r t i o n   of  the  lower  p r e s s u r e   chamber 

to  p r o v i d e   emergency  p r e s s u r e   r e l i e f   to  the  lower  chamber .  

In  an  e igh th   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  u n c o u p l i n g  

dev ice   i n c l u d e s - i n n e r   and  ou te r   push rods ,   in  which  the  inner  p u s h r o d  

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

cas ing   and  w i t h i n   a  c o e x t e n s i v e   major  bore  w i t h i n   the  outer   t appe t   r o d .  

By  a  v a r i a n t   t h e r e o f ,   the  inner   pushrod  i nc ludes   a  c o n t r o l   p r o -  

j e c t i n g   pin  s l i d a b l y   d i sposed   w i th in   a  minor  c e n t r a l   bore  communica t i ng  

with  the  major  bore  w i t h i n   the  ou te r   t appe t   r o d . .  

By  ano the r   v a r i a n t   t h e r e o f ,   the  dev ice   i n c l u d e s   a  f i r s t   p r e s s u r e  
f l u i d   i n l e t   por t   to  an  upper  p o r t i o n   of  a  f i r s t   i n t e r n a l   f l u i d   p r e s s u r e  
chamber  for  o p e r a t i o n   of  the  outer   pushrod  by  the  r e c i p r o c a t i o n   of  t h e  

inne r   p u s h r o d .  

By  yet  a n o t h e r   v a r i a n t   t h e r e o f ,   the  d e v i c e   i nc ludes   a  p r e s s u r e  

f l u i d   i n l e t   port   in  the  ou te r   pushrod  l e a d i n g   to  a  second  i n t e r n a l   f l u i d  

p r e s s u r e   chamber .  

By  a  s t i l l   f u r t h e r   v a r i a n t   t h e r e o f ,   the  device   i n c l u d e s  a   s e c o n d  

p r e s s u r e   f l u i d   i n l e t   s e l e c t i v e l y   ope rab l e   as  a  f r e e - f l o w   port   and  as  a  one 

way  i n l e t   p o r t ,   l e a d i n g   to  a  lower  p o r t i o n   of  a  f i r s t   i n t e r n a l   f l u i d   p r e s -  

sure  c h a m b e r .  

In  a  n in th   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  u n c o u p l i n g  

device   for  c o n t r o l l i n g   the  va lve   for  the  i n t e r n a l   combustion  engine  com- 

p r i s e s :   (1)  a  mount ing  b u s h i n g ;   (2)  an  i nne r   and  an  outer   c o a x i a l l y  

assembled  t appe t   rod  assembly  s l i d a b l y   mounted  w i t h i n   the  mounting  b u s h i n g ;  

and  (3)  t appe t   rod  l eng th   a d j u s t i n g   means  o p e r a t i v e l y   a s s o c i a t e d   with  t h e  

t a p p e t   rod  assembly  and  a c t u a t a b l e   to  change  the  t a p p e t   rod  l eng th   b e t w e e n  

a  f i r s t   p r e s e l e c t e d   long  l eng th   and  a  second  p r e s e l e c t e d   shor t   l e n g t h .  

By  a  v a r i a t i o n   t h e r e o f ,   the  t appe t   rod  assembly  i n c l u d e s :   an  

ou te r   c y l i n d r i c a l   member,  the  lower  end  of  which  is  connected  to  a  l o w e r  

t a p p e t   rod,  with  the  ou te r   c y l i n d r i c a l   member  be ing   c e n t r a l l y   bored;   and 

an  inner   t a p p e t   rod  s l i d a b l y   mounted  w i t h i n   the  c e n t r a l   bore ,   the  i n n e r  

t a p p e t   rod  i n c l u d i n g   a  t a p p e t - e n g a g i n g   p r o j e c t i o n   b a l l   t h e r e o n .  

By  ano the r   v a r i a t i o n ,   the  t appe t   rod  l e n g t h   a d j u s t i n g   means 



compr i ses :   an  engagement  member  at  the  end  of  the  outer   c y l i n d r i c a l   member, 

the  engagement  member  i n c l u d i n g   two  d i f f e r e n t   he ight   s h o u l d e r s   connected  by 

a  s p i r a l   ramp  so  that   the  s h o u l d e r s   are  180°  apa r t ;   and  an  e n l a r g e d  

engagement  member  along  the  i nne r   t appe t   rod,  the  en la rged   engagement  mem- 

ber  i n c l u d i n g   two  d i f f e r e n t   h e i g h t   s h o u l d e r s   connected  by  a  s p i r a l   ramp  so 

tha t   the  shou lde r s   are  180°  a p a r t .  

By  s t i l l   another   v a r i a t i o n ,   the  engagement  means  on  the  i n n e r  

c y l i n d e r   comprises  an  i n t e g r a l   e n l a r g e m e n t .  

By  yet  another   v a r i a t i o n ,   the  engagement  means  on  the  i n n e r  

c y l i n d e r   comprises  a  sloped  end  t h e r e o f .  

By  another   v a r i a t i o n ,   the  device   i nc ludes   d i r e c t l y   driven  means 

to  r o t a t e   only  the  inner  t appe t   rod  and  i t s   engagement  member  through  180° 

thereby   to  fix  the  tappet   rod  at  an  upper  p o s i t i o n   independen t   of  t h e  

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

By  a  v a r i a t i o n   t h e r e o f ,   the  means  i nc ludes   a  bushing  having  a 

po lygona l   inner   face  s l i d a b l y   engageab l e   with  a  congruent   polygonal   o u t e r  

face  of  the  outer  en largement   and  o p e r a t i n g   means  to  r o t a t e   the  b u s h i n g .  

By  a  f u r t h e r   v a r i a t i o n   t h e r e o f ,   the  o p e r a t i n g   means  comprises  a 

rack  and  p inion  d e v i c e .  

By  yet  another   v a r i a t i o n   t h e r e o f ,   the  o p e r a t i n g   means  c o m p r i s e s  

an  h y d r a u l i c   ram. 

In  an  e l even th   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   t h e  s h i f t i n g  

mechanism  comprises  so leno id   c o n t r o l   mechanism  compr i s ing :   (a)  a  b l o c k ;  

(b)  a  c e n t r a l   l o n g i t u d i n a l   c o n t r o l   wel l   t h e r e i n ;   (c)  a  f i r s t   and  a  s e c o n d  

t r a n s v e r s e ,   f lu id   conduct ing   va lved   bores  t h e r e i n   each  being  provided  w i t h  

a  f l u i d   flow  condui t ;   (d)  a  c e n t r a l ,   t r a n s v e r s e   f l u i d   conduct ing  b o r e  

t h e r e i n ,   provided  with  open  condu i t   c o n n e c t i o n s   to  the  t r a n s v e r s e   v a l v e d  

bores  and  valved  condui t   c o n n e c t i o n s   to  the  valved  bo re s ,   and  c o n n e c t i n g  

to  a  main  supply  condui t ;   and  (e)  a c t u a t e d   con t ro l   means  d isposed  in  t h e  

c o n t r o l   well  for  (i)  p rov id ing   f l u i d   connec t ion   between  the  f i r s t   v a l v e d  

c o n d u i t ,   the  open  conduit   c o n n e c t i o n ,   the  c e n t r a l   bore  and  the  main  s u p p l y  

condu i t   while  b locking  off  f l u i d   c o n n e c t i o n   between  the  open  conduit   c o n -  

n e c t i o n   and  the  second  valved  c o n d u i t ;   ( i i )   p rov id ing   f lu id   c o n n e c t i o n  

between  the  second  valved  c o n d u i t ,   the  open  condui t   c o n n e c t i o n ,   the  c e n t r a l  

bore  and  the  main  supply  condui t   whi le   b lock ing   off  f l u id   c o n n e c t i o n  

between  the  open  conduit   c o n n e c t i o n   and  the  f i r s t   valved  condui t ;   and  ( i i i )  

p r o v i d i n g   f lu id   connec t ion   between  the  f i r s t   valved  c o n d u i t ,   the  open  c o n -  

dui t   c o n n e c t i o n ,   the  c e n t r a l   bore  and  the  main  supply  condui t   w h i l e  



b l o c k i n g   off  f l u i d   connec t ion   between  the  open  condui t   c o n n e c t i o n   and  t h e  
second  va lved   c o n d u i t   and  p rov id ing   f l u i d   c o n n e c t i o n   between  the  second 
va lved   c o n d u i t ,   the  .open  conduit   c o n n e c t i o n ,   the  c e n t r a l   bore  and  the  main 

supply  condu i t   whi le   b locking   off  f l u i d   c o n n e c t i o n   between  the  open  c o n d u i t  

c o n n e c t i o n   and  the  f i r s t   valved  c o n d u i t .  

By  a  v a r i a n t   t h e r e o f ,   the  a c t u a t e d   c o n t r o l   means  comprises   an 

e l e c t r o m a g n e t i c a l l y   a c t u a t e d   s o l e n o i d   having  a  body  p o r t i o n   with  an  a c c e s s  

gap  and  a  b l o c k i n g   p o r t i o n   t h e r e o n .  

By  a n o t h e r   v a r i a n t ,   the  f i r s t   va lved   condu i t   is  connected   to  t h e  

exhaus t   m e c h a n i s m .  

By  a n o t h e r   v a r i a n t ,   the  second  va lved   condu i t   is  connected   to  t he  

i n t a k e   m e c h a n i s m .  

By  a  f u r t h e r   v a r i a n t ,   the  f i r s t   va lved   condui t   is  connected  t o  

the  exhaus t   mechanism,   the  second  va lved   c o n d u i t   is  connec ted   to  the  i n t a k e  

mechanism  and  the  exhaus t   conduit   is  at  a  lower  l e v e l   than  the  in take   con-  

d u i t .  

By  yet  ano the r   v a r i a n t ,   the  va lved   bores   are  each  c o n t r o l l e d   by 

sp r ing   a c t u a t e d   b a l l   check  v a l v e s .  

By  a  s t i l l   f u r t h e r   v a r i a n t ,   the  a c t u a t e d   c o n t r o l   means  is  p o s i -  

t i v e l y   a c t u a t e d   to  p rov ide   flow  from  main  supply   condui t   at  a  s u f f i c i e n t  

p r e s s u r e   to  flow  through  valved  bores   and  then  through  the  f l u i d   flow  con-  

du i t   a s s o c i a t e d   with  each  valved  b o r e .  

By  a n o t h e r   v a r i a n t ,   the  a c t u a t e d   c o n t r o l   means  is  p o s i t i v e l y  

a c t u a t e d   to  p r o v i d e   f l u i d   flow  through  the  open  condu i t   c o n n e c t i o n   only  t o  

the  f i r s t   va lved   bore ,   a l lowing  f l u i d   exhaus t   from  the  exhaus t   mechanism 

to  r e l i e v e   f l u i d   p r e s s u r e   and  a l lowing   normal  exhaus t   va lve   f u n c t i o n .  

By  a  f u r t h e r   v a r i a n t ,   the  a c t u a t e d   c o n t r o l   means  is  p o s i t i v e l y  

a c t u a t e d   to  p r o v i d e   f l u i d   flow  through  the  open  condu i t   c o n n e c t i o n   to  b o t h  

the  f i r s t   va lved   bore  and  the   second  va lved   bore ,   t he reby   c l o s i n g   t h e  

i n t a k e   va lve   whi le   a l lowing   the  exhaus t   va lve   t o  f u n c t i o n   n o r m a l l y .  

By  s t i l l   ano the r   v a r i a n t ,   the  a c t u a t e d   c o n t r o l   means  is  p o s i -  

t i v e l y   a c t u a t e d   to  p rov ide   f l u id   flow  through  the  open  condu i t   c o n n e c t i o n  

only  to  the  second  valved  bore,   t he reby   d i s c o n n e c t i n g   the  i n t a k e   v a l v e  

m e c h a n i s m .  

In  a  t w e l f t h   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  s h i f t i n g  

mechanism  c o m p r i s e s :   (a)  an  open  t u b u l a r   c a s i n g ;   (b)  a  c o n t r o l   body 

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

head  p o r t i o n ,   adap ted   to  abut  with  a  rim  in  the  t u b u l a r   c a s i n g ,   thereby  to  



l im i t   movement  of  the  c o n t r o l   body  in  one  d i r e c t i o n ;   (c)  a  l e s s e r   d i a m e t e r  

tubu la r   rod  connec t ed   between  the  c o n t r o l   body  and  a  second  c a p t i v e   s l i d -  

able  plug  f u l l y   d i s p o s e d   wi th in   the  t u b u l a r   c a s ing ;   and  (d)  two  pa i r s   of  

por t s   adapted  to  lead  h y d r a u l i c   f l u i d   into  and  out  of  the  i n t e r i o r   of  t he  

tubu la r   c a s i n g .  

By  a  v a r i a n t   t h e r e o f ,   the  mechanism  i nc ludes   means  for  a p p l y i n g  

an  a c t i v a t i n g   fo rce   to  the  head  p o r t i o n   of  the  c o n t r o l   b o d y .  

By  a  v a r i a t i o n   t h e r e o f ,   t h e ' a c t u a t i n g   force  is  de r ived   from  a 

s o l e n o i d ,   a  permanent   magnet,   an  e l e c t r o m a g n e t ,   a  s p r i n g ,   h y d r a u l i c   means ,  

or  pneumatic  m e a n s .  

By  yet  a n o t h e r   v a r i a n t   t h e r e o f ,   the  mechanism  i n c l u d e s   means 

adapted  to  act  upon  an  exposed  face  of  the  c a p t i v e   plug  s e l e c t i v e l y   to  a c t  

aga ins t   the  means  for  apply ing   the  a c t i v a t i n g   f o r c e .  

By  a  v a r i a t i o n   t h e r e o f ,   that   means  is  a  r e t u r n   s p r i n g .   ' 

By  a n o t h e r   v a r i a n t   t h e r e o f ,   the  por t s   are  so  d i sposed   that   t h e  

con t ro l   body  is  adap ted   to  close  off  a  pa i r   of  d i a m e t r i c a l l y   opposed  p o r t s  

while   the  c a p t i v e   plug  is  adapted  to  open  the  o ther   pair   of  d i a m e t r i c a l l y  

opposed  p o r t s .  

By  a  v a r i a t i o n   t h e r e o f ,   the  mechanism  i nc ludes   spac ing   grooves  o r  

gates   to  a d j u s t   the  proper   d i s t a n c e   between  the  con t ro l   body  and  the  c a p -  
t ive   p l u g .  

In  a  t h i r t e e n t h   f u r t h e r   f e a t u r e   of  the  i n v e n t i o n ,   the  r e t e n t i v e  

con t ro l   means  i n c l u d e s   a  memory  system  o p e r a t i v e l y   a s s o c i a t e d   w i t h  t h e  

r e t e n t i v e   c o n t r o l   means  which  serves  to  a s su re   a  s u b s t a n t i a l l y   even  c u t o u t  

of  al l   the  c y l i n d e r s   of  the  engine  during  d i f f e r e n t   sequences  of  o p e r a t i o n  

so  that  engine  wear  is  b a l a n c e d .  

By  a  v a r i a n t   t h e r e o f ,   the  r e t e n t i v e   c o n t r o l   means  c o n t r o l s   a 

so lenoid   for  each  of  the  s h i f t i n g   mechanism,  the reby   causing  f l u i d   p r e s s u r e  

to  ac tua te   s e l e c t e d   one  or  ones  of  the  uncoup l ing   d e v i c e s .  

By  o the r   v a r i a n t s ,   the  r e t e n t i v e   c o n t r o l   means  may  be  e i t h e r  

manually  programmable   or  a t u o m a t i c a l l y   p r o g r a m m a b l e .  

(h)  D e s c r i p t i o n   of  Ways  of  Carrying  Out  the  I n v e n t i o n  

Seve ra l   ways  of  c a r ry ing   out  the  i n v e n t i o n   are  d e s c r i b e d   i n  

d e t a i l   below  with  r e f e r e n c e   to  the  drawings  which  i l l u s t r a t e   s p e c i f i c  

embodiments  in  w h i c h :  

F igure   1  shows  a  p a r t i a l   cut-away  segment  of  a  t y p i c a l   v a l v e  

t r a i n   in  an  i n t e r n a l   combust ion  engine ,   the  valve  t r a i n   using  h y d r a u l i c  

l i f t e r s ,   pushrods   and  rocker   arms,  c o n v e n t i o n a l l y   r e f e r r e d   to  as  t a p p e t s ;  



Figure   2  shows  a  t y p i c a l   i n s t a l l a t i o n   of  an  uncoup l ing   d e v i c e  

mounted  in  the  engine   of  F igure   1 ;  

F i g u r e s   3,  4  and  5  show  one  v a r i a n t   of  a  c y l i n d e r   c o n t r o l   mech- 

anism  of  an  embodiment  of  the  p r e s e n t   i n v e n t i o n   for  an  i n t ake   va lve   i n  

va r ious   s t a g e s   of  i t s   o p e r a t i o n ;  

F i g u r e s   6,  7,  8  and  9  show  one  v a r i a n t   of  a  c y l i n d e r   c o n t r o l  

mechanism  of  an  embodiment  of  the  p r e s e n t   i n v e n t i o n   for  an  exhaus t   v a l v e  

in  v a r i o u s   s t a g e s   of  i t s   o p e r a t i o n ;  

F i g u r e s   10  and  11  show  a n o t h e r   v a r i a n t   of  a  c y l i n d e r   c o n t r o l  

mechanism  of  an  embodiment  of  the  p r e s e n t   i n v e n t i o n   for  an  i n t a k e   v a l v e  

in  v a r i o u s   s t a g e s   of  i t s   o p e r a t i o n ;  

F i g u r e s   12,  13  and  14  show  yet  ano the r   v a r i a n t   of  a  c y l i n d e r   con-  

t r o l   mechanism  of  an  embodiment  of  the  p r e s e n t   i n v e n t i o n   for  an  e x h a u s t  

valve  in  v a r i o u s   s t ages   of  i t s   o p e r a t i o n ;  

F i g u r e s   15,  16,  17  and  18  show  o ther   v a r i a n t s   of  a  c y l i n d e r   c o n -  

t r o l   mechanism  of  an  embodiment  of  the  p r e s e n t   i n v e n t i o n   in  which  F i g u r e s  

15,  16  and  17  are  for  an  exhaus t   va lve   in  va r ious   s t ages   of  i t s   o p e r a t i o n ,  

and  in  which  F igure   18  is  for  an  i n t a k e   v a l v e ;  

F i g u r e s   19  and  20  show  in  f u l l   view  and  in  p a r t i a l   view,  r e s p e c -  

t i v e l y ,   a n o t h e r   v a r i a n t   of. a  c y l i n d e r   c o n t r o l   mechanism  of  an  embodiment  

of  the  p r e s e n t   i n v e n t i o n   for  an  i n t a k e   v a l v e ;  

F i g u r e s   21  and  22  show  in  f u l l   view  and  in  p a r t i a l   v iew,   r e s p e c -  

t i v e l y ,   a n o t h e r   v a r i a n t   of  a  c y l i n d e r   c o n t r o l   mechanism  of  an  embodiment 

of  the  p r e s e n t   i n v e n t i o n   for  an  exhaus t   v a l v e ;  

F igure   23  is  a  top  view,  p a r t l y   in  s e c t i o n   of  the  body  of  a 

so l eno id   c o n t r o l   mechanism  forming  pa r t   of  ano ther   v a r i a n t   of  the  p r e s e n t  

i n v e n t i o n ;  

F igure   24  is  a  f r o n t   view  of  the  so l eno id   c o n t r o l   mechanism  of  

F igure   23;  

F igure   25  is  a  rear   view  of  the  so leno id   c o n t r o l   mechanism  o f  

F igure   23;  

F igure   26  is  a  s ide   view  of  the  so l eno id   c o n t r o l   mechanism  o f  

F igure   23 ;  

F igure   27  is  a  s ide   view  of  the  a rmature   mechanism  and  co i l   co re  

forming  a  par t   of  the  s o l e n o i d   c o n t r o l   mechanism  of  Figure  23 ;  

F igure   28  i s  a   s chema t i c   l o n g i t u d i n a l   s e c t i o n   through  a n o t h e r  

v a r i a n t   of  a  c o n t r o l   mechanism  f o r m i n g  p a r t   of  ano ther   v a r i a n t   of  t h e  

p r e s e n t   i n v e n t i o n ;  



Figure   29  is  a  f u n c t i o n a l   block  diagram  showing  the  e l e c t r o n i c  

c o n t r o l   c o m p o n e n t ;  

F igure   30  is  a  f i r s t   p o r t i o n   of  the  c o n t r o l   log ic   shown  in  F i g u r e  

29;  and 

F igure   31  is  a  second  p o r t i o n   of  the  c o n t r o l   l og ic   shown  i n  

F igure   2 9 .  

As  seen  in  F igures   1  and  2,  a  v a l v e - i n - h e a d   i n t e r n a l   combus t ion  

engine  10  of  t y p i c a l   c o n f i g u r a t i o n   and  known  in  the  p r i o r   a r t   inc ludes   a 

c y l i n d e r   head  1 1  t h r o u g h   which  extend  pushrods  12  d i sposed   between  h y d r a u -  

l ic   valve  l i f t e r s   13  and  rocker   arms  or  t a p p e t s   14.  Valves  15  are  moved  to  

an  open  p o s i t i o n   by  rocker   arms  14  in  a  c o n v e n t i o n a l   manner  and  are  s e a t e d  

by  means  of  valve  s p r i n g s   16.  Cam  17  d r ives   the  pushrod  12  (or  the  p u s h -  

rods  d i r e c t l y   if  a  mechanica l   pushrod  system  is  used)  in  timed  sequence  in  

a  manner  wel l   known  in  the  a r t .   This  cam  dr ive   of  the  pushrods   is  n o t  

i n t e r f e r e d   with  in  the  uncoupl ing   device   used  in  the  cu tout   system  of 

a s p e c t s   of  th is   i n v e n t i o n .  

A  valve  uncoup l ing   device  20  is  i n s t a l l e d   in  the  valve  a c t u a t i n g  

t r a i n   between  the  pushrods  (which  are  modi f ied   s l i g h t l y   from  the  f a c t o r y  

i n s t a l l e d   pushrods)   and  the  rocker   arm,  as  shown  in  F igure   2.  Thus,  t h e  

modif ied   pushrod  is  i n s t a l l e d   and  the  valve  uncoup l ing   device   20  is  p l a c e d  

between  the  top  end  of  the  pushrod  21  and  the  rocker   arm  14  to  provide  a 

t appe t   rod  22  to  ope ra t e   the  rocker   arm  14.  F lu id   c o n n e c t i o n s   23  and  24 

are  made  to  the  uncoup l ing   device  20  and  to  the  s h i f t i n g   mechanism of   a 

s u i t a b l e   c o n t r o l   system  of  an  aspec t   of  the  p r e s e n t   i n v e n t i o n   to  be  d e s -  

c r ibed   h e r e i n a f t e r   for  c o n t r o l l i n g   the  flow  of  d luid   under  p r e s s u r e   to  the  

uncoup l ing   device  20.  A  valve  uncoup l ing   device   20  is  i n s t a l l e d   at  each 

in take   valve  and  at  each  exhaus t   valve  of  each  c y l i n d e r   of  the  e n g i n e  

d e s i r e d   to  be  cut  out  upon  demand. 

The  valve  uncoup l ing   device   20  may  be  the  one  d i s c l o s e d   and 

claimed  in  United  S ta tes   Pa ten t   No.  4 , 0 5 0 , 4 3 5 ,   and  so  i t s   s t r u c t u r e   and 

o p e r a t i o n   w i l l   not  be  d e s c r i b e d   h e r e i n ,   or  it  may  be  the  one  or  ones  d i s -  

c losed  and  d e s c r i b e d   h e r e i n a f t e r .  

For  normal  engine  o p e r a t i o n   on  a l l   c y l i n d e r s ,   a c t i v a t i o n   of  t h e  

in take   valves   and  the  exhaust   va lves   by  the  valve  uncoup l ing   devices  20 

o p e r a t i v e l y   s i t u a t e d   in  t h e i r   valve  t r a i n s   is  accompl i shed   by  s u p p l y i n g  

f l u i d   p r e s s u r e   through  l i ne s   22  and  23  in  order  not  to  i n t e r f e r e   with  the  

normal  cam  timed  o p e r a t i o n   of  the  v a l v e s .   When  i t   is  d e s i r e d   to  o p e r a t e  

the  engine  with  less   than  a l l   c y l i n d e r s ,   the  valve  uncoup l ing   device  20  i s  



s e l e c t i v e l y   a c t u a t e d   in  a s s o c i a t i o n   with  a  s e l e c t e d   exhaus t   valve  to  h o l d  

the  s e l e c t e d   exhaus t   va lve   open  by  a d m i t t i n g   f l u i d   under  p r e s s u r e   t h r o u g h  
s u i t a b l e   l i n e   22.  At  the  same  t ime,   the  a s s o c i a t e d   s e l e c t e d   in take   v a l v e  

is  held  c losed   by  a d m i t t i n g   f l u i d   under  p r e s s u r e   through  l ine   23  of  an 
a s s o c i a t e d   valve  uncoup l ing   d e v i c e .  

It  is  not  n e c e s s a r y   tha t   the  s h i f t i n g   mechanism  be  placed  r emote  
from  the  uncoup l ing   device   20  as  con templa t ed   by  F igure   2.  Various  o t h e r  

embodiments  of  a  s h i f t i n g   mechanism  are  shown  in  subsequen t   F igures   (to  be  

d e s c r i b e d   h e r e a f t e r   and  to  be  read  in  c o n j u n c t i o n   with  F igures   1  and  2 ) .  

As  seen  in  F igures   3,  4  and  5,  the  c y l i n d e r   c o n t r o l   mechanism  120 

for  an  i n t a k e   valve  compr ises   a  hol low  c y l i n d r i c a l   cas ing   130  having  a 

g r e a t e r   d i ame te r   lower  end  131.  Disposed  w i t h i n   case  130  is  a  m o d i f i e d  

inner   pushrod  121  and  modi f i ed   ou te r   t appe t   rod  122.  Inner   pushrod  121  i s  

mod i f i ed   by  the  p r o v i s i o n   of  an  e n c i r c l i n g   s e m i - t o r o i d a l   b a l l   race  g r o o v e  
132  w i t h i n   which  a  p l u r a l i t y   of  b a l l s   133  are  f r e e l y   r o t a t a b l y   p l a c e d .  

Inner   pushrod  121  a lso   i n c l u d e s   a  sma l l e r   d i ame te r   upper  c y l i n d r i c a l   p i n  

134  p r o j e c t i n g   t h e r e f r o m .   Outer  t appe t   rod  122  i n c l u d e s   a  lower  h o l l o w  

c y l i n d r i c a l   p o r t i o n   125  t e l e s c o p i c a l l y   s l i d a b l y   mounted  with  r e s p e c t   t o  

inner   pushrod  121.  P o r t i o n   125  of  ou te r   t appe t   rod  122  i nc ludes   a  d i s c o n -  

t i nuous   c i r c u m f e r e n t i a l   e n c i r c l i n g   s l i t   136  t h e r e i n   of  s l i g h t l y   g r e a t e r  

width  than  the  d i a m e t e r  o f   the  b a l l s   133.  The  number  of  d i s c o n t i n u i t i e s   i n  

s l i t   136  is  equal  to  the  number  of  b a l l s   133.  The  upper  par t   of  o u t e r  

t a p p e t   rod  122  is  also  p rov ided   with  a  c e n t r a l   we l l   137,  w i th in   which  p i n  

134  is  adap ted   to  o s c i l l a t e   or  r e c i p r o c a t e .   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   vent   bores   138  is  also  provided  in  the  upper  p o r t i o n   of  o u t e r  

t appe t   rod  122.  A  dead  space  148  is  provided  between  an  end  face  of  i n n e r  

pushrod  121  and  the  base  of  p o r t i o n   125  of  ou te r   t a p p e t   rod  122.  O u t e r  

t a p p e t   rod  122  is  p rov ided   with  a  c o n v e n t i o n a l   pushrod   engagement  b a l l   122a .  

S l i d a b l y   d i sposed   w i t h i n   casing  130  between  the  inner   wall   o f  

the  cas ing   130  and  the  outer   wal l   of  the  lower  p o r t i o n   125  of  outer   t a p p e t  

rod  122  is  a  p i s t o n   139  i n c l u d i n g   a  rod  end 140  and  a  head  end  141.  The 

p i s t o n   139  thus  p r o v i d e s   th ree   d i s c r e t e   chambers  w i t h i n   cas ing  130,  namely  

lower  chamber  142,  i n t e r m e d i a t e   chamber  143  and  upper  chamber  144,  h a v i n g  

c o n d u i t s   145,  146,  147  t h e r e f r o m   r e s p e c t i v e l y ,   to  al low  inflow  or  o u t f l o w  

o f  a   f l u i d   under  p r e s s u r e ,   e . g . ,   a  h y d r a u l i c   f l u i d   or  a  pneumat ic   f l u i d .  

Rod  139  is  p rov ided   with  an  i n t e r i o r   e n c i r c l i n g   s e m i - t o r o i d a l   b a l l   r a c e  

groove  149  t h e r e i n .  

In  o p e r a t i o n ,   in  the  c o n f i g u r a t i o n   shown  in  F igu re   3,  with  f l u i d  



under  p r e s s u r e   in  chambers  143  and  144  and  with  chamber  142  e v a c u a t e d ,  

r e c i p r o c a t i n g   movement  of  the  inner   pushrod  121  ( e . g . ,   by  o p e r a t o r   13  and 

cam  17  as  d e s c r i b e d   for  F igure   2)  r e s u l t s   in  c o r r e s p o n d i n g   r e c i p r o c a t i n g  

movement  of  ou te r   t a p p e t   rod  122,  s ince  the  b a l l s   133  are  c a p t u r e d   in  t h e  

race  between  the  grooves   132  and  the  s l i t s   136.  In  th is   c o n f i g u r a t i o n ,  

normal  va lve   o p e r a t i o n   is  p r o v i d e d .  

In  the  c o n f i g u r a t i o n   shown  in  F igures   4  and  5,  with  f l u i d   u n d e r  

p r e s s u r e   in  chamber  142,  and  with  chambers  143  and  144  e v a c u a t e d ,   p i s t o n  

139  is  pushed  upwardly  so  that   groove  149  is  a l i gned   with  s l i t s   136.  Thus ,  

as  inner   pushrod  121  is  pushed  upwardly,   b a l l s   133  escape  to  the  r a c e  

between  s l i t s   136  and  groove  149.  This  pe rmi t s   inner   pushrod  121  to  o s c i l -  

l a te   wi th in   well   137  w i t h o u t   a  c o r r e s p o n d i n g   o s c i l l a t i o n   of  ou te r   t a p p e t  

rod  122.  In  t h i s   c o n f i g u r a t i o n  ,   the  in take   valve  always  remains  closed  when 

d i s a b l e d .   
Thus,  the  mechanism  shown  in  these  F igures   is  a  d e v i c e   d e s i g n e d  

such  t ha t ,   when  a c t i v a t e d   through  a  con t ro l   mechanism,  the  normal  r e c i p r o -  

ca t ing   f u n c t i o n   of  a(n  i n t a k e )   valve  is  i n t e r r u p t e d ,   with  the  bottom  h a l f  

of  the  inner   pushrod  121  fo l lowing   the  contour   of  the   cam  sha f t   through  t h e  

ac t ion   of  a  sp r i ng   (not  shown)  in  cavi ty   137  while   the  top  p iece   122  remains  

at  the  bottom  of  s t roke   p o s i t i o n .   Thus,  th is   embodiment  shows  a  mechanism 

designed  to  a l t e r   the  o p e r a t i o n   of  a  pushrod  for  an  in take   valve  such  t h a t  

the  cam-induced  motion  can  be  s e l e c t i v e l y   d i s c o n n e c t e d   from  i t s   normal  v a l v e  

t r a in   o p e r a t i o n ,   in  such  a  manner  as  to  ma in ta in   the  valve  at  i ts   e n d - o f - p u s h r o d  

s t roke   p o s i t i o n   with  the  valve  closed  r e g a r d l e s s   of  pushrod  m o t i o n .  

The  smal l   s ize   of  the  s l i t s   compared  to  the  s ize   of  t.he  b a l l s   i s  

to  ensure  f a s t ,   s ecu re   d e a c t i v a t i o n   with  a  minimum  of  wear  on  the  p a r t s .  

D r i l l i n g   of  the  push  and  tappet   rods  also  ensures   that   the  secondary   r o l e  

of  the  normal  rod  is  m a i n t a i n e d ,   namely,  that   of  l u b r i c a t i o n .   Since  a l l  

the  par ts   are  c y l i n d r i c a l   (except ,   of  course ,   for  the  b a l l s ) ,   the  p u s h r o d  

and  tappet   rod  are  f ree   to  r o t a t e ,   in  the  normal  pushrod  manner,  to  d i s -  

t r i b u t e   wear  evenly  and  to  compensate  for  pushrod  d e f o r m a t i o n   which  o t h e r -  

wise  tends  to  curve  the  rod  with  repea ted   impact .   This  c y l i n d r i c a l   d e s i g n  

allows  a l l   p a r t s   to  r o t a t e   about  the  pushrod  axis  while   not  i n t e r f e r i n g   w i t h  

the  in tended   va lve   a c t u a t i o n   p r o c e s s .  

As  seen  in  F igures   6,  7,  8  and  9,  the  c y l i n d e r   c o n t r o l   mechanism 

220  for  an  exhaus t   valve  inc ludes   a  casing  230  w i t h i n   which  are  s l i d a b l y  



mounted  i n n e r   pushrod   221  a n d  o u t e r   t appe t   rod  222.  Inner  pushrod   221  i s  

a  normal  pushrod   mere ly   mod i f i ed   to  have  a  f l a t   head  255.,  and  has  i t s   c o n -  
v e n t i o n a l   l u b r i c a t i o n   bore  237  l o n g i t u d i n a l l y   t h e r e t h r o u g h .   C o n c e n t r i c a l l y  

d i sposed   around  i n n e r   pushrod  221  is  a  c y l i n d r i c a l   housing  251  to  s u p p o r t  
inner  pushrod  221  whi le   a l lowing   inner   pushrod  221  to  o s c i l l a t e   t h e r e w i t h i n ,  

and  yet  p e r m i t t i n g   r e l a t i v e   r o t a t i o n   t h e r e o f .  

Outer   t a p p e t   rod  222  i nc ludes   a  lower  hol low  c y l i n d r i c a l   p o r t i o n  

235  which  is  p r o v i d e d   wi th   a  p l u r a l i t y   of  d i s c o n t i n u o u s   s l i t s   236.  D i s -  

posed  between  the  i nne r   wal l   of  p o r t i o n   235  and  the  ou te r   wal l   of  h o u s i n g  

251  is  a  p i s t o n   239  i n c l u d i n g   a  rod  p o r t i o n   240  and  a  head  p o r t i o n   241.  On 

the  outer   c i r c u m f e r e n t i a l   wal l   of  the  rod  p o r t i o n   240  is  an  e n c i r c l i n g   s e m i -  

t o r o i d a l   b a l l   race   groove  232,  wi th in   which  a  p l u r a l i t y   of  b a l l s   233  i s  

f r e e l y   r o t a t a b l y   p o s i t i o n e d .   The  width  of  s l i t s   236  is  s l i g h t l y   g r e a t e r  

than  the  d i a m e t e r   of  the  b a l l s   233,  and  the  number  of  d i s c o n t i n u o u s   s l i t s  

236  is  equal   to  the  number  of  b a l l s   233.  Mounted  in  the  cas ing   230  be tween  

the  inner   wa l l   t h e r e o f   and  the  outer   wall  of  p o r t i o n   235  is  a  g o v e r n i n g  

c y l i n d e r   252 ,_whose   i nne r   wal l   is  p rovided  with  a  c y l i n d r i c a l   groove  249.  

Outer  t a p p e t   rod  222  is  a l so   provided  with  a  normal  pushrod  engagement  b a l l  

222a .  

The  p l a c e m e n t   of  the  va r ious   components  w i t h i n   cas ing   230  p r o -  

vides   a  number  of  d i s c r e t e   f l u id   chambers  t h e r e i n ,   namely,  lower  chamber 

242,  lower  i n t e r m e d i a t e   chamber  243,  upper  i n t e r m e d i a t e   chamber  253  and 

upper  chamber  244,  p r o v i d e d   with  valved  p r e s s u r e   f l u i d   c o n d u i t s   245,  246,  

254  and  247,  r e s p e c t i v e l y .  

In  o p e r a t i o n ,   as  shown  in  F igure   6,  i nne r   pushrod  221  c o n t a i n e d  

wi th in   c y l i n d e r   h o u s i n g   251  is  caused  to  o s c i l l a t e   by  cam  17  (see  Figure   2) 

and  f a r c e s   o u t e r   t a p p e t   rod  222  to  i t s   t o p - o f - s t r o k e   p o s i t i o n ,   o p e n i n g  

valve  15  th rough   a c t i v a t i o n   of  the  rocker   arm  14.  F lu id   under  p r e s s u r e   i s  

provided  in  chambers  242  and  244,  while   chambers  243  and  253  are  e v a c u a t e d .  

Thus,  b a l l s   2 3 3  a r e   a l lowed  to  run  f r e e l y   along  the  b a l l   race  p rov ided   by 

groove  232  and  c y l i n d r i c a l   guide  249.  This  then  p r o v i d e s   normal  v a l v e  

o p e r a t i o n .  

As  seen  in  F igure   7,  f l u i d   under  p r e s s u r e   is  admi t ted   to  chamber 

244  via  condu i t   247,  which  forces   governing  c y l i n d e r   252  downward.  T h i s  

permi ts   b a l l s   233  to  run  along  groove  232  and  in  c y l i n d r i c a l  g u i d e   249,  i . e . ,  

r e l e a s i n g   the  b a l l s   233  from  t h e i r   locked  p o s i t i o n s   (as  shown  in  F igures   8  and 

9).  Fluid  under   p r e s s u r e   is  forced  to  leave  chamber  253  via  condui t   254.  F l u i d  

is  then  i n j e c t e d   i n to   chamber  242  via  conduit   245,  r a i s i n g   p i s t o n   head  



2 4 3 / p i s t o n   rod  240  and  evacua t ing   chamber  243  via  port   246  (as  shown  i n  

F igure   6 ) .  

As  seen  in  F igures   8  and  9,  f l u i d   p r e s s u r i z a t i o n   of  chanber  243 

through  condu i t   246  fo rces   head  end  241  downwardly  and  evacua te s   chamber 

242  via  condu i t   245,  and  with  rod  end  240  s l i d i n g   downwardly  with  r e s p e c t  

to  casing  251.  Then,  h y d r a u l i c   or  e l e c t r o n i c   s equenc ing   by  f l u i d   p r e s s u r i -  

z a t i on   of  chamber  253  via  conduit   254  pushes  govern ing   p i s t o n   252  upward ,  

and  c o n s e q u e n t l y   c y l i n d r i c a l   gu ide '249   is  a lso  pushed  upward.  Chamber  244 

is  also  evacua t ed   via  condui t   247.  This ,   then,   e l i m i n a t e s   the  a l t e r n a t e  

guide  race  for  the  b a l l s   233  which  are  t h e r e f o r e   forced  into  the  r a c e  

def ined   by  the  groove  232  and  the  s l i t s   236.  Inner   pushrod  221  is  k e p t  

fo l lowing   the  motion  of  the  cam  17  by  r e a c t i o n   of  the  spr ing   16  (see  F i g -  

ure  2)  but  the  va lve   is  kept  at  i t s   e n d - o f - s t r o k e   p o s i t i o n .  

Thus,  the  embodiment  shown  in  F igu re s   6 -   9  p r o v i d e s   a  mechanism 

des igned  to  m a i n t a i n   a  valve  in  an  open  p o s i t i o n   when  a c t i v a t e d   or  t o  

allow  system  f u n c t i o n i n g   as  a  normal  pushrod  as  d e s i r e d .   Thus,  the  embodi-  

ment  shown  here   p r o v i d e s   a  mechanism  des igned   to  a l t e r   the  o p e r a t i o n   of  t he  

pushrod  for  an  exhaus t   valve  such  tha t   the  rod  e f f e c t i v e l y   is  ma in ta ined   a t  

the  t o p - o f - s t r o k e   p o s i t i o n ,   m a i n t a i n i n g   the  va lve   open.  By  l e n g t h e n i n g   t he  

h e i g h t   of  the  pushrod  assembly,   the  rod  is  e f f e c t i v e l y   ma in t a ined   at  i t s  

t o p - o f - s t r o k e   p o s i t i o n ,   with  the  valve  r emain ing   propped  open  with  no  f u r -  

ther   energy  e x p e n d i t u r e .   Since  th is   inner   p u s h r o d / o u t e r   t appe t   rod  a s s e m -  

bly  is  d r i l l e d   for  l u b r i c a t i o n ,   the  system  m a i n t a i n s   normal  rocker   arm 

l u b r i c a t i o n .  

The  embodiment  shown  here  in  F igu re s   10  and  11  p rov ides   a  s i m p l e  

form  of  c y l i n d e r   c o n t r o l   mechanism  520  for  an  i n t a k e   va lve .   The  mechanism 

520  i nc ludes   a  cas ing   530  wi th in   which  are  i n d e p e n d e n t l y   s l i d a b l y   mounted 

a  modi f i ed   inner   pushrod  521  and  a  modi f i ed   ou te r   t appet   rod.  The  l ower  

end  of  inner   pushrod  521  is  c p e r a t i v e l y   engaged  by  a  valve  l i f t e r   mechanism 

513,  and  the  upper  end  is  provided  by  a  reduced  d iameter   e x t e n s i o n   525.  

The  modif ied   ou te r   t appe t   rod  i nc ludes   a  r e s t r a i n i n g   shou lde r   523  and  an 

i n t e r n a l   bore  524.  Extens ion  525  is  adapted  to  s l i d e   wi th in   bore  524.  In 

i t s   a t - r e s t   p o s i t i o n ,   there   is  a  dead  head  540  w i t h i n   bore  524  between  the  

end  of  the  bore  524  and  the  end  of  the  e x t e n s i o n   525,  the  length   of  t h e  

dead  head  540  being  s l i g h t l y   longer  than  the  s t r o k e   of  the  e x t e n s i o n   rod  

525.  Outer  t appe t   rod  522  is  p rovided   with  a  normal  pushrod  engagement  

b a l l   522a .  

A  f l u i d   p r e s s u r e   chamber  531  p rov ided   with  condui t   532  is  formed 



between  the  end  of  the  ou te r   tappet   rod  522  and  the  l a r g e r   d i ame te r   end  o f  

i nne r   pushrod  5 2 1 .  

In  o p e r a t i o n ,   in  the  c o n f i g u r a t i o n   shown  in  F igure   10,  c h a m b e r  

531  is  e v a c u a t e d .   Thus,  o s c i l l a t i o n   of  the  inner   pushrod  521  m e r e l y  

r e s u l t s   in  o s c i l l a t i o n   of  the  ex t ens ion   525  w i t h i n   bore  540,  and  so  t h e r e  

is  no  o s c i l l a t i o n   of  the  ou te r   tappet   rod  522.  Thus,  the  t appe t   14  is  n o t  

a c t u a t e d   and  the  va lve   15  remains  c losed.   The  va lve   is  in  i t s   i n a c t i v e  

p o s i t i o n .   The  i n t a k e   va lve   always  remains  c losed   when  d i s a b l e d .  

In  normal  o p e r a t i o n   as  shown  in  F igure   11,  chamber  531  is  f i l l e d  

with  f l u i d   under  p r e s s u r e   via  conduit   532.  O s c i l l a t i o n   of  the  inner   p u s h -  

rod  521  is  t r a n s m i t t e d   to  the  outer   t appe t   rod  522  via  the  f l u i d   u n d e r  

p r e s s u r e   a c t i n g   as  a  b r i d g e   and  produces  normal  v a l v e   o p e r a t i o n .  

This  embodiment  thus  shows  a  mechanism  d e s i g n e d   to  ma in ta in   a 

va lve   in  i t s   s u b s t a n t i a l l y   c losed  p o s i t i o n ,   i s o l a t e d   from  the  normal  p u s h -  

rod  induced  r e c i p r o c a t i o n   when  a c t i v a t e d ,   or  to  a l low  the  p u s h r o d / r o c k e r  

arm  assembly  to  f u n c t i o n   in  a  normal  manner  v a l v e - a c t i v a t i n g   manner  when  so 

d e s i r e d .   One-way  v a l v e s   and  sp r ings   ensure  tha t   the  chamber  cav i ty   i s  

m a i n t a i n e d   at  i t s   f u l l e s t   l e v e l .   L u b r i c a t i o n   is  aga in   m a i n t a i n e d .   I n  

a d d i t i o n ,   both  i n n e r   and  ou te r   pushrod  and  t a p p e t   rod  s e c t i o n s   are  free  t o  

r o t a t e ,   in  o rder   to  d i s t r i b u t e   wear  on  the  s e c t i o n s   w i t h i n   the  h o u s i n g ,  

which  remains  f i xed   wi th   r e s p e c t   to  the  e n g i n e  h e a d .   Thus,  t h i s   embodi-  

ment  shows  a  mechanism  des igned   to  a l t e r   the  o p e r a t i o n   of  a  pushrod  for  an 

i n t a k e   va lve   such  t h a t   the  cam-induced  motion  can  be  s e l e c t i v e l y   d i s c o n -  

nec t ed   from  i t s   normal  va lve   t r a i n   o p e r a t i o n ,   in  such  a  manner  as  to  m a i n -  

t a i n   the  va lve   at  i t s   e n d - o f - p u s h r o d - s t r o k e   p o s i t i o n   with  the  va lve   s u b -  

s t a n t i a l l y   c l o s e d   r e g a r d l e s s   of  pushrod  m o t i o n .  

As  seen  in  F i g u r e s   12,  13  and  14,  the  c y l i n d e r   c o n t r o l   mechanism 

620  for  an  exhaus t   va lve   i n c l u d e s   a  casing  630,  a  m o d i f i e d   inner   push rod  

621  and  a  m o d i f i e d   ou te r   t appe t   rod  622.  Modi f i ed   i nne r   pushrod  621 

i n c l u d e s   a  reduced  d i a m e t e r   ex t ens ion   625  p r o j e c t i n g   t h e r e f r o m .   M o d i f i e d  

ou t e r   t appe t   rod  622  i n c l u d e s   a  c e n t r a l   bore  650  w i t h i n   which  e x t e n s i o n  

625  is  adapted   to  s l i d e ,   and  a  reduced  d i ame te r   e x t e n s i o n   627  p rov id ing   an 

abutment   s h o u l d e r   628.  Between  the  outer   t a p p e t   rod  622  and  the  c a s i n g  

630  is  a  p i s t o n   639  i n c l u d i n g   a  rod  p o r t i o n   640  and  a  head  p o r t i o n   641. 

The  e l ements   are  d i s p o s e d   w i t h i n   casing  630  so  as  to  p r o v i d e   a  p r e s s u r e  

chamber  651  i n c l u d i n g   a  pa i r   of  condui t s   652,  653  t h e r e t o .   Outer  t a p p e t  



rod  622  is  provided  with  a  normal  pushrod  engagement  ba l l   622a .  

In  normal  o p e r a t i o n   as  shown  in  Figure   12,  with  lower  p o r t i o n   o f  

chamber  651  evacuated  through  condui t   653,  but  with  the  upper  p o r t i o n   o f  

chamber  651  f i l l e d   with  f l u i d   under  p r e s s u r e   through  condui t   652,  p i s t o n  

640  is  pushed  down  with  f l u i d   under  p r e s s u r e   on  the  top  face  of  head  

641.  Thus,  when  the  inner   pushrod  621  o s c i l l a t e s ,   the  outer   t appet   rod  622 

s i m i l a r l y   o s c i l l a t e s   s ince   i t   is  urged  upwardly  by  d i r e c t   con tac t   w i t h  

c o o p e r a t i n g   shou lders   on  the  r e s p e c t i v e   rods.   The  rods  are  urged  downward- 

ly  by  a  spr ing   in  chamber  650.  

In  the  locked  p o s i t i o n   as  shown  in  F igures   13  and  14,  the  l ower  

chamber  651  is  f i l l e d   with  f l u i d   under  p r e s s u r e   through  condui t   653  s i m u l -  

t a n e o u s l y   removing  f l u id   th rough ,   and  p a r t i a l l y   s e a l i n g   off ,   conduit   652. 

Thus,  inner   pushrod  621  is  f ree   to  o s c i l l a t e   wi th in   bore  650,  both  in  t h e  

ups t roke   (not  shown)  and  in  the  down-s t roke   (as  shown  in  Figure  13 ) .  

D e a c t i v a t i o n   of  the  sys tem,   to  allow  r e sumpt ion   of  normal  p u s h -  

rod  f u n c t i o n   can  be  a c c e l e r a t e d   by  the  a d d i t i o n   of  a  second  f lu id   port  (no t  

shown)  placed  so  as  to  p rov ide   p r e s s u r e   to  be  p laced  so  as  to  p rov ide   f o r c e  

to  lower  the  p i s t o n ,   a l lowing   inner   and  outer   rod  s e c t i o n s   621/622  t o  

r e t u r n   to  t he i r   normal  p a t t e r n   of  c o n t a c t .  

Thus,  in  th i s   embodiment,   a  mechanism  is  shown  which  is  d e s i g n e d  

to  m a i n t a i n   a  valve  in  an  open  p o s i t i o n ,   i s o l a t e d   from  the  n o r m a l  p u s h r o d  

r e c i p r o c a t i o n ,   when  a c t i v a t e d ,   or  to  allow  the  pushrod  to  f u n c t i o n   n o r -  

mally  when  so  d e s i r e d .   Thus,  the  embodiment  shown  here  p rov ides   a  mech-  

anism  designed  to  a l t e r   the  o p e r a t i o n   of  the  pushrof   for  an  exhaust   v a l v e  

such  that   the  rod  e f f e c t i v e l y   is  m a i n t a i n e d   at  any  d e s i r e d   p o s i t i o n ,   e . g . ,  

at  the  t o p - o f - s t r o k e   p o s i t i o n ,   m a i n t a i n i n g   the  valve  open.  By  l e n g t h e n i n g  

the  h e i g h t   of  the  pushrod  assembly ,   the  rod  is  e f f e c t i v e l y   ma in t a ined   a t  

i t s   t o p - o f - s t r o k e   p o s i t i o n ,   with  the  valve  remaining  propped  open  with  no 

f u r t h e r   energy  e x p e n d i t u r e .   Since  th is   inner   p u s h r o d / o u t e r   tappet   r od  

assembly  is  d r i l l e d   for  l u b r i c a t i o n ,   the  system  m a i n t a i n s   normal  r o c k e r  

arm  l u b r i c a t i o n .  

As  seen  in  F igures   15  and  16,  the  exhaus t   valve  con t ro l   mechan-  

ism  720  comprises  a  hollow  c y l i n d r i c a l   casing  730  having  a  g r e a t e r   d i a -  

meter  upper  end  731.  Disposed  w i th in   casing  730  is  a  modif ied   pushrod  721 

and  a  modif ied   tappet   rod  722.  Pushrod  721  is  modi f i ed   with  the  lower  end 

having  a  pushrod  engagement  c o u n t e r s u n k   c i r c u l a r   face  714  into  which  a 

normal  pushrod  f i t s   a f t e r   being  cut  to  s i z e .   The  bottom  par t   of  t h e  



pushrod   721  c o n s i s t s   of  a  t i g h t - f i t t i n g   p i s t o n   head  715,  with  the  top  p o r -  

t ion   c o m p r i s i n g   a  r e d u c e d - d i a m e t e r   e x t e n s i o n   rod  716  f i t t i n g   snugly  and 

s l i d a b l y   i n s i d e   a  r e c e p t o r   wel l   724  in  the  bottom  p a r t   of  t appet   rod  722. 

E lements   715,  716  and  722  of  the  pushrod  721  are  c e n t r a l l y   d r i l l e d   at  735 

for  normal   o i l   l u b r i c a t i o n   p r o v i s i o n .   The  t a p p e t   rod  722  s l i d e s   r e c i p r o -  

c a t i n g l y   i n s i d e   the  upper  p o r t i o n   731  of  c y l i n d r i c a l   c a s ing   720.  The  uppe r  
face  728  c o m p r i s e s   a  normal  pushrod  engagement  b a l l   729  for  rocker   arm  con-  

t a c t / a c t i v a t i o n .   The  lower  face  732  of  the  upper  p o r t i o n   733  of  tappet   rod 

722  r e s t s ,   at  bottom  of  i t s   s t r o k e ,   on  l ip  734  of  the  c y l i n d r i c a l   c a s i n g  

730  where  e n l a r g e d   upper  end  731  b e g i n s .   The  t a p p e t   rod  t e r m i n a t e s   in  p r o -  
t r u s i o n   726  which  f i t s   s l i d i n g l y   in to   main  bore   736  of  cas ing   730.  Recep-  

t i v e   w e l l   724  ex tends   far   enough  to  allow  f u l l   mot ion  of  pushrod  e x t e n s i o n  

rod  716  t h r o u g h   any  phase  of  o p e r a t i o n .  

V a r i o u s   condu i t s   are  p rov ided   in  c y l i n d r i c a l   cas ing   to  be  c o n -  

nec ted   to  p r e s s u r e - f l u i d   c a r r y i n g   condu i t s   (not  shown).   Thus,  there   a r e  

two  upper  a p e r t u r e s ,   namely  upper  l e f t   hand  unimpeded  flow  condui t   752  con-  

nec t ed   be tween   l ip   734  and  upper  h y d r a u l i c   chamber  750;  lower  l e f t   hand 

c o n d u i t   754  connec ted   to  lower  chamber  751  of  ca s ing   730;  upper  r i gh t   hand 

unimpeded  flow  condu i t   753  connected  to  upper  h y d r a u l i c   chamber  750;  and 

lower  r i g h t   hand  condu i t   755  connected  to  the  upper  p o r t i o n   of  bore  734. 

In  normal  o p e r a t i o n ,   the  upper  h y d r a u l i c   chamber  750  (see  F i g u r e  

16)  is  a l l o w e d   both  to  f i l l   with  f l u i d   and  to  empty  of  f l u i d   t h r o u g h  

unimpeded  f low  through  condu i t s   752  and  753.  At  the  same  t ime,  f lu id   i s  

t r a p p e d   in  chamber  751  through  impeded  f l u i d   flow  from  condu i t   754,  c r e a t -  

ing  a  h y d r a u l i c   e x t e n s i o n / b r i d g e   for  the  cam- induced   impulses   and  p r o d u c i n g  

normal   v a l v e   a c t u a t i o n .   Conduit  755  is  u n r e g u l a t e d   and  p r o v i d e s   an  emer-  

gency  r e l i e f   v a l v e   to  guard  a g a i n s t   o v e r e x t e n s i o n   of  the  pushrod  and  r e s u l -  

t ing   damage  to  v a l v e s ,   rocker   arms,  e t c .  

When  d e a c t i v a t e d ,   normal  f l u i d   flow  is  p e r m i t t e d   through  c o n d u i t  

753,  w h i l e   such  flow  is  blocked  through  condu i t   752.  This  c r e a t e s   a 

h y d r a u l i c   j a c k   which  does  not  allow  the  rocker   arm  assembly   to  r e tu rn   t o  

i t s   n e u t r a l   p o s i t i o n ,   l e av ing   i t   only  s l i g h t l y   open  such  tha t   the  no rma l ,  

u n i n t e r r u p t e d   p i s t o n   a c t i o n   would  not  damage  the  v a l v e s .   At  the  same  t i n e ,  

p r e s s u r e   is  r e l i e v e d   from  chamber  751  by  opening  c o n d u i t   754.  In  this   way, 

t a p p e t   rod  722  is  held  s t a t i o n a r y   through  p r e s s u r e   in  the  bottom  s e c t i o n  

of  chamber  750,  whi le   pushrod  721  r e c i p r o c a t e s   f r e e l y   i n s i d e   chamber  751, 

wi th   r e d u c e d   d i a m e t e r   e x t e n s i o n   rod  716  s l i d i n g   o s c i l l a t i n g l y   and  n o r m a l l y  

i n s i d e   r e c e p t o r   wel l   724.  Again,   condui t   755  is  a  r e l i e f   valve  to  p r e v e n t  



valve   d a m a g e . .  

R e a c t i v a t i o n   occurs  through  d e - p r e s s u r i z a t i o n   of  chamber  750 

through  condu i t   752  and  r e - p r e s s u r i z a t i o n   of  chamber  751  through  the  a l l o w -  

ing  of  i n l e t   f l u i d   through  condui t   754.  All  of  these   changes  are  p r e f e r -  

ably  s o l e n o i d - i n d u c e d ,   but  may  s a t i s f a c t o r i l y   be  m e c h a n i c a l l y   c o n t r o l l e d .  

It  should  be  noted  that   r e l i e f   condu i t   755  can  be  run  v e r t i c a l l y  

i n s t e a d   of  h o r i z o n t a l l y .   In  th is   case,   i t s   access   to  the  i n t e r i o r   of  c a s -  

ing  730  is  by  means  of  a  s e m i - c i r c u l a r   groove  l ead ing   from  chamber  750  w i t h  

no  loss  of  f u n c t i o n .  

Thus,  the  embodiment  shown  here  p r o v i d e s   a  mechanism  designed  t o  

a l t e r   the  o p e r a t i o n   of  the  pushrod  for  an  exhaus t   valve  such  that   the  rod  

e f f e c t i v e l y   is  m a i n t a i n e d   at  any  d e s i r e d  p o s i t i o n ,   e . g . ,   at  the  t o p - o f -  

s t roke   p o s i t i o n ,   m a i n t a i n i n g   the  valve  open.  By  l e n g t h e n i n g   the  height   of  

the  pushrod  assembly ,   the  rod  is  e f f e c t i v e l y   m a i n t a i n e d   at  i t s   t o p - o f -  

s t r o k e   p o s i t i o n ,   with  the  valve  remaining  propped  open  with  no  f u r t h e r  

energy  e x p e n d i t u r e .   Since  th is   inner   p u s h r o d / o u t e r   t appe t   rod  assembly  i s  

d r i l l e d   for  l u b r i c a t i o n ,   the  system  m a i n t a i n s   normal  rocker   arm  l u b r i c a t i o n .  

F igure   17  shows  a  companion  i n t ake   c o n t r o l   valve  mechanism  t o  

the  exhaust   va lve   c o n t r o l   mechanism  in  F igu re s   15  and  16.  The  in take   v a l v e  

c o n t r o l   mechanism  i n c l u d e s   a  s i m p l e  h o l l o w   c y l i n d r i c a l   casing  830.  W i t h i n  

cas ing   830  is  s l i d a b l y   d i sposed   a  modi f ied   pushrod  831  and  a  m o d i f i e d  

t appe t   rod  822.  Modif ied  pushrod  831  is  p rov ided   with  a  lower  e x t e n s i o n  

means  (not  shown)  for  engagement  with ,   and  o p e r a t i o n   by,  a  normal  pushrod  

(not  shown),  and  with  an  upper  e x t e n s i o n   l e s s e r - d i a m e t e r   rod  816  f i t t i n g  

snugly  and  s l i d a b l y   i n s i d e   a  r e c e p t o r   well  833  in  the  bottom  part   of  mod i -  

f ied   tappet   rod  822.  Elements  831,  816  and  822  are  d r i l l e d   at  835  f o r  

normal  o i l   l u b r i c a t i o n   p r o v i s i o n .   The  modi f i ed   t appe t   rod  822  s l i d e s  

r e c i p r o c a t i n g l y   i n s ide   the  upper  p o r t i o n   of  the  hollow  c y l i n d r i c a l   c a s i n g  

830.  The  u p p e r  f a c e   828  of  modif ied  t appe t   rod  822  is  provided  with  a 

normal  push rod -engagemen t   ba l l   829  for  normal  rocker   arm  c o n t a c t / a c t i v a -  

t i o n .  

The  lower  p o r t i o n   of  c y l i n d r i c a l   cas ing   is  provided  with  a  lower  

chamber  851,  adapted  to  be  fed  with  f l u id   under  p r e s s u r e   through  c o n t r o l l e d  

condui t   854.  

In  normal  i n t ake   valve  o p e r a t i o n ,   chamber  851  is  f i l l e d   w i t h  

f l u i d   under  p r e s s u r e   through  condui t   854.  This  c r e a t e s   a  h y d r a u l i c   e x t e n -  

s i o n / b r i d g e   for  the  cam-induced  impulses  to  pushrod  831  and  p rov ides   normal  

valve   a c t u a t i o n ,   i . e . ,   r e c i p r o c a t i o n   of  pushrod  831  causes  a  c o r r e s p o n d i n g  



r e c i p r o c a t i o n   of  t a p p e t   rod  832  with  a  c o r r e s p o n d i n g   o p e r a t i o n   of  t h e  

rocke r   arm  th rough  b a l l   829 .  

When  d e a c t i v a t e d ,   f l u i d   under  p r e s s u r e   is  d r a i n e d   from  chamber 
851  through  c o n d u i t   854.  This  a l lows  pushrod  831  to  r e c i p r o c a t e   with  i t s  

e x t e n s i o n   rod  816  s l i d i n g   w i t h i n   wel l   833,  w i thou t   any  c o r r e s p o n d i n g   r e c i p -  
r o c a t i o n   of  t a p p e t   rod  832.  The  i n t a k e   valve  always  remains   closed  when  d i s a b l e  

R e - a c t i v a t i o n   occurs  through  r e - p r e s s u r i z a t i o n   of  chamber  851. 

T h u s ,  t h i s   embodiment  shows  a  mechanism  d e s i g n e d   to  a l t e r   t h e  

o p e r a t i o n   of  a  push rod   for  an  i n t a k e   valve  such  tha t   the  cam-induced  mot ion  

can  be  s e l e c t i v e l y   d i s c o n n e c t e d   from  i t s   normal  va lve   t r a i n   o p e r a t i o n ,   i n  

such  a  manner  as  to  m a i n t a i n   the  valve  at  i t s   e n d - o f - p u s h r o d   s t r o k e   p o s i -  

t ion   with  the  va lve   s u b s t a n t i a l l y   closed  r e g a r d l e s s   of  pushrod  m o t i o n .  

As  seen  in  F igu re   18,  the  exhaust   va lve   c o n t r o l   mechanism  775 

compr i ses   a  hol low  c y l i n d r i c a l   cas ing   776  having  a  g r e a t e r   d i amete r   uppe r  
end  777.  Disposed   w i t h i n   cas ing   776  is  a  modi f ied   pushrod   778  and  a  modi -  

f ied   t a p p e t   rod  779.  Pushrod  778  has  i t s   lower  end  778a  which  engages  w i t h  

the  normal  h y d r a u l i c   va lve   l i f t e r   (not  shown).  The  bot tom  p o r t i o n   of  t h e  

pushrod  778  ac t s   l i k e   a  t i g h t - f i t t i n g   p i s ton   head  780a  s l i d i n g   w i th in   c o r e  

780  with  the  top  of  pushrod   p o r t i o n   778  compr i s ing   a  r e d u c e d - d i a m e t e r  

e x t e n s i o n   rod  781  f i t t i n g   snugly  and  s l i d a b l y   i n s i d e   a  r e c e p t o r   wel l   782 

in  the  t appe t   rod  779.  Tappet  rod  779  has  a  major  lower  bore   782  c o e x t e n -  

s ive   with  core  780.  Elements   778  and  779  are  c e n t r a l l y   d r i l l e d   at  783  f o r  

normal  o i l   l u b r i c a t i o n   p r o v i s i o n .   The  tappet   rod  779  s l i d e s   r e c i p r o c a t i n g -  

ly  i n s i d e   the  upper  p o r t i o n   777  of  c y l i n d r i c a l   cas ing   776.  The  upper  f a c e  

783  compr ises   a  normal   pushrod  engagement  b a l l   784  for   r o c k e r   arm  c o n t a c t /  

a c t i v a t i o n .   The  t a p p e t   rod  779  t e r m i n a t e s   in  chamber  785  which  a b u t s  

chamber  786  in  c a s i n g   776.  Recep t i ve   well   782  ex tends   f a r   enough  to  a l l o w  

f u l l   motion  of  pushrod   e x t e n s i o n   rod  781  through  any  phase  of  o p e r a t i o n .  

The  lower  p o r t i o n   of  t a p p e t   rod  779  is  provided  with  a  th rough  bore  787  t o  

the  annu l a r   chamber  788  w i t h i n   cas ing  776.  A  p a r t i a l   c i r c u m f e r e n t i a l  

channel   789  is  p r o v i d e d   in  t appe t   rod  779  for  a  purpose   to  be  d e s c r i b e d .  

A p e r t u r e s   are  p rov ided   in  c y l i n d r i c a l   cas ing   776  to  be  c o n n e c t e d  

to  p r e s s u r e - f l u i d   c a r r y i n g   c o n d u i t s   (not  shown).  Thus,  t he re   is  an  u p p e r  

a p e r t u r e   790  p r o v i d e d   with  condu i t   791,  and  lower  a p e r t u r e   792  p r o v i d e d  

with  condu i t   7 9 3 .  



In  o p e r a t i o n   in  i t s   a c t i v a t e d   s t a t e ,   with  f l u i d   in  chamber  788,  

upward  movement  of  pushrod  778  f i r s t   s ea l s   a l i g n e d   po r t s   790  and  787.  T h i s  

p rov ides   a  h y d r a u l i c   e x t e n s i o n / b r i d g e   between  pushrod  778  and  t appe t   rod  

779.  This  in  turn  causes  upward  movement  of  t appe t   rod  779.  This  upward 

movement  al lows  h y d r a u l i c   f l u i d   to  en te r   chamber  788  via  f r e e - f l o w   p o r t  
792  and  condu i t   793.  Now,  at  the  bottom  of  the  s t r o k e ,   h y d r a u l i c   f l u i d   i n  

chamber  788  is  p e r m i t t e d   to  e x i t   via  f r e e - f l o w   por t   792  and  condui t   793 .  

A  m o d i f i c a t i o n   of  the  o p e r a t i o n   can  enable   the  exhaus t   valve  t o  

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

o p e r a t i n g   port  792  and  condu i t   793  in  a  one-way  check  va lve   f a s h i o n ,   a l l o w -  

ing  h y d r a u l i c   f l u id   only  to  e n t e r   chamber  788.  In  such  even t ,   h y d r a u l i c  

f l u i d   t rapped   in  chamber  788  w i l l   ma in t a in   t appe t   rod  779  in  a  s e l e c t e d  

upper  o r i e n t a t i o n .   Such  o r i e n t a t i o n   is  at  the  time  when  por t s   790  and  787 

are  a l i g n e d .   This  pe rmi t s   the  c o r r e c t   amount  of  h y d r a u l i c   f l u i d   to  be  d i s -  

posed  in  f ron t   of  the  pushrod  778.  

Thus,  the  embodiment  shows  here  p rov ides   a  mechanism  des igned  t o  

a l t e r   the  o p e r a t i o n   of  the  pushrod  for  an  exhaust   valve  such  that   the  rod  

e f f e c t i v e l y   is  m a i n t a i n e d   in  any  d e s i r e d   p o s i t i o n ,   m a i n t a i n i n g   the  v a l v e  

open.  By  l e n g t h e n i n g   the  h e i g h t   of  the  pushrod  a s sembly ,   the  rod  is  e f f e c -  

t i v e l y   m a i n t a i n e d   at  i t s   t o p - o f - s t r o k e   p o s i t i o n ,   with  the  valve  r e m a i n i n g  

propped  open  with  no  f u r t h e r   energy  e x p e n d i t u r e .   Since  t h i s   inner   p u s h r o d /  

outer   t appe t   rod  assembly  is  d r i l l e d   for  l u b r i c a t i o n ,   the  system  m a i n t a i n s  

normal  rocker   arm  l u b r i c a t i o n .  

As  seen  in  F igures   19  and  20,  a  c y l i n d e r   c o n t r o l   mechanism  320 

for  an  i n t ake   valve  is  p r o v i d e d  i n c l u d i n g   an  inner   pushrod  321,  an  o u t e r  

t appe t   rod  322,  an  h y d r a u l i c   valve  l i f t e r   313,  a  rocker   or  t appe t   arm  314 

and  a  valve  spr ing   316.  Outer  t appe t   rod  322  is  mod i f i ed   by  the  p r o v i s i o n  

of  an  upper  b i - l e v e l   engagement  member  330  i n c l u d i n g   a  lower  engagement  

shou lde r   331  and  an  upper  engagement  shoulder   332.  Engagement  member  330 

is  of  a  c r o s s - s e c t i o n a l   shape  ( e . g . ,   hexagonal )   a l l owing   it  to  be  h e l d  

n o n - r o t a t a b l y   but  s l i d a b l y   w i th in   guide  element  333  (of  s i m i l a r   c r o s s -  

s e c t i o n ) .   Guide  element  333  is  p o s i t i v e l y   r o t a t a b l e   by  means  of  a  worm 

gear  assembly  334  secured  to  the  engine  block.   Su r round ing   the  o u t e r  

tappet   rod  322  is  a  hollow  c o n t r o l   c y l i n d e r   340  p rov ided   with  a  b o t t o m  

f loo r   341  upon  which  the  lower  end  335  of  the  ou te r   t appe t   rod  322  r e s t s .  

The  lower  end  342  of  c o n t r o l   c y l i n d e r   340  is  secured   to  the  upper  end  of  

the  inner   pushrod  321.  The  upper  end  of  the  c o n t r o l   c y l i n d e r   340  is  p r o -  

vided  with  an  upper  engagement  member  343  having  a  lower  engagemen t  



s h o u l d e r   345  and  an  upper  engagement  s h o u l d e r   344.  Con t ro l   c y l i n d e r   340  i s  

s l i d a b l y   and  r o t a t a b l y   mounted  w i t h i n   c o n t r o l   bushing  346  whose  outer   s u r -  
face  349  is  w i t h i n   a p e r t u r e   348  in  the  engine  b lock .   In  o rder   to  m a i n t a i n  

the  m o d i f i e d   u n i t   320  in  i t s   " a t - r e s t "   p o s i t i o n ,   a  c o i l   s p r i ng   351  is  d i s -  

posed  between  r ing   352  on  pushrod  321  and  r e t a i n e r   353  s ecu red   to  t h e  

engine   b l o c k .   Pushrod  3 2 1 / t a p p e t   rod  322  are  l o n g i t u d i n a l l y   d r i l l e d   at  337 

for  normal  o i l   l u b r i c a t i o n   f u n c t i o n .  
In  use ,   in  one  c o n f i g u r a t i o n   (not  shown),  with  f a c e s  

3 3 1 / 3 4 4  a n d   332/345  in  engagement ,   the  inner   pushrod  3 2 1 / o u t e r   t appe t   rod  

322  act   as  a  normal   rod.  Thus,  o s c i l l a t i o n   of  the  i nne r   pushrod  321  by 

the  h y d r a u l i c   v a l v e   l i f t e r   313  causes  s i m i l a r   o s c i l l a t i o n   of  the  o u t e r  

t a p p e t   rod  322,  c aus ing   a l t e r n a t e   opening  and  c l o s i n g   of  the  va lve   ( 1 5  -  

see  F i g u r e   2 ) .  

R o t a t i o n   of  the  guide  element  333  by  worm  gear  assembly  334 

through  180  d e g r e e s   (see  F igure   20)  causes  faces  331/345  to  be  engaged  

only  at  t o o - o f - t h e - s t r o k e   of  outer   t appe t   rod  322.  At  o the r   t imes ,   i n n e r  

pushrod  322  r e s t s   on  the  l ip   of  c o n t r o l   c y l i n d e r   333.  This  r e a l i g n m e n t  

causes  i n n e r   pushrod   3 2 1 / o u t e r   t appe t   rod  322  to  become  a  s h o r t   r o d ,  

the reby   m a i n t a i n i n g   i n t a k e   va lve   15  ( s e e  F i g u r e   2)  c losed   a t  

a l l   t imes .   The  i n t a k e   va lve   always  remains  c losed   when  d i s a b l e d .  

R o t a t i o n   of  guide  member  333  through  180  deg ree s   again  by  worm 

gear  assemblv   343  causes   engagement  member  330  to  r o t a t e   again  and  have  

faces   331 /344   and  332 /345   in  engagement .   This  b r i ngs   the  inner   p u s h r o d  

3 2 1 / o u t e r   t a p p e t   rod  322  back  to  i t s   o r i g i n a l   normal  o p e r a t i o n   (not  shown). 

As  seen  in  F igures   21  and  2 2 , t h e   c y l i n d e r   c o n t r o l   mechanism  420 

for  an  e x h a u s t   va lve   i n c l u d e s   an  inner   pushrod  421  and  an  ou te r   t appet   rod  

422,  as  wel l   as  c o n v e n t i o n a l   valve  l i f t e r   mechanism  413,  and  t a p p e t   rod  424. 

The  va lve   and  va lve   s p r i n g s   are  not  shown  h e r e i n ,   but  are  shown  as  15  and 

16  in  F i g u r e   2 .  

The  o u t e r   t appe t   rod  422  is  modi f i ed   by  i n c l u d i n g   an  o p e r a t o r  

member  430  t h e r e o n ,   of  a  shape  which  can  be  g r i p p e d ,   e . g . ,   hexagona l   o r  

o c t a g o n a l ,   which  is  secured   for  s l i d a b l e   movement  but  f ixed   a g a i n s t   r o t a -  

t ion  w i t h i n   c o n t r o l   e lement   433,  r o t a t a b l y   mounted  by  worm  gear  mechanism 

434  to  the  e n g i n e   b lock .   Opera to r   member  430  i n c l u d e s   upper  engagement  

face  460  and  lower  engagement  face  461 .  



Modif ied   outer   t appe t   rod  422  i s   f r e e l y   r o t a t a b l y   mounted  w i t h i n  

the  e l o n g a t e d   t u b u l a r   bushing   440,  so  that  the  lower  end  435  t he reo f   a b u t s  

the  upper  end  436  of  the  pushrod  421.  Bushing  440  passes   through  bore  448 

in  engine  b lock  member  449  and  r e s t s   with  i t s   c y l i n d r i c a l   p r o t u b e r a n c e   456 

on  that   p o r t i o n   of  the  engine  b lock .   The  upper  end  of  bushing   440  is  p r o -  
vided  with  upper  engagement  s u r f a c e   463  and  lower  engagement  s u r f a c e   464.  

Inner   pushrod  4 2 1 / o u t e r   t appe t   rod  422  is  m a i n t a i n e d   in  i ts   f i x e d  

r e l a t i o n   to  bush ing   440  by  means  of  coi l   sp r ing   451  between  r e t a i n e r s   452 

on  pushrod  421  and  453  on  bushing   440.  Pushrod  4 2 1 / t a p p e t   rod  422  a r e  

l o n g i t u d i n a l l y   d r i l l e d   at  437  for  normal  oi l   l u b r i c a t i o n   f u n c t i o n .  

In  use,   in  the  c o n f i g u r a t i o n   shown  in  F igure   21,  s u r f a c e s   461/464 

and  460/463  are  in  engagement .   Consequen t ly ,   the  inner   pushrod  4 2 1 / o u t e r  

t appe t   rod  422  combina t ion   act  as  a  normal  rod,  and  o s c i l l a t i o n   of  the  rod 

421  by  the  cam  17  (see  F igure   2)  causes  opening  and  c l o s i n g   of  the  valve  15 

(see  F igure   2).  The  rod  421  r e t u r n s   to  i t s   " a t - r e s t "   p o s i t i o n   by  t h e  

ac t ion   of  the  spr ing   451.  

R o t a t i o n   of  the  c o n t r o l   member  433  by  the  worm  gear  mechanism  434 

through  180°  causes  o p e r a t o r   member  430  to  be  r o t a t e d   through  180°  and 

moved  upwardly.   Sur faces   461/463  are  only  in  engagement  at  t h e  

t o p - o f - s t r o k e .   Thus,  as  shown  in  Figure   22,  a  " long"  rod  421/422  is  p r o -  

vided  whereby  the  valve  15  is  always  open.  In  th i s   c o n f i g u r a t i o n ,   t h e  

pushrod  421  r e t u r n s   to  i t s   " a t - r e s t "   p o s i t i o n   by  the  a c t i o n   of  spring  451.  

Face  463  r e s t s   at  the  top  of  s t roke   p o s i t i o n   on  p r o t r u s i o n   438. 

An  e s s e n t i a l   element  of  the  engine  c y l i n d e r   cu tou t   system  is  t h e  

s h i f t i n g   mechanism  which  can  be  e i t h e r   m e c h a n i c a l l y   o p e r a t e d   or  may  be 

so l eno id   c o n t r o l l e d .   An  improved  s i n g l e   coi l   s o l e n o i d   mechanism  is  now 

provided  which  al lows  c o n t r o l   of  the  modif ied  mechanisms  for  both  t h e  

i n t ake   va lves   and  the  exhaus t   va lves   in  a  safe  and  o rdered   manner  t h r o u g h  

the  m a g n e t i c a l l y - i n d u c e d   motion  of  a  s ing le   a rmature   and  th i s   w i l l   be  d e s -  

c r i b e d  h e r e i n a f t e r .  

The  impor tance   of  sequenc ing   the  engagement  and  d i sengagement   o f  

the  modi f ied   mechanisms  is  due  to  the  fact  that  p a r t i a l   charges   can  o c c u r .  

There  is  a lso  the  p o s s i b i l i t y   of  combustion  o c c u r r i n g   with  no  p r o v i s i o n  

for  gas  r e l e a s e .   The  i n t a k e   valve  must  f i r s t   then  be  removed  from  i t s  

normal  o p e r a t i v e   cycles   f o l l o w e d  b y   the  removal  of  the  exhaus t   valves  from 

i t s   normal  o p e r a t i v e   c y c l e s .   When  the  r eve r se   is  d e s i r e d ,   the  e x h a u s t  

valve  must  f i r s t   be  engaged  f u l l y   before   the  i n t ake   valve  a l lows  combus t i on  

to  take  p l a c e .  

The  so leno id   c o n t r o l   mechanism  prov ides   for  th is   s e q u e n c i n g  



th rough  the  c o n t r o l   of  the  f l u i d - c o n t r o l l e d   exhaus t   from  the  m o d i f i e d  

mechanisms.   The  two  mod i f i ed   mechanisms,   i . e . ,   for  the  in take   valve  and 
for   the  exhaust   va lve ,   use  the  f l u i d   flow  p a t t e r n s   during  t h e i r   no rma l  

c y c l e s   set   f o r t h   in  the  f o l l o w i n g   t a b l e .  

From  the  above  t a b l e ,   i t   is  a p p a r e n t   t ha t   the  flow  of  f l u i d   i n t o  

the  modi f ied   mechanisms  is  not  i n t e r f e r e d   wi th ,   but  that   the  a l lowing   o f  

f l u i d   flow  out  of  the  mod i f i ed   mechanism  is  the  key  to  t h e i r   f u n c t i o n s .  

An  embodiment  of  a  s o l e n o i d   c o n t r o l   mechanism  wi th in   the  s c o p e  
of  th is   i n v e n t i o n   is  shown  in  F igures   23  -   27.  The  mechanism  900  i n c l u d e s  

a  b lock  910  provided  with  numerous  channels   and  p o r t s   t h e r e i n .   It  i n c l u d e s  

a  c e n t r a l   l o n g i t u d i n a l   we l l   911,  p rov ided   with  a  rounded  undercut   f l o o r  

912  and  an  o u t l e t   bore  913.  A  pa i r   of  i d e n t i c a l   r i g h t   and  l e f t   t r a n s v e r s e  

c y l i n d r i c a l   chambers  914,  915  are  p r o v i d e d ,   which  are  l o n g i t u d i n a l l y   o f f s e t  

to  p rov ide   upper  r i g h t   hand  914  and  lower  l e f t   hand  915  channe l s .   Upper  

r i g h t   hand  channel  914  is  connec ted   to  wel l   911  by  bored  condui t   916,  and 

lower  l e f t   hand  channel   915  is  connec ted   to  wel l   911  by  means  of  b o r e d  

c o n d u i t   917.  I n l e t   to  channe l   914  is  by  condu i t   918  connected  to  t h e  

i n t a k e   mechanism,  whi le   i n l e t   to  channel   915  is  by  condui t   919  c o n n e c t e d  

to  the  exhaust   mechanism.  Exhaust   condui t   919  is  at  a  lower  l e v e l   t h a n  

i n t a k e   condui t   918 ,  wh ich   a l lows  for  the  s e q u e n c i n g .  

L o n g i t u d i n a l   we l l   911  is  connected   to  i n t e r s e c t i n g ,   t r a n s v e r s e  

o u t l e t   bore  920  which  leads   to  r i gh t   hand  and  l e f t   hand  i n t e r n a l   chambers  

921,  922,  and  then  to  o u t l e t   condui t   923.  Right  hand  channel  914  vents   t o  

r i g h t   hand  chamber  921  via  o u t l e t   port   924,  whi le   l e f t   hand  channel   915 

v e n t s   to  l e f t   hand  chamber  922  via  o u t l e t   por t   925.  Fluid  c o n t r o l   is  p r o -  

v ided   by  check  va lves   926,  927  in  channels   914,  915,  r e s p e c t i v e l y .  

Check  va lves   926,  927  comprise  a  b a l l   928,  929,  normal ly   h e l d  

a g a i n s t   port   924,  925  by  s p r i n g   930,  931,  r e s p e c t i v e l y .   A  g o v e r n i n g  

mechanism,   compr is ing   a  c y l i n d r i c a l   base  932,  933,  t h ree   t r a n s v e r s e   arms 

934,  935,  and  an  u p r i g h t   p o r t   936,  937,  r e s p e c t i v e l y ,   is  secured   w i t h i n  

c o n d u i t   918,  919,  r e s p e c t i v e l y .   The  govern ing   mechanism  r e s t r i c t s   t h e  



forward  motion  of  the  b a l l s   928,  929,  in  order  to  minimize  damage  to  t h e  

s p r i n g s   930,  931  through  r e p e a t e d   compres s ion .   These  two  check  valves   926,  

927  thus  al low  the  i n t ake   of  f l u i d   by  the  modi f ied   mechanisms  at  a l l   t imes  

when  the  p r e s s u r e   d i f f e r e n t i a l   p e rmi t s   such  f l u i d   f l o w .  

A  so l eno id   armature   950  is  provided  at  the  bottom  of  c e n t r a l   w e l l  

911,  and  th i s   armature   is  d e s c r i b e d   with  r e f e r e n c e   to  F igure   27.  The  a rma-  

ture   950  i n c l u d e s   a  main  c y l i n d r i c a l   body  951  having  an  upper  bored  w e l l  

952  t h e r e i n ,   with  a  co i l ed   sp r ing   953  t rapped  t h e r e i n .   The  lower  p o r t i o n  

of  body  951  is  provided  with  an  e n c i r c l i n g   govern ing   gap  954,  and  a  l o w e r  

c y l i n d r i c a l   block  955.  The  u p p e r  p o r t i o n   of  the  body  is  p rovided   with  a 

l a r g e r   d iameter   p i l l a r   956  which  is  drawn  by  a  c o n v e n t i o n a l   armature  coil   co re  

957  when  a c t i v a t e d .   C o n v e n t i o n a l   a rmature   components  and  a  c o i l  

winding  (not  shown)  are  also  a s s o c i a t e d   with  the  a rmature   block  951  and  t he  

a rmature   c o i l   957.  

In  o p e r a t i o n ,   f l u id   under  p r e s s u r e   which  may  come  from  the  e n g i n e  

oi l   supp ly ,   a l though  an  i n d e p e n d e n t   source  of  f l u i d   under  p r e s s u r e   ray  be  

provided   for  f a i l - s a f e   o p e r a t i o n ,   e n t e r s   the  modi f i ed   mechanisms  t h r o u g h  

condui t   923.  The  i n l e t   flow  is  p rov ided   through  branches   921  and  922  which  

feed  check  va lves   926  and  927,  r e s p e c t i v e l y ,   through  check  valve  ba l l   s e a t s  

and  por t s   924  and  925.  

Flu id   l eav ing   the  mod i f i ed   mechanisms  e n t e r s   through  conduit   923, 

but  i n s t e a d   of  b ranch ing   off ,   flows  s t r a i g h t   through  bore  920,  the  f low 

through  which  is  c o n t r o l l e d   by  s o l e n o i d   armature   950  (see  Figure   27)  i n  

well   911.  Armature  950  p rov ides   c o n t r o l   of  f l u i d   flow  through  g o v e r n i n g  

gap  in  block  951.  When  in  normal  o p e r a t i o n ,   i . e . ,   with  the  in take   o u t l e t  

c l o s e d ,   and  with  the  exhaust   o u t l e t   open,  the  sp r ing   952  in   the  top  w e l l  

953  fo rces   the  armature   block  951  to  i t s   normal,   bottom  p o s i t i o n .   In  t h i s  

p o s i t i o n ,   f l u i d   flow  through  bore  920  is  guided  through  govern ing   gap  954 

in  block  951  into  condui t   917  a l l owing   f lu id   exhaus t   from  the  e x h a u s t  

mechanism  to  by-pass   the  check  va lve   927  and  to  r e l i e v e   f lu id   p r e s s u r e ,  

a l lowing   normal  exhaust   valve  f u n c t i o n .   When  the  co i l   957  (shown  h e r e  

w i thou t   i t s   winding)  is  a c t i v a t e d ,   the  armature   b lock  951  is  l i f t e d ,   to  a 

point   where  f lu id   ou t l e t   is  p rov ided   f i r s t   to  both  the  exhaust   mechanism 

( through  condui t   917)  and  the  i n t a k e   mechanism  ( through  condui t   916)  i s  

al lowed  s i m u l t a n e o u s l y .   This  e f f e c t i v e l y   c loses   the  i n t ake   valve  w h i l e  

the  exhaust   valve  is  s t i l l   f u n c t i o n i n g   normal ly .   As  the  a rmature   b l o c k  

951  is  r a i s e d   f u r t h e r   by  means  of  the  coi l   957,  the  i n t ake   mechanism  i s  

f u l l y   d i s c o n n e c t e d   by  f lu id   d i r e c t e d   through  condu i t   916  as  a  by-pass  t o  



check  valve  926.  While  th i s   s i t u a t i o n   is  e s t a b l i s h e d ,   the  f l u i d   f l o w  

through  c o n d u i t   917  is  e f f e c t i v e l y   b locked  through  the  r a i s i n g   of  l o w e r  

block  955  of  a r m a t u r e   b lock   951  to  b lock  the  opening  of  condui t   917,  wh ich  

former ly   opened  on  a r m a t u r e   gap  954 .  

When  the  c y l i n d e r   is  r e - a c t i v a t e d ,   the  e l e c t r o m a g n e t   in  co i l   957 

is  d e - a c t i v a t e d ,   the  a r m a t u r e   is  forced  down  by  the  force  of  g r a v i t y   and  

by  spr ing   951,  to  a  p o i n t   where  condu i t s   916,  917  are  again  both  in  c o n -  

t ac t   with  f l u i d   d i r e c t e d   by  a rmature   gap  954.  Thus,  the  exhaus t   i s  

r e - a c t i v a t e d   wh i l e   the  i n t a k e   remains  d i s a b l e d .   As  the  a rmature   r e t u r n s  

to  i t s   r e s t i n g   p o s i t i o n ,   the  f l u i d   is  again  s e a l e d   off  at  condui t   916,  p r o -  

v id ing   no  i n t a k e   o u t l e t   for  f l u i d   and  r e - a c t i v a t i n g   the  i n t a k e   mechan i sm.  

S i m i l a r l y ,   the  e x h a u s t   mechanism  which  has  a l r e a d y   been  r e - a c t i v a t e d ,   c o n -  

t inues   to  f u n c t i o n   in  a  normal  manne r .  

Ano the r   s i m p l i f i e d   embodiment  of  a  c o n t r o l   mechanism  is  shown  i n  

Figure   28.  Here,   the  mechanism  975  i n c l u d e s   a  t u b u l a r   cas ing  976  h a v i n g  

one  c l o s e d ' e n d   977  and  an  open  f langed   end  978.  A  pa i r   of  d i a m e t r i c a l l y  

opposed  po r t s   980,981  ( exhaus t   po r t s )   979,982  ( i n t ake   po r t s )   are  p r o v i d e d  

through  the  wa l l   of  the  t u b u l a r   cas ing  976  to   which  are  a t t a c h e d   f l u i d -  

ca r ry ing   c o n d u i t s   984,  985,  983  and  986,  r e s p e c t i v e l y .  

S l i d a b l y   d i s p o s e d   w i t h i n   cas ing   976  is  a  c o n t r o l   body  987  h a v i n g  

a  cap  988  at  one  end  and  t e r m i n a t i n g   in  a  l o n g i t u d i n a l l y   ex t end ing   s h a f t  

989.  Shaft  989  c o n n e c t s   to  c a p t i v e   plug  990,  s l i d a b l y   d i sposed   w i t h i n  

cas ing  976.  The  cap  988  of  con t ro l   body  987  is  ac ted  on  by  a  force  shown 

by  arrow  992,  which  may  be  a  s o l e n o i d ,   a  permanent   magnet,  an  e l e c t r o m a g n e t ,  

a  sp r ing ,   a  h y d r a u l i c   pneumat ic   or  mechan ica l   means.  The  i n t e r i o r   of  t h e  

casing  is  thus  p r o v i d e d   wi th   h y d r a u l i c   chamber  993 .  

For  c u t - o u t   o p e r a t i o n ,   the  i n t a k e   980  c l o s e s   f i r s t ,   whi le   t h e  

exhaus t   979  remains   s l i g h t l y   open  a f t e r   the  r e g u l a r  s t r o k e .   In  the  c u t - i n  

o p e r a t i o n ,   the  e x h a u s t   979  c loses   f i r s t .   D e a c t i v a t i o n   of  the  i n t a k e   980 

is  s topped  and  normal   o p e r a t i o n   is  then  r e i n s t a t e d .   The  opening  and  c l o s i n g  

of  the  por t s   979,  982,  980  and  981  is  ach ieved   by  the  a c t i v a t i o n   of  t h e  

c o n t r o l   body  e i t h e r   to  open  or  to  close  po r t s   979,  982,  980  and  985.  T h i s  

c o n t r o l   may  be  f a c i l i t a t e d   by  s e t t i n g   the  p roper   d i s t a n c e s ,   i . e . ,   by  

grooves  or  g a t e s ,   in  f r o n t   of  the  p o r t s .  

Turn ing   now  to  F igure   29,  a  b lock  d iagram  is  shown  of  the  o r g a n i -  

za t ion   of  the  c o n t r o l   components ,   which  e x p l a i n s   how  the  sensed  p a r a m e t e r s  

of  the  v e h i c l e   are  p r o c e s s e d   in  a  c o n t r o l   l og i c   1 ,  which  c o n t r o l s  



e l e c t r o n i c a l l y - a c t u a t e d   s o l e n o i d   g roup ings   1  to  4  (only  s o l e n o i d   groupings  1 

and  2  being  shown)  via  s o l e n o i d   d r i v e r s   2 .  The  v e h i c l e - s e n s i n g   f u n c t i o n s  

themse lves   are  p r e f e r a b l y   d iv ided   into  two  c a t e g o r i e s ,   the  f i r s t   b e i n g  

primary  s e n s o r s   for  p a r a m e t e r s   of  a  h ighe r   p r i o e r i t y ,   e . g . ,   engine  t e m p e r a -  

ture  and  v e h i c l e   brake  a c t u a t i o n .   For  s a f e t y   r e a s o n s ,   i t   is  d e s i r a b l e   t h a t  

such  pr imary   p a r a m e t e r s   o v e r r i d e   the  log ic   c o n t r o l   d e c i s i o n s   developed  from 

the  set  of  s econdary   p a r a m e t e r s ,   e . g . ,   a c c e l e r a t i o n   p o s i t i o n   and  s p e e d o m e t e r  

r e a d i n g .   Each  sensor   ou tpu t ,   Which  i s   g e n e r a l l y   an  analog  v o l t a g e   p r o p o r -  
t i o n a l   to  the  p a r t i c u l a r   pa rameter   sensed ,   is  conve r t ed   to  a  d i g i t a l   r e p r e -  
s e n t a t i o n   by  means  of  a n  a n a l o g - t o - d i g i t a l   c o n v e r t e r   or  encoder .   Four  such 

A/D  c o n v e r t e r s   3 ,  . 4 ,  _ 5   and   6  a r e   shown,  one  for  each  s e n s o r .   For  eng ine  

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

s u f f i c i e n t .   For  i n s t a n c e ,   if  the  engine  t e m p e r a t u r e   is  below  the  o p e r a -  
t i o n a l   v a l u e ,   the  output   is  a  log ic   "0".  S i m i l a r l y ,   upon  brake  a c t u a t i o n  

the  output   of  the  A/D  4  changes  from  "1"  to  "0".  As  w i l l   be  seen  l a t e r   in  

c o n j u n c t i o n   with  Figure   31,  a  logic   "0"  from  e i t h e r   A/D  3  or  4  i m m e d i a t e -  

ly  i n h i b i t s   the  a c t u a t i o n   of  a l l   the  s o l e n o i d   groups  1  to  4,  which  in  t u r n  

d i s a b l e   the  uncoup l ing   devices   20  a s s o c i a t e d   with  each  c y l i n d e r ,   and  the  

engine  r e t u r n s   to  normal  o p e r a t i o n .  

F i g u r e s   30  and  31  show  in  d e t a i l   the  c i r c u i t   of  the  con t ro l   l o g i c  

1..  The  c i r c u i t ,   1  has,  as  shown  in  F igure   30,  four  i n p u t s .   Two  i n p u t s  

d e s i g n a t e d   A0  and  A1 from  the  A/D  6 ,   and  two  i npu t s   d e s i g n a t e d   SO and  S1 

from  the  A/D  5  in  Figure   29.  In  o the r   words,  each  a c c e l e r a t o r   and  s p e e d o -  

meter  p o s i t i o n   is  d i g i t i z e d   by  the  r e s p e c t i v e   A/D  into  four  r e g i o n s  

r e p r e s e n t e d   by  two  b i t s   A0  and  A1  and  S0  and  S1.  For  i n s t a n c e ,   should  t h e  

a c c e l e r a t o r   remain  u n a c t i v a t e d   and  the  s p e e d o m e t e r  r e a d i n g   be  zero,   A0,  A1, 

S0  and  S1  would  each  be  a  log ic   "0".  On  the  o ther   hand,  should  the  a c c e l -  

e r a t o r   be  f u l l y   d e p r e s s e d ,   A0  and  A1  would  change  to  l og i c   "1".  The  f o u r  

p o s s i b i l i t i e s   for  A0/A1  and  S0/S1  a re ,   of  cou r se ,   00,  01,  10  and  11.  

The  four  v a r i a b l e s   A0,  A1,  S0  and  S1  are  p r o c e s s e d   on  the  f i r s t  

p o r t i o n   of  the  log ic   c i r c u i t   1  s h o w n   in  Figure  30  to  y i e ld   two  v a r i a b l e s  

10  and  1,  which  are  fed  to  the  second  p o r t i o n   by  the  log ic   c i r c u i t l ,  

shown  in  F igure   31.  The  c i r c u i t   of  Figure   30  comprises   i n v e r t e r s   101  t o  

104,  which  seem  to  develop  the  complement  (or  n e g a t i o n )   of  each  v a r i a b l e .  

A  s u i t a b l e   m u l t i p l e   i n v e r t e r   i n t e g r a t e d   c i r c u i t   is  Texas  I n s t r u m e n t s '   TTL 

logic   IC  SN74040  which  has  6  i n v e r t e r s ,   only  four  of  which  would  be  u s e d .  

The  c i r c u i t   in  Figure   30  f u r t h e r   comprises   NAND  gate  c i r c u i t s   105,  106  and 

107.  The  NAND  c i r c u i t s   105  and  107  are  3 - inpu t   p o s i t i v e   NKND  c i r c u i t s ,  



while   the  c i r c u i t   106  has  two  4 - i n p u t   p o s i t i v e   NAND  ga tes .   T I ' s   SN7410 

is  a  s u i t a b l e   c i r c u i t ,   being  a  t r i p l e   3 - i n p u t   gate  IC,  for  the  ga tes   105 

and  107,  whi le   for  ga tes   106,  SN7420  is  a  s u i t a b l e   dual  4 - i n p u t   IC.  The 

b a s i c   l o g i c a l   r e l a t i o n s h i p   between  the  v a r i a b l e s   A0,  A1,  S0  and  S1  and 

the  ou tpu t s   10  and  1  is  as  f o l l o w s :  

and 

Thus,  i t   fo l lows   tha t   for  a l l   v a r i a b l e s   at  logic   "0",   f o r  

i n s t a n c e   zero  speed  with  engine  i d l i n g ,   both  10  and  11  would  be  a  l og i c   "1" .  

Should  S0  and  S1  be  a  l og i c   "1",  ( i . e . ,   high  speed ) ,   but  the  a c c e l e r a t o r   be  

u n a c t i v a t e d   ( i . e . ,   v e h i c l e   c o a s t i n g   at  high  speed ) ,   10 would  be  a  l og ic   "0" 

and  11 a  l og i c   " 1 " .  

Turning  now  to  the  second  p o r t i o n   of  the  con t ro l   l og i c   1 ,  shown 

in  F igure   31,  the  two  ou tpu t s   10  11  are  a p p l i e d   t h e r e t o   as  sole   i n p u t s  

from  the  s econda ry   (lower  p r i o r i t y )   s e n s o r s .   In  a d d i t i o n ,   the  ou tpu t s   B 

and  T,  from  the  high  p r i o r i t y   sensors   for  brake   a c t u a t i o n   and  low  t e m p e r a -  

t u r e ,   are  a p p l i e d   d i r e c t l y   to  the  f i n a l   AND  ga tes   c o n t r o l l i n g   the  a c t i v a -  

t ion   of  the  r e s p e c t i v e   ou tpu t   dev ices   2  with  the  so l eno id   g roup ings   1  t o  

4.  As  ment ioned  b e f o r e ,   brake  a c t u a t i o n  o r   i n s u f f i c i e n t   t e m p e r a t u r e   would 

immedia te ly   cause  the  f i n a l   AND  ga tes   to  have  a  l og i c   "0"  at  t h e i r   o u t p u t s  

Z0  Z1  Z2  and  Z3.  Two  J-K  f l i p - f l o p   c i r c u i t s   201  and  202  serve  as  l a t c h e s  

to  remember  the  p r e v i o u s   s t a t u s   of  the  two  v a r i a b l e s   10  and  11  p r i o r   to  a 

change  t h e r e i n .   The  l o g i c   gate  symbols  shown  in  F igure   31  are  those   c o n -  

v e n t i o n a l l y   used  in  the  a r t ,   and  i t   is  b e l i e v e d   tha t   a  d e t a i l e d   i n d i v i d u a l  

d e s i g n a t i o n   of  each  such  gate  would  be  s u p e r f l u o u s .   Su f f i ce   it   to  g i v e  

the  b a s i c   l o g i c   f u n c t i o n s   performed  by  the  c i r c u i t   shown  in  F igu re   3 1 ,  

which  l u n c t i o n s   may  be  s i m p l i f i a b l e   and  imp lemen tab l e   by  o the r   ( p c s s i b l y  

more  e f f i c i e n t )   c i r c u i t s   o ther   than  tha t   shown  in  F igure   31.  These  f u n c -  

t i o n s ,   r e l a t i n g   the  s o l e n o i d   d r i v e r s '   ou tpu t s   Z0,  Z1,  Z2  and  Z3  to  t h e  

v a r i a b l e s   10  and 11  and  u l t i m a t e l y   to  A0,  A1,  S0  and  S1,  a r e :  

The  v a r i a b l e s   Q1  and  Q2  in  the  above  f u n c t i o n s   are  i n t e r n a l l y  

developed  w i t h i n   the  c i r c u i t   of  F igure   31  and  a re ,   of  course ,   dependent   on 

the  p r e v i o u s   h i s t o r y   of  the  engine  and  speed.   Indeed ,   Q1  and  Q2  and  t h e i r  

complements  Q1  and  Q2  are  ou tpu t s   of  the  f l i p - f l o p s   201  and  202.  The 



i n c l u s i o n   of  the  v a r i a b l e s   B and  T  in  the  above  log ic   f u n c t i o n s   e x p r e s s e s  
the  o v e r r i d e   c a p a b i l i t y   of  these  two  i n p u t s ;   both  must  be  l o g i c   "1"  f o r  
the  a c t i v a t i o n   of  any  cutout   device  to  be  p o s s i b l e .   (Note  t ha t   the  B  b i t  
is  only  l og i c   "0"  is  the  brake  is  a c t u a t e d   while  the  car  is  m o v i n g ) .  

The  meaning  of  the  above  log ic   f u n c t i o n s   in  terms  of  o p e r a t i o n a l  
c h a r a c t e r i s t i c s   is  summarised  in  the  fo l lowing   t a b l e .   The  t a b l e   gives  the  

c o r r e s p o n d i n g   number  of  groups  or  pa i r s   of  c y l i n d e r s   cut  o u t ,   given  a 
c e r t a i n   combina t ion   of  a c c e l e r a t o r   p o s i t i o n   and  speedomete r   i n d i c a t i o n .  

Since  the  p r e s e n t   c o n t r o l   logic   p rov ides   the  random  m i t i a t r o n   of  the  f l i p -  

f lops  201  and  202  ( F i g u r e  3 1 )   each  time  the  engine  is  s t a r t e d   anew,  t he  

groups  of  c y l i n d e r s   cut  out  are  also  random.  This ,   as  is  o b v i o u s ,   p r o v i d e s  
for  even  d i s t r i b u t i o n   of  the  c y l i n d e r s   cut  out  over  longer   p e r i o d s   of  t i n e ,  
such  tha t   normal  wear  is  evenly  d i s t r i b u t e d   over  a l l   the  c y l i n d e r s .  

As  an  example,   the  t ab le   shows  that   w i t h  t h e   spread   between  0-10 

kmph  and  the  a c c e l e r a t o r   d i sp l acemen t   between  0.6  cm  (assuming  a 

t o t a l   d i s p l a c e m e n t   of  7.3  cm),  three   groups  of  c y l i n d e r s   are  cut  o u t ,  

s ince  the  car  is  i d l i n g .   For  an  e igh t   c y l i n d e r   eng ine ,   t h i s   means  that  s i x  

c y l i n d e r s   are  cut  out.  For  a  four  c y l i n d e r   engine ,   i t   would  means  t h a t  

three  c y l i n d e r s   are  cut  out.  Of  course ,   such  t ab le   is  not  the  o n l y  

p o s s i b l e   a r r a n g e m e n t .   I ts   bas ic   purpose  is  to  take  account   of  the  t o r q u e  

r e q u i r e m e n t s   placed  on  the  engine ,   and  as  such  is  dependent   on  the  cho i ce  

of  the  d e s i g n e r   w i th in   l i m i t s .   For  i n s t a n c e ,   one  may  always  choose  to  

ope ra t e   more  c y l i n d e r s   than  is  minimal ly   r e q u i r e d .   It  is  a l so   u n d e r s t o o d  

that   o ther   p a r a m e t e r s   may  be  sensed,   e . g . ,   vacuum,  t a c h o m e t e r s   w i t h  



t r a n s m i s s i o n ,   fue l   f low,  o i l   p r e s s u r e   and  c h o k e .  

The  r e t e n t i v e   c o n t r o l   means,  or  "bra in ." ,   of  the  engine  c y l i n d e r  
cu tou t   system  of  t h i s   i n v e n t i o n   as  d e s c r i b e d   above,  c o n s i s t s   of  two  p a r t s .  
The  ro le   of  the  f i r s t   pa r t   is  to  d e t e r m i n e   the  c o r r e c t   number  of  c y l i n d e r s  
to  be  used  in  r e sponse   to  s enso r   o u t p u t . .  

On  a  normal  8 - c y l i n d e r   c a r  t r a v e l i n g   on  a  l e v e l   road,  at  c o n s t a n t  

speed,   the  system  a u t o m a t i c a l l y   d e t e r m i n e s   the  d r i v e r   ( i . e . ,   t h r o t t l e )   c o n -  
t r o l l e d   input   as  to  power  demand.  It  next  compares  the  normal  load,   i . e . ,  

expec ted   speed ,   at  engine  ou tpu t   with  the  a c t u a l   load,   along  with  p o t e n t i a l  

speed  v a r i a t i o n s   caused  by  a d d i t i o n a l   we igh t ,   drag,   o ther   f o r c e s ,   and  s p e e d .  

It  then  de te rmines   the  c o r r e c t   s t a t e   o f  o p e r a t i o n   for  the  system,  d i s e n g a g -  

ing  c y l i n d e r s   as  r e q u i r e d .   In  one  example,   the  8  c y l i n d e r s   are  a u t o m a t i -  

c a l l y   cut  to  4  at  90  kmph  with  a  f u l l y - l o a d e d   car ,   f l a t   road,  i d e a l  

weather   c o n d i t i o n s ,   and  minimal   drag  f o r c e s .   As  the  car  climbs  a  h i l l ,   t h e  

speed  v a r i e s   ( i . e . ,   dS),  and  the  r a t e   of  dS/dt   d e t e r m i n e s   the  a d d i t i o n a l  

load  on  the  engine .   The  b r a i n   deduces  from  dS/dt   what  an  adequate   e n g i n e  

r e sponse   would  be  needed  to  m a i n t a i n   speed,   if  any  change  is  needed  at  a l l  

( s l i g h t   h i l l s   i nvo lve   a lmost   no  speed  f l u c t u a t i o n ) .   The  engine  then  r e s -  

ponds  to  the  s i g n a l s   from  the  " b r a i n "   and  m o d i f i e s   the  output   a c c o r d i n g l y .  

I t s   r e sponses   are  s i m p l i f i e d   in  the  f o l l o w i n g   c h a r t :  

SENSOR  INPUT  VS.  OUTPUT  RESPONSE 



The  degree  of  i esponse   is  dependent   on  the  degree  of  the  sensed  load  v a r i a -  

t ion .   This  char t   is  s i m p l i f i e d ,   as  a l l   v e h i c l e s   have  unique  and  c h a r a c -  

t e r i s t i c   p a r a m e t e r s ,   which  vary  accord ing   to  s p e e d .  

Both  s i g n a l s   are  analog  based,   with  v o l t a g e   v a r i a t i o n s   be tween  

minimum  (0)  and  maximum  (1)  i n i t i a t i n g   coded  d i g i t a l   s i g n a l s   d e s c r i b i n g   t h e  

zero  t h r o t t l e   (0)  and  maximum  t h r o t t l e   (1)  s e t t i n g s   through  a n a l o g / d i g i t a l  

c o n v e r t e r s .   The  two  s i g n a l s   are  then  compared  with  r e f e r e n c e   l e v e l s ,   i . e . ,  

a  d e p r e s s i o n   of  0.25  normal ly   produces  a  speed  of  30  kmph  , i n i t i a t i n g   a 

normal  r e sponse   of  s h i f t i n g   to  4  c y l i n d e r s .   Should  a  speed  of  40  kmph  be 

i n d i c a t e d ,   then  the  r esponse   would  be  a  s h i f t i n g   to  2  c y l i n d e r s .   Should  a 

speed  of  20 kmph  be  r e c o r d e d ,   the  response   would  i nvo lve   s h i f t i n g   to  6 

c y l i n d e r s .   There  i s ,   a f t e r   every  swi tch ,   a  s l i g h t   delay  be fo re   any  f u r t h e r  

s w i t c h i n g   occurs ,   with  the  e x c e p t i o n   of  the  t h r o t t l e   o v e r r i d e   r e s p o n s e  

which  cuts  a l l   c y l i n d e r s   in  for  emerging  power  s i t u a t i o n s .  

Once  the  c o r r e c t   number  of  c y l i n d e r s   is  chosen,   then  the  f i r i n g  

p a t t e r n   is  chosen  to  allow  for  (1)  minimal  harmonic   r e sonance   (in  the  e n g i n e  

i t   s u p p o r t s ) ;   (2)  p rovide   for  random  s e l e c t i o n   of  c u t - i n   and  c u t - o u t  

c y l i n d e r   in  u s e .  

As  an  a d d i t i o n a l   v a r i a n t ,   it  is  p o s s i b l e   to  p rovide   a  manual  e l e c t r i c a l   c o n t r o l  

for  the  i n i t i a l   o p e r a t i o n   of  the  engine  in  order  to  cut  out  the  intake  of  f u e l  

and  to  r e l i e v e   compression  in  s e l e c t e d   c y l i n d e r s   to  f a c i l i t a t e   s t a r t   up.  Once 

the  engine  is  s t a r t e d ,   the  manual  e l e c t r i c a l   c u t - o u t   is  overrun  and  the  r e t e n t i v e  

c o n t r o l   means  r e spons ive   to  the  s t a t u s   of  a  s e l e c t e d   v e h i c l e   ope ra t ing   p a r a m e t e r  

( i . e .   t empe ra tu r e )   becomes  d o m i n a n t .  



1.  An  engine  c y l i n d e r   cu tou t   system  i n c l u d i n g   (a)  a  p l u r a l i t y   of  

u n c o u p l i n g   dev ices   (20)  for  s e l e c t i v e l y   coup l ing   or  uncoup l ing   a s s o c i a t e d  

valve  o p e r a t o r s   (14)  from  r e s p e c t i v e   d r iven   members  (23),   said  c u t o u t  

dev ices   (20)  being  s e l e c t i v e l y   o p e r a b l e   for  normal  o p e r a t i o n   e n a b l i n g  

the  normal  cycle   of  o p e r a t i o n   of  the  va lve   o p e r a t o r s   (14)  and  for  c u t o u t  

o p e r a t i o n   i n t e r r u p t i n g   said  normal  cycle   in  any  phase  of  i t s   o p e r a t i o n ,  

the  p l u r a l i t y   of  cu tou t   dev ices   (20)  being  equal   in  number  to  the  number 

of  c y l i n d e r s   or  va lves   in  the  eng ine ;   and  (b)  s h i f t i n g   mechanism  (37,  47) 

for  s e l e c t i v e l y   o p e r a t i n g   said  cu tou t   dev i ces   (20)  to  p r o v i d e   v a r i a t i o n   of  

v a l v e   o p e r a t i o n   from  normal  c y c l e s ,   a l l owing   the  va lves   to  be  o p e n e d  o r  

c losed   as  r e q u i r e d ,   and  cu tout   o p e r a t i o n ,   uncoup l ing   s e l e c t i v e   one  or  ones 

of  the  valve  o p e r a t o r s   (14)  so  tha t   s e l e c t e d   exhaust   va lves   can  be  m a i n -  

t a ined   open  in  a  c o n t r o l l e d   manner  while   a s s o c i a t e d   s e l e c t e d   i n t a k e   v a l v e s  

can  be  m a i n t a i n e d   c losed ;   c h a r a c t e r i z e d   in  the  p r o v i s i o n   of  (c)  r e t e n t i v e  

c o n t r o l   means  (39,  49)  r e s p o n s i v e   to  the  s t a t u s   of  v e h i c l e   o p e r a t i n g   p a r a -  

meters   for  randomly  i n i t i a t i n g   o p e r a t i o n   of  s h i f t i n g   mechanism  (37,  47) 

a s s o c i a t e d   with  each  said  uncoup l ing   dev ice   for  random  i n i t i a l   a c t i v a t i o n  

t h e r e o f ;   the reby   s e l e c t i v e l y   c u t t i n g   out  one  or  more  c y l i n d e r s   in  s a i d  

engine  a  s u b s t a n t i a l l y   even  average   amount  of  time,  so  t ha t   engine   wear  i s  

b a l a n c e d .  

2.  The  engine  c y l i n d e r   cu tou t   system  of  claim  1  c h a r a c t e r i z e d   i n  

tha t   sa id   uncoup l ing   device   is  s p e c i a l l y   c o n s t r u c t e d   for  s e l e c t i v e l y   coup-  

l ing  or  uncoup l ing   a  r e c i p r o c a t i n g   pushrod  member  from  a  d r iven   member, 

and  for  ho ld ing   such  dr iven   member  at  a  c o n t r o l l e d   p o s i t i o n   with  r e s p e c t  

to  said  pushrod  member  whi le   sa id   pushrod  member  motion  i t s e l f   is  u n i n t e r -  

r u p t e d ,   with  sa id   dr iven  member  having  a  r e t u r n   s t r o k e   d r i v i n g   means,  s a i d  

uncoup l ing   device   compr i s ing :   (a)  a  suppor t   means  d i sposed   between  a  

s e l e c t e d   pushrod  member  and  a  s e l e c t e d   d r iven   member;  (b)  a  v a r i a b l e  

length   member  connec ted   to  sa id   suppo r t   means  and  r e l a t i v e l y   movable  w i t h  

r e s p e c t   t he reon ;   (c)  coupl ing   means  on  sa id   v a r i a b l e   l eng th   me::.ber  f o r  

engaging  said  s e l e c t e d   pushrod  member;  (d)  means  for  s e l e c t i v e l y   o p e r a -  

t ing  or  d e a c t i v a t i n g   said  coup l i ng   means,  whereby  said  v a r i a b l e   l e n g t h  

member  may  be  s e l e c t i v e l y   d r iven   by  said  pushrod  member  when  coupled  t h e r e -  

to  or,  when  uncoupled ,   not  d r iven   by  said  pushrod  member  t h roughou t   i t s  

normal  cycle  while   the  motion  of  said  pushrod  is  unimpeded  with  r e s p e c t  
to  said  v a r i a b l e   length   member;  (e)  l e n g t h - v a r y i n g   means  movably  a t t a c h e d  

to  said  v a r i a b l e   length   member  for  p e r m i t t i n g   r e l a t i v e   motion  b e t w e e n  

f i r s t   and  second  l imi t   p o s i t i o n s ,  



said  v a r i a b l e   l eng th   member  being  at  minimum  and  maximum  l e n g t h s ,   r e s p e c -  

t i v e l y ,   when  said  l e n g t h - v a r y i n g   means  is  d i sposed   at  i t s   f i r s t   and  second  

l im i t   p o s i t i o n s ,   r e s p e c t i v e l y ,   said  l e n g t h - v a r y i n g   means  being  d r i v i n g l y  
connected  to  said  d r iven   member;  and  (f)  e x t e n s i o n - a c t u a t i n g   means  f o r  

s e l e c t i v e l y   e x t e n d i n g   said  l e n g t h - v a r y i n g   means  to  i t s   second  l imi t   p o s i -  

t ion  r e l a t i v e   to  sa id   v a r i a b l e   length   member  and  for  ho ld ing   said  l e n g t h -  

vary ing   member  at  said  p o s i t i o n .  

3.  The  engine  c y l i n d e r   cu tout   system  of  claim  1  c h a r a c t e r i z e d   i n  

that   said  uncoup l ing   device   for  c o n t r o l l i n g   the  valve  for  sa id   i n t e r n a l  

combustion  engine  compr i se s :   (1)  a  c a s ing ;   (2)  a  composi te   o p e r a t i n g  

mechanism  compr i s ing   an  inner   pushrod  and  ou te r   t appe t   rod  t e l e s c o p i c a l l y  

assembled  t o g e t h e r   and  s l i d a b l y   mounted  w i t h i n   sa id   c a s i n g ;   and  (3)  c o n -  

t r o l l e d   means  a c t u a t a b l e   for  a u t o m a t i c a l l y   (i)  p e r m i t t i n g   sa id   inner  p u s h -  

rod  to  s l i d e   with  r e s p e c t   to  said  outer   t appe t   rod  so  tha t   sa id   o u t e r  

tappet   rod  is  immovable  with  r e spec t   to  said  c a s i n g ,   and  ( i i )   locking  s a i d  

inner   pushrod  to  said  ou te r   t appet   rod,  the reby   to  cause  said  inner   p u s h -  

rod  to  move  sa id   ou te r   t appe t   rod  s l i d a b l y   with  r e s p e c t   to  said  c a s i n g .  

4.  The  device   of  claim  3  c h a r a c t e r i z e d   in  tha t   said  means  (3)  com- 

p r i s e s :   (a)  a  f i r s t   s e m i - t o r o i d a l   groove  in  the  inner   pushrod;   (b)  a 

p l u r a l i t y   of  d i s c r e t e   s l i t s   around  the  c i r c u m f e r e n c e   of  the  outer   t a p p e t  

rod;  (c)  a  p l u r a l i t y   of  b a l l s   d i sposed   w i t h i n   sa id   d i s c r e t e   s l i t s ;   (d)  a 

s l i d a b l e   member  w i t h i n   said  cas ing ,   said  s l i d a b l e   member  i n c l u d i n g   a  s econd  

s e m i - t o r o i d a l   groove  on  the  inner   face  t h e r e o f ;   and  (e)  means  for  moving 

said  s l i d a b l e   member  (d)  between  (i)  a  f i r s t   p o s i t i o n ,   where  said  s e c o n d  

groove  is  a l i gned   with  sa id   f i r s t   groove,   the reby   to  permi t   sa id   i n n e r  

pushrod  to  s l i d e   with  r e s p e c t   to  said  outer   t appe t   rod;  and  ( i i )   a  s e c o n d  

p o s i t i o n ,   where  sa id   second  groove  is  not  a l igned   with  said  f i r s t   g r o o v e ,  

thereby  to  lock  sa id   inner   pushrod  with  r e s p e c t   to  sa id   ou te r   t appet   r o d .  

5.  The  device   of  claim  3  c h a r a c t e r i z e d   in  tha t   said  means  (3)  

compr ises :   (d)  a  p l u r a l i t y   of  b a l l s   d i sposed   w i th in   sa id   d i s c r e t e   e n c i r -  

c l ing   s l i t s ;   and  (e)  means  for  moving  said  s l i d a b l e   member  between  (i)  a 

f i r s t   p o s i t i o n   where  said  second  groove  is  a l i gned   with  said  f i r s t   g r o o v e ,  

( i i )   a  second  p o s i t i o n   where  said  second  groove  is  not  a l i g n e d   with  s a i d  

outer   hollow  c y l i n d r i c a l   s l i d a b l e   member  with  the  f i r s t   groove  thereon  i n  

i t s   upper  p o s i t i o n ,   and  ( i i i )   a  th i rd   p o s i t i o n   where  said  s e c o n d  g r o o v e   i s  

not  a l igned  with  said  f i r s t   groove  when  said  ou te r   hollow  c y l i n d r i c a l  

s l i d a b l e   member  with  the  f i r s t   groove  thereon  is  in  i t s   lower  p o s i t i o n .  

6.  The  device   of  claim  3  c h a r a c t e r i z e d   in  tha t   sa id   means  (3) 



c o m p r i s e s :   (d)  a  p l u r a l i t y   of  b a l l s   d i sposed   w i t h i n   sa id   d i s c r e t e   e n c i r -  

c l i ng   s l i t s ;   and  (e)  means  for  moving  said  s l i d a b l e   member  between  (i)  a 
f i r s t   p o s i t i o n   where  sa id   second  groove  is  a l igned   with  sa id   f i r s t   g r o o v e ,  
( i i )   a  second  p o s i t i o n   where  said  second  groove  is  not  a l i g n e d   with  s a i d  

ou t e r   ho l low  c y l i n d r i c a l   s l i d a b l e   member  with  the  f i r s t   groove  thereon  i n  

i t s   upper  p o s i t i o n ,   and  ( i i i )   a  t h i r d   p o s i t i o n   where  sa id   second  groove  i s  

not  a l i g n e d   with  sa id   f i r s t   groove  when  said  outer   hol low  c y l i n d r i c a l   s l i d -  

able  member  with  the  f i r s t   groove  thereon   is  in  i t s   lower  p o s i t i o n .  

7.  T h e  d e v i c e   of  claim  3  c h a r a c t e r i z e d   in  tha t   sa id   means  (3)  com- 

p r i s e s :   (e)  means  (i)  for  urging  said  s l i d a b l e   member  downwardly  t o  

r e q u i r e d   sa id   ou te r   t appe t   rod  to  move  in  unison  with  sa id   i n n e r   p u s h r o d  

with   r e s p e c t   to  sa id   c a s i n g ,   and  ( i i )   for  urging  said  s l i d a b l e   member 

upwardly  to  pe rmi t   said  inner   pushrod  to  s l i d e   with  r e s p e c t   to  sa id   o u t e r  

t a p p e t   r o d .  

8.  The  dev ice   of  claim  3  c h a r a c t e r i z e d   in  tha t   sa id   means  (3)  com- 

p r i s e s :   (e)  means  (i)  for  u rg ing   said  s l i d a b l e   member  downwardly  to  r e q u i r e  

sa id   o u t e r   t a p p e t   rod  to  move  in  unison  with  said  i nne r   pushrod   with  r e s -  

pect   to  sa id   c a s i n g ,   and  ( i i )   for  urging  said  s l i d a b l e   member  upwardly  t o  

pe rmi t   sa id   inner   pushrod  to  s l i d e   with  r e spec t   to  sa id   o u t e r   t a p p e t   r o d .  

9.  The  dev ice   of  claim  3  c h a r a c t e r i z e d   in  t ha t   sa id   means  (3) 

compr i ses   a  lower  chamber  in  sa id   cas ing   between  sa id   pushrod   and  s a i d  

t a p p e t   rod  and  a  means  for  f i l l i n g   said  chamber  with  a  p r e s s u r e   f l u i d   so 

t h a t ,   (i)  when  sa id   chamber  is  f i l l e d   with  f l u i d ,   r e c i p r o c a t i o n   o f ' s a i d  

pushrod  p r o v i d e s   c o r r e s p o n d i n g   r e c i p r o c a t i o n   of  sa id   t a p p e t   rod;   and  ( i i )  

when  sa id   chamber  is  empty  of  f l u i d ,   r e c i p r o c a t i o n   of  sa id   pushrod  does  n o t  

p r o v i d e   c o r r e s p o n d i n g   r e c i p r o c a t i o n   of  said  t appe t   r o d .  

10.  The  engine   c y l i n d e r   cu tou t   system  of  claim  1  c h a r a c t e r i z e d   i n  

t ha t   sa id   u n c o u p l i n g   dev ice   for   c o n t r o l l i n g   the  va lve   for  sa id   i n t e r n a l  

combus t ion   engine   compr i se s :   (1)  a  mounting  bush ing ;   (2)  an  inner   and  an 

ou te r   c o a x i a l l y   assembled  t a p p e t   rod  assembly  s l i d a b l y   mounted  w i th in   s a i d  

mount ing  b u s h i n g ;   and  (3)  t a p p e t   rod  l ength   a d j u s t i n g   means  o p e r a t i v e l y  

a s s o c i a t e d   with  sa id   t appe t   rod  assembly  and  a c t u a t a b l e   to  change  t h e  

t a p p e t   rod  l eng th   between  a  f i r s t   p r e s e l e c t e d   long  l e n g t h   and  a  s e c o n d  

p r e s e l e c t e d   sho r t   l e n g t h .  

11.  The  engine  c y l i n d e r   cu tou t   system  of  claim  1  c h a r a c t e r i z e d   i n  

t h a t   sa id   s h i f t i n g   mechanism  comprises   s o l e n o i d   c o n t r o l   mechanism  c o m p r i s -  

ing:   (a)  a  b l o c k ;   (b)  a  c e n t r a l   l o n g i t u d i n a l   c o n t r o l   wel l   t h e r e i n ;   (c)  a 

f i r s t   and a   second  t r a n s v e r s e ,   f l u i d   conduc t ing   va lved   bores   t h e r e i n   each 



being  p rovided   with  a  f l u i d - f l o w   c o n d u i t ;   (d)  a  c e n t r a l ,   t r a n s v e r s e   f l u i d  

conduc t ing   bore  t h e r e i n ,   p rovided  w i t h  o p e n   condu i t   connec t ions   to  s a i d  

t r a n s v e r s e   valved  bores  and  valved  condu i t   c o n n e c t i o n s   to  said  v a l v e d  

b o r e s ,   and  connec t i ng   to  a  main  supply  c o n d u i t ;   and  (e)  a c t u a t e d   c o n t r o l  

means  d i sposed   in  said  c o n t r o l   well  for  (i)  p r o v i d i n g   f lu id   c o n n e c t i o n  

between  said  f i r s t   va lved  condu i t ,   said  open  c o n d u i t   c o n n e c t i o n ,   sa id   c e n -  

t r a l   bore  and  said  main  supply  condui t   whi le   b l o c k i n g   off  f l u id   c o n n e c t i o n  

between  said  open  condu i t   connec t ion   and  said  second  valved  c o n d u i t ;   ( i i )  

p r o v i d i n g   f l u id   c o n n e c t i o n   between  sa id   second  va lved   condu i t ,   said  open 
condu i t   c o n n e c t i o n ,   said  c e n t r a l   bore  and  said  main  supply  condui t   w h i l e  

b l o c k i n g   off  f l u id   c o n n e c t i o n   between  sa id   open  condu i t   connec t ion   and  s a i d  

f i r s t   valved  condu i t ;   and  ( i i i )   p r o v i d i n g   f l u i d   connec t ion   between  s a i d  

f i r s t   valved  c o n d u i t ,   said  open  condui t   c o n n e c t i o n ,   said  c e n t r a l   bore  and 

said  main  supply  condui t   while  b lock ing   off  f l u i d   connec t ion   between  s a i d  

open  condui t   c o n n e c t i o n   and  said  second  va lved   condu i t   and  p rov id ing   f l u i d  

connec t i on   between  said  second  valved  c o n d u i t ,   sa id   open  condui t   c o n n e c -  

t i o n ,   said  c e n t r a l   bore  and  said  main  supply  condu i t   w h i l e  b l o c k i n g   o f f  

f l u i d   connec t ion   between  said  open  condu i t   c o n n e c t i o n   and  said  f i r s t  

va lved   c o n d u i t .  

12.  The  engine  c y l i n d e r   cu tout   system  of  claim  1  c h a r a c t e r i z e d   i n  

tha t   said  s h i f t i n g   mechanism  compr i ses :   (a)  an  open  t ubu l a r   cas ing ;   (b)  a  

c o n t r o l   body  s l i d a b l y   d i sposed   wi th in   sa id   t u b u l a r   ca s ing ,   said  c o n t r o l  

body  i n c l u d i n g   a  head  p o r t i o n ,   adapted  to  abut  wi th   a  rim  in  said  t u b u l a r  

c a s i n g ,   thereby  to  l i m i t   movement  of  said  c o n t r o l   body  in  one  d i r e c t i o n ;  

(c)  a  l e s s e r   d iamete r   t u b u l a r   rod  connec ted   between  said  c o n t r o l   body  and 

a  second  c ap t i ve   s l i d a b l e   plug  fu l ly   d i sposed   w i t h i n   said  t u b u l a r   c a s i n g ;  

and  (d)  two  pa i r s   of  po r t s   adapted  to  lead  h y d r a u l i c   f l u id   into  and  out  o f  

the  i n t e r i o r   of  said  t u b u l a r   c a s i n g .  

13.  The  engine  c y l i n d e r   cu tout   system  o f  c l a i m   1  c h a r a c t e r i z e d   i n  

tha t   said  r e t en t - ive   c o n t r o l   means  i n c l u d e s   memory  means  o p e r a t i v e l y   a s s o -  

c i a t e d   with  said  r e t e n t i v e   con t ro l   means  and  s e r v i n g   to  assure   a  s u b s t a n -  

t i a l l y   even  cutout   of  a l l   the  c y l i n d e r s   of  the  engine   during  d i f f e r e n t  

sequences   of  o p e r a t i o n   so  that  engine  wear  is  b a l a n c e d .  

14.  The  engine  c y l i n d e r   cutout   system  of  claim  1  c h a r a c t e r i z e d   i n  

that   said  r e t e n t i v e   c o n t r o l   means  is  p rov ided   with  means  for  r e t a i n i n g   t h e  

s t a t u s   of  the  immedia te ly   p receding   change  of  o p e r a t i n g   p a r a m e t e r s .  



15.  The  engine  c y l i n d e r   c u t - o u t   system  of  claim  1  c h a r a c t e r i z e d   by 

i n c l u d i n g   i n i t i a l   manual  c o n t r o l   means  for  c u t t i n g   out  the  i n t ake   of  fuel   and 

to  r e l i e v e   compress ion   in  s e l e c t e d   c y l i n d e r s   to  f a c i l i t a t e   s t a r t - u p ,   and  means ,  

o p e r a t i v e   when  the  engine  is  r unn ing ,   to  overrun  said  manual  c o n t r o l   means,  

the reby   r e n d e r i n g   the  r e t e n t i v e   c o n t r o l   means  (39,  49)  r e s p o n s i v e   to  a  s e l e c t e d  

v e h i c l e   o p e r a t i n g   pa ramete r   d o m i n a n t .  
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