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ACTORUM  AG 

An  electromagnetically  actuated  fuel  injection  pump  has  a 
primary  plunger  (12)  operated  by  a  solenoid  (10),  and  a  boost- 
er  plunger  (14)  actuated  by  fuel  pressure  to  supplement  the 
force  of  the  solenoid  (10)  and  thereby  permit  the  use  of  a 
smaller  solenoid. 



This  i n v e n t i o n   r e l a t e s   to  fuel   i n j e c t i o n   pumps. 
In  a  known  fue l   i n j e c t i o n   pump  for  a  spark  i g n i t i o n   t y p e  

engine,   each  engine  c y l i n d e r   is  provided  with  a  s epa ra te   f u e l  

i n j e c t i o n   pump  of  the  p lunger   type  a c t u a t e d   by  a  s o l e n o i d  

sur rounding   the  p lunger .   In  each  case ,   the  output   r e q u i r e d   of  t h e  

i n j e c t o r   is  r e l a t i v e l y   small .   The re fo re ,   the  size  of  the  p l u n g e r  

and  c o r r e s p o n d i n g l y   the  size  of  the  so leno id   to  dr ive   i t   a lso  i s  

small  s ince  the  p r e s s u r e s   r e q u i r e d   for  i n j e c t i o n   are  at  a  r e l a t i v e l y  

low  leve l   as  compared  to  that   for  a  d i e s e l   engine  a p p l i c a t i o n .   F o r  

exampl,  fuel   i n j e c t i o n   p r e s s u r e s   of  app rox ima te ly   750  psi  would  be 

s u i t a b l e   for  a  spark  i g n i t i o n   type  fue l   i n j e c t i o n   system,  w h e r e a s  

for  d i e s e l   engine  a p p l i c a t i o n ,   an  i n j e c t i o n   p r e s su re   of  2000  psi  i s  

more  common.  To  a t t a i n   the  h igher   p re s su re   l eve l   with  the  use  o f  

an  e l e c t r o m a g n e t i c a l l y   c o n t r o l l e d   p lunger   type  pump  g e n e r a l l y  

r e q u i r e s   a  very  large  so l eno id .   The  i n c r e a s e   in  size  of  the  s o l e -  

noid,   however,  not  only  can  r e s u l t   in  an  i n c r e a s e d   cos t ,   but  also  a 

slower  response  time  for  a c t u a t i o n   of  the  p l u n g e r .  

According  to  the  p resen t   i n v e n t i o n ,   there  is  provided  a  

fuel   i n j e c t i o n   pump  compr i s ing   a  primary  plunger   ,  and  a  

so leno id   for   d r iv ing   the  primary  p lunger   through  a  f u e l  

pumping  s t r o k e ,   c h a r a c t e r i s e d   by  a  b o o s t e r   p lunger   in  s e r i e s  

with  the  primary  p lunger   and  a r ranged   for   a c t u a t i o n  

s i m u l t a n e o u s l y   with  the  e n e r g i z a t i o n   of  the  so lenoid   whereby 

the  b o o s t e r   plunger   moves  c o n c u r r e n t l y   with  the  p r i m a r y  

plunger   to  supplement  the  d r iv ing   force   of  the  p r i m a r y  

plunger   .  
The  i n c l u s i o n   of  a  boos t e r   p lunger   in  s e r i e s   with  t h e  

so leno id   a c t u a t e d   fuel   pumping  p lunger   can  provide  the  h igher   f u e l  

p r e s s u r e s   necessa ry   for  d i e s e l   engines   while  p e r m i t t i n g   r e d u c t i o n  

in  size  and,  t h e r e f o r e ,   force  of  the  main  a c t u a t i n g   so l eno id   t o  

tha t   comparable  to  one  tha t   would  be  used  in  connec t ion   with  s p a r k  

i g n i t i o n   type  engines .   The  b o o s t e r   p lunger   is  p r e f e r a b l y   a r r a n g e d  

for  a c t u a t i o n   by  f l u i d   p r e s s u r e ,   e s p e c i a l l y   by  fuel   p r e s s u r e .  



A  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   wi l l   now  be 

d e s c r i b e d ,   by  way  of  example  only,  with  r e f e r e n c e   to  t h e  

accompanying  drawings,   in  w h i c h : -  

Figure   1  is  a  c r o s s - s e c t i o n a l   view  of  a  fuel   i n j e c t i o n  

pump  unit   embodying  the  i n v e n t i o n ;   and 

Figure  2  is  an  en la rged   view  of  a  d e t a i l   of  F igure   1 .  

The  fuel  i n j e c t i o n   pump  shown  in  Figure  1  c o n s i s t s  

e s s e n t i a l l y   of  three  p a r t s ,   namely,  a  main  so lenoid   10  for  d r i v i n g  

a  primary  plunger   12,  a  b o o s t e r   p lunger   14,  and  a  so lenoid   a c t u a t e d  

fue l   d i s t i b u t o r   uni t   16.  The  three  above-named  un i t s   are  a r r a n g e d  
in  a  compact  manner  w i t h i n   a  housing  c o n s i s t i n g   e s s e n t i a l l y   o f  

upper  and  lower  pa r t s   18  and  20.  Secured  w i th in   upper  h o u s i n g  

p o r t i o n   18  is  a  main  pump  casing  22  having  a  s tepped  d iamete r   b o r e  

24.  The  sma l l e s t   d iamete r   p o r t i o n   of  the  bore  c o n s t i t u t e s   a  f u e l  

i n l e t   passage  26  to  a  l a r g e r   bore  p o r t i o n   27  wi th in   which  is  a  
s leeve  28  l o c a t e d   by  a  stop  nut  30.  R e c i p r o c a b l y   s l i d e a b l e   w i t h i n  

s leeve  28  is  the  pumping  plunger   12  having  a  stem  34.  The  l a t t e r  

is  t h r e a d a b l y   engaged  with  a  la rge   annu la r   armature  36  of  the  main 

so l eno id   10.  The  l a t t e r   i nc ludes   a  s t a t i o n a r y   annula r   core  40  t h a t  

is  screwed  to  the  main  pump  cas ing  22  as  shown.  The  core  40 

sur rounds   the  primary  p lunger   12  and  is  spaced  r a d i a l l y   t h e r e f r o m ,  

with  s u i t a b l e   co i l s   42  being  wound  around  the  core  as  shown.  The 

armature  36  is  b i a sed   by  a  spring  44  away  from  core  40  to  p r o v i d e  

the  c o n v e n t i o n a l   gap  46  between  the  two.  

The  upper  par t   18  of  the  housing  con t a in s   the  b o o s t e r  

plunger   14  that   is  r e c i p r o c a b l e   and  s l i d e a b l e   w i t h i n   a  s t a t i o n a r y  

s leeve  48.  The  l a t t e r   is  l o c a t e d   aga ins t   a  shoulder   of  the  h o u s i n g  

by  a  stop  nut  50.  The  stem  34  of  p lunger   12  is  ex tended ,   as  shown, 

and  is  in  engagement  with  one  end  of  the  b o o s t e r   p lunger   14,  t h e  

oppos i t e   end  of  which  is  under  the  i n f l u e n c e   of  fuel   p r e s s u r e  

admitted  to  a  chamber  52  in  the  upper  par t   of  the  housing.   The  f u e l  

p r e s su re   in  th is   chamber  is  the  same  supply  fuel   p r e s su re   as  tha t   i n  

i n l e t   passage  26  l o c a t e d   on  the  oppos i t e   side  of  plunger  12.  A l s o  

l oca t ed   in  the  chamber  52  is  a  p o s i t i o n   sensor   54,  such  as  a  

p rox imi ty   sensor ,   connected  by  wi r ing   56  e l e c t r i c a l l y   to  a 



m i c r o p r o c e s s o r   or  s i m i l a r   dev ice ,   not  shown.  The  s e n s o r  

e s t a b l i s h e s   a  feedback  s igna l   i n d i c a t i v e   of  the  p o s i t i o n   of  t h e  

b o o s t e r   p lunger   14  for  comparison  with  a  d e s i r e d   p o s i t i o n   s i g n a l  

determined  in  accordance  with  a  p r ede t e rmined   schedule   of  o p e r a t i o n  

of  the  e n g i n e .  

The  solenoid  ac tua t ed   fuel   d i s t r i b u t o r   unit   16  c o n t a i n e d  

in  the  lower  p o r t i o n   20  of  the  housing  c o n s i s t s   in  general   of  a n  

i n l e t   check  valve  60,  and  a  number  of  small  so l eno ids   62  e a c h  

c o n t r o l l i n g   fue l   flow  past   fuel   d e l i v e r y   valves  64  to  i n d i v i d u a l  

engine  c y l i n d e r   fuel   i n j e c t o r s ,   not  shown.  The  small  s o l e n o i d s   62 

are  c l u s t e r e d   in  a  c i r c u l a r   p a t t e r n   around  the  axis  of  the  pump  and 

equa l ly   spaced  c i r c u m f e r e n t i a l l y   from  one  a n o t h e r .  

More  p a r t i c u l a r l y ,   housing  par t   20  has  a  step  d i a m e t e r  

c e n t r a l   bore  that   c o n s t i t u t e s   a  fue l   i n l e t   66  from  a  source  of  f u e l  

under  a  low  p r e s s u r e ,   not  shown.  The  l a r g e r   d iameter   p o r t i o n   of  t h e  

bore  also  c o n s t i t u t e s   a  recess   67  for   r e c e p t i o n   of  an  e l e c t r i c a l  

harness   that   provides   the  e l e c t r i c a l   connec t ion   to  the  main  solenoid 

10  and  the  c l u s t e r   of  small  i n d i v i d u a l   so leno ids   62  to  be  d e s c r i b e d .  

The  i n l e t   66  also  con t a in s   the  one-way  check  valve  60  s ea t ab le   by  a 

spr ing   68  aga ins t   a  mating  p o r t i o n   of  a  s leeve  member  70.  The 

l a t t e r   is  loca ted   aga ins t   a  shoulder   of  the  bore  by  a  stop  nut  72 .  

A  second  s leeve  74  c o n t a i n i n g   an  o r i f i c e   76  connects   fue l   to  a  

passage  78  that   opens  into  a  fuel   p r e s s u r i s a t i o n   chamber  80.  The 

l a t t e r   a l so   communicates  with  the  pr imary  plunger  12  via  the  i n l e t  

passage  26.  Chamber  80  in  turn   is  connected  by  a  number  of  s p o k e -  

l ike   passages   82  to  an  equal  number  of  fue l   a n n u l i i   84  shown  more 

c l e a r l y   in  Figure  2 .  

The  lower  par t   20  of  the  housing  con ta ins   a  number  o f  

secondary  s tepped  d iamete r   bores  86  c o r r e s p o n d i n g   in  number  to  t h e  

number  of  engine  c y l i n d e r s   and  the  number  of  fue l   i n j e c t o r s  

r equ i r ed   for  the  engine.   More  p a r t i c u l a r l y ,   the  lower  p o r t i o n   o f  

each  bore  con ta ins   a  fuel   d e l i v e r y   valve  64  of  the  r e t r a c t i o n  

type  having  a  con ica l   surface   90  adapted  to  sea t   a g a i n s t   a  m a t i n g  

sur face   92  on  a  s leeve  type  valve  body  94.  Within   the  valve  body 

ad j acen t   fuel   d e l i v e r y   valve  64  is  a  s l i d e a b l e   s leeve  96  having  a  



s p h e r i c a l l y   formed  a x i a l l y   s l o t t e d   end  p o r t i o n   98  c o o p e r a t i n g   w i t h  

a  ba l l   valve  member  100.  The  ba l l   valve  member,  when  seated  as  

shown,  blocks  the  passage  of  f ue l   from  the  annulus  84  t h r o u g h  
sleeve  96  to  the  fue l   de l i ve ry   val ve  64.  Sleeve  96  is  b i a s e d  

aga ins t   ba l l   valve  member  100  by  l i g h t   sp r ing   102.  

Ball   valve  member  100  is  ma in t a ined   in  i t s   c l o s e d  

p o s i t i o n   by  the  p l u n g e r - l i k e   armature   104  of  a  small  s o l e n o i d   62 

t h r e a d a b l y   mounted  into  the  lower  pa r t   20  of  the  housing.   The 

armature  104,  in  t h i s   case,   is  b iased   by  a  spr ing  108  a g a i n s t   b a l l  

valve  member  100  to  ma in t a in   i t   sea ted   as  shown.  A  l a rge   nut  110 

l o c a t e s   the  s l e e v e - t y p e   valve  body  94  in  p o s i t i o n .  
In  o v e r a l l   o p e r a t i o n ,   fuel   is  scheduled  to  be  d e l i v e r e d  

to  only  one  engine  cy l i nde r   at  a  time  so  as  to  co inc ide   with  t h e  

f i r i n g   order   of  the  engine .   As  a  r e s u l t ,   only  one  of  the  s m a l l  

so l eno ids   62  w i l l   be  ene rg ized   at  any one  p a r t i c u l a r   t ime,  and  in  a  

p a r t i c u l a r   sequence,   to  r e t r a c t   the  armature   104.  This  w i l l   p e r m i t  

spr ing   102  to  move  s leeve  96  and  b a l l   valve  member  100  upwardly  t o  

permit   en t ry   of  fue l   from  the  annulus  84  to  the  fue l   d e l i v e r y  

valve  64.  More  p a r t i c u l a r l y ,   as  s t a t e d   p r e v i o u s l y ,   the  f l u i d   u n d e r  

p r e s su re   for  a c t u a t i n g   the  boos t e r   p lunger   14  wil l   be  the  same  o r  

at  the  same  supply  fue l   p r e s s u r e   l eve l   as  tha t   in  the  f u e l  

p r e s s u r i s a t i o n   chamber  80  and  i n l e t   passage  26.  When  the  main  

so leno id   10  is  e n e r g i s e d ,   t h e r e f o r e ,   r e t r a c t i o n   of  the  armature   36 

downwardly  wi l l   cause  a  downward  movement  of  the  primary  p lunger   12 

through  a  pumping  s t roke   to  p r e s s u r i s e   the  fue l   in  the  i n l e t   p a s s a g e  
26  and  p r e s g u r i s a t i o n   chamber  80  tha t   p r e v i o u s l y   has  been  f i l l e d   by  

a  flow  of  supply  fuel   past   the  check  valve  60.  At  the  same  t i m e ,  

the  supply  of  fuel   under  p r e s su re   to  chamber  52  wi l l   cause  t h e  

b o o s t e r   plunger   14  to  follow  the  motion  of  the  pr imary  p lunger   12 ,  

adding  i t s   force   to  tha t   of  the  pr imary  so leno id   10,  and  t h u s  

reduc ing   the  magnitude  of  force   r e q u i r e d   by  the  primary  so lenoid   10 

to  provide  the  d e s i r e d   p re s su re   l e v e l .   At  s u b s t a n t i a l l y   the  same 

t ime,   the  m i c r o p r o c e s s o r   u n i t ,   not  shown,  w i l l   a c t i v a t e   one  of  t h e  

small  so l eno ids   62  to  r e t r a c t   the  armature  104  and  permit   the  b a l l  

valve  member  100  to  move  upwardly  to  an  open  p o s i t i o n .   This  w i l l  



allow  the  fuel   under  p ressure   in  the  p r e s s u r i s a t i o n   chamber  80  t o  

flow  through  the  passages   82  to  the  annulus  84  and  past  the  open 
b a l l   valve  member  100  to  the  fuel   de l i ve ry   valve  64.  As  soon  a s  

the  force  of  the spring  114  of  the  d e l i v e r y   valve  is  overcome,  t h e  

d e l i v e r y   valve  wil l   move  downwardly  out  of  the  valve  body  94 

u n t i l   the  i n t e r s e c t i n g   supply  passages   116  permit   a  free  flow  o f  

fue l   into  the  i n j e c t o r   passage  118.  

The  d u r a t i o n   and  magnitude  of  fuel   i n j e c t e d   d u r i n g  

each  o p e r a t i o n   wi l l   vary  as  a  f u n c t i o n   of  the  cu r r en t   impulses  t o  

each  small  so leno id   62  and  to  the  main  so leno id   10.  This  wi l l   be  

de termined   by  the  m ic rop roces so r   un i t ,   not  shown,  in  a c c o r d a n c e  

with  a  p rede te rmined   schedule  of  flow  for  the  p a r t i c u l a r   e n g i n e  

o p e r a t i n g   c o n d i t i o n s   at  that   time.  The  s troke  of  the  main  p l u n g e r  

12  and  the  boos t e r   p lunger   14  wi l l   be  sensed  by  the  p r o x i m i t y  

sensor   54,  and  if   the  volume  of  fuel   i n j e c t e d   as  de termined  by 

the  s t r o k e   va r i e s   from  the  p rede te rmined   s chedu le ,   the  f e e d b a c k  

s igna l   provided  by  sensor  54  wi l l   cause  the  m i c r o - p r o c e s s o r   t o  

change  the  du ra t i on   or  magnitude  of  vol tage   to  the  so leno ids   t o  

thereby  vary  the  fue l   flow  to  conform  i t   to  the  d e s i r e d   s c h e d u l e .  

The re fo re ,   when  fuel  i n j e c t i o n   is  t e r m i n a t e d   by 

t e r m i n a t i o n   of  vo l tage   to  the  small  so leno ids   62,  the  r e s i d u a l  

p ressure   in  the  i n j e c t o r   passage  118  wi l l   drop.  when  it  is  below 

the  level of  the  force  of'  spring  114,  the  de l i ve ry   valve  62  w i l l  

begin  to  move  upwardly  into  the  bore  of  the  valve  body  94.  The 

f i r s t   e f f e c t   wi l l   be  to  cut  off  fue l   communication  be tween  

i n j e c t o r   passage  118  and  the  annulus  84.  The  second  e f f e c t   w i l l  

be,  upon  cont inued   upward  movement,  for  the  d e l i v e r y   valve  64  t o  

r e t r a c t   a  p o r t i o n   of  i t s   body  into  the  bore  of  the  valve  body  9 4 ,  

thereby  d e c r e a s i n g   the  mass  in  the  i n j e c t o r   passage  118  and  t h e r e b y  

d e c r e a s i n g   the  p r e s s u r e ,   to  prevent   a f t e r - d r i b b l i n g   and  o ther   known 

secondary  i n j e c t i o n   e f f e c t s .   Once  the  d e l i v e r y   valve  has  r e t r a c t e d ,  

d e e n e r g i s a t i o n   of  the  p a r t i c u l a r   so l eno id   62  a c t i v a t e d   at  that   t ime  

wi l l   cause  or  permit  the  spr ing  108  to  move  the  armature  104  and 

ba l l   valve  member  100  to  i t s   lower  p o s i t i o n   seated  a g a i n s t   t h e  

valve  body  94  and  thereby  block  off  communication  of  fuel   be tween  



the  annulus  84  and  the  i n j e c t o r   l ine  118.  I n j e c t i o n   is  now 

t e r m i n a t e d .   S i m u l t a n e o u s l y ,   the  spr ing   44  w i l l   cause  the  a r m a t u r e  

36  to  move  upwardly  as  seen  in  Figure  1  to  r e tu rn   the  p r i m a r y  

p lunger   12  as  well  as  the  boos t e r   p lunger   14  to  t h e i r   i n t a k e  

p o s i t i o n s   shown.  This  l a t t e r   movement  wi l l   also  cause  an  u n s e a t i n g  

of  the  i n l e t   check  valve  60  and  permit  a  f resh   supply  of  fue l   t o  

flow  into  the  passages   and  p r e s s u r i s a t i o n   chamber  80  for   i n j e c t i o n  

on  the  next  stroke  of  the  pr imary  p lunger   12.  

Figure   1  i n d i c a t e s   a  c o n s t r u c t i o n   in  which  only  two 

i n j e c t o r   l i nes   are  i n d i c a t e d .   However,  i t   wi l l   be  c l ea r   tha t   any 

number  of  smal le r   so l eno id   c o n t r o l l e d   i n j e c t o r   l i n e s   can  be 

p rov ided ,   as  d e s i r e d ,   merely  be  c i r c u m f e r e n t i a l l y   spacing  the  same 

in  a  c i r c u l a r   c l u s t e r   around  the  primary  fuel   supply  passage  26 .  

From  the  f o r e g o i n g ,   i t   w i l l   be  seen  t ha t   the  i n v e n t i o n  

p rov ides   an  e l e c t r o m a g n e t i c a l l y   opera ted   fue l   i n j e c t i o n   pump  t h a t  

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

with  small  so leno id   a s sembl i e s   i n s t ead   of  the  conven t iona l   l a r g e  

ones  normally  employed  to  provide   the  high  fuel   p r e s s u r e   n e c e s s a r y  

to  opera te   a  d i e s e l   type  i n j e c t o r .   I t   wi l l   be  seen  tha t   t h i s   i s  

made  p o s s i b l e   by  the  use  of  a  b o o s t e r   p lunger   t ha t   is  a c t u a t e d   by  

supply  fue l   p r e s s u r e   and  t h e r e f o r e   compliments  the  force   of  t h e  

main  a c t u a t i n g   pump  so l eno id   so  tha t   a  smal ler   main  so l eno id   may 

be  u s e d .  



1.  A  fue l   i n j e c t i o n   pump  compr is ing   a  primary  p l u n g e r  

(12) ,   and  a  so leno id   (10)  for  d r iv ing   the  primary  p lunger   (12)  

through  a  fuel   pumping  s t r oke ,   c h a r a c t e r i s e d   by  a  boos te r   p l u n g e r  
(14)  in  s e r i e s   with  the  primary  plunger  (12)  and  a r ranged   f o r  

a c t u a t i o n   s i m u l t a n e o u s l y   with  the  e n e r g i s a t i o n   of  the  so leno id   (10)  

whereby  the  boos t e r   p lunger   (14)  moves  c o n c u r r e n t l y   with  t h e  

primary  p lunger   (12)  to  supplement  the  d r i v i n g   force  of  t h e  

primary  plunger  ( 1 2 ) .  

2.  A  pump  accord ing   to  claim  1,  wherein  the  b o o s t e r  

p lunger   (14)  is  a r ranged   for  a c t u a t i o n   by  f l u i d   p r e s s u r e .  

3.  A  pump  accord ing   to  claim  1  or  claim  2,  wherein   t h e  

primary  p lunger   (12)  has  a  stem  (34)  p r o j e c t i n g   the re f rom  a l o n g  
the  axis  of  r e c i p r o c a t i o n   of  the  primary  p lunger ,   the  s o l e n o i d  

(10)  i nc ludes   an  armature  (36)  secured  to  the  stem  (34)  and  t h e  

boos t e r   p lunger   (14)  is  a x i a l l y   a l i gned   with  the  stem  (34)  w i t h  

one  end  of  the  boos t e r   p lunger   (14)  in  d r i v i n g   engagement  w i t h  

the  stem,  and  means  (52)  for   app ly ing   f l u i d   p ressure   to  t h e  

oppos i te   end  of  the  b o o s t e r   plunger  ( 1 4 ) .  

4.  A  pump  acco rd ing   to  any one  of  claims  1  to  3 

i n c l u d i n g   a  fue l   p r e s s u r i s a t i o n   chamber  (20)  communicating  w i t h  

the  primary  p lunger   (12) ,   a  fuel   i n l e t   (66)  to  the  chamber  a d a p t e d  
for  connec t ion   to  a  source  of  fue l   at  a  p r ede t e rmined   p r e s s u r e  

l e v e r ,   and  means  for  connec t ing   the  boos t e r   p lunger   (14)  to  t h e  

source  of  fue l   to  e f f e c t   movement  t he reo f   with  the  primary  p l u n g e r .  
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