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Fuel-injection  pump  plunger. 

<  

Ill  

©  A  fuel  injection  pump  plunger  (1)  which  enables 
the  timing  of  the  fuel  injection  to  be  controlled  in 
accordance  with  the  engine  load,  and  can  be  used  to 
prevent  the  emission  of  exhaust  smoke  and  to 
achieve  quieter  engine  operation,  and  under  full-load 
conditions  enables  the  engine  to  regain  speed  rap- 
idly,  comprising  a  plunger  head  (2)  provided  with  a 
sloping  lower  lead  (8),  a  longitudinal  groove  (7) 
which  connects  the  lower  lead  (8)  to  the  plunger 
chamber  (4),  an  upper  lead  (9)  sloping  down  from 
the  upper  face  (1A)  of  the  plunger  (1)  and  an  orifice 
(10)  constituted  by  a  cut  portion  which  extends  be- 
tween  the  end  of  the  upper  lead  (9)  and  the  plunger 
chamber  (4). 
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FUEL  INJECTION  PUMP  PLUNGER 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  the  plunger  of 
a  fuel  injection  pump  of  a  diesel  engine,  and  more 
particularly  to  a  fuel  injection  pump  plunger  which 
enables  the  timing  of  the  fuel  injection  to  be  con- 
trolled  and  facilitates  engine  performance  recovery 
in  when  the  engine  is  running  under  full  load. 

Description  of  the  Prior  Art 

In  a  conventional  fuel  injection  pump  of  a  die- 
sel  engine,  fuel  is  sucked  in  and  expelled  under 
pressure  by  the  reciprocating  action  of  a  plunger  in 
a  fuel  chamber  formed  in  the  plunger  barrel. 

Adjustment  and  control  of  the  timing  at  which 
the  injection  of  the  fuel  is  started  and  stopped  are 
done  by  providing  upper  and  lower  leads  in  the 
head  of  the  plunger  and  adjusting  the  relative  posi- 
tional  relationship  between  these  leads  and  the  fuel 
intake  and  exhaust  port  formed  in  the  barrel. 

More  specifically,  the  head  of  the  plunger  is 
provided  with  a  sloping  lower  lead  and  a  longitudi- 
nal  groove  which  connects  the  lower  lead  to  the 
plunger  chamber.  When  the  accelerator  is  pressed, 
the  timing  of  the  end  of  the  fuel  injection  operation 
is  controlled  by  rotating  the  plunger  by  an  amount 
corresponding  to  the  depression  of  the  accelerator, 
changing  the  relative  positional  relationship  be- 
tween  the  lower  lead  and  the  fuel  port.  As  such, 
this  can  be  used  to  control  the  fuel  injection 
amount. 

An  upper  lead  is  formed  sloping  down  from  the 
upper  face  of  the  plunger  facing  the  plunger  cham- 
ber  at  a  position  of  vertical  opposition  to  the  lower 
lead.  When  the  accelerator  is  pressed,  the  timing 
of  the  start  of  the  fuel  injection  operation  is  con- 
trolled  by  rotating  the  plunger  by  an  amount  cor- 
responding  to  the  depression  of  the  accelerator, 
changing  the  relative  positional  relationship  be- 
tween  the  upper  lead  and  the  fuel  port.  As  such, 
this  can  be  used  to  control  the  fuel  injection  timing. 

In  addition,  engine  noise  can  be  reduced  by 
adjusting  the  upper  lead  to  retard  the  timing  of  the 
fuel  injection  by  an  amount  corresponding  to  the 
engine  load.  In  rapid  idling  regions  (meaning  re- 
gions  in  which  exceeding  the  rated  engine  speed 
causes  the  governor  mechanism  to  reduce  the  fuel 
injection  amount),  however,  this  gives  rise  to  a 
smokey  exhaust  caused  by  fuel  which  has  not 
undergone  complete  combustion  being  emitted 
through  the  still-open  exhaust  port. 

JP-B-55-28863  is  an  example  of  a  disclosure  of 

a  fuel  injection  pump  arrangement  which  uses  this 
type  of  upper  lead  arrangement  to  control  the  tim- 
ing  of  the  fuel  injection,  reduce  engine  noise  and 
prevent  the  emission  of  exhaust  smoke.  However, 

5  another  problem  that  arises  when  an  upper  lead 
arrangement  is  the  sole  means  used  to  reduce 
noise  and  prevent  a  smokey  exhaust  is  that  under 
full-load  conditions  it  increases  the  time  it  takes  a 
diesel  engine  to  come  back  up  to  speed.  That  is, 

70  although  under  full-load  conditions  it  is  preferable 
to  produce  a  rapid  recovery  in  the  engine  speed  by 
increasing  the  fuel  injection  rate  and  advancing  the 
timing  of  the  fuel  injection,  with  the  above  upper 
lead  arrangement  the  fuel  injection  timing  remains 

75  retarded  even  under  full-load  conditions,  so  the 
engine  therefore  takes  longer  to  regain  its  speed. 

An  object  of  the  present  invention  is  therefore 
to  provide  a  fuel  injection  pump  plunger  which 
enables  the  timing  of  the  fuel  injection  to  be  con- 

20  trolled  in  accordance  with  the  engine  load  and 
without  using  a  conventional  timer  arrangement 
based  on  a  lead  provided  in  the  plunger  head.  The 
fuel  injection  pump  plunger  according  to  the 
present  invention  prevents  the  production  of  ex- 

25  haust  smoke  at  high  idling  speeds,  provides  quieter 
engine  operation  under  partial  loads  and  during 
full-load  operation  enables  the  engine  to  regain 
speed  more  rapidly. 

The  above  object  is  attained  with  a  fuel  injec- 
30  tion  pump  plunger  according  to  the  present  inven- 

tion  which  moves  reciprocally  within  the  plunger 
chamber  to  suck  in  fuel  through  a  fuel  port  in  the 
barrel  and  expel  the  fuel  from  a  fuel  outlet,  com- 
prising  forming  in  the  head  of  the  plunger  a  sloping 

35  lower  lead,  a  longitudinal  groove  which  connects 
the  lower  lead  to  the  plunger  chamber,  and  an 
upper  lead  formed  sloping  down  from  the  upper 
face  of  the  plunger  facing  the  plunger  chamber  at  a 
position  of  vertical  opposition  to  the  lower  lead,  and 

40  an  orifice  portion  in  the  form  of  a  flat  or  the  like 
which  extends  parallel  with  the  axis  of  the  plunger 
and  connects  the  end  of  the  upper  lead  to  the 
plunger  chamber  and  enables  the  injection  timing 
to  be  advanced. 

45  In  the  fuel  injection  pump  plunger  thus  config- 
ured,  the  upper  and  lower  leads  are  used  to  effect 
a  fuel  injection  timing  (starting  and  stopping)  con- 
trol  which  corresponds  with  the  engine  load,  and,  if 
required,  can  be  used  to  reduce  engine  noise  and 

so  prevent  the  production  of  exhaust  smoke. 
Moreover,  the  orifice  constituted  by  a  flat  or  the 

like  provided  at  the  end  of  the  upper  lead  makes  it 
possible  to  suppress  retardation  of  the  fuel  injec- 
tion  timing  when  the  engine  is  running  under  a  full- 
load  condition. 
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Thus,  in  contrast  to  an  arrangement  in  which 
only  an  upper  lead  is  provided  and  there  is  no 
orifice  portion  so  the  timing  of  the  closing  of  the 
fuel  port  (the  start  of  the  fuel  injection)  is  therefore 
determined  solely  by  the  position  of  the  upper  face 
of  the  plunger,  giving  rise  to  large  variations  in  the 
effective  fuel  delivery  stroke,  the  provision  of  the 
orifice  portion  after  the  end  of  the  upper  lead  in 
accordance  with  the  present  invention  makes  it 
possible  to  suppress  extreme  changes  in  the  effec- 
tive  stroke,  and  as  a  result  it  is  possible  to  sup- 
press  degradation  of  engine  recovery  when  the 
engine  is  running  under  full-load  conditions.  In  ad- 
dition,  adjusting  the  plunger  prestroke  is  facilitated 
by  enabling  the  orifice  portion  to  be  used  for  the 
adjustment. 

Further  features  of  the  invention,  its  nature  and 
various  advantages  will  be  more  apparent  from  the 
accompanying  drawings  and  following  detailed  de- 
scription  of  the  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
Figure  1  is  a  perspective  view  of  the  head  of  a 
fuel  injection  pump  plunger  according  to  a  first 
embodiment  of  the  present  invention; 
Figure  2  is  a  plan  view  of  the  head  shown  in 
Figure  1  ;  and 
Figure  3  is  a  graph  showing  the  relationship 
between  engine  load  and  the  degree  of  ad- 
vancement  of  the  fuel  injection  timing. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

An  embodiment  of  the  invention  will  now  be 
described  with  reference  to  the  drawings.  In  Fig- 
ures  1  and  2,  a  head  2  of  a  plunger  1  can  rotate 
and  reciprocate  within  a  plunger  barrel  3.  Fuel  from 
a  high-pressure  plunger  chamber  (fuel  pressure 
chamber)  4  is  passed  through  a  fuel  outlet  5  and 
emitted  from  a  fuel  injection  nozzle  (not  shown).  A 
fuel  port  6  is  provided  in  the  barrel  3. 

The  plunger  head  2  is  provided  with  a  longitu- 
dinal  groove  7  which  connects  the  plunger  cham- 
ber  to  a  sloping  lower  lead  8  also  formed  in  the 
head  2.  This  lower  lead  8  is  for  controlling  the  fuel 
injection  end  timing.  Specifically,  the  amount  of 
fuel  that  is  injected  is  controlled  by  the  rotation  in 
either  direction  of  the  plunger  1  which,  by  raising 
the  plunger  1  and  thus  changing  the  period  of 
communication  between  the  lower  lead  8  and  the 
fuel  port  6,  adjusts  the  effective  fuel  injection 
stroke. 

An  upper  lead  9  corresponding  to  the  lower 
lead  8  is  provided  sloping  downwards  from  the 
upper  face  1A  of  the  plunger  1.  The  start  timing  of 
the  fuel  injection  is  adjusted  by  raising  the  plunger 
1  to  change  the  position  of  contact  between  the 
upper  lead  9  and  the  fuel  port  6.  Prestroke  adjust- 
ment  of  the  plunger  1  is  used  to  determine  the 

advancement  or  retardation  of  the  fuel  injection 
timing. 

An  orifice  portion  10  constituted  by  a  flat,  for 
example,  is  formed  on  a  portion  of  the  peripheral 

5  surface  of  the  plunger  1  ,  starting  at  the  end  of  the 
upper  lead  9  and  extending  in  a  direction  parallel  to 
the  axis  of  the  plunger  1.  The  upper  part  of  the 
orifice  flat  10  opens  into  the  plunger  chamber  4. 

Ideally  the  ridge  line  11  where  the  flat  10  and 
10  upper  lead  9  intersect  should  be  located  on  the 

outer  peripheral  surface  of  the  plunger  1  ,  but  from 
practical  fabrication  considerations  it  may  be  lo- 
cated  within  the  radius  of  the  head  2,  with  a  slight 
overlap  between  the  flat  10  and  the  upper  lead  9. 

15  As  shown  in  Figure  2,  the  relationship  between 
the  width  F  of  the  flat  10  and  the  width  L  of  the 
upper  lead  9  is  L>F.  The  widths  F  and  L  are 
therefore  set  at  values  which  ensure  the  required 
orifice  effect  of  the  flat  10  is  attained  during  the 

20  delivery  of  the  fuel  accompanying  the  elevation  of 
the  plunger  1. 

The  descent  of  the  plunger  1  thus  configured 
causes  fuel  to  be  sucked  through  the  fuel  port  6 
into  the  plunger  chamber  4.  Compression  of  the 

25  fuel  for  the  injection  process  starts  when  as  a  result 
of  the  elevation  of  the  plunger  1  the  upper  face  1A 
and  upper  lead  9  reach  the  upper  edge  6A,  closing 
the  fuel  port  6,  and  the  release  pressure  of  the  fuel 
injection  nozzle  valve  is  exceeded. 

30  The  prestroke  of  the  plunger  1  is  defined  as 
the  distance  between  the  bottom  dead  center  of 
the  plunger  and  the  point  at  which  the  upper  face 
1A  and  upper  lead  9  reach  the  top  edge  6A  of  the 
fuel  port  6. 

35  The  continuing  rise  of  the  plunger  1  brings  the 
lower  edge  6B  of  the  fuel  port  6  to  the  position  of 
the  lower  lead  8,  thereby  connecting  the  fuel  port  6 
to  the  longitudinal  groove  7  and  stopping  the  fuel 
injection.  The  timing  of  this  termination  of  the  fuel 

40  injection  (and  the  fuel  injection  amount)  is  con- 
trolled  by  the  operation  of  a  fuel  injection  amount 
control  rack  13  linked  to  an  accelerator  12  to 
change  the  rotational  position  of  the  plunger  1 
relative  to  the  barrel  3,  i.e.  the  relative  positional 

45  relationship  between  the  fuel  port  6  and  the  lower 
lead  8.  This  also  changes  the  position  of  the  upper 
lead  9  relative  to  the  fuel  port  6,  so  that  when 
pressing  the  accelerator  12  is  used  to  rotate  the 
plunger  1  to  the  left  (with  reference  to  Figure  1), 

so  the  result  is  that  the  plunger  1  prestroke  is  length- 
ened,  retarding  the  fuel  injection  timing.  This 
means  that,  as  indicated  by  Figure  3,  increasing 
the  engine  load  retards  the  fuel  injection  timing. 

When  the  plunger  1  is  rotated  further,  bringing 
55  the  fuel  port  6  level  with  the  flat  10  (a  full-load 

state),  when  the  upper  edge  6A  of  the  fuel  port  6  is 
below  the  upper  edge  10A  of  the  flat  10,  the  fuel 
injection  is  in  effect  started  by  the  orifice  effect  of 

3 
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the  flat  10,  enabling  the  injection  timing  to  be 
advanced.  Full  fuel  injection  does  not  start  until  the 
fuel  port  6  is  closed  by  the  lower  edge  10B  of  the 
flat  10. 

In  Figure  3,  the  ridge  line  1  1  is  set  as  the  zero 
advance  point,  and  when  this  is  exceeded  by  full- 
load  engine  operation,  the  timing  is  advanced  by 
the  orifice  effect  of  the  flat  1  0,  as  indicated  by  the 
solid  line.  The  broken  line  in  Figure  3  indicates  the 
retardation  state  in  the  case  of  a  conventional 
plunger  not  having  a  flat  10;  this  shows  that  re- 
tardation  is  increased  with  the  increase  in  the  en- 
gine  load.  Thus,  as  the  timing  has  to  be  advanced 
after  the  engine  is  released  from  full-load  operation, 
it  takes  longer  for  the  engine  to  regain  speed.  In 
contrast,  with  the  plunger  1  of  the  present  invention 
the  timing  can  be  advanced  even  during  full-load 
operation,  so  engine  recovery  is  rapid. 

The  present  invention  can  be  applied  to  a  wide 
range  of  engine  requirements  by  appropriately 
varying  the  form,  position,  slope  and  relative  posi- 
tional  arrangement  of  the  upper  lead  9,  lower  lead 
8,  flat  1  0  and  the  other  parts. 

Claims 

1.  A  fuel  injection  pump  plunger  which  moves 
reciprocally  within  the  plunger  chamber  to 
suck  in  fuel  through  a  fuel  port  in  the  barrel 
and  expel  the  fuel  from  a  fuel  outlet,  compris- 
ing:  a  plunger  head  provided  with  a  sloping 
lower  lead,  a  longitudinal  groove  which  con- 
nects  the  lower  lead  to  the  plunger  chamber, 
and  an  upper  lead  formed  sloping  down  from 
the  upper  face  of  the  plunger  facing  the  plung- 
er  chamber  at  a  position  of  vertical  opposition 
to  the  lower  lead;  and  an  orifice  constituted  by 
a  cut  portion  which  extends  parallel  with  the 
axis  of  the  plunger  between  the  end  of  the 
upper  lead  and  the  plunger  chamber. 

the  full-load  operating  region  of  the  engine. 

5.  The  fuel  injection  pump  plunger  according  to 
claim  1  wherein  within  the  range  of  rotation  of 

5  the  plunger  a  ridge  line  portion  between  the 
upper  lead  and  the  orifice  portion  corresponds 
to  a  state  of  zero  advancement. 

6.  The  fuel  injection  pump  plunger  according  to 
10  claim  1  wherein  the  timing  of  the  fuel  injection 

can  be  advanced  by  the  exertion  on  the  fuel  of 
the  orifice  effect  accompanying  the  elevation 
of  the  plunger. 

is  7.  The  fuel  injection  pump  plunger  according  to 
claim  1  wherein  when  the  fuel  port  is  closed 
by  the  lower  edge  of  the  orifice  portion  in  the 
course  of  the  elevation  of  the  plunger,  full  fuel 
injection  commences. 

20 
8.  The  fuel  injection  pump  plunger  according  to 

claim  1  wherein  the  relationship  between  a 
width  F  of  the  orifice  portion  and  a  width  L  of 
the  upper  lead  is  F>L. 

25 
9.  The  fuel  injection  pump  plunger  according  to 

claim  1  wherein  the  orifice  portion  is  a  flat. 

30 

35 

40 

2.  The  fuel  injection  pump  plunger  according  to 
claim  1  wherein  the  fuel  injection  timing  is 
advanced  or  retarded  by  an  arrangement 
whereby  the  relative  positional  relationship  be-  45 
tween  the  upper  lead  and  the  fuel  port  is 
varied  by  rotating  the  plunger. 

3.  The  fuel  injection  pump  plunger  according  to 
claim  1  wherein  the  fuel  injection  amount  is  50 
controlled  by  an  arrangement  whereby  the  rel- 
ative  positional  relationship  between  the  lower 
lead  and  the  fuel  port  is  varied  by  rotating  the 
plunger. 

55 
4.  The  fuel  injection  pump  plunger  according  to 

claim  1  wherein  within  the  range  of  rotation  of 
the  plunger  the  orifice  portion  corresponds  to 

4 
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