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(54)  An  internal  combustion  engine. 

@  An  internal  combustion  engine  which  has  a  piston  (2)  running  in  a  cylinder  (1)  has  a  combustion 
chamber  (6)  which  communicates  with  an  auxiliary  chamber  (7).  A  valve  (10)  is  operable  to  open  or  close 
communication  between  the  combustion  chamber  (6)  and  the  auxiliary  chamber  (7)  so  that  the 
chambers  can  be  in  communication  during  a  compression  stroke,  but  can  be  closed  off  from  one 
another  during  combustion  so  that  the  compression  ratio  of  the  engine  is  changed  without  altering  the 
expansion  coefficient. 
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\N  INTERNAL  COMBUSTION  ENGINE 

This  invention  relates  to  an  internal  combustion 
engine  with  a  variable  compression  ratio.  In  particular 
the  invention  allows  the  varying  of  the  compression 
ratio  of  a  cylinder  of  the  engine. 

It  is  known  that  varying  the  compression  ratio  of 
an  internal  combustion  engine  can  increase  the  effi- 
ciency  of  the  engine. 

It  is  known  to  increase  and  decrease  the  volume 
of  the  combustion  chamberin  each  cylinder  to  change 
the  compression  ratio  of  the  engine. 

Actual  known  constructions  embodying  this  prin- 
ciple  include  the  insertion  of  an  auxiliary  piston  into  a 
tubular  body  which  is  provided  with  an  opening  in  the 
combustion  chamber.  The  volume  of  the  combustion 
chamber  is  then  increased  or  decreased  by  moving 
the  auxiliary  piston  in  one  direction  or  the  other. 

Another  known  scheme  for  varying  the  compres- 
sion  ratio  is  to  use  a  connecting  rod  which  is  connec- 
ted  to  the  piston  pin  position,  thus  changing  the  upper 
dead  point  position  by  raising  or  lowering  the  position 
of  the  piston,  in  order  to  change  the  volume  of  the 
combustion  chamber. 

In  the  prior  art  methods,  a  decrease  in  the  com- 
pression  ratio  was  produced  in  order  to  prevent 
knocking  and  to  obtain  an  effective  engine  design.  A 
decrease  in  compression  ratio  is  generally  associated 
with  an  increase  in  combustion  chamber  volume,  and 
the  use  of  a  large  combustion  chamber  in  order  to  pre- 
vent  knocking  resulted  in  a  low  expansion  coefficient 
obtained  from  the  explosion  of  the  fuel  in  the  chamber, 
and  also  a  lower  output. 

Because  of  the  consumed  fuel  in  the  amount  of 
the  intake,  the  actual  fuel  consumption  was  poor. 

On  the  other  hand,  when  the  expansion  coeffi- 
cient  is  increased  by  reducing  the  size  of  the  combus- 
tion  chamber  and  increasing  the  compression  ratio, 
the  output  increases  but  knocking  can  easily  occur. 
This  is  why,  in  order  to  prevent  knocking,  the  com- 
pression  ratio  is  decreased  in  accordance  with  the 
rotational  speed  of  the  engine.  When  the  compression 
ratio  is  decreased  the  result  is  that  at  the  same  time 
the  expansion  coefficient  is  lowered,  which  also 
exerts  an  adverse  influence  on  the  output  and  on  the 
fuel  consumption. 

It  is  an  object  of  the  present  invention  to  make  it 
possible  to  produce  a  substantial  change  of  the  com- 
pression  ratio,  while  at  the  same  time  maintaining  the 
expansion  coefficient. 

According  to  the  invention,  there  is  provided  an 
internal  combustion  engine  having  a  combustion 
chamber,  an  auxiliary  chamber  which  communicates 
with  the  combustion  chamber  and  a  valve  which  is 
operable  to  open  and  close  communication  between 
the  combustion  chamber  and  the  auxiliary  chamber, 
to  vary  the  compression  ratio  of  the  engine. 

The  auxiliary  chamber  is  preferably  mounted  so 
as  to  communicate  with  a  cylinder  combustion  cham- 
ber,  and  when  the  valve  between  the  combustion 

5  chamber  and  the  auxiliary  chamber  is  open  during  the 
compression  stroke,  compressed  air/fuel  mixture  will 
flow  into  the  auxiliary  chamber. 

Consequently,  the  amount  of  air/fuel  mixture 
inside  the  combustion  chamber  decreases  only  to  the 

10  amount  of  the  inflow,  and  when  the  valve  is  closed 
during  an  explosion,  the  actual  compression  ratio  will 
be  reduced  in  inverse  proportion  to  the  amount  that 
has  passed  into  the  auxiliary  chamber. 

To  give  an  example,  if  the  compression  ratio  is 
15  10  :1  when  an  auxiliary  chamber  that  has  the  same 

internal  volume  as  the  combustion  chamber  is  in  com- 
munication  with  the  combustion  chamber,  then  it  is 
possible  to  change  the  compression  ratio  from  5  :1  to 
10  :1  by  closing  the  valve  to  decrease  the  amount  that 

20  has  passed  into  the  auxiliary  chamber. 
On  the  other  hand,  since  the  valve  will  be  closed 

during  the  combustion,  the  volume  of  the  combustion 
chamber  will  not  change  which  is  why  there  will  be  no 
alteration  to  the  expansion  coefficient  as  a  result  of 

25  the  invention,  and  as  a  result  there  will  be  no  change 
in  the  output. 

The  air/fuel  mixture  contained  in  the  auxiliary 
chamber  may  be  either  returned  to  the  mixture  intake 
passage,  or  may  be  returned  to  the  combustion  cham- 

30  ber  when  the  valve  is  next  opened  during  the  induc- 
tion  stroke  so  that  this  mixture  can  be  used  again. 

The  invention  will  now  be  further  described,  by 
way  of  example,  with  reference  to  the  accompanying 
drawing  which  shows  a  cross  section  through  the  cyli- 

35  nder  of  an  internal  combustion  engine  in  accordance 
with  the  invention. 

In  the  drawing,  a  piston  2  travels  in  a  cylinder  1. 
An  air  intake  valve  3  closes  an  air  intake  passage 
leading  into  the  combustion  chamber  6,  and  an 

40  exhaust  valve  4  closes  an  exhaust  passage  leading 
out  of  the  combustion  chamber.  A  conventional  spark 
plug  is  shown  at  5. 

An  auxiliary  chamber  7  is  connected  to  the  com- 
bustion  chamber  6  by  a  communication  passage  8, 

45  and  the  passage  8  is  closed  by  a  valve  10  which 
closes  onto  a  valve  seat  9. 

When  the  valve  10  is  closed  during  the  combus- 
tion  part  of  the  cycle,  a  knock  sensor  which  produces 
a  signal  between  the  induction  stroke  and  the  com- 

50  pression  stroke,  or  alternatively  other  means  of  con- 
trol,  can  be  used  to  select  the  optimum  time  period  for 
which  the  valve  10  remains  closed. 

The  valve  10  can  be  opened  also  during  the 
exhaust  stroke. 

55  Finally,  it  is  possible  to  provide  an  additional  pas- 
sage  for  the  air/fuel  mixture  leading  between  the 
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auxiliary  chamber  7  and  the  air/fuel  mixture  intake 
pipe  which  is  closed  by  the  valve  3.  This  bypass  pas- 
sage  between  the  auxiliary  chamber  and  the  mixture 
intake  may  also  include  a  valve  to  control  flow  through 
the  passage.  5 

As  explained  above,  the  effect  of  this  invention  is 
that  part  of  the  air/fuel  mixture  sucked  into  the  cylinder 
flows  into  the  auxiliary  chamber.  As  a  result,  the  com- 
pression  ratio  between  the  bottom  dead  centre  and 
top  dead  centre  positions  of  the  piston  is  substantially  10 
lower  than  it  would  be  without  the  presence  of  the 
auxiliary  chamber.  However  since  the  passage  8  is 
closed  during  combustion,  the  volume  of  the  combus- 
tion  chamber  is  changed  so  that  it  is  possible  to  obtain 
an  actual  variable  compression  ratio  that  corresponds  15 
to  the  amount  of  the  inflow  into  the  auxiliary  chamber. 

Furthermore,  since  the  passage  8  is  closed  by  the 
valve  10  during  the  period  of  explosion  or  combustion, 
the  volume  of  the  combustion  chamber  remains 
unchanged.  Thus  it  is  possible  to  maintain  the  same  20 
expansion  coefficient  as  is  obtained  without  the 
auxiliary  chamber  7,  so  that  there  is  no  adverse  effect 
on  the  engine  output.  This  is  possible  because  the 
usual  full  throttle  at  high  rotational  speed  is  almost 
eliminated,  and  the  decrease  of  the  explosion  power  25 
by  fuel  reduction  will  not  exert  any  influence  on  the 
output. 

The  air/fuel  mixture  that  flowed  into  the  auxiliary 
chamber  can  be  returned  to  the  cylinder  during  the 
next  induction  stroke  to  be  re-used.  Alternatively  this  30 
volume  of  mixture  can  be  returned  through  a  bypass 
pipe  into  the  engine  intake.  In  either  case,  this  volume 
of  mixture  can  be  used  again  during  the  next  cylinder 
cycle,  rather  than  being  wasted,  which  makes  it  poss- 
ible  to  obtain  high  efficiency  of  fuel  consumption  35 
because  the  overall  design  is  efficient. 

Claims 
40 

1.  An  internal  combustion  engine  having  a  combus- 
tion  chamber  (6),  an  auxiliary  chamber  (7)  which 
communicates  with  the  combustion  chamber  and 
a  valve  (10)  which  is  operable  to  open  and  close 
communication  between  the  combustion  cham-  45 
ber  (6)  and  the  auxiliary  chamber  (7)  to  vary  the 
compression  ratio  of  the  engine. 

2.  An  internal  combustion  engine  as  claimed  in 
Claim  1  wherein  a  bypass  passage  connects  the  50 
auxiliary  chamber  with  an  engine  intake  passage. 
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