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©  Intake  device  for  multi-cylinder  internal  conbustion  engine. 

©  An  intake  device  for  first  and  second  cylinder 
groups  (3l,3r)  comprises  a  pair  of  resonance  cham- 
bers  (Cr-l,Cr-r)  and  a  pair  of  resonance  passages 
(1  81,1  8r).  A  communication  chamber  (Cs)  is  con- 
nected  to  the  resonance  chambers,  and  valves  (28) 
permits  the  resonance  chambers  to  be  put  into  com- 

munication  with  each  other  via  the  communication 
chamber.  The  communication  chamber  and  reso- 
nance  chambers  are  each  formed  of  a  substantially 
tubular  configuration  disposed  adjacent  to  one  an- 
other  but  separated  by  partition  walls  in  which  are 
disposed  the  valves. 
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The  present  invention  relates  to  an  intake  de- 
vice  designed  to  provide  an  increase  in  volume 
efficiency  of  a  multi-cylinder  combination  engine 
by  controlling  the  variation  in  intake  gas  pressure  in 
an  intake  system. 

There  is  an  already  known  intake  device  for 
multi-cylinder  internal  combustion  engines,  which  is 
designed  to  increase  the  volume  efficiency  in  a 
region  of  from  a  lower  speed  to  a  higher  speed  by 
controlling  the  length  and  volume  of  the  intake 
system  in  a  variable  manner  in  accordance  with  the 
operational  condition  of  the  engine  to  exhibit  one  of 
two  effects:  a  resonance  effect  that  variations  in 
intake  gas  pressure  resonate  between  cylinders 
which  produce  no  suction  interference  and  an  iner- 
tia  effect  utilizing  the  fact  that  a  negative  pressure 
wave  produced  at  the  beginning  of  suction  for 
every  cylinder  is  reflected  at  an  increased  volume 
portion  provided  in  the  intake  system  back  to  an 
intake  port  (for  example,  see  Japanese  Patent  Ap- 
plication  Laid-open  No.  169627/85). 

The  above  intake  device  comprises  a  pair  of 
resonance  chambers  defined  in  the  increased  vol- 
ume  portion  provided  in  the  intake  system  and 
communicating  with  groups  of  cylinders  having 
such  an  order  of  ignition  that  any  one  of  the 
cylinders  is  not  ignited  immediately  before  or  after 
ignition  of  the  other  cylinders  of  the  same  group, 
and  an  on-off  valve  provided  between  the  cham- 
bers  for  permitting  the  chambers  to  be  put  into  and 
out  of  communication  with  each  other,  whereby 
controlling  of  the  opening  and  closing  of  the  on-off 
valve  causes  the  intake  system  to  be  switched  to  a 
resonance  supercharge  system  or  an  inertia  super- 
charge  system.  Further,  controlling  of  the  opening 
and  closing  of  another  on-off  valve  provided  be- 
tween  a  pair  of  resonance  passages  connected  to 
upstream  sides  of  the  pair  of  resonance  chambers 
causes  the  speed  region  of  the  engine  permitting 
exhibition  of  a  resonance  supercharge  effect  in  a 
lower  speed  region  to  be  switched  at  two  stages, 
thereby  increasing  the  volume  efficiency  over  a 
totally  wider  speed  region  of  the  engine. 

When  such  intake  device  is  disposed  in  a  V- 
shaped  space  in  a  V-shaped  multi-cylinder  internal 
combustion  engine,  it  is  difficult  to  suitably  dispose 
the  resonance  passages  and  the  resonance  cham- 
bers  without  hindering  the  suction  efficiency,  be- 
cause  the  space  is  extremely  narrow.  An  on-off 
valve  capable  of  changing  the  suction  characteris- 
tics  is  also  provided  in  a  resonance  chamber  as- 
sembly  box  provided  with  the  resonance  passages 
and  the  resonance  chambers.  However,  the  dis- 
position  of  the  on-off  valve  within  the  resonance 
chamber  assembly  box  causes  problems  of  not 
only  an  increase  in  size  of  the  intake  system  to 
provide  an  interference  with  the  layout  thereof,  but 
also  of  a  complication  of  the  structure,  resulting  in 

an  increased  cost  of  manufacture.  Further,  in  an 
intake  device  which  is  designed  to  establish  a 
resonance  supercharge  system  or  an  inertia  super- 
charge  system  by  permitting  the  resonance  pas- 

5  sages  and  the  resonance  chambers  to  be  put  into 
or  out  of  communication  each  other  through  the  on- 
off  valve,  it  is  extremely  difficult  to  set  the  volumes 
of  the  resonance  passages  and  the  resonance 
chambers  so  that  any  of  the  resonance  super- 

io  charge  effect  and  the  inertia  supercharge  effect 
may  be  optimally  exhibited. 

Therefore,  it  is  a  first  object  of  the  present 
invention  to  provide  a  reasonable  layout  of  an  in- 
take  system  comprising  resonance  passages  and 

75  resonance  chambers  in  a  narrower  V-space  in  a  V- 
shaped  multi-cylinder  internal  combustion  engine. 

It  is  a  second  object  of  the  present  invention  to 
provide  a  reasonable  layout  of  on-off  valves  ca- 
pable  of  changing  suction  characteristics  in  a  reso- 

20  nance  chamber  assembly  box  comprising  reso- 
nance  passages  and  resonance  chambers. 

Further,  it  is  a  third  object  of  the  present  inven- 
tion  to  optimally  exhibit  any  of  a  resonance  super- 
charge  effect  and  an  inertia  supercharge  effect  in 

25  an  intake  device  designed  to  establish  a  resonance 
supercharge  system  and  an  inertia  supercharge 
system  by  permitting  the  resonance  passages  and 
the  resonance  chambers  to  be  put  into  or  out  of 
communication  with  each  other  through  on-off 

30  valves. 
To  achieve  the  above  first  object,  according  to 

the  present  invention,  it  is  proposed  an  intake  de- 
vice  for  a  multi-cylinder  internal  combustion  en- 
gine,  the  engine  being  V-shaped  and  including  left 

35  and  right  groups  of  cylinders  having  such  an  order 
of  ignition  that  any  one  of  the  cylinders  is  not 
ignited  immediately  before  or  after  ignition  of  the 
other  cylinders  of  the  same  group,  and  the  intake 
device  comprising  a  pair  of  resonance  chambers 

40  independently  communicating  with  the  left  and 
right  groups  cylinders,  and  a  pair  of  resonance 
passages  communicating  at  their  downstream 
sides  with  the  resonance  chambers  and  at  their 
upstream  sides  with  the  atmosphere  through  a 

45  throttle  valve,  wherein  the  pair  of  resonance  cham- 
bers  and  the  pair  of  resonance  passages  are  dis- 
posed  in  parallel  in  a  V-space  defined  between  the 
left  and  right  groups  of  cylinders  with  a  common 
dividing  wall  interposed  therebetween. 

50  With  the  above  construction,  the  resonance 
chambers  and  the  resonance  passages  for  estab- 
lishing  a  resonance  supercharge  system  are  dis- 
posed  in  parallel  in  the  V-space  defined  between 
the  left  and  right  groups  of  cylinder  in  the  V- 

55  shaped  multi-cylinder  internal  combustion  engine 
with  the  common  dividing  wall  interposed  there- 
between  and  therefore,  both  of  the  resonance 
chambers  and  the  resonance  passages  are  reason- 
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ably  contained  within  the  V-space.  This  provide  a 
compact  sized  intake  system  to  enable  an  effective 
utilization  of  a  space  within  an  engine  room. 

To  achieve  the  above  second  object,  according 
to  the  present  invention,  there  is  proposed  an  in- 
take  device  for  a  multi-cylinder  internal  combustion 
engine,  comprising  a  pair  of  resonance  chambers 
independently  communicating  with  groups  of  cyl- 
inders  having  such  an  order  of  ignition  that  any  one 
of  the  cylinders  is  not  ignited  immediately  before 
or  after  ignition  of  the  other  cylinders  of  the  same 
group,  and  a  pair  of  resonance  passages  commu- 
nicating  at  their  downstream  sides  with  the  reso- 
nance  chambers  and  at  their  upstream  sides  with 
the  atmosphere  through  a  throttle  valve,  wherein 
the  intake  device  further  includes  a  resonance 
chamber  assembly  box  which  comprises  an  upper 
assembly  box  portion  opened  at  a  lower  surface 
thereof,  a  lower  assembly  box  portion  opened  at  an 
upper  surface  thereof,  and  a  plate-like  valve  unit 
dividing  the  opened  surfaces  of  the  upper  and 
lower  assembly  box  portions,  the  pair  of  resonance 
chambers  being  formed  in  one  of  the  assembly 
box  portions,  the  pair  of  resonance  passages  being 
formed  in  the  other  assembly  box  portion,  and  an 
on-off  valve  capable  of  changing  suction  character- 
istics  of  the  engine  being  provided  in  the  valve  unit. 

With  the  above  construction,  and  among  the 
upper  assembly  box  portion,  the  lower  assembly 
box  portion  and  the  plate-like  valve  unit  dividing  the 
opened  surface  of  the  two  assembly  box  portions, 
which  constitute  the  resonance  chamber  assembly 
box,  the  left  and  right  resonance  chambers  are 
defined  in  one  of  the  assembly  box  portions,  the 
resonance  passages  are  formed  in  the  other  as- 
sembly  box  portion,  and  the  on-off  valve  is  pro- 
vided  in  the  valve  unit.  This  provides  a  reasonable 
layout  of  the  pair  of  resonance  chambers,  the  pair 
of  resonance  passages  and  the  on-off  valve  within 
the  resonance  chamber  assembly  box,  leading  to 
not  only  a  compact  intake  system,  but  also  to  a 
simplified  structure  thereof  to  enable  a  reduction  in 
manufacture  cost. 

Again  to  achieve  the  second  object,  according 
to  a  third  aspect  of  the  present  invention,  there  is 
proposed  an  intake  device  for  a  multi-cylinder  inter- 
nal  combustion  engine,  comprising  a  pair  of  reso- 
nance  chambers  independently  communicating 
with  groups  of  cylinders  having  such  an  order  of 
ignition  that  any  one  of  the  cylinders  is  not  ignited 
immediately  before  or  after  ignition  of  the  other 
cylinders  of  the  same  group,  and  a  pair  of  reso- 
nance  passages  communicating  at  their  down- 
stream  sides  with  the  resonance  chambers  and  at 
their  upstream  sides  with  the  atmosphere  through  a 
throttle  valve,  wherein  the  intake  device  further 
includes  a  resonance  chamber  assembly  box  which 
comprises  an  upper  assembly  box  portion  opened 

at  a  lower  surface  thereof,  a  lower  assembly  box 
portion  opened  at  an  upper  surface  thereof,  and  a 
plate-like  valve  unit  dividing  the  opened  surfaces  of 
the  upper  and  lower  assembly  box  portions,  the 

5  pair  of  resonance  chambers  being  formed  in  one  of 
the  assembly  box  portions,  the  pair  of  resonance 
passages  being  formed  in  the  other  assembly  box 
portion,  and  the  valve  unit  including  an  on-off  valve 
for  changing  the  length  of  the  resonance  passages 

io  and  another  on-off  valve  for  permitting  the  reso- 
nance  chambers  to  be  put  into  communication  with 
each  other,  these  valves  being  disposed  in  a  plane 
where  the  valve  unit  lies. 

With  the  above  construction,  the  on-off  valve 
is  for  changing  the  length  of  the  resonance  passages 

and  the  another  on-off  valve  for  permitting  the  pair 
of  resonace  chambers  to  be  put  into  communica- 
tion  with  each  other  are  disposed  in  the  same 
plane  of  the  valve  unit  and  therefore,  it  is  possible 

20  to  provide  a  further  compactified  intake  system  and 
a  simplified  structure. 

Further,  to  achieve  the  third  object,  according 
to  a  fourth  aspect  of  the  present  invention,  there  is 
proposed  an  intake  device  for  a  multi-cylinder  inter- 

25  nal  combustion  engine,  comprising  a  pair  of  reso- 
nance  chambers  independently  communicating 
with  groups  of  cylinders  having  such  an  order  of 
ignition  that  any  one  of  the  cylinders  is  not  ignited 
immediately  before  or  after  ignition  of  the  other 

30  cylinders  of  the  same  group,  and  a  pair  of  reso- 
nance  passages  communicating  at  their  down- 
stream  sides  with  the  resonance  chambers  and  at 
their  upstream  sides  with  the  atmosphere  through  a 
throttle  valve,  wherein  the  intake  device  further 

35  includes  a  communication  chamber  provided  be- 
tween  the  pair  of  resonance  chambers,  so  that  the 
resonance  chambers  communicate  with  each  other 
through  the  communication  chamber. 

With  the  above  construction,  even  if  the  vol- 
40  ume  of  each  of  the  resonance  chambers  is  set  at  a 

value  enough  to  provide  an  optimal  resonance 
supercharge  effect,  the  volume  of  a  chamber  re- 
sulting  from  the  communication  of  the  resonance 
chambers  with  each  other  to  establish  an  inertia 

45  supercharge  system  in  a  higher  speed  operation 
region  can  be  set  at  a  sufficiently  large  and  optimal 
value  by  proper  setting  of  the  volume  of  the  com- 
munication  chamber. 

Some  embodiments  of  the  invention  will  now 
50  be  described  by  way  of  example  and  with  refer- 

ence  to  the  accompanying  drawings,  in  which:- 
Figs.1  to  5  illustrate  a  first  embodiment  of  the 
present  invention,  wherein 
Fig.1  is  a  front  view  in  longitudinal  section  of 

55  details  of  a  V-type  six  cylinder  internal  combus- 
tion  engine  equipped  with  an  intake  device  ac- 
cording  to  a  first  embodiment  of  the  present 
invention; 
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Fig.2  is  a  plan  view  of  a  cylinder  block  in  the 
engine; 
Fig.3  is  an  enlarged  partial  plan  view  taken 
along  a  line  Ill-Ill  in  Fig.1  ; 
Fig.4  is  a  sectional  view  taken  along  a  line  IV-IV  5 
in  Fig.3;  and 
Fig.5  is  a  sectional  view  taken  along  a  line  V-V 
in  Fig.3; 
Figs.6  and  7  are  sectional  views  of  an  intake 
system,  similar  to  Figs.3  and  5,  but  showing  a  10 
second  embodiment  of  the  present  invention; 
Fig.8  and  9  are  sectional  views  of  an  intake 
system,  similar  to  Figs.4  and  5,  but  showing  a 
modification  of  the  second  embodiment; 
Figs.  10  to  13  illustrate  a  third  embodiment  of  the  is 
present  invention,  wherein 
Fig.  10  is  a  longitudinal  sectioal  view  of  details  of 
a  V-type  six  cylinder  internal  combustion  engine 
equipped  with  an  intake  device  according  to  the 
third  embodiment  of  the  present  invention;  20 
Fig.  11  is  an  enlarged  partial  plan  view  taken 
along  a  line  XI-XI  in  Fig.  10; 
Fig.  12  is  a  sectional  view  taken  along  a  line  XII- 
XII  in  Fig.11;  and 
Fig.  13  is  a  sectional  view  taken  along  a  line  XIII-  25 
XIII  in  Fig.  12; 
Fig.  14  is  a  sectional  view  of  an  intake  system, 
similar  to  Fig.11,  but  illustrating  a  fourth  embodi- 
ment  of  the  present  invention; 
Figs.  15  and  16  illustrate  a  fifth  embodiment  of  30 
the  present  invention,  Fig.  15  being  a  sectional 
view  of  an  intake  system,  similar  to  Fig.11,  and 
Fig.  16  being  a  sectional  view  taken  along  a  line 
XVI-XVI  in  Fig.  15; 
Figs.  17  to  21  illustrate  a  sixth  embodiment  of  35 
the  present  invention,  wherein 
Fig.  17  is  a  longitudinal  sectioal  view  of  details  of 
a  V-type  six  cylinder  internal  combustion  engine 
equipped  with  an  intake  device  according  to  the 
sixth  embodiment  of  the  present  invention;  40 
Fig.  18  is  an  enlarged  partial  plan  view  taken 
along  a  line  XVIII-XVIII  in  Fig.  17; 
Fig.  19  is  an  enlarged  partial  plan  view  taken 
along  a  line  XIX-XIX  in  Fig.  17; 
Fig.20  is  a  sectional  view  taken  along  a  line  XX-  45 
XX  in  Fig.  18;  and 
Fig.21  is  a  sectional  view  taken  along  a  line  XXI- 
XXI  in  Fig.  18; 
Fig.22  is  a  sectional  view  of  an  intake  system, 
similar  to  Fig.  18,  but  illustrating  a  seventh  em-  so 
bodiment  of  the  present  invention; 
Figs.23  to  26  illustrate  an  eighth  embodiment  of 
the  present  invention,  wherein 
Fig.23  is  a  longitudinal  sectional  view  of  details 
of  a  V-type  six  cylinder  internal  combustion  en-  55 
gine  equipped  with  an  intake  device  according 
to  the  eighth  embodiment  of  the  present  inven- 
tion; 

Fig.24  is  an  enlarged  partial  plan  view  taken 
along  a  line  XXIV-XXIV  in  Fig.23; 
Fig.25  is  a  sectional  view  taken  along  a  line 
XXV-  XXV  in  Fig.24;  and 
Fig.26  is  a  sectional  view  taken  along  a  line 
XXVI-  XXVI  in  Fig.24;  and 
Fig.27  is  a  sectional  view  of  an  intake  system, 
similar  to  Fig.24,  but  illustrating  a  ninth  embodi- 
ment  of  the  present  invention. 

Figs.1  to  5  illustrate  a  first  embodiment  of  the 
present  invention.  Referring  to  Figs.1  and  2,  a  six- 
cylinder  type  internal  combustion  engine  E  com- 
prises  a  pair  of  left  and  right  engine  blocks  Bl,  and 
Br  located  in  a  V-shaped  arrangement.  Each  of  the 
left  and  right  engine  blocks  Bl,  and  Br  comprises 
a  cylinder  block  M,  1r  and  a  cylinder  head  21,  2r 
joined  or  bonded  to  a  deck  surface  of  the  cylinder 
block,  respectively.  Three  left  cylinders  31  are 
formed  in  series  in  the  left  cylinder  block  M,  and 
three  cylinders  3r  are  formed  in  series  in  the  right 
cylinder  block  1r.  The  three  left  cylinders  31  con- 
stitute  a  left  cylinder  group  CI  .  The  three  right 
cylinders  3r  also  constitute  a  right  cylinder  group 
Cr.  These  cylinders  have  such  an  order  of  ignition 
that  any  one  of  the  cylinders  is  not  ignited  imme- 
diately  before  or  after  ignition  of  the  other  cylinders 
of  the  same  group,  i.e.,  intake  valves  10  which  will 
be  described  hereinafter  are  not  overlapped. 

A  piston  4  is  slidably  received  in  each  of  the 
left  and  right  cylinders  31  and  3r  in  a  usual  mamer. 
The  pistons  4  are  operatively  connected  to  a  crank 
shaft  6  through  connecting  rods  5.  Each  of  the  left 
and  right  cylinder  heads  21  and  2r  is  provided  with 
a  combustion  chamber  7  and  intake  and  exhaust 
ports  8  and  9  communicating  with  the  combustion 
chamber  7.  Each  intake  port  8  has  an  intake  valve 
10  provided  therein  for  opening  and  closing  the 
intake  port  8,  and  each  exhaust  port  9  has  an 
exhaust  valve  1  1  provided  therein  for  opening  and 
closing  the  exhaust  port  9.  The  intake  and  exhaust 
valves  10  and  11  may  be  opened  and  closed  with 
a  predetermined  timing  by  a  conventionally  known 
valve  operating  mechanism  12. 

An  intake  system  In  which  will  be  described 
hereinafter  is  connected  to  the  plurality  of  intake 
ports  8  in  the  left  and  right  cylinder  heads  21  and 
2r,  and  a  conventionally  known  exhaust  system 
which  is  not  shown  is  connected  to  the  plurality  of 
exhaust  ports  9  in  the  left  and  right  cylinder  heads 
21  and  2r. 

The  construction  of  the  intake  system  In  will  be 
described  below  with  reference  to  Figs.2  to  5.  The 
intake  system  In  is  disposed  in  a  V-space  C  be- 
tween  the  left  and  right  cylinder  blocks  M  and  1r 
and  comprises  an  air  cleaner  Ac,  an  intake  pas- 
sage  Pi  connected  to  an  outlet  of  the  air  cleaner 
Ac,  a  resonance  chamber  assembly  box  Bg  having 
a  pair  of  left  and  right  resonance  chambers  Cr-I 
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and  Cr-r  and  connected  to  a  downstream  end  of 
the  intake  passage  Pi,  and  an  intake  manifold  Mi 
which  will  be  described  hereinafter  and  is  joined  to 
those  ends  of  the  left  and  right  cylinder  blocks  1  1 
and  1r  at  which  the  intake  ports  8  are  opened, 
thereby  permitting  the  communication  between  the 
left  and  right  resonance  chambers  Cr-I  and  Cr-r 
and  the  right  and  left  cylinder  groups  Cr  and  CI  , 
respectively. 

The  intake  passage  Pi  is  constructed  with  a 
throttle  body  15  being  integrally  connected  to  a 
downstream  end  of  an  intake  passage  14  con- 
nected  to  the  air  cleaner  Ac,  as  shown  in  Fig.3. 
The  intake  passage  14  is  formed  into  a  hollow 
cylindrical  shape  so  that  an  intake  gas  from  the  air 
cleaner  Ac  may  be  drawn  thereinto,  and  the  throttle 
body  15  is  also  formed  into  a  hollow  cylindrical 
shape  having  substantially  the  same  diameter  as 
the  intake  passage  14.  A  throttle  valve  20  is  pro- 
vided  within  the  throttle  body  15  and  controlled  for 
opening  and  closing  by  a  control  19. 

The  resonance  chamber  assembly  box  Bg  is 
integrally  connected  to  a  downstream  end  of  the 
throttle  body  15  by  bolts  16.  The  resonance  cham- 
ber  assembly  box  Bg  is  comprised  of  a  substan- 
tially  rectangular  parallelepiped-shaped  assembly 
box  body  21  opened  at  its  upper  surface  and 
connected  to  the  throttle  body  15,  and  a  lid  22  air- 
tightly  mounted  on  the  opened  surface  21  1  by  bolts 
23.  The  lid  22  is  formed  integrally  with  the  intake 
manifold  Mi. 

As  clearly  shown  in  Figs.3  and  4,  the  interior  of 
the  resonance  chamber-assembled  box  Bg  is  di- 
vided  into  left  and  right  resonance  chambers  Cr-I 
and  Cr-r  arranged  in  parallel  to  each  other  by  a 
resonance  pipe  24  extending  in  a  direction  of  the 
crank  shaft  6  of  the  engine,  i.e,  in  a  direction  of  a 
flow  of  an  intake  gas  within  the  box  Bg.  The 
resonance  pipe  24  is  comprised  of  vertical  walls 
242  which  each  include  a  short  projection  24i 
extending  from  a  front  end  wall  of  the  assembly 
box  body  21  toward  the  throttle  body  15  and  serve 
as  a  pair  of  dividing  walls,  and  an  angularly  inclined 
partition  wall  243  connecting  a  lower  end  of  one  of 
the  vertical  walls  242  with  an  upper  end  of  the 
other  vertical  wall  242.  The  partition  wall  243  ex- 
tends  from  a  connection  with  the  throttle  body  15 
to  a  rear  end  of  the  the  assembly  box  body  21  ,  and 
the  vertical  walls  242  terminate  at  a  point  short  of  a 
rear  end  wall  of  the  assembly  box  body  21.  This 
defines  a  pair  of  resonance  passages  181  and  18r 
of  triangular  cross-section  at  a  central  portion  of  the 
assembly  box  body  21.  The  resonance  passages 
181  and  18r  permit  the  communication  between 
the  left  and  right  resonance  chambers  Cr-I  and  Cr- 
r  through  left  and  right  inlet  ports  331  and  33r  at  its 
downstream  end. 

An  on-off  valve  25  is  provided  in  the  resonance 

pipe  24  for  permitting  the  pair  of  left  and  right 
resonace  passages  181  and  18r  to  be  put  into  or 
out  of  communication  with  each  other.  A  quadrilat- 
eral  valve  bore  26  is  opened  in  a  central  portion  of 

5  the  partition  wall  243  of  the  resonance  pipe  24  in  a 
facing  relation  to  the  opened  surface  21  ,  so  that  the 
left  and  right  resonance  passages  181  and  18r 
may  be  put  into  communication  with  each  other 
through  such  valve  bore  26.  The  valve  bore  26  is 

io  very  easy  of  process  by  a  tool  or  the  like,  because 
it  faces  to  the  opened  surface  21  1  . 

A  valve  stem  27  is  rotatably  inserted  in  a 
central  portion  of  the  partition  wall  243  of  the  reso- 
nance  pipe  24  to  extend  from  the  outside  of  the 

is  assembly  box  body  21  along  an  axis  of  the  intake 
system  In.  The  valve  stem  27  extends  through  the 
central  portion  of  the  valve  bore  26.  A  rectangular 
plate-like  valve  member  28  to  be  mounted  in  the 
valve  bore  26  is  secured  to  the  valve  stem  27  by 

20  machine  screws  30.  One  end  of  the  valve  stem  27 
passes  through  a  rear  end  wall  of  the  assembly 
box  body  21  and  projects  outside  this  rear  end, 
and  a  conventionally  known  actuator  29  is  con- 
nected  to  the  projecting  end  of  the  valve  stem  27. 

25  The  actuator  29  is  controlled  for  operation  in  accor- 
dance  with  an  operational  condition  of  the  engine, 
so  that  the  on-off  valve  25  is  controlled  for  opening 
and  closing.  For  example,  during  a  lower  speed 
operation  of  the  engine,  the  on-off  valve  25  is 

30  closed,  and  during  a  higher  speed  operation  of  the 
engine,  the  on-off  valve  is  opened. 

Three  left  and  right  elliptic  exhaust  ports  341, 
34r  are  opened  in  an  upper  wall  of  each  of  the  left 
and  right  resonance  chambers  Cr-l  and  Cr-r  along 

35  its  longitudinal  axis.  The  three  exhaust  ports  341  in 
the  left  resonance  chamber  Cr-l  commnuicate  re- 
spectively  with  the  three  cylinders  3r  (in  which  the 
intake  sequence  is  not  continuous)  in  the  right 
cylinder  block  1r  located  on  the  opposite  side  from 

40  the  left  resonance  chamber  Cr-l  through  the  intake 
manifold  Mi  which  will  be  described  hereinafter, 
and  the  three  exhaust  ports  34r  in  the  right  reso- 
nance  chamber  Cr-r  likewise  communicate  with  the 
three  cylinders  3  (in  which  the  intake  sequence  is 

45  continuous)  in  the  left  cylinder  block  1  1  located  on 
the  opposite  side  from  the  right  resonance  cham- 
ber  Cr-r  through  the  intake  manifold  Mi  which  will 
be  described  hereinafter. 

The  intake  manifold  Mi  comprises  six  first  to 
50  sixth  distributor  pipes  35i  to  35g  which  are  con- 

vexly  curved  upwardly  as  shown  in  Figs.1  to  5  and 
which  are  integrally  arranged  side-by-side  in  a  di- 
rection  substantially  perpendicular  to  the  longitudi- 
nal  axes  of  the  left  and  right  resonance  chambers 

55  Cr-I  and  Cr-r  to  extend  leftwardly  and  rightwardly 
in  alternately  opposite  directions  in  an  intersecting 
manner.  The  three  alternate  three  of  these  pipes, 
i.e.,  second,  fourth  and  sixth  pipes  352  ,  35+  and 
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35g  communicate  at  their  upstream  ends  with  the 
three  exhaust  ports  341  in  the  left  resonance 
chamber  Cr-l,  respectively  and  then  extend  to  the 
opposite  side  from  the  resonance  chamber  Cr-l  to 
communicate  at  their  downstream  with  the  three 
cylinders  3r  in  the  right  cylinder  block  1r.  The 
remaining  alternate  three,  i.e.,  first,  third  and  fifth 
distributor  pipes  35i  ,  353  and  355  communicate  at 
their  upper  ends  with  the  three  exhaust  ports  34r  in 
the  right  resonance  chamber  Cr-r  and  then  extend 
to  the  opposite  side  from  the  resonance  chamber 
Cr-r  to  communicate  at  their  downstream  ends  with 
the  three  cylinders  31  in  the  left  cylinder  block  "IX. 

As  shown  in  Fig.1,  a  fuel  ejecting  nozzle  36  is 
mounted  on  upper  wall  of  a  lower  end  of  each  of 
the  first  to  sixth  distributor  pipes  35i  to  35g  . 

The  first  operation  of  this  embodiment  will  be 
described  below. 

The  actuator  29  is  controlled  for  operation  in 
accordance  with  the  operational  condition  of  the 
engine.  For  example,  in  the  lower  speed  oper- 
ational  condition  of  the  engine  and  when  the  on-off 
valve  25  is  controlled  to  be  closed  as  shown  by  a 
solid  line  in  Figs.3  to  5  to  close  its  valve  bore  26, 
the  left  and  right  resonance  passages  ~\8l  and  18r 
are  put  out  of  communication  with  each  other.  In 
this  state,  there  are  established  two  series  of  intake 
systems  comprising  the  entire  length  of  the  reso- 
nance  passages  ~\8l  and  18r  of  a  length  L2  from  a 
junction  with  the  throttle  body  15  to  the  inlet  ports 
33X  and  33r,  the  left  and  right  resonance  chambers 
Cr-l  and  Cr-r,  and  the  left  and  right  distributor 
pipes  35i  ,  353  ,  355  and  352,  35+  35g,  i.e.,  two 
series  of  resonance  supercharge  intake  systems 
which  produce  no  suction  interference  and  each 
extend  from  the  three  cylinders  3X,  3r  to  the  outlet 
of  the  throttle  body  15.  Moreover,  the  resonance 
supercharge  system  is  relatively  large  in  length 
and  its  natural  frequency  can  be  accorded  with  the 
period  of  opening  and  closing  of  each  intake  valve 
10  in  a  region  of  lower  rotation  of  the  engine, 
thereby  effectively  exhibiting  a  resonance  super- 
charge  effect  to  enhance  the  volume  efficiency  in 
the  lower  rotation  region  of  the  engine. 

On  the  other  hand,  when  the  engine  had  been 
brought  into  a  higher  speed  operational  condition, 
the  on-off  valve  25  is  controlled  to  be  opened, 
thereby  permitting  the  left  and  right  resonance  pas- 
sages  ~\8l  and  18r  to  be  put  into  communication 
with  each  other  through  the  valve  bore  26,  and  the 
substantial  length  of  the  left  and  right  resonance 
passages  ~\8l  and  18r  is  reduced  to  a  length  Li 
from  the  downstream  end  of  the  valve  bore  26  to 
the  inlet  ports  33X  and  33r.  In  this  state,  the  natural 
frequency  of  the  two  series  of  resonance  intake 
systems  is  increased,  and  the  period  of  intake 
pressure  can  be  accorded  with  the  period  of  open- 
ing  and  closing  of  the  intake  valve  10  when  the 

engine  is  in  high  rotation,  thereby  effectively  exhib- 
iting  a  resonance  supercharge  effect  in  such  oper- 
ational  region  to  enhance  the  volume  efficiency. 

Since  the  left  and  right  resonance  chambers- 
5  Cr-l  and  Cr-r  are  defined  partitioned  by  the  reso- 

nance  passages  ~\8l  and  18r  within  the  assembly 
box  body  21,  the  left  and  right  resonance  cham- 
bers  Cr-l  and  Cr-r  and  the  resonance  passages 
~\8l  and  18r  are  arranged  in  the  V-space  C  with  the 

io  vertical  walls  242  interposed  therebetween.  There- 
fore,  the  pair  of  resonance  passages  ~\8l  and  18r 
and  the  pair  of  resonance  chambers  Cr-l  and  Cr-r 
can  be  reasonably  united,  leading  to  a  compact 
size  of  the  intake  system. 

is  Figs.6  and  7  illustrate  a  second  embodiment  of 
the  present  invention,  wherein  components  cor- 
responding  to  those  in  the  first  embodiment  are 
designated  by  the  same  reference  characters. 

In  the  second  embodiment,  a  resonance  cham- 
20  ber  assembly  box  Bg  is  comprised  of  a  pair  of  left 

and  right  resonance  chambers  Cr-l  and  Cr-r  de- 
fined  partitioned  by  a  partition  wall  243,  and  a  pair 
of  resonance  passages  ~\8l  and  18r  defined  out- 
side  the  resonance  chambers  Cr-l  and  Cr-r  in 

25  parallel  to  the  resonance  chambers  Cr-l  and  Cr-r 
and  divided  by  vertical  walls  242  as  a  pair  of 
dividing  walls.  A  downstream  portion  of  a  throttle 
body  15  is  bifurcated  to  form  left  and  right  pas- 
sages  ~\7l  and  17r  whose  downstream  ends  com- 

30  municate  with  upstream  ends  of  the  resonance 
passages  ~\8l  and  18r.  Downstream  ends  of  the 
resonance  passages  ~\8l  and  18r  communicate 
with  the  left  and  right  resonance  chambers  Cr-l 
and  Cr-r  through  left  and  right  inlet  ports  33X  and 

35  33r  made  in  ends  of  the  vertical  walls  242. 
An  on-off  valve  25'  is  mounted  in  a  central 

portion  of  the  partition  wall  243  partitioning  the  left 
and  right  resonance  chambers  Cr-l  and  Cr-r  and  is 
controlled  for  opening  and  closing  by  an  actuator 

40  29.  The  opening  of  the  on-off  valve  25'  permits  the 
left  and  right  resonance  chambers  Cr-l  and  Cr-r  to 
be  put  into  communication  with  each  other  to  pro- 
vide  a  common  inertia  supercharge  distributor 
chamber  Ch  of  a  larger  volume  as  shown  by  a  two- 

45  dashed  line  in  Fig.6. 
With  the  second  embodiment,  the  actuator  29 

is  controlled  for  operation  in  accordance  with  the 
operational  condition  of  the  engine.  For  example, 
when  the  engine  is  in  a  lower  speed  operation,  the 

50  on-off  valve  25'  is  controlled  to  be  closed,  thereby 
putting  the  left  and  right  resonance  chambers  Cr-l 
and  Cr-r  out  of  communication  with  each  other.  In 
this  state,  there  are  established  two  series  of  reso- 
nance  supercharge  intake  systems  which  produce 

55  no  suction  interference  and  comprise  the  branch 
passages  ~\7l  and  17r  of  the  throttle  body,  the  left 
and  right  resonance  passage  ~\8l  and  18r,  the  left 
and  right  resonance  chambers  Cr-l  and  Cr-r  and 
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the  left  and  right  distributor  pipes  35i  ,  353  ,  355; 
352  ,  35+  35g.  Moreover,  the  resonance  super- 
charge  system  is  relatively  large  in  length,  and  its 
natural  frequency  can  be  substantially  accorded 
with  the  period  of  opening  and  closing  of  the  each 
intake  valve  10  in  a  region  of  lower  rotation  of  the 
engine,  thereby  effectively  exhibiting  a  resonance 
supercharge  effect  to  increase  the  volume  effi- 
ciency. 

On  the  other  hand,  when  the  engine  has  been 
brought  into  a  higher  speed  operational  condition, 
the  on-off  valve  25'  is  controlled  to  be  opened, 
thereby  permitting  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  to  be  put  into  communica- 
tion  with  each  other  to  provide  a  common  inertia 
supercharge  distributor  chamber  Ch  of  a  larger 
volume  which  commonly  communicate  with  the  left 
and  right  three  cylinders  3X  and  3r.  In  this  state, 
the  two  series  of  resonance  supercharge  systems 
are  cancelled  and  instead,  an  inertia  supercharge 
system  is  established  with  a  negative  pressure 
wave  produced  in  an  intake  stroke  of  the  engine 
being  reflected  and  turned  over  in  the  larger-vol- 
ume  inertia  supercharge  distributor  chamber  Ch 
and  with  a  positive  pressure  wave  being  propa- 
gated  to  the  intake  port  8  of  the  each  cylinder  3X, 
3r.  This  increases  the  volume  efficiency  in  the 
higher  speed  operation  region  of  the  engine. 

Even  in  this  embodiment,  the  arrangement  of 
the  pair  of  left  and  right  resonance  chambers  Cr-l 
and  Cr-r  and  the  pair  of  resonance  passages  ~\8l 
and  18r  in  the  V-space  C  with  the  vertical  walls  242 
interposed  therebetween  makes  it  possible  to  pro- 
vide  a  compact  size  of  the  intake  system. 

Figs.8  and  9  illustrate  a  modification  of  the 
second  embodiment,  wherein  components  corre- 
sponding  to  those  in  the  previous  second  embodi- 
ment  are  designated  by  the  same  reference  char- 
acters. 

In  this  modification,  a  resonance  chamber  as- 
sembly  box  Bg  is  comprised  of  a  pair  of  left  and 
right  resonance  chambers  Cr-l  and  Cr-r  defined 
partitioned  by  a  partition  wall  243  provided  with  an 
on-off  valve  25',  and  a  pair  of  resonance  passages 
~\8l  and  18r  defined  below  and  in  parallel  to  the 
resonance  chambers  Cr-l  and  Cr-r  and  divided 
from  the  resonance  chambers  by  horizontal  walls 
245  as  a  pair  of  dividing  walls.  A  downstream  end 
of  a  throttle  body  15  communicates  with  upstream 
ends  of  the  resonance  passages  ~\8l  and  18r 
whose  downstream  ends  communicate  with  the  left 
and  right  resonance  chambers  Cr-l  and  Cr-r 
through  left  and  right  inlet  ports  33X  and  33r  made 
in  ends  of  the  horizontal  walls  245. 

Thus,  even  in  this  modification,  it  is  possible  to 
provide  the  same  functioning  effect  as  in  the  pre- 
vious  second  embodiment.  Particularly,  this  modi- 
fication  is  available  when  it  is  required  to  reduce 

the  transverse  width  of  the  resonance  chamber 
assembly  box  Bg. 

In  the  previously-described  first  embodiment, 
the  resonance  supercharge  system  is  switched  in 

5  the  two-stage  manner  by  putting  the  intermediate 
portions  of  the  pair  of  resonance  passages  ~\8l  and 
18r  into  and  out  of  communication  with  each  other 
by  the  operation  of  the  on-off  valve  25,  and  in  the 
second  embodiment  and  the  modification  thereof, 

io  the  resonance  supercharge  system  and  the  inertia 
supercharge  system  are  switched  one  from  the 
other  by  putting  the  pair  of  resonance  chambers 
Cr-l  and  Cr-r  into  and  out  of  communication  with 
each  other  by  the  operation  of  the  on-off  valve  25', 

is  but  in  short,  given  an  intake  system  which  com- 
prises  a  pair  of  resonance  chambers  Cr-l  and  Cr-r 
and  a  pair  of  resonance  passages  ~\8l  and  18r  so 
as  to  enable  the  establishment  of  a  resonance 
supercharge  system,  the  present  invention  can  be 

20  applied  thereto  and  the  on-off  valve  25  or  25'  may 
not  necessarily  be  required.  In  addition,  for  a  layout 
of  the  resonance  chambers  Cr-l  and  Cr-r  and  the 
resonance  passages  ~\8l  and  18r,  it  is  possible,  in 
addition  to  those  in  the  previous  embodiments,  to 

25  arrange  a  pair  of  resonance  chambers  Cr-l  and  Cr- 
r  and  a  pair  of  resonance  passages  ~\8l  and  18r  in 
parallel  in  an  overlapped  relation. 

Figs.  10  to  13  illustrate  a  third  embodiment.  An 
intake  system  In  of  this  embodiment  is  dispoed 

30  within  a  V-space  C  between  the  left  and  right 
cylinder  blocks  M  and  1r  and  comprises  an  air 
cleaner  Ac,  an  intake  passage  Pi  connected  to  an 
outlet  of  the  air  cleaner  Ac,  a  resonance  chamber 
assembly  box  Bg  having  a  pair  of  left  and  right 

35  resonance  chambers  Cr-X  and  Cr-r  and  connected 
to  a  downstream  end  of  the  intake  passage  Pi,  and 
an  intake  manifold  Mi  joined  to  those  end  faces  of 
the  left  and  right  cylinder  blocks  1  1  and  1r  at  which 
the  intake  ports  8  are  opened,  thereby  permitting 

40  the  communication  between  the  left  and  right  reso- 
nance  chambers  Cr-X  and  Cr-r  and  the  right  and 
left  cylinder  groups  Cr  and  Cl,  respectively. 

The  intake  passage  Pi  is  constructed  with  a 
throttle  body  15  being  integrally  connected  to  a 

45  downstream  end  of  an  intake  passage  14  con- 
nected  to  the  air  cleaner  Ac,  as  shown  in  Fig.11. 
The  intake  passage  14  is  formed  into  a  hollow 
cylindrical  shape  so  that  an  intake  gas  from  the  air 
cleaner  Ac  may  be  drawn  thereinto,  and  the  throttle 

50  body  15  is  bifurcated,  downstream  its  junction  with 
the  intake  passage  14,  into  left  and  right  branch 
passages  '\8i  and  18r.  Throttle  valves  201  and  20r 
are  mounted  within  the  branch  passages  '\8i  and 
18r,  respectively  and  controlled  for  opening  and 

55  closing  by  a  common  control  19.  The  resonance 
chamber  assembly  box  Bg  is  integrally  connected 
to  a  downstream  end  of  the  throttle  body  15  by 
bolts  16. 

8 



13 EP  0  521  535  A1 14 

As  seen  from  Figs.1  2  and  13,  the  resonance 
chamber  assembly  box  Bg  is  comprised  of  a  sub- 
stantially  rectangular  parallelepiped-shaped  lower 
assembly  box  portion  21  1  opened  at  its  upper 
surface  and  connected  to  the  throttle  body  15,  a 
substantially  rectangular  parallelepiped-shaped  low- 
er  assembly  box  portion  21  2  opened  at  its  lower 
surface  and  formed  integrally  with  an  intake  mani- 
fold  Mi,  and  a  plate-like  valve  unit  22  air-tightly 
secured  at  its  upper  and  lower  surfaces  to  the 
opened  surfaces  of  the  assembly  box  portions  21  1 
and  21  2  to  provide  a  partition  wall.  These  three 
components  are  assembled  in  a  vertically  stacked 
relation  by  bolts  23. 

It  can  be  seen  from  Figs.1  1  to  13  that  the  lower 
assembly  portion  21  1  of  the  resonance  chamber 
assembly  box  Bg  is  divided  into  left  and  right 
resonance  passages  251  and  25r  extending  in  par- 
allel  to  each  other  in  a  direction  of  a  crank  shaft  6 
of  an  engine,  i.e.,  in  a  direction  of  a  flow  of  an 
intake  gas  within  the  box  Bg.  Downstream  ends  of 
the  left  and  right  branch  passages  ~\8l  and  18r  of 
the  throttle  body  15  communicate  with  upstream 
ends  of  the  left  and  right  resonance  passages  251 
and  25r,  respectively.  The  upper  assembly  box 
portion  21  2  is  also  divided  into  left  and  right  par- 
allel  resonance  chambers  Cr-l  and  Cr-r  by  a  parti- 
tion  wall  24.  One  of  the  resonance  chambers  Cr-l 
is  located  above  corresponding  one  of  the  reso- 
nance  passages  251,  and  the  other  resonance 
chamber  Cr-r  is  located  above  the  other  resonance 
passage  25r. 

Opened  in  the  valve  unit  22  are  left  and  right 
inlet  ports  261  and  26r  permitting  upstream  ends 
of  the  left  and  right  resonance  chambers  Cr-l  and 
Cr-r  to  communicate  with  downstream  ends  of  the 
corresponding  resonance  passages  251  and  25r, 
respectively,  and  left  and  right  valve  bores  271  and 
27r  which  short-circuit  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  and  the  resonance  pas- 
sages  251  and  25r  at  points  short  of  the  inlet  ports 
261  and  26r.  The  valve  unit  22  is  further  provided 
with  on-off  valves  281  and  28r  which  are  capable 
of  opening  the  left  and  right  valve  bores  271  and 
27r  to  short-circuit  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  and  the  resonance  pas- 
sages  251  and  25r.  More  specifically,  two  valve 
stems  3(H  and  30r  are  carried  in  the  valve  unit  22 
to  extend  through  central  portions  of  inlet  ports  261 
and  26r  and  the  valve  bores  271  and  27r  and 
adapted  to  be  rotatably  driven  by  a  common  ac- 
tuator  29.  Rectangular  plate-like  valve  members 
31a  and  31b  provided  in  the  valve  bores  271  and 
27r  are  secured  to  the  valve  stems  3(H  and  30r  by 
a  machine  screw  32.  The  actuator  29  is  adapted  to 
be  controlled  for  operation  in  accordance  with  the 
operational  condition  of  the  engine,  so  that  the  on- 
off  valves  281  and  28r  may  be  controlled  for  open- 

ing  and  closing.  For  example,  during  a  lower  speed 
operation  of  the  engine,  the  on-off  valve  281  and 
28r  may  be  closed,  and  during  a  higher  speed 
operation  of  the  engine,  the  on-off  valve  281  and 

5  28r  may  be  closed. 
Three  elliptically-shaped  left  and  right  exhaust 

ports  34X  and  34r  are  opened  in  upper  walls  of  the 
left  and  right  resonance  chambers  Cr-l  and  Cr-r 
along  their  longitudinal  axis.  The  three  exhaust 

io  ports  34X  of  the  left  resonance  chamber  Cr-l  com- 
municate  with  the  three  cylinders  3r  (in  which  the 
intake  sequence  is  not  continuous),  respectively,  in 
the  right  cylinder  block  1r  located  on  the  opposite 
side  from  the  left  resonance  chamber  Cr-l  through 

is  the  intake  manifold  Mi,  and  the  the  three  exhaust 
ports  34r  of  the  right  resonance  chamber  Cr-r  like- 
wise  communicate  with  the  three  cylinders  3X  (in 
which  the  intake  sequence  is  not  continuous),  re- 
spectively,  in  the  left  cylinder  block  1r  located  on 

20  the  opposite  side  from  the  right  resonance  cham- 
ber  Cr-r  through  the  intake  manifold  Mi. 

The  operation  of  the  third  embodiment  will  be 
described  below. 

The  actuator  29  is  controlled  for  operation  in 
25  accordance  with  the  operational  condition  of  the 

engine.  For  example,  in  a  lower  speed  operation 
condition  of  the  engine  and  when  the  on-off  valves 
281  and  28r  are  controlled  to  be  closed  as  shown 
by  a  solid  line  in  Figs.  11  to  13  to  close  their  valve 

30  bores  271  and  27r,  the  communication  of  the  reso- 
nance  passages  251  and  25r  corresponding  to  the 
left  and  right  resonance  chambers  Cr-l  and  Cr-r  is 
cut  off.  In  this  state,  there  are  established  two 
series  of  intake  systems  which  are  comprises  of 

35  the  branch  passages  ~\8l  and  18r  for  each  cylinder 
group,  the  resonance  passages  251  and  25r  for 
each  cylinder  group,  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  for  each  cylinder  group, 
and  left  and  right  distributor  pipes  35i  ,  352,  353, 

40  35+,  355  and  35g  for  each  cylinder  group,  i.e.,  two 
series  of  resonance  supercharge  intake  systems 
which  produce  no  suction  interference  and  each 
extend  from  the  three  cylinders  3X,  3r  to  the  outlet 
of  the  throttle  body  15.  The  length  of  such  intake 

45  system  is  relatively  long  and  moreover,  the  volume 
of  the  resonance  chambers  Cr-l  and  Cr-r  is  set 
such  that  the  natural  frequency  of  the  resonance 
supercharge  system  may  substantially  accord  with 
the  period  of  opening  and  closing  of  each  intake 

50  valve  10  in  a  lower  speed  rotation  region  of  the 
engine.  This  ensures  that  a  resonance  supercharge 
effect  is  effectively  exhibited  to  increase  the  vol- 
ume  efficiency  in  the  lower  speed  rotation  region  of 
the  engine. 

55  When  the  engine  has  been  brought  into  a 
higher  speed  operation,  the  actuator  29  is  operated 
to  open  the  left  and  right  on-off  valve  281  and  28r, 
so  that  the  left  and  right  resonance  chambers  Cr-l 
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and  Cr-r  and  the  resonance  passages  251  and  25r 
which  has  been  hitherto  in  communication  with 
each  other  through  the  inlet  ports  261  and  26r  are 
short-circuited.  This  reduces  the  substantial  length 
of  the  resonance  passages  251  and  25r  and 
causes  the  resonance  passages  251  and  25r  to 
serve  as  portions  of  the  resonance  chambers  Cr-l 
and  Cr-r,  thereby  increasing  the  volume  of  the 
resonance  chambers  Cr-l  and  Cr-r  to  ensure  that 
the  natural  frequency  of  the  resonance  super- 
charge  system  is  increased  so  as  to  substantially 
accord  with  the  period  of  opening  and  closing  of 
each  intake  valve  10  in  the  higher  speed  operation 
region  of  the  engine.  As  a  result,  the  resonance 
supercharge  effect  is  effectively  exhibited  to  in- 
crease  the  volume  efficiency  in  the  higher  speed 
rotation  region  of  the  engine. 

By  permitting  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  and  the  resonance  pas- 
sages  251  and  25r  provided  in  the  resonance  as- 
sembly  box  Bg  to  be  short-circuited  and  put  out  of 
communication  with  each  other  through  the  on-off 
valves  281  and  28r  as  described  above,  it  is  possi- 
ble  to  provide  a  higher  volume  efficiency  in  a  wider 
operation  range  of  from  a  lower  speed  to  a  higher 
speed.  In  addition,  since  the  resonance  chamber 
assembly  box  Bg  is  comprised  of  the  upper  and 
lower  assembly  box  portions  21  2  and  21  1  vertically 
stacked  and  the  valve  unit  22,  with  the  left  and 
right  resonance  chambers  Cr-l  and  Cr-r  being  de- 
fined  in  the  upper  assembly  box  portion  21  2,  with 
the  resonance  passages  251  and  25r  being  defined 
in  the  lower  assembly  box  portion  21  1  and  with  the 
inlet  ports  261  and  26r  and  the  on-off  valves  281 
and  28r  being  provided  in  the  valve  unit  22,  it  is 
possible  to  form  the  resonance  chamber  assembly 
box  Bg  extremely  compactly  and  to  reduce  the 
manufacturing  cost  thereof. 

A  fourth  embodiment  of  the  present  invention 
will  be  described  below  with  reference  to  Fig.  14. 

Fig.  14  is  a  sectional  view  of  the  same  intake 
system  as  in  Fig.  11,  wherein  the  same  reference 
characters  as  in  the  previous  embodiment  des- 
ignate  the  same  components. 

In  the  fourth  embodiment,  two  on-off  valves 
28ii  ,  28r2;  28X2,  28r2  are  used  into  which  are 
divided  the  left  and  right  on-off  valves  281  and  28r 
for  short-circuiting  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  and  the  resonance  pas- 
sages  251  and  25r  described  in  the  previous  em- 
bodiments,  respectively.  The  on-off  valves  281  1 
and  28ri  are  mounted  on  valve  stems  30£  1  and 
30ri  rotatably  driven  by  an  actuator  29i  ,  respec- 
tively  and  the  on-off  valves  28X2  and  28r2  are 
mounted  on  valve  stems  30X2  and  30r2  rotatably 
driven  by  an  actuator  292,  respectively. 

According  to  this  embodiment,  all  the  on-off 
valves  281  1  ,  28n  ;  28X2,  28r2  are  closed  in  a  lower 

speed  rotation  region  of  the  engine,  as  in  the 
previous  embodiments,  and  the  volume  efficiency 
is  increased  in  such  lower  speed  rotation  region.  In 
a  middle  speed  rotation  region  of  the  engine,  one 

5  of  the  actuators  29i  is  driven  to  open  the  on-off 
valves  281  1  and  28n  closer  to  the  inlet  ports  261 
and  26r.  This  reduces  the  substantially  length  of 
the  resonance  passages  251  and  25r  slightly  and 
causes  portions  of  the  resonance  passages  251 

io  and  25r  to  serve  as  portions  of  the  resonance 
chambers  Cr-l  and  Cr-r,  thereby  slightly  increasing 
the  substantial  volume  of  the  resonance  chambers 
Cr-l  and  Cr-r  to  ensure  that  the  natural  frequency 
of  the  resonance  supercharge  system  is  increased 

is  to  substantially  correspond  with  the  period  of  open- 
ing  and  closing  of  each  intake  valve  10.  Further,  in 
a  higher  speed  operation  region  of  the  engine,  both 
the  actuators  29i  and  292  are  driven  to  open  all  the 
on-off  valves  281  1  ,  28n  ,  28l2  and  28r2  as  in  the 

20  previous  embodiment,  thereby  increasing  the  vol- 
ume  efficiency  in  such  higher  speed  rotation  re- 
gion. 

According  to  the  fourth  embodiment,  the  natu- 
ral  frequency  of  the  resonance  supercharge  system 

25  can  be  switched  at  three  stages  in  this  manner  and 
therefore,  the  resonance  supercharge  effect  is  ef- 
fectively  exhibited  in  a  wider  range  of  from  a  lower 
speed  operation  region  to  a  higher  speed  operation 
region  to  increase  the  volume  efficiency  of  the 

30  engine. 
A  fifth  embodiment  of  the  present  invention  will 

be  described  below  with  reference  with  Figs.1  5  and 
16. 

Figs.1  5  and  16  are  sectional  views  of  the  same 
35  intake  system  as  in  Figs.1  1  and  12,  wherein  the 

same  reference  characters  denotes  the  same  com- 
ponents. 

In  the  fifth  embodiment,  a  resonance  chamber 
assembly  box  Bg  connected  to  a  downstream  of  a 

40  throttle  body  15'  including  a  throttle  valve  20'  pro- 
vided  therein  is  comprised  of  an  assembly  body 
21  1  '  and  a  lid  21  2'  covering  an  upper  surface  of  the 
body  21  r.  The  interior  of  the  resonance  chamber 
assembly  box  Bg  is  divided  laterally  by  a  dividing 

45  wall  24'  extending  longitudinally  of  the  crankshaft  6. 
A  pair  of  valve  units  22T  and  22r'  forming  a 
partition  wall  are  mounted  on  the  left  and  right 
sides  of  the  dividing  wall  24'  and  sandwiched  verti- 
cally  between  the  assembly  box  body  21  1  '  and  the 

50  lid  21  2,  and  a  pair  of  resonance  passages  25V 
and  25r'  are  defined  between  the  left  and  right 
valve  units  22r  and  22r'  and  the  dividing  wall  24'. 
A  left  Cr-X  and  a  right  resonance  chamber  Cr-r  are 
defined  outside  the  left  and  right  valve  units  22V 

55  and  22r',  and  the  two  resonnace  chambers  Cr-X 
and  Cr-r  communicate  with  downstream  ends  of 
the  resonance  passages  25V  and  25r'  through  inlet 
ports  26r  and  26r'  made  in  the  valve  units  2 2 r  
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and  26r',  respectively. 
Valve  bores  27r  and  27r'  are  opened  in  the 

valve  units  22T  and  22r',  respectively,  and  on-off 
valves  28r,  and  28r'  are  mounted  for  opening  and 
closing  in  the  valve  bores  27r  and  27r'  and  con- 
nected  to  an  actuator  29'.  The  on-off  valves  28r' 
and  28r  have  the  same  structure  as  the  on-off 
valves  281  and  28r  in  the  previous  embodiments, 
i.e.,  a  structure  with  a  rectangular  valve  members 
31  r  and  31  r'  secured  by  machine  screws  32'  to 
valve  stem  30T  and  30r'  extending  through  the 
valve  bores  27r  and  27r'  made  in  the  valve  units 
22V  and  22r'. 

According  to  this  embodiment,  the  on-off 
valves  28r  and  28r'  are  closed  in  a  lower  speed 
operation  region  of  the  engine,  so  that  the  left  and 
right  resonance  passages  25  r  and  25r'  are  put 
into  communication  through  their  entire  lengths 
with  the  left  and  right  resonance  chambers  Cr-l 
and  Cr-r.  This  establishes  a  resonance  supercharge 
intake  system  having  an  increased  passage  length 
and  a  smaller  natural  frequency  to  increase  the 
volume  efficiency  in  a  lower  speed  rotation  region. 

When  the  engine  has  been  brought  into  a 
higher  speed  operation,  the  actuator  29  is  operated 
to  open  the  left  and  right  on-off  valves  28r  and 
28r',  so  that  the  left  and  right  resonance  chambers 
Cr-l  and  Cr-r  and  the  resonance  passages  251' 
and  25r'  which  have  been  hitherto  in  communica- 
tion  with  each  other  through  the  inlet  ports  261' 
and  26r'  are  short-circuited  through  the  valve  bores 
27r  and  27r'  to  reduce  the  substantial  length  of 
the  resonance  passages  251'  and  25r',  and  the 
resonance  passages  25  V  and  25r'  serve  as  por- 
tions  of  the  resonance  chambers  Cr-l  and  Cr-r  to 
increase  the  substantial  volume  of  the  chambers 
Cr-l  and  Cr-r  and  enhance  the  volume  efficiency  in 
the  higher  speed  rotation  region. 

Even  in  the  fifth  embodiment,  it  is  possible  to 
simplify  and  compact  the  structure  of  the  intake 
system  by  virtue  of  a  reasonable  layout  of  the 
resonance  passages  25  r  and  25r',  the  resonance 
chambers  Cr-l  and  Cr-r,  the  valve  units  22T  and 
22r'  and  the  on-off  valves  28r  and  28r'. 

Figs.1  7  to  21  illustrate  a  sixth  embodiment  of 
the  present  invention.  In  this  embodiment,  an  in- 
take  system  In  is  disposed  within  a  V-space  C 
between  left  and  right  cylinder  blocks  M  and  1r 
and  comprises  an  air  cleaner  Ac,  an  intake  pas- 
sage  Pi  connected  to  an  outlet  of  the  air  cleaner 
Ac,  a  resonance  chamber  assembly  box  Bg  includ- 
ing  a  pair  of  left  and  right  resonance  chambers  Cr- 
l  and  Cr-r,  and  an  intake  manifol  Mi  joined  to  that 
end  faces  of  the  left  and  right  cylinder  blocks  1  1 
and  1r  to  which  an  intake  port  8  is  opened,  thereby 
permitting  the  communication  between  the  left  and 
right  resonance  chambers  Cr-X  and  Cr-r  and  the 
left  and  right  cylinder  groups  Cr  and  Cl. 

The  passage  Pi  is  constructed  with  a  throttle 
body  15  integrally  connected  to  a  downstream  end 
of  an  intake  passage  14  connected  to  the  air  clean- 
er  Ac,  as  shown  in  Fig.  18.  The  intake  passage  14 

5  is  formed  into  a  hollow  cylindrical  shape  so  that  an 
intake  gas  may  be  drawn  thereinto  from  the  air 
cleaner  Ac.  The  throttle  body  15  is  bifurcated  into 
left  and  right  branch  passages  '\8i  and  18r  down- 
stream  its  connection  with  the  intake  passage  14, 

io  and  throttle  valves  201  and  20r  are  provided  in  the 
branch  passages  ~\8l  and  18r  and  controllable  for 
opening  and  closing  by  a  common  control  19.  The 
resonance  chamber  assembly  box  Bg  is  integrally 
connected  to  a  downstream  end  of  the  throttle 

15  body  15  by  bolts  16. 
It  can  be  seen  from  Figs.  20  and  21  that  the 

resonance  chamber  assembly  box  Bg  is  comprised 
of  a  substantially  rectangular  parallelepiped-shaped 
lower  assembly  box  portion  21  1  opened  at  its  up- 

20  per  surface  and  connected  to  the  throttle  body  15, 
a  substantially  rectangular  parallelepiped-shaped 
upper  assembly  box  portion  21  2  opened  at  its 
lower  surface  and  formed  integrally  with  an  intake 
manifold  Mi,  and  a  plate-like  valve  unit  22  air-tightly 

25  secured  at  its  upper  and  lower  surfaces  to  the 
opened  surfaces  of  the  assembly  box  portions  21  1 
and  21  2.  These  three  components  are  assembled 
in  a  vertically  stacked  relation  by  bolts  23. 

It  can  be  seen  from  Figs.1  8  to  21  that  the  lower 
30  assembly  portion  21  1  of  the  resonance  chamber 

assembly  box  Bg  is  divided  into  left  and  right 
resonance  passages  251  and  25r  parallel  to  each 
other  and  a  communication  chamber  portion  Cs  as 
communication  passages  located  between  the  left 

35  and  right  resonance  passages  251  and  25r  by  two 
partition  walls  24X  and  24r  extending  in  a  direction 
of  a  crank  shaft  6  of  an  engine,  i.e.,  in  a  direction  of 
a  flow  of  an  intake  gas  within  the  box  Bg.  Down- 
stream  ends  of  the  left  and  right  branch  passages 

40  ~\8l  and  18r  of  the  throttle  body  15  communicate 
with  upstream  ends  of  the  left  and  right  resonance 
passages  251  and  25r,  respectively.  The  upper 
assembly  box  portion  21  2  is  also  divided  into  left 
and  right  parallel  resonance  chambers  Cr-l  and 

45  Cr-r  by  a  partition  wall  24  curved  like  a  crank.  Such 
curved  portion  of  the  partition  wall  24s  is  located 
just  above  the  communication  chamber  portion  Cs 
defined  in  the  lower  assembly  box  portion  21  1  . 

Opened  in  the  valve  unit  22  are  left  and  right 
50  inlet  ports  261  and  26r  permitting  upstream  ends 

of  the  left  and  right  resonance  chambers  Cr-l  and 
Cr-r  to  communicate  with  downstream  ends  of  the 
corresponding  resonance  passages  251  and  25r, 
respectively,  left  and  right  two  valve  bores  271  and 

55  27r  which  short-circuit  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  and  the  resonance  pas- 
sages  251  and  25r  at  points  short  of  the  inlet  ports 
261  and  26r,  and  two  valve  bores  27s  permitting 
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left  and  right  resonance  chambers  Cr-l  and  Cr-r  to 
communicate  with  each  other  through  the  commu- 
nication  chamber  portion  Cs.  The  valve  unit  22  is 
further  provided  with  on-off  valves  281  and  28r 
capable  of  opening  the  left  and  right  two  valve 
bores  271  and  27r  to  short-circuit  the  left  and  right 
resonance  chambers  Cr-l  and  Cr-r  and  the  reso- 
nance  passages  251  and  25r,  and  an  on-off  valve 
28s  capable  of  opening  the  valve  bore  27s  to  put 
the  left  and  right  resonance  chambers  Cr-l  and  Cr- 
r  into  integral  communication  with  each  other 
through  the  communication  chamber  Cs.  More  spe- 
cifically,  two  left  and  right  valve  stems  30X  and  30r 
are  carried  in  the  valve  unit  22  to  extend  through 
central  portions  of  inlet  ports  261  and  26r  and  the 
valve  bores  271  and  27r  and  adapted  to  be 
rotatably  driven  by  a  common  actuator  29.  Rectan- 
gular  plate-like  valve  members  31a  and  31b  pro- 
vided  in  the  valve  bores  271  and  27r  are  secured 
to  the  valve  stems  30X  and  30r  by  machine  screws 
32.  A  central  valve  stem  30s  is  also  carried  in  the 
valve  unit  22  to  extend  through  the  central  valve 
bore  27s  and  adapted  to  be  rotatably  driven  by 
another  actuator  33,  and  a  rectangular  plate-like 
valve  member  31s  provided  in  the  valve  bore  27s 
is  secured  to  the  valve  stem  30s  by  machine 
screws  32.  The  two  actuators  29  and  30  are  adapt- 
ed  to  be  controlled  for  operation  in  accordance  with 
the  operational  condition  of  the  engine,  so  that  the 
opening  and  closing  of  the  on-off  valves  281,  28r 
and  28s  may  be  controlled. 

Three  elliptically-shaped  left  and  right  exhaust 
ports  34X  and  34r  are  opened  in  upper  walls  of  the 
left  and  right  resonance  chambers  Cr-l  and  Cr-r 
along  their  longitudinal  axis.  The  three  exhaust 
ports  34X  of  the  left  resonance  chamber  Cr-l  com- 
municate  with  the  three  cylinders  3r  (in  which  the 
suction  sequence  is  not  continuous),  respectively, 
in  the  right  cylinder  block  1r  located  on  the  op- 
posite  side  from  the  left  resonance  chamber  Cr-l 
through  the  intake  manifold  Mi,  and  the  three  ex- 
haust  ports  34r  of  the  right  resonance  chamber  Cr-r 
likewise  communicate  with  the  three  cylinders  3X  - 
(in  which  the  suction  sequence  is  not  continuous), 
respectively,  in  the  left  cylinder  block  1  1  located 
on  the  opposite  side  from  the  right  resonance 
chamber  Cr-r  through  the  intake  manifold  Mi. 

The  operation  of  the  sixth  embodiment  will  be 
described  below. 

The  two  actuator  29  and  30  are  controlled  for 
operation  in  accordance  with  the  operational  con- 
dition  of  the  engine.  For  example,  in  a  low-level 
lower  speed  operation  condition  in  which  the  rota- 
tional  speed  of  the  engine  is  extremely  low,  when 
all  the  on-off  valves  281  ,  28r  and  28s  are  controlled 
to  be  closed  as  shown  by  a  solid  line  in  Figs.1  8  to 
21  to  close  their  valve  bores  271,  27r  and  27s,  the 
communication  of  the  left  and  right  resonance 

chambers  Cr-and  Cr-r  is  cut  off,  and  the  commu- 
nication  of  the  resonance  passages  251  and  25r 
corresponding  to  the  left  and  right  resonance 
chambers  Cr-X  and  Cr-r  is  also  cut  off.  In  this  state, 

5  there  are  established  two  series  of  intake  systems 
which  are  comprised  of  the  branch  passages  '\8i 
and  18r  for  each  cylinder  group,  the  resonance 
passages  251  and  25r  for  each  cylinder  group,  left 
and  right  resonance  chambers  Cr-X  and  Cr-r  for 

io  each  cylinder  group,  and  left  and  right  distributor 
pipes  35i  ,  352,  353,  35+,  355  and  35g  for  each 
cylinder  group,  i.e.,  two  series  of  resonance  super- 
charge  intake  system  which  produce  no  suction 
interference  and  each  extend  from  the  three  cyl- 

15  inders  3X  and  3r  to  the  outlet  of  the  throttle  body 
15.  Moreover,  the  volume  of  the  resonance  cham- 
bers  Cr-l  and  Cr-r  is  set  such  that  the  natural 
frequency  of  the  resonance  supercharge  system 
may  accord  with  the  period  of  opening  and  closing 

20  of  each  intake  valve  10  in  the  low-level  lower  speed 
rotation  region  of  the  engine  and  hence,  the  reso- 
nance  supercharge  effect  is  effectively  exhibited  to 
increase  the  volume  efficiency  in  the  low-level  low- 
er  speed  rotation  region  of  the  engine. 

25  When  the  rotational  speed  of  the  engine  has 
been  slightly  increased  into  a  high-level  lower 
speed  operational  condition  in  which  the  rotational 
speed  of  the  engine  is  higher  than  the  low-level 
lower  speed  operation  condition  but  lower  than  the 

30  middle  speed  operational  condition,  the  actuator  29 
is  operated  to  open  the  left  and  right  on-off  valves 
281  and  28r,  thereby  permitting  the  left  and  right 
resonance  chambers  Cr-l  and  Cr-r  and  the  reso- 
nance  passages  251  and  25r  which  have  been 

35  hitherto  in  communication  through  the  inlet  ports 
261  and  26r  to  be  short-circuited  through  the  valve 
bores  271  and  27r.  This  reduces  the  substantial 
length  of  the  resonance  passages  251  and  25r  to 
increase  the  natural  frequency  of  the  resonance 

40  supercharge  system  so  as  to  substantially  accord 
with  the  period  of  opening  and  closing  of  each 
intake  valve  10  in  the  high-level  lower  speed  rota- 
tion  region  of  the  engine.  As  a  result,  the  reso- 
nance  supercharge  effect  is  effectively  exhibited  to 

45  increase  the  volume  efficiency  in  the  high-level 
lower  speed  rotation  region  of  the  engine. 

When  the  engine  has  been  brought  into  a 
higher  speed  rotational  condition,  the  actuator  33  is 
further  operated  to  open  the  on-off  valve  28s  to  put 

50  the  left  and  right  resonance  chambers  Cr-l  and  Cr- 
r  and  the  communication  chamber  Cs  into  commu- 
nication  with  one  another  through  the  two  valve 
bores  27s,  thereby  establishing  an  inertia  super- 
charge  distributing  chamber  Ch  of  a  larger  volume 

55  shown  by  a  two-dashed  line  in  Figs.20  and  21, 
which  commonly  communicates  with  the  left  and 
right  three  cylinders  3X  and  3r.  In  this  state,  the 
above-described  two  series  of  resonance  intake 

12 



21 EP  0  521  535  A1 22 

systems  are  cancelled  and  instead,  an  inertia 
supercharge  system  is  established  with  a  negative 
pressure  wave  produced  in  an  intake  stroke  of  the 
engine  being  reflected  and  turned  in  the  larger 
volume  inertia  supercharge  distributing  chamber 
Ch  and  with  a  positive  pressure  wave  being  propa- 
gated  to  the  intake  port  8  of  each  cylinder  3X,  3r. 
Moreover,  the  passage  length  of  propagation  of  the 
negative  positive  pressure  wave  is  reduced  to  en- 
able  the  period  of  intake  pressure  to  accord  with 
the  period  of  opening  and  closing  of  intake  valve 
10  during  a  high  speed  rotation  of  the  engine.  At 
this  time,  proper  setting  of  the  volume  of  the  com- 
munication  chamber  Cs  makes  it  possible  to  insure 
a  larger  volume  of  the  inertia  supercharge  distribut- 
ing  chamber  Ch  required  to  enhance  the  inertia 
supercharge  effect  in  a  high  speed  rotation  region 
of  the  engine,  thereby  effectively  exhibiting  the 
inertia  supercharge  effect  in  such  operational  re- 
gion  to  increase  the  volume  efficiency.  In  should  be 
noted  that  even  if  the  on-off  valves  281  and  28r  are 
in  any  of  opened  and  closed  states  in  such  higher 
speed  rotational  region  of  the  engine,  there  is  no 
substantial  influence,  because  the  two  series  of 
resonance  intake  systems  have  been  already  can- 
celled  and  the  inertia  supercharge  system  has 
been  established. 

By  putting  the  left  and  right  resonance  cham- 
bers  Cr-l  and  Cr-r  and  the  resonance  passages 
251  and  25r  provided  in  the  resonance  assembly 
box  Bg  or  the  left  and  right  resonance  chambers 
Cr-l  and  Cr-r  into  and  out  of  communication  with 
each  other  through  the  on-off  valves  281,  28r  and 
28s  as  described  above,  it  is  possible  to  provide  a 
higher  volume  efficiency  in  a  wider  operation  range 
of  from  a  lower  speed  to  a  higher  speed.  In  addi- 
tion,  since  the  resonance  chamber  assembly  box 
Bg  is  comprised  of  the  vertically  stacked  upper  and 
lower  assembly  box  portions  21  2  and  21  1,  and  the 
valve  unit  22,  with  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  being  defined  in  the  upper 
assembly  box  portion  21  2,  with  the  pair  of  reso- 
nance  passages  251  and  25r  and  the  communica- 
tion  chamber  being  defined  in  the  lower  assembly 
box  portion  21  1  and  with  the  inlet  ports  261  and 
26r  and  the  on-off  valves  28X,  28r  and  28s  being 
provided  in  the  valve  unit  22,  it  is  possible  to  form 
the  resonance  chamber  assembly  box  Bg  extremly 
compactly  and  moreover  to  reduce  the  manufactur- 
ing  cost  thereof. 

A  seventh  embodiment  of  the  present  invention 
will  be  described  below  with  reference  to  Fig.22. 

Fig.22  is  a  sectional  view  of  an  intake  system, 
similar  to  Fig.  18,  wherein  the  same  reference  char- 
acters  as  in  the  previously  described  sixth  embodi- 
ment  designate  the  same  components. 

Omitted  in  the  seventh  embodiment  are  the  left 
and  right  on-off  valves  281  and  28r  for  short- 

circuiting  the  left  and  right  resonance  chambers  Cr- 
l  and  Cr-r  and  the  resonance  passages  251  and 
25r,  and  the  actuator  29  for  driving  the  on-off 
valves  281  and  28r,  which  have  been  used  in  the 

5  previous  embodiment. 
The  difference  between  this  embodiment  and 

the  previous  embodiment  is  that  the  resonance 
supercharge  effect  is  obtained  at  two  stage  in  the 
lower  speed  rotation  region  of  the  engine  in  the 

io  previous  embodiment,  whereas  the  resonance 
supercharge  is  obtained  only  at  one  stage  in  the 
lower  speed  rotation  region  of  the  engine  in  this 
embodiment.  However,  with  regard  to  the  compac- 
tification  of  the  resonance  chamber  assembly  box 

is  Bg  and  for  the  reduction  of  the  manufacturing  cost, 
this  embodiment  has  the  same  effect  as  in  the 
previous  embodiment. 

In  the  sixth  and  seventh  embodiments,  the 
duties  of  the  upper  and  lower  assembly  box  por- 

20  tions  21  1  and  21  2  may  be  exchanged  from  each 
other  and  hence,  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  can  be  defined  in  the 
lower  assembly  box  portion  21  1  ,  and  the  pair  of 
resonance  passages  25r  and  251  and  the  commu- 

25  nication  chamber  Cs  can  be  defined  in  the  upper 
assembly  box  portion  21  2. 

Figs.23  to  26  illustrate  an  eighth  embodiment 
of  the  present  invention.  In  this  embodiment,  an 
intake  system  In  is  disposed  within  a  V-space  C 

30  between  the  left  and  right  cylinder  blocks  1  1  and 
1r  and  comprises  an  air  cleaner  Ac,  an  intake 
passage  Pi  connected  to  an  outlet  of  the  air  cleaner 
Ac,  a  resonance  chamber  assembly  box  Bg  having 
a  pair  of  left  and  right  resonance  chambers  Cr-X 

35  and  Cr-r  and  connected  to  a  downstream  end  of 
the  intake  passage  Pi,  and  an  intake  manifold  Mi 
joined  to  those  end  faces  of  the  left  and  right 
cylinder  blocks  M  and  1r  at  which  the  intake  ports 
8  are  opened,  thereby  permitting  the  communica- 

40  tion  between  the  left  and  right  resonance  chambers 
Cr-X  and  Cr-r  and  the  right  and  left  cylinder  groups 
Cr  and  Cl,  respectively. 

The  intake  passage  Pi  is  constructed  with  a 
throttle  body  15  being  integrally  connected  to  a 

45  downstream  end  of  an  intake  passage  14  con- 
nected  to  the  air  cleaner  Ac,  as  shown  in  Fig.24. 
The  intake  passage  14  is  formed  into  a  hollow 
cylindrical  shape  so  that  an  intake  gas  from  the  air 
cleaner  Ac  may  be  drawn  thereinto,  and  the  throttle 

50  body  15  is  bifurcated,  at  a  downstream  of  the 
junction  with  the  intake  passage  14,  into  left  and 
right  branch  passages  '\8i  and  18r.  Throttle  valves 
201  and  20r  are  mounted  within  the  branch  pas- 
sages  '\8i  and  18r,  respectively  and  controllable 

55  for  opening  and  closing  by  a  common  control  19. 
The  resonance  chamber  assembly  box  Bg  is  integ- 
rally  connected  to  a  downstream  end  of  the  throttle 
body  15  by  bolts  16. 

13 
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The  resonance  chamber  assembly  box  Bg  is 
comprised  of  a  substantially  rectangular 
parallelepiped-shaped  lower  assembly  box  body  21 
opened  at  its  upper  surface  and  connected  to  the 
throttle  body  15,  and  a  lid  22  air-tightly  mounted  on 
the  opened  upper  surface  by  bolts  23.  The  lid  22  is 
formed  in  an  integral  relation  to  the  intake  manifold 
Mi. 

It  can  be  seen  from  Figs.25  and  26  that  the 
resonance  chamber  assembly  box  Bg  is  divided 
into  left  and  right  resonance  chambers  Cr-l  anbd 
Cr-r  extending  in  parallel  to  each  other  and  a 
communication  chamber  Cs  located  between  the 
resonance  chambers  Cr-l  and  Cr-r  by  two  partition 
walls  24X  and  24r  extending  in  a  direction  of  a 
crank  shaft  6  of  an  engine,  i.e.,  in  a  direction  of  a 
flow  of  an  intake  gas  within  the  box  Bg.  Down- 
stream  ends  of  the  left  and  right  branch  passages 
~\8l  and  18r  of  the  throttle  body  15  communicate 
with  upstream  ends  of  the  left  and  right  resonance 
chaqmbers  Cr-l  and  Cr-r,  respectively. 

On-off  valves  251  and  25r  are  mounted  in  the 
two  partition  walls  24X  and  24r  for  permitting  the 
left  and  right  resonance  chambers  Cr-l  and  Cr-r 
and  the  communication  chamber  Cs  to  be  put  into 
and  out  of  communication  with  each  other.  More 
specifically,  quadrilateral  valve  bores  261  and  26r 
are  opened  in  the  partition  walls  24X  and  24r, 
respectively,  and  rotatable  valve  stems  271  and 
27r  are  inserted  into  central  portions  of  the  partition 
walls  24X  and  24r  from  the  outside  of  the  assembly 
box  body  21  in  a  longitudinal  direction  of  the  intake 
system  to  extend  through  central  portions  of  the 
valve  bores  261  and  26r,  respectively.  Rectangular 
plate-like  valve  members  281  and  28r  mounted  in 
the  valve  bores  261  and  26r  are  secured  to  the 
valve  stems  271  and  27r  by  machine  screws  30, 
respectively.  A  portion  of  each  of  the  valve  stems 
271  and  27r  passes  through  a  rear  end  wall  of  the 
assembly  box  body  21  to  project  outside  the  rear 
end  wall,  and  a  conventionally  know  actuator  29  is 
connected  to  such  projecting  ends.  The  actuator  29 
is  controlled  for  operation  in  accordance  with  the 
operational  condition  of  the  engine  so  as  to  control 
the  opening  and  closing  of  the  on-off  valves  251 
and  25r.  For  example,  during  a  lower  speed  opera- 
tion  of  the  engine,  the  on-off  valves  251  and  25r 
may  be  controlled  to  be  closed,  and  during  a 
higher  speed  operation,  the  on-off  valves  251  and 
25r  may  be  controlled  to  be  opened. 

The  volume  of  the  left  and  right  resonance 
chambers  Cr-l  and  Cr-r  with  the  on-off  valves  251 
and  25r  closed  is  set  at  a  level  such  that  an 
optimal  resonance  supercharge  effect  may  be  ob- 
tained  in  a  lower  speed  rotation  region  of  the 
engine.  The  volume  of  the  communication  chamber 
Cs  is  set  at  a  level  such  that  when  the  on-off  valves 
251  and  25r  have  been  controlled  to  be  opened, 

thereby  putting  the  left  and  right  chambers  Cr-l 
and  Cr-r  and  the  communication  chamber  Cs  into 
communication  with  one  another  to  establish  a 
larger-volume  inertia  supercharge  distributing 

5  chamber  Ch  shown  by  a  two-dashed  line  in  Fig.24, 
the  volume  of  this  larger-volume  inertia  super- 
charge  distributing  chamber  Ch  may  be  equal  to  a 
volume  enough  to  provide  an  optimal  inertia  super- 
charge  effect  in  a  higher  speed  rotation  region  of 

io  the  engine. 
Three  elliptically-shaped  left  and  right  exhaust 

ports  34X  and  34r  are  opened  in  upper  walls  of  the 
left  and  right  resonance  chambers  Cr-l  and  Cr-r 
along  their  longitudinal  axis.  The  three  exhaust 

is  ports  34X  of  the  left  resonance  chamber  Cr-l  com- 
municate  with  the  three  cylinders  3r  (in  which  the 
suction  sequence  is  not  continuous),  respectively, 
in  the  right  cylinder  block  1r  located  on  the  op- 
posite  side  from  the  left  resonance  chamber  Cr-l 

20  through  the  intake  manifold  Mi,  and  the  three  ex- 
haust  ports  34r  of  the  right  resonance  chamber  Cr-r 
likewise  communicate  with  the  three  cylinders  3X  - 
(in  which  the  suction  sequence  is  not  continuous), 
respectively,  in  the  left  cylinder  block  1  1  located 

25  on  the  opposite  side  from  the  right  resonance 
chamber  Cr-r  through  the  intake  manifold  Mi. 

The  operation  of  the  eighth  embodiment  will  be 
described  below. 

The  actuator  29  is  controlled  for  operation  in 
30  accordance  with  the  operational  condition  of  the 

engine.  For  example,  in  a  lower  speed  operation 
condition  of  the  engine  and  when  the  on-off  valves 
251  and  25r  are  controlled  to  be  closed  as  shown 
by  a  solid  line  in  Figs.24  to  26  to  close  their  valve 

35  bore,  261  and  26r,  the  communication  of  the  left 
and  right  resonance  chambers  Cr-l  and  Cr-r  is  cut 
off.  In  this  state,  there  are  established  two  series  of 
intake  systems  comprising  the  resonance  passages 
~\8l  and  18r  for  each  cylinder  group,  the  left  and 

40  right  resonance  chambers  Cr-l  and  Cr-r  for  each 
cylinder  group,  and  the  left  and  right  distributor 
pipes  35i  ,  352,  353,  35+,  355  and  35g  for  each 
cylinder  group,  i.e.,  two  series  of  resonance  super- 
charge  intake  systems  which  produce  no  suction 

45  interference  and  each  extend  from  the  three  cyl- 
inders  3X,  3r  to  the  outlet  of  the  throttle  body  15. 
Moreover,  the  volume  of  the  resonance  chambers 
Cr-l  and  Cr-r  is  set  such  that  the  natural  frequency 
of  the  resonance  supercharge  system  may  sub- 

50  stantially  accord  with  the  period  of  opening  and 
closing  of  each  intake  valve  10  in  a  lower  speed 
rotaiton  region  of  the  engine.  This  ensures  that  the 
resonance  supercharge  effect  is  effectively  exhib- 
ited  to  increase  the  volume  efficiency  in  the  lower 

55  speed  rotaiton  region  of  the  engine. 
When  the  engine  has  been  brought  into  a 

higher  speed  operation,  the  on-off  valve  251  and 
25r  are  controlled  to  be  opened,  permitting  the  left 
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and  right  resonance  chambers  Cr-l  and  Cr-r  and 
the  communication  chamber  Cs  to  be  put  into 
communication  with  one  another  through  the  valve 
bores  261  and  26r,  thereby  establishing  a  larger 
volume  inertia  supercharge  distributing  chamber 
Ch  which  communicates  commonly  with  left  and 
right  three  cylinders  3X  and  3r.  In  this  state,  the 
two  series  of  resonance  intake  systems  are  can- 
celled  and  instead,  an  inertia  supercharge  system 
is  established  with  a  negative  pressure  wave  pro- 
duced  in  an  intake  stroke  of  the  engine  being 
reflected  and  turned  in  the  larger  volume  inertia 
supercharge  distributing  chamber  Ch  and  with  a 
positive  pressure  wave  being  propagated  to  the 
intake  port  8  of  each  cylinder  3X,  3r.  Moreover,  the 
passage  length  of  propagation  of  the  negative  and 
positive  pressure  waves  is  reduced  to  enable  the 
period  of  intake  pressure  to  accord  with  the  period 
of  opening  and  closing  of  intake  valve  10  during  a 
high  speed  rotation  of  the  engine.  Further,  proper 
setting  of  the  volume  of  the  communication  cham- 
ber  Cs  makes  it  possible  to  insure  a  larger  volume 
of  the  inertia  supercharge  distributing  chamber  Ch 
required  to  enhance  the  inertia  supercharge  effect 
in  a  high  speed  rotation  region  of  the  engine, 
thereby  effectively  exhibiting  the  inertia  super- 
charge  effect  in  such  operational  region  to  increase 
the  volume  efficiency. 

In  addition,  since  the  pair  of  resonance  cham- 
bers  Cr-l  and  Cr-r  and  the  communication  cham- 
ber  are  integrally  defined  within  the  resonance 
chamber  assembly  box  Bg  and  moreover,  since 
the  on-off  valves  251  and  25r  are  provided  in  the 
partition  walls  24X  and  24r,  the  structure  of  the 
intake  system  can  be  simplified  and  the  shape 
thereof  can  be  made  compact. 

Fig.27  is  a  sectional  view  of  an  intake  system, 
similar  to  Fig.26,  wherein  the  same  reference  char- 
acters  as  in  the  previously-described  eighth  em- 
bodiment  designate  the  same  components. 

In  this  ninth  embodiment,  the  structure  of  on- 
off  valves  25  r  and  25r'  in  the  resonance  chamber 
assembly  box  Bg  deffers  from  that  in  the  pre- 
viously  described  first  embodiment.  More  specifi- 
cally,  two  valve  bores  26T,  26r'  are  opened  in 
each  of  the  left  and  right  partition  walls  24X  and 
24r.  These  four  valve  bores  26  r  and  26r'  may  be 
opened  and  closed  all  together  by  the  correspond- 
ing  sets  of  two  on-off  valves  25  r  and  25r'  secured 
to  left  and  right  valve  stems  27r  and  27r'. 

According  to  this  embodiment,  the  left  and 
right  resonance  chambers  Cr-l  and  Cr-r  may  be 
put  in  a  moment  into  communication  with  the  com- 
munication  chamber  Cs  through  the  correspnding 
left  and  right  sets  of  two  valve  bores  26  r  and  26r' 
to  establish  an  inertia  supercharge  distributing 
chamber  Ch.  This  enables  an  increase  in  respon- 
sivity  thereof. 

It  is  to  be  clearly  understood  that  there  are  no 
particular  features  of  the  foregoing  specification,  or 
of  any  claims  appended  hereto,  which  are  at 
present  regarded  as  being  essential  to  the  perfor- 

5  mance  of  the  present  invention,  and  that  any  one 
or  more  of  such  features  or  combinations  thereof 
may  therefore  be  included  in,  added  to,  omitted 
from  or  deleted  from  any  of  such  claims  if  and 
when  amended  during  the  prosecution  of  this  ap- 

io  plication  or  in  the  filing  or  prosecution  of  any  di- 
visional  application  based  thereon.  Furthermore  the 
manner  in  which  any  of  such  features  of  the  speci- 
fication  or  claims  are  described  or  defined  may  be 
amended,  broadened  or  otherwise  modified  in  any 

is  manner  which  falls  within  the  knowledge  of  a  per- 
son  skilled  in  the  relevant  art,  for  example  so  as  to 
encompass,  either  implicitly  or  explicitly,  equiv- 
alents  or  generalisations  thereof. 

20  Claims 

1.  An  intake  device  for  a  multi-cylinder  internal 
combustion  engine,  said  engine  including  first 
and  second  groups  of  cylinders  (3l,3r)  which 

25  have  such  an  order  of  ignition  that  any  one  of 
the  cylinders  (3l,3r)  is  not  ignited  immediately 
before  or  after  ignition  of  the  other  cylinders 
(3l,3r)  in  the  same  group,  said  intake  device 
comprising:  a  pair  of  resonance  chambers  (Cr- 

30  I,  Cr-r)  which  communicate  with  the  cylinders 
(31  ,  3r)  of  the  respective  groups;  and  a  pair  of 
resonance  passages  (1  81,1  8r)  which  commu- 
nicate  at  downstream  sides  thereof  with  said 
resonance  chambers  (Cr-I,  Cr-r)  and  at  up- 

35  stream  sides  thereof  with  the  atmosphere  via  a 
throttle  valve  (20);  characterised  in  that  a  com- 
munication  chamber  (Cs)  is  provided  and  con- 
nected  to  the  pair  of  resonance  chambers  (Cr- 
I,  Cr-r)  via  at  least  a  pair  of  on-off  valves  (28), 

40  these  communication  chamber  (Cs)  and  reso- 
nance  chambers  (Cr-I,  Cr-r-)  being  each 
formed  of  a  substantially  tubular  configuration 
disposed  adjacent  to  one  another  but  sepa- 
rated  from  one  another  by  partition  walls  (24) 

45  which  are  formed  as  at  least  partially  common 
to  each  other,  said  on-off  valves  (28)  being 
provided  at  common  portions  of  the  partition 
walls  (24),  and  that  when  the  on-off  valves  (28) 
are  opened,  the  pair  of  resonance  chambers 

50  (Cr-I,  Cr-r)  are  communicated  with  each  other 
via  the  communication  chamber  (Cs)  whereas 
when  the  on-off  valves  (28)  are  closed,  the 
volume  of  the  communication  chamber  (Cs)  is 
cancelled  for  the  resonance  chambers  (Cr-I, 

55  Cr-r). 

2.  The  intake  device  according  to  claim  1, 
wherein  a  resonance  chamber  assembly  box 

15 
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(Bg)  is  provided  which  comprises  an  upper 
assembly  box  portion  (21  2)  having  an  opened 
lower  surface,  a  lower  assembly  box  portion 
(21  1)  having  an  opened  upper  surface,  and  a 
plate-like  valve  unit  (22)  between  the  upper  5 
and  lower  assembly  box  portions  for  separat- 
ing  their  opened  surfaces,  said  resonance 
chambers  (Cr-I,  Cr-r)  being  formed  in  one  of 
the  assembly  box  portions  and  said  resonance 
passages  (1  81,1  8r)  being  formed  in  the  other  of  10 
the  assembly  box  portions,  said  valve  unit  (22) 
being  provided  with  said  on-off  valves  (28). 

3.  The  intake  device  according  to  claim  2, 
wherein  said  valve  unit  (22)  is  provided  with  is 
further  on-off  valves(28)  for  changing  the 
length  of  the  resonance  chambers  (Cr-I,  Cr-r) 
through  opening  and  closing  operations  there- 
of. 
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