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Supercharging  device  of  an  engine. 

©  In  the  present  invention,  in  addition  to  a  main 
throttle  valve  which  is  conventional,  a  sub-throttle 
valve  for  exclusive  use  of  a  supercharger  is  pro- 
vided.  By  this  sub-throttle  valve,  a  flow  rate  of  intake 
air  is  throttled  by  the  fixed  amount  when  the  me- 
chanical  supercharger  is  switched  from  a  non-con- 
nected  state  over  to  a  connected  state.  This  makes  it 

^@possible  to  prevent  supercharged  air  from  being 
^bypassed  to  the  upper  stream  of  the  supercharger 

through  the  bypass  and  also  prevent  generation  of 
£2  air  intake  noises.  Moreover,  in  the  case  where  the 
^mechanical  supercharger  is  of  a  type  involving  the 

interior  compression,  at  the  time  of  switching  opera- 
Jjjtion  of  the  switching  means,  torque  shock  can  be 
CO  prevented  and  controllability  on  engine  output  by  the 
-^accelerator  pedal  is  improved. 
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Supercharging  device  of  an  engine 

of  the  supercharger  via  a  bypass  and  prevent  over- 
much  of  the  supercharging  pressure. 

In  the  above  supercharging  device  provided 
with  a  mechanical  supercharger,  a  bypass  and  a 

5  control  valve  in  an  air  intake  passage,  it  is  sug- 
gested  to  provide  a  clutch  between  the  mechanical 
supercharger  and  an  output  shaft  of  engine  so  as 
to  put  the  mechanical  supercharger  in  a  non-con- 
nected  state,  when  required  output  is  small,  by 

m  turning  the  clutch  "OFF"  and  thereby  supply  intake 
air  to  the  engine  through  the  bypass  and  when 
required  output  is  large,  to  put  the  mechanical 
supercharger  in  a  connected  state  by  turning  the 
clutch  "ON"  and  thereby  supercharge  the  engine. 

75  With  the  above  arrangement,  when  required  output 
is  small,  power  to  be  absorbed  by  the  mechanical 
supercharger  becomes  zero,  with  the  result  of  re- 
duction  in  fuel  expenses  and  when  required  output 
is  large,  it  is  possible  to  secure  engine  output. 

20  However,  in  the  above  supercharging  device 
with  a  clutch,  when  the  clutch  in  "OFF"  state  turns 
"ON"  with  the  increase  of  required  output  and  the 
mechanical  supercharger  is  switched  from  "non- 
connected  state"  over  to  "connected  state",  the 

25  mechanical  supercharger  is  driven  suddenly  and 
the  flow  rate  of  discharge  air  of  supercharger  in- 
creases.  In  this  case,  due  to  an  overcharged  pres- 
sure  at  the  downstream  from  the  supercharger,  a 
control  valve  opens  and  supercharged  air  is  re- 

30  lieved  to  the  upper  stream  of  the  supercharger 
through  the  medium  of  a  bypass.  Therefore,  a 
sound  generated  by  the  variation  of  pressure  in  the 
supercharger  and  other  factors  are  transmitted  to 
the  upper  stream  side  of  the  supercharger  as  it  is 

35  carried  by  the  flow  of  the  relieved  air,  with  the 
result  that  a  noise  goes  up  the  air  intake  passage 
and  is  emitted  outside. 

BACKGROUND  OF  THE  INVENTION 

(Field  of  the  Invention) 

This  invention  relates  to  a  supercharging  de- 
vice  of  an  engine  which  is  provided  with  a  me- 
chanicai  supercharger. 

(Description  of  a  prior  art) 

As  a  supercharging  device  of  an  engine,  such 
a  device  as  disclosed  by  the  Japanese  Utility 
Model  Registration  Application  Laying  Open  Ga- 
zette  No.61  -78250,  for  example,  has  been  known. 
According  to  this  device,  a  mechanical  supercharg- 
er  which  is  driven  by  an  engine  is  provided  in  an 
air  intake  passage  downstream  from  a  throttle  valve 
and  a  supercharging  control  valve  is  provided  in 
the  air  intake  passage  between  the  mechanical 
supercharger  and  the  throttle  valve,  whereby  when 
a  supercharging  pressure  reaches  a  set  point,  the 
supercharging  pressure  is  maintained  at  that  set 
point  by  adjusting  the  opening  of  the  supercharging 
control  valve  so  as  to  rationalize  supercharging 
characteristics. 

Another  supercharging  device  as  disclosed  by 
the  Japanese  Utility  Model  Registration  Application 
Laying  Open  Gazette  No.61  -171  38  is  such  that  a 
mechanical  supercharger  which  is  driven  by  an 
engine  is  provided  in  an  air  intake  passage,  a 
bypass  which  bypasses  the  mechanical  super- 
charger  is  provided  at  the  air  intake  passage,  a 
throttle  valve  is  provided  in  the  air  intake  passage 
upstream  a  joint  of  the  bypass  on  an  intake  side  of 
the  supercharger  and  a  diaphragm  type  control 
valve  which  opens  in  response  to  an  air  intake 
negative  pressure  is  provided  in  the  bypass.  Ac- 
cording  to  this  supercharging  device,  when  re- 
quired  output  is  small  and  negative  pressure  at  the 
downstream  of  the  throttle  valve  is  large,  the  con- 
trol  valve  opens,  whereby  supercharged  air  at  the 
downstream  from  the  supercharger  is  supplied  to 
the  upper  stream  of  the  supercharger  via  the  by- 
pass  so  as  to  relieve  negative  pressure  of  intake  air 
and  prevent  a  temperature  rise  in  the  air  intake 
passage.  On  the  other  hand,  when  required  output 
is  large  and  a  supercharging  pressure  at  the  down- 
stream  of  the  supercharger  is  also  large,  the  con- 
trol  valve  which  has  a  function  of  a  check  valve 
opens  by  application  of  the  supercharging  pressure 
so  as  to  relieve  the  supercharged  air  at  the  down- 
stream  from  the  supercharger  to  the  upper  stream 

SUMMARY  OF  THE  INVENTION 40 

A  primary  object  of  the  present  invention  is  to 
prevent  generation  of  air  intake  noises  by  prevent- 

45  ing  supercharged  air  from  being  relieved  to  the 
upper  stream  of  a  supercharger  via  a  bypass  when 
the  mechanical  supercharger  is  switched  from 
"non-connected  state"  over  to  "connected  state". 

In  order  to  attain"  the  above  object,  in  the 
50  present  invention  a  sub-throttle  valve  for  exclusive 

use  of  the  supercharger  is  provided  in  addition  to  a 
main  throttle  valve  and  by  means  of  this  sub- 
throttle  valve,  a  flow  rate  of  intake  air  is  further 
throttled  by  the  fixed  quantity  when  the  mechanical 
supercharger  is  switched  from  the  "non-connected 
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in  the  supercharger  is  transmitted  to  the  combus- 
tion  chamber  as  it  is  carried  by  the  flow  of  the 
supercharged  air.  Thus,  emission  of  an  intake  air 
noise  from  an  air  intake  passage  to  the  outside  can 

5  be  prevented. 

state"  over  to  "connected  state". 
In  concrete,  in  order  to  solve  problems  raised 

by  conventional  supercharging  devices,  the  super- 
charging  device  according  to  the  present  invention 
is  provided  with  an  air  intake  passage  for  supplying 
intake  air  to  an  engine  a  mechanical  supercharger 
to  be  driven  by  an  output  shaft  of  an  engine 
provided  in  the  air  intake  passage,  a  switching 
means  to  switch  the  mechanical  supercharger  from 
"connected  state"  over  to  "non-connected  state"  in 
relation  to  the  output  shaft  of  the  engine,  a  bypass 
made  in  the  air  intake  passage  for  bypassing  the 
mechanical  supercharger,  a  main  throttle  valve  pro- 
vided  in  the  air  intake  passage  upstream  a  joint  of 
the  bypass  on  an  intake  side  of  the  supercharger, 
and  a  sub-throttle  valve  provided  in  the  air  intake 
passage  between  a  joint  of  the  bypass  on  an  intake 
side  of  the  supercharger  and  the  mechanical  su- 
percharger.  With  this  arrangement,  when  the  me- 
chanical  supercharger  is  switched  from  "non-con- 
nected  state"  over  to  "connected  state"  by  the 
above  switching  means,  the  sub-throttle  valve  throt- 
tles  the  flow  rate  of  intake  air  by  the  fixed  quantity, 
in  addition  to  throttling  of  the  flow  rate  of  intake  air 
by  the  main  throttle  valve  and  after  the  above 
switchover,  the  sub-throttle  valve  opens  according 
to  the  increase  of  required  output  of  the  engine  or 
opens  with  a  time  lag. 

According  to  the  present  invention  with  the 
above  construction,  when  required  output  is  small, 
for  example,  the  mechanical  supercharger  is  put  in 
"non-connected  state"  by  the  operation  of  a 
switching  means,  whereby  intake  air  is  supplied  to 
an  engine  through  a  bypass  and  power  to  be 
absorbed  by  the  mechanical  supercharger  be- 
comes  zero,  with  resultant  reduction  in  fuel  ex- 
penses. 

On  the  other  hand,  when  required  output  is 
large,  the  mechanical  supercharger  is  put  in 
"connected  state"  by  the  operation  of  a  switching 
means,  whereby  an  engine  is  supercharged  and 
output  of  engine  is  secured. 

With  the  increase  of  required  output,  when  the 
mechanical  supercharger  is  switched  from  "non- 
connected  state"  over  to  "connected  state"  the 
operation  of  a  switching  means,  the  mechanical 
supercharger  is  driven  suddenly.  In  this  case,  how- 
ever,  the  flow  rate  of  intake  air  is  further  throttled 
by  the  fixed  quantity  by  a  sub-throttle  valve,  in 
addition  to  throttling  of  the  flow  rate  of  intake  air  by 
a  main  throttle  valve  and  after  the  above 
switchover,  the  sub-throttle  valve  opens  in  accor- 
dance  with  the  increase  in  required  output  of  the 
engine  or  opens  with  a  time  lag  and  accordingly 
the  flow  rate  of  discharge  air  of  the  supercharger 
increases  gradually.  This  means  that  supercharged 
air  is  supplied  to  a  combustion  chamber,  without 
being  relieved  to  a  bypass  and  a  noise  generated 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

w 
The  accompanying  drawings  show  preferred 

embodiments  of  the  present  invention,  in  which: 
Fig.1-Fig.15  show  respectively  the  first  em- 

bodiment  of  the  present  invention,  in  which: 
75  Fig.1  is  a  whole  composition  of  a  superchar- 

ging  device  of  an  engine; 
Fig.2  is  an  explanatory  drawing  of  a  working 

area  of  an  electromagnetic  clutch: 
Fig.3  shows  the  relation  between  r.p.m.  of  an 

20  engine  and  the  opening  of  an  accelerator; 
Fig.4  shows  the  relation  between  r.p.m.  of  an 

engine  and  r.p.m.  of  a  supercharger; 
Fig.5  shows  the  relation  between  the  open- 

ing  of  an  accelerator  and  the  opening  of  a  main 
25  throttle  valve; 

Fig.6  shows  the  relation  between  the  open- 
ing  of  an  accelerator  and  the  opening  of  a  sub- 
throttle  valve, 

Fig.7  shows  the  relation  between  the  open- 
30  ing  of  an  accelerator  and  operation  of  an  elec- 

tromagnetic  clutch; 
Fig.8  shows  the  relation  between  the  open- 

ing  of  an  accelerator  and  opening  of  a  adjusting 
valve; 

35  Fig.9  shows  the  relation  between  the  open- 
ing  of  an  accelerator  and  an  intake  air  pressure; 

Fig.  10  shows  the  time  variation  of  the  open- 
ing  of  a  throttle  valve; 

Fig.  11  is  a  front  view,  showing  a  concrete 
40  construction  of  an  engine; 

Fig.  12  is  a  plan  view  of  Fig.11; 
Fig.  13  is  a  side  view  of  an  upper  part  of  an 

engine; 
Fig.  14  is  a  side  view  of  a  mechanical  super- 

45  charger; 
Fig.  15  is  a  front  view  of  Fig.  14: 
Fig.16-Fig.18  illustrate  the  second  embodi- 

ment  of  the  present  invention  in  which 
Fig.  16  is  a  whole  composition  of  a  super- 

50  charging  device  of  an  engine; 
Fig.  17  shows  the  relation  between  r.p.m.  of 

an  engine  and  volumetric  efficiency; 
Fig.  18  shows  the  relation  between  the  open- 

ing  of  an  accelerator  and  the  opening  of  a  sub- 
55  throttle  valve;  and 

Fig.  19  is  an  explanatory  drawing  of  the  work- 
ing  area  of  an  electromagnetic  clutch  in  a  modified 
example. 
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throttle  valve  5,  in  addition  to  throttling  of  a  flow 
rate  of  intake  air  by  the  main  throttle  valve  4. 
Reference  numeral  3  designates  an  airflow  meter 
which  is  provided  in  the  air  intake  passage  1  up- 

5  stream  the  main  throttle  valve  4  and  detects  a  flow 
rate  of  intake  air.  Reference  numeral  7  designates 
an  intercooler  which  is  provided  in  the  air  intake 
passage  downstream  the  intercooler  7.  Reference 
numeral  9  designates  a  fuel  spraying  valve  which  is 

w  provided  in  the  air  intake  passage  1  and  supplies 
fuel  to  intake  air  by  spraying. 

A  long  first  rod  member  12  and  a  short  second 
rod  member  13  are  connected  to  an  axis  of  rotation 
4a  of  the  main  throttle  valve  4  and  to  an  axis  of 

75  rotation  5a  of  the  sub-throttle  valve  5  respectively. 
While  a  middle  portion  of  the  first  rod  member  12 
is  connected  to  one  end  of  a  link  member  14,  the 
other  end  of  the  second  rod  member  13  is  con- 
nected  to  a  hole  14a  made  in  the  other  end  of  the 

20  link  member  14.  An  accelerator  pedal  (not  shown  in 
the  drawing)  is  connected  to  a  top  end  of  the  first 
rod  member  12  and  it  is  so  designed  that  the 
openings  of  the  main  throttle  valve  4  and  the  sub 
throttle  valve  5  are  varied  by  working  a  pedal.  More 

25  particularly,  with  the  increase  of  the  opening  of 
accelerator,  namely,  with  the  increase  of  required 
output  of  engine,  both  throttle  valves  open  and 
increase  a  flow  rate  of  discharge  air  of  the  me- 
chanical  supercharger.  It  is  so  designed  that  in  the 

30  case  where  a  noise  caused  by  pressure  pulsation 
which  is  generated  due  to  the  difference  in  pres- 
sure  between  the  discharge  pressure  of  the  me- 
chanical  supercharger  6  and  the  pressure  in  the  air 
intake  passage  downstream  the  supercharger  is 

35  emitted,  the  opening  of  the  sub-throttle  valve  5  is 
controlled  to  prevent  such  a  noise. 

An  axis  of  rotation  6a  of  the  above  super- 
charger  6  is  connected  to  a  conventional  variable 
pulley  mechanism  16  via  the  electromagnetic 

40  clutch  15  as  a  switching  means.  The  variable  pul- 
ley  mechanism  16  has  a  function  of  making  its 
pitch  diameter  variable  and  is  driven  by  an  engine. 

The  electromagnetic  clutch  15  switches  the 
mechanical  supercharger  from  "connected  state" 

45  over  to  "non-connected  state"  or  vice  versa.  More 
particularly,  by  turning  the  electromagnetic  clutch 
15  "ON",  the  mechanical  supercharger  6  is  put  in 
"non-connected  state"  where  engine  driving  power 
is  transmittable  to  the  mechanical  supercharger  6, 

so  whereby  the  engine  is  supercharged  and  the  en- 
gine  output  is  secured. 

On  the  other  hand,  by  turning  the  electromag- 
netic  clutch  15  "OFF",  the  mechanical  supercharg- 
er  6  is  put  in  "non-connected  state"  where  the 

55  engine  driving  power  is  not  transmitted  to  the  su- 
percharger  6,  whereby  the  intake  air  is  supplied  to 
the  engine  through  the  bypass  21  and  power  to  be 
absorbed  by  the  supercharger  6  becomes  zero, 

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

The  above  object  and  novel  features  of  the 
present  invention  will  be  made  more  apparent  by 
reading  the  following  description  made  with  refer- 
ence  to  the  accompanying  drawings. 

A  description  is  made  below  of  each  preferred 
embodiment  of  the  present  invention  with  reference 
to  the  accompanying  drawings. 

Fig.1  shows  an  outline  of  the  composition  of  an 
engine  provided  with  a  supercharging  device  re- 
garding  the  first  embodiment  of  the  present  inven- 
tion 

in  Fig.1,  reference  numeral  1  designates  an  air 
intake  passage  for  supplying  intake  air  to  an  en- 
gine.  One  end  of  the  air  intake  passage  is  open  to 
the  atmosphere  via  an  air  cleaner  and  the  other 
end  of  it  is  connected  to  a  combustion  chamber  of 
the  engine. 

Provided  in  the  air  intake  passage  is  a  super- 
charer  6  to  be  driven  by  the  engine.  The  super- 
charger  6  is  of  the  so-called  screw  type  and  in- 
volves  interior  compression.  It  pressurizes  air 
sucked  from  an  intake  at  the  fixed  interior  com- 
pression  ratio  and  discharges  it  .  from  an  outlet. 
Reference  humeral  21  designates  a  bypass,  pro- 
vided  in  the  air  intake  passage  in  such  a  fashion 
that  it  bypasses  the  supercharger  6.  The  bypass 
has  a  passage  area  which  is  large  enough  to  se- 
cure  a  flow  rate  of  intake  air  sufficient  for  producing 
required  output  of  the  engine  when  the  switching 
means  is  in  a  non-connected  state.  A  main  throttle 
valve  4  is  provided  in  the  air  intake  passage  up- 
stream  a  joint  of  the  bypass  21  on  an  intake  side  of 
the  supercharger  6.  A  flow  rate  of  intake  air  is 
adjusted  in  accordance  with  the  opening  of  the 
main  throttle  valve  4.  A  sub-throttle  valve  5  is 
provided  in  the  air  intake  passage  1  between  a  joint 
of  the  bypass  21  on  an  intake  side  of  the  super- 
charger  6  and  the  mechanical  supercharger  6  and 
a  flow  rate  of  intake  air  to  be  supplied  to  the 
mechanical  supercharger  6  is  throttled  in  accor- 
dance  with  the  opening  of  the  sub-throttle  valve  5. 
In  this  case,  a  passage  area  of  the  air  intake 
passage  1  upstream  a  joint  of  the  bypass  on  an 
intake  side  of  the  supercharger  (area  shown  by  A 
in  Fig.1)  and  that  of  the  air  intake  passage  1 
between  a  joint  of  the  bypass  on  an  intake  side  of 
he  supercharger  and  the  mechanical  supercharger 
6  (area  shown  by  B  in  Fig.1)  are  set  almost  the 
same.  The  opening  of  the  sub-throttle  valve  5  is  set 
smaller  than  that  of  the  main  throttle  valve  4  and  it 
is  so  designed  that  a  flow  rate  of  intake  air  is 
throttled  further  by  the  fixed  quantity  by  the  sub- 
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shown  in  Fig.8,  when  the  opening  of  supercharger 
exceeds  20  degrees,  the  adjusting  valve  23  which 
has  been  totally  opened  is  closed  with  the  lapse  of 
the  fixed  period  of  time. 

5  Intake  air  pressure  at  each  part  of  the  air  intake 
passage  1  is  explained  below  on  the  basis  of  Fig.9. 

Intake  air  presure  Pi  immediately  downstream 
the  main  throttle  valve  4  rises  from  a  negative  valve 
substantially  to  the  atmospheric  pressure,  with  the 

w  increase  of  the  opening  of  accelerator,  as  shown 
by  a  broken  line  in  Fig.9  and  when  and  after  the 
opening  of  accelerator  exceeds  the  level  of  20 
degrees,  it  is  maintained  at  the  level  of  atmo- 
spheric  pressure.  Intake  air  pressure  P2  imme- 

75  diately  downstream  the  sub-throttle  valve  5  con- 
forms  substantially  to  the  intake  air  pressure  Pi 
until  the  opening  of  accelerator  exceeds  the  level 
of  20  degrees  and  intake  air  begins  to  be  suched 
in  by  the  supercharger  6,  the  intake  air  is  throttled 

20  by  the  sub-throttle  valve  5  and  its  pressure  drops 
abruptly  but  thereafter  rises  to  the  level  of  at- 
mospheric  pressure  due  to  the  increase  of  the 
opening  of  the  sub-throttle  valve  5  with  the  in- 
crease  of  the  opening  of  accelerator,  as  shown  by 

25  a  chain  line  in  Fig.9.  On  the  other  hand,  intake  air 
pressure  P3  in  the  surge  tank  conforms  to  the 
intake  air  pressure  Pi  until  the  opening  of  accelera- 
tor  exceeds  substantially  20  degrees  but  when  and 
after  the  opening  of  accelerator  exceeds  20  de- 

30  grees  and  the  mechanical  supercharger  6  is  put  in 
"connected  state",  it  rises  by  the  fixed  amount  and 
thereafter  continues  to  rise  with  the  increase  of  the 
opening  of  accelerator,  as  shown  in  by  a  solid  line 
in  Fig.9.  The  intake  air  pressure  P3  rises  by  the 

35  fixed  amount  when  the  opening  of  accelerator  ex- 
ceeds  substantially  20  degrees  and  an  increase  in 
torque  to  be  obtained  by  this  rise  of  pressure  is 
absorbed  as  a  driving  torque  of  the  mechanical 
supercharger  6.  Therefore,  torque  to  be  obtained 

40  finally  is  connected  smoothly  even  near  the  part 
where  the  mechanical  supercharger  6  is  switched 
from  "non-connected  state"  over  to  "connected 
state". 

The  relation  between  the  intake  air  pressure  P2 
45  immediately  downstream  the  sub-throttle  valve  5 

and  the  intake  air  pressure  P3  in  the  surge  tank  will 
be  examined  below. 

As  shown  in  Fig.9,  where  PX2  is  an  air  intake 
pressure  P2  at  the  arbitrary  opening  of  accelerator 

50  x,  PX3  is  an  air  intake  pressure  P3  at  the  arbitrary 
opening  of  accelerator  x,  VE  is  a  sucking  in  force  of 
an  engine  (volume  of  intake  air  sucked  in  by  the 
engine  per  unit  hour)  and  Vs  is  a  sucking  in  force 
of  the  mechanical  supercharger  6  (volume  of  intake 

55  air  sucked  in  by  the  supercharger  6  per  unit  hour), 
the  following  relationship  is  established.  (VE)x(PX3)- 
/VS=Px2 
However,  influence  by  inertia  surcharging  effect  of 

with  resultant  reduction  in  fuel  expenses.  As  shown 
in  Fig.2,  in  consideration  of  the  durability  of  clutch, 
the  electromagnetic  clutch  15  is  kept  "ON",  ex- 
cepting  a  low-load  low-rotation  area.  Fig.3  shows 
the  relation  between  r.p.m.  of  the  engine  and  the 
opening  of  accelerator  when  the  mechanical  super- 
charger  6  is  switched  to  "connected  state"  and  to 
"non-connected  state"  . 

Due  to  the  function  owned  by  the  variable 
pulley  mechanism  16,  the  mechanical  supercharger 
6  is  so  designed  that  the  number  of  revolutions  of 
it  increases  with  the  increase  in  r.p.m.  of  the  en- 
gine  by  the  characteristics  shown  in  Fig.3. 

A  adjusting  valve  23  which  is  controlled  for 
operation  by  a  diaphragm  device  22  is  provided  in 
the  course  of  the  bypass  21.  The  diaphragm  de- 
vice  22  is  provided  with  a  casing  22a,  diaphragm 
23b  arranged  in  the  casing  22a,  a  first  chamber 
22c  and  a  second  chamber  22d  which  are  divided 
from  each  other  by  the  diaphragm  22b,  a  spring 
22f  compressed  in  the  second  chamber  22d  and  a 
rod  22e  whose  one  end  is  connected  to  the  dia- 
phragm  22b.  The  other  end  of  the  rod  22e  is 
connected  to  the  surge  tank  8  through  the  medium 
of  a  negative  pressure  passage  25.  With  the  above 
arrangement,  if  negative  pressure  in  the  surge  tank 
8  is  higher  than  a  set  point,  the  diaphragm  22b 
deviates  against  the  spring  force  of  the  spring  22f 
and  causes  the  adjusting  valve  23  to  open. 

Operation  of  the  main  throttle  valve  4,  the  sub- 
throttle  valve  5  and  the  electromagnetic  clutch  15 
are  explained  below. 

Fig.5-Fig.10  shown  variations  of  the  amount  of 
each  state  with  the  increase  of  the  opening  of 
accelerator  in  the  case  where  the  mechanical  su- 
percharger  6  is  switched  from  "non-connected 
state"  over  to  "connected  state"  when  the  engine 
speed  is  about  1,000r.p.m.  As  shown  in  Fig.5,  the 
opening  of  the  main  throttle  valve  4  increases  sub- 
stantially  in  proportion  to  the  increase  of  the  open- 
ing  of  accelerator.  As  shown  in  Fig.6,  when  the 
opening  of  accelerator  exceeds  20  degrees,  the 
sub-throttle  valve  5  which  has  been  totally  closed 
begins  to  open  and  thereafter  increases  its  opening 
substantially  in  proportion  to  the  increase  of  the 
opening  of  accelerator.  As  shown  in  Fig.7,  when 
the  opening  of  accelerator  exceeds  20  degrees,  the 
electromagnetic  clutch  15  which  has  been  in 
"OFF"  state  is  switched  to  "ON"  and  the  super- 
charger  6  is  switched  from  "non-connected  state" 
over  to  "connected  state",  a  flow  rate  of  intake  air 
is  further  throttled  by  the  fixed  quantity  by  the  sub- 
throttle  valve  5,  in  addition  to  throttling  of  flow  rate 
of  intake  air  by  the  main  throttle  valve  4.  After  the 
above  switchover,  the  sub-throttle  valve  5  opens  in 
accordance  with  the  increase  of  required  output  of 
the  engine  and  a  flow  rate  of  discharge  air  from  the 
mechanical  supercharger  6  increases  gradually.  As 



EP  0  335  413  A2 10 

throttle  valve  4  is  about  0.4  attn  and  the  amount  of 
air  intake  is  1/5  of  the  maximum  air  intake  amount 
V. 

If  the  opening  of  accelerator  increases,  the 
5  main  throttle  valve  4  opens  to  some  extent  but  the 

sub-throttle  valve  5  still  remains  "closed",  the  elec- 
tromagnetic  clutch  15  is  still  "OFF"  and  the  me- 
chanical  supercharger  6  is  not  yet  driven.  There- 
fore,  the  pressure  at  the  downstream  of  the  main 

w  throttle  valve  4  is  about  0.6  atm  and  the  amount  of 
air  intake  becomes  3/10  V. 

If  the  opening  of  accelerator  increases  further 
and  the  main  throttle  valve  4  opens  up  to  20 
degrees,  the  flow  rate  of  intake  air  becomes  1/2  V 

;5  and  the  pressure  reaches  as  high  as  1  atm.  At  this 
time,  the  sub-throttle  valve  5  begins  to  open  slight- 
ly. 

In  the  above  state,  the  electromagnetic  clutch 
15  turns  "ON"  and  the  bypass  21  is  closed  by  the 

20  adjusting  valve  23.  In  this  case,  intake  air  begins  to 
flow  through  the  mechanical  supercharger  6  but  is 
throttled  by  the  sub-throttle  valve  5  and  the  flow 
rate  of  air  intake  is  1/2  V. 

When  the  electromagnetic  clutch  15  is  "ON", 
25  the  bypass  21  is  closed  by  the  adjusting  valve  23 

and  the  mechanical  supercharger  6  is  driven,  the 
pressure  at  the  downstream  of  the  sub-throttle 
valve  5  is  0.6  atm,  the  pressure  at  the  upper 
stream  of  the  surge  tank  8  is  1.2  atm  and  the 

30  amount  of  air  intake  is  3/5  V. 
If  the  opening  of  accelerator  increases  still 

more  and  high  load  is  reached,  both  the  main 
throttle  valve  4  and  the  sub-throttle  valve  5  open  to 
the  full  extent,  the  pressure  at  the  upper  stream  of 

35  the  mechanical  supercharger  6  becomes  1.0  atm, 
the  intake  air  pressure  in  the  surge  tank  becomes  2 
atm  and  the  amount  of  air  intake  becomes  V. 

intake  system  and  influence  exerted  by  variations 
of  r.p.m.  of  the  mechanical  supercharger  6  by  a 
variable  puiley  are  disregarded  in  the  above  case. 
Therefore,  from  the  above  formula,  ratio  t  between 
Px2  and  PX3  is 
t  =  Px3'Px2  =  Vs/Ve 
Thus,  r  takes  a  fixed  value  on  the  basis  of  Vs  and 
VE  which  are  peculiar  to  the  engine  with  a  super- 
charger,  namely,  the  ratio  between  the  intake  air 
pressure  Pz  and  the  intake  air  pressure  P3  always 
takes  a  fixed  value.  Therefore,  if  the  interior  com- 
pression  ratio  of  the  mechanical  supercharger  6, 
namely,  the  ratio  of  discharge  pressure  to  the  in- 
take  pressure  is  set  to  correspond  to  this,  dis- 
charge  pressure  of  the  mechanical  supercharger  6 
substantially  conforms  to  the  intake  pressure  at  the 
downstream  from  the  mechanical  supercharger  and 
generation  of  pressure  pulsation  near  the  outlet  of 
the  mechanical  supercharger  6  is  restricted.  In  ad- 
dition,  supercharged  air  discharged  from  the  me- 
chanical  supercharger  6  is  supplied  to  a  combus- 
tion  chamber,  without  being  relieved  to  the  bypass 
21,  and  a  noise  generation  from  the  mechanical 
supercharger  is  transmitted  to  the  combustion 
chamber  as  it  is  carried  by  a  flow  of  supercharged 
air.  Therefore,  there  is  no  fear  that  intake  noise  is 
emitted  outside  from  the  air  intake  passage  1  . 

Since  the  discharge  pressure  of  the  mechani- 
cal  supercharger  6  substantially  corresponds  to  the 
intake  air  pressure  at  the  downstream  from  the 
supercharger  and  torque  to  be  obtained  finally  is 
connected  smoothely  even  near  the  part  where  the 
mechanical  supercharger  6  is  switched  over,  there 
is  no  generation  of  torque  shock  at  this  switchover. 

In  addition,  since  the  sub-throttle  valve  5  is 
provided  besides  the  main  throttle  valve  and  a  flow 
rate  of  intake  air  toward  the  mechanical  super- 
charger  6  is  controlled  carefully  by  the  sub-throttle 
valve  5  in  an  operating  area  where  the  mechanical 
supercharger  6  is  driven,  controllability  of  engine 
output  by  the  accelerator  pedal  is  improved. 

An  explanation  is  made  below  of  the  intake  air 
pressure  and  flow  rate  of  intake  air,  using  concrete 
numerical  values. 

40  (2)  In  the  case  of  more  than  3,000  r.p.m. 

At  the  time  of  high  speed  running  (engine 
speed  of  more  than  3,000  r.p.m.),  it  raises  the 
problem  of  durability  of  electromagnetic  clutch  to 

45  switch  the  electromagnetic  clutch  1  5  from  "OFF"to 
"ON".  Therefore,  the  electromagnetic  clutch  15  re- 
mains  "ON". 

At  the  time  of  low  load,  both  the  main  throttle 
vaive  4  and  the  sub-throttle  valve  5  are  closed,  the 

50  pressure  at  the  downstream  of  the  main  throttle 
valve  4  is  0.4  atm,  the  pressure  at  the  downstream 
of  the  sub-throttle  valve  5  is  0.2  atm,  the  intake  air 
pressure  at  the  upper  stream  of  the  surge  tank  8  is 
0.4  atm  and  the  amount  of  air  intake  is  1/5  V. 

55  If  the  opening  of  accelerator  increases  and 
medium  load  is  reached,  the  main  throttle  valve  4 
half  opens,  the  sub-throttle  valve  5  opens  to  some 
extent,  the  pressure  at  the  downstream  of  the  main 

(1  )  In  the  case  of  700-3,000  r.p.m. 

At  the  time  of  low  load,  the  electromagnetic 
clutch  15  is  "OFF",  the  mechanical  supercharger  6 
is  not  driven,  the  opening  of  the  main  throttle  valve 
4  is  slight,  the  sub-throttle  valve  5  is  closed,  and 
the  bypass  21  is  in  intercommunicative  state. 
Therefore,  intake  air  flows  through  the  bypass  21 
and  a  natural  air  intake  state  is  obtained.  Suppose 
the  maximum  supercharged  pressure  and  the  flow 
rate  of  air  at  that  time  are  2  atm  and  V  respec- 
tively,  the  pressure  at  the  downstream  of  the  main 
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rotate  synchronously  in  such  a  fashion  that  up  and 
down  strokes  of  the  right  and  left  air  discharge 
valves  are  contrary  to  each  other.  A  mechanism  of 
transmitting  the  rotation  of  the  crank  shaft  37  to 

5  each  cam  shaft  for  air  discharge  valve  is  composed 
by  the  timing  pulleys  48,  49  and  the  timing  belt  50. 

Two  idle  pulleys  54  which  guide  the  timing  belt 
50  are  provided  below  and  on  both  sides  of  the 
mechanical  supercharger  76  in  such  a  fashion  that 

w  they  make  contact  with  the  outer  surface  of  the 
timing  belt  50.  By  these  idle  pulleys  54,  the  timing 
belt  50  is  forced  to  slope  downward  so  that  the 
mechanical  supercharger  76  and  the  timing  belt  50 
do  not  interfere  with  each  other.  Also,  two  other 

75  idle  pulleys  55a,  55b  are  provided  above  the  crank 
shaft  37  in  such  a  fashion  that  they  make  contact 
with  the  outer  surface  of  the  timing  belt  50  and 
guide  the  timing  belt  50.  Of  these  two  idle  pulleys 
55a,  55b,  the  idle  pulley  55a  is  so  designed  that  it 

20  functions  as  a  tension  pulley. 
Provided  in  each  of  the  left  bank  L  and  the 

right  bank  R  is  a  gear  46  which  is  coaxial  with  the 
timing  pulley  4B.  By  engaging  the  gear  46  with  a 
gear  47,  having  the  same  pitch  diameter  and  the 

25  same  module  as  the  gear  46,  which  is  fitted  to  the 
cam  shaft  for  air  intake,  rotation  of  the  cam  shaft 
for  air  discharge  is  transmitted  to  the  cam  shaft  for 
air  intake. 

Reference  numeral  62,  63  designate  cylinder 
30  head  covers  arranged  on  the  cylinder  heads  32,  33 

respectively.  Reference  numeral  64  designates  a 
casing  for  a  water  pump  which  is  arranged  by 
utilizing  space  surrounded  by  the  timing  belt  50. 
Reference  numeral  65  designates  an  oil  pan  dis- 

35  posed  at  the  underside  of  the  cylinder  block  31  . 
Reference  numeral  73  designates  surge  tanks 

which  are  provided  above  each  of  the  left  bank  L 
and  the  right  bank  R  and  which  communicate  with 
each  other  so  that  intake  air  can  circulate  between 

40  cylinders  34  on  either  side.  Reference  numeral  74 
designates  an  air  intake  passage  which  extends 
frontward  from  above  the  mechanical  supercharger 
76  and  then  branches  into  both  sides  to  be  con- 
nected  to  each  surge  tank  73.  Reference  numeral 

45  75  designates  intercoolers  which  are  arranged  with 
the  air  intake  passage  74  interposed  therebetween 
and  cool  down  intake  air  to  be  discharged  from  the 
mechanical  supercharger  76.  Reference  numeral 
77  designates  an  electromagnetic  clutch. 

so  In  the  above  embodiment,  since  the  mechani- 
cal  supercharger  76  is  arranged  above  and  be- 
tween  the  left  and  right  banks  L,  R,  space  above 
the  middle  of  a  V  type  engine  can  be  utilized 
effectively  as  space  for  installation  of  auxiliary  ma- 

55  chines. 
Fig  16  shows  the  second  embodiment  of  the 

present  invention.  In  the  first  embodiment,  the  main 
throttle  valve  4  and  the  sub-throttle  valve  5  are 

throttle  valve  4  reaches  about  1  atm,  the  pressure 
at  the  downstream  of  the  sub-throttle  valve  5 
reaches  0.6  atm,  the-'  pressure  of  intake  air  to  be 
sucked  in  the  combustion  chamber  is  1  .2  atm  and 
the  amount  of  air  intake  becomes  3/5  V. 

If  the  opening  of  accelerator  increases  further 
and  high  load  is  reaced,  both  the  main  throttle 
valve  4  and  the  sub-throttle  valve  5  open  to  the  full 
extent,  pressure  at  the  upper  stream  of  the  me- 
chanical  supercharger  6  reaches  1.0  atm,  pressure 
of  intake  air  in  the  surge  tank  is  2  atm  and  the 
amount  of  air  intake  becomes  V. 

Both  at  the  time  of  medium  load  at  the  time  of 
high  load,  the  bypass  21  is  kept  closed  by  the 
adjusting  valve  23. 

A  concrete  construction  of  the  engine  is  ex- 
plained  below. 

The  engine  is  of  V  type.  Cylinder  heads  32,  33 
are  provided  on  a  cylinder  block  31  .  A  left  bank  L 
and  a  right  bank  R  are  formed  by  the  cylinder 
block  31  and  the  cylinder  heads  32,  33.  A  me- 
chanical  supercharger  76  is  arranged  between  the 
left  bank  L  and  the  right  bank  R  through  the  me- 
dium  of  a  fitting  member  (not  shown  in  the  draw- 
ing)  of  the  cylinder  block  31.  A  driving  shaft  76a  of 
the  mechanical  supercharger  76  is  driven  for  rota- 
tion  by  a  crank  shaft  37  through  the  medium  of  a 
pulley  38  fitted  to  a  forward  end  of  the  crank  shaft 
37,  two  coaxial  intermediate  pulleys  39,  40  ar- 
ranged  coaxially  at  the  right  outward  side  of  the 
cylinder  block  31,  a  pulley  41  fitted  to  a  forward 
end  of  the  driving  shaft  76a  and  two  belts  42,  43 
wound  round  between  the  pulleys  38,  39  and  be- 
tween  the  pulley  40,  41  respectively. 

Both  of  the  pulleys  38,  39  have  conventional 
variable  pulley  mechanism  which  is  variable  in 
pitch  diameter.  With  the  increase  of  r.p.m.  of  the 
engine,  while  the  pitch  diameter  of  the  pulley  39 
becomes  small,  that  of  the  pulley  38  becomes 
large.  As  a  result,  with  the  increase  of  r.p.m.  of  the 
engine,  r.p.m.  of  the  mechanical  supercharger  76 
decreases  and  the  flow  rate  of  intake  air  is  regu- 
lated  properly.  Thus,  wasteful  working  of  the  me- 
chanical  supercharger  76  is  eliminated. 

Each  of  the  cylinder  heads  32,  33  is  provided 
with  a  cam  shaft  for  air  intake  and  a  cam  shaft  for 
air  discharge.  By  these  cam  shafts,  an  air  intake 
valve  and  an  air  discharge  valve  are  driven  to  carry 
out  air  suction  and  air  discharge  at  the  fixed  timing. 

While  provided  at  a  forward  end  of  the  cam 
shaft  for  air  discharging  at  the  outer  side  of  each  of 
the  bank  L  and  the  bank  R  is  a  timing  pulley  48, 
provided  at  a  forward  end  of  the  crank  shaft  37  is  a 
timing  pulley  49,  having  a  pitch  diameter  which  is 
one  half  of  that  of  the  pulley  48  and  a  belt  50  is 
wound  round  among  the  pulley  48  and  the  pulley 
49.  Through  the  medium  of  the  timing  belt  50,  the 
cam  shafts  for  air  discharge  valves  are  driven  to 
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so  that  the  sub-throttle  valve  closes  rather  a  little  in 
the  area  where  the  volumetric  efficiency  is  large, 
such  as  the  area  of  engine  medium  speed.  By 
these  amendments,  air  discharge  pressure  of  the 

5  mechanical  supercharger  6'  conforms  exactly  to 
the  intake  air  pressure  at  the  downstream  from  the 
mechanical  supercharger,  with  the  result  that  better 
effects  of  preventing  generation  of  the  air  intake 
noises  and  preventing  generation  of  torque  shock 

w  are  obtained. 
In  each  of  the  above  embodiments,  when  the 

mechanical  supercharger  6  is  switched  from  "non- 
connected  state"  over  to  "connected  state",  the 
sub-throttle  valve  5  throttles  further  the  flow  rate  of 

75  intake  air  by  the  fixed  amount,  in  addition  to  throt- 
tling  of  the  flow  rate  of  intake  air  by  the  main 
throttle  valve  and  after  the  switchover,  the  sub- 
throttle  valve  5  opens  in  accordance  with  the  in- 
crease  of  required  output  of  the  engine  but  after 

20  the  switchover,  the  sub-throttle  valve  5  may  open 
with  the  fixed  time  lag.  This  is  especially  suitable 
for  the  engine  which  shows  a  small  residual 
amount  of  the  openeing  after  the  switchover  of  the 
mechanical  supercharger  6  from  "non-connected 

25  state"  over  to  "connected  state". 
The  present  invention  is  not  limited  in  its  ap- 

plication  to  the  engine  in  esch  of  the  above  em- 
bodiments  but  is  applicable  to  the  engine  of  so- 
called  OHC  type  which  utilizes  cam  shaft  common 

30  to  the  air  discharge  and  air  intake.  In  addition,  the 
mechanical  supercharger  for  the  present  invention 
is  not  necessarily  be  a  screw  type  mechanical 
supercharger  in  each  of  the  above  embodiments  or 
a  mechanical  supercharger  which  involves  interior 

35  compression. 

connected  mechanically  to  the  accelerator  pedal 
through  the  medium  of  the  first  rod  members  12, 
13  and  the  link  member  14,  but  in  the  secpnd 
embodiment,  only  the  main  throttle  vaive  4  is 
connected  mechanically  to  the  accelerator  pedal 
and  the  sub-throttle  valve  5'  is  connected  witĥ   an 
actuator  82  by  which  the  sub-throttle  valve  5  is 
driven.  The  actuator  82  is  controlled  by  a  control 
unit  83.  The  main  throttle  valve  4  is  connected 
with  a  sensor  81  for  detecting  the  opening  of  the 
main  throttle  valve  and  an  output  signal  of  the 
opening  sensor  81  is  inputted  to  the  control  unit  83. 

in  the  above  embodiment,  the  adjusting  valve 
23  which  is  controlled  for  operation  by  the  dia- 
phragm  device  22  in  the  course  of  the  bypass  21 
but  in  the  second  embodiment,  a  check  valve  90  is 
provided  in  the  course  of  the  bypass  2.  The  check 
valve  90  is  equipped  with  a  valve  body  90a  which 
opens  by  pressure  from  the  upper  stream  of  the  air 
intake  passage  and  closes  by  pressure  from  the 
downstream  of  the  intake  air  passage  and  a  spring 
90b  which  forces  the  valve  body  90a  to  take  the 
closing  direction.  The  check  valve  90  keeps  intake 
air  from  flowing  to  the  bypass  21  when  the  me- 
chanical  supercharger  6'  is  in  "connected  state".  In 
the  second  embodiment,  the  bypass  21  commu- 
nicate  with  the  downstream  of  the  intercooler  7.  In 
the  other  basic  compositions,  the  second  embodi- 
ment  is  common  to  the  first  embodiment. 

An  explanation  is  made  beiow  of  the  operation 
control  on  the  actuator  by  the  control  unit  83. 
Basically,  as  shown  by  a  solid  line  in  Fig.  18,  with 
the  increase  of  the  opening  of  accelerator,  namely, 
with  the  increase  of  required  output  of  the  engine, 
it  is  so  controlled  that  the  sub-throttle  valve  5 
opens  and  the  flow  rate  of  discharge  air  from  the 
mechanical  supercharger  6  increases.  By  this  basic 
control,  as  in  the  case  of  the  first  embodiment  such 
effects  as  prevention  of  generation  of  air  intake 
noises,  prevention  of  generation  of  torque  shock 
and  improvement  of  controllability  on  engine  output 
by  the  accelerator  pedal  are  obtained.  In  addition 
to  this  basic  control,  in  the  second  embodiment 
amendments  are  made  in  due  consideration  of  the 
influence  by  the  inertia  supercharging  effect  of  air 
intake  system  and  the  influence  exerted  by  vari- 
ations  of  r.p.m  of  the  mechanical  supercharger  by 
variable  pulleys.  As  shown  in  Fig.  17,  the  volumetric 
efficiency  varies  with  r.p.m.  of  the  engine  due  to 
the  influence  by  the  inertia  supercharging  effect  of 
air  intake  system  and  the  influence  exerted  by 
variations  of  r.p  m.  of  the  mechanical  supercharger 
6  by  variable  pulleys.  In  view  of  this,  while  an 
amendment  is  made  so  that  the  sub-throttle  valve 
5'  opens  rather  a  little  in  the  area  where  the  volu- 
metric  efficiency  is  small,  such  as  the  area  of 
engine  low  speed  and  the  area  of  engine  high 
speed,  as  shown  in  Fig.  18,  an  amendment  is  made 

Claims 

40  1.  A  supercharging  device  of  an  engine  com- 
prising: 
a  air  intake  passage  for  supplying  intake  air  to  the 
engine, 
a  mechanical  supercharger  which  is  provided  in 

45  said  air  intake  passage  and  is  driven  by  an  output 
shaft  of  the  engine, 
a  switching  means  which  switches  said  mechanical 
supercharger  from  a  connected  state  over  to  a  non- 
connected  state  in  relation  to  said  output  shaft  of 

50  the  engine, 
a  bypass  provided  in  said  air  intake  passage  in 
such  a  fashion  that  it  bypasses  said  mechanical 
supercharger, 
a  main  throttle  valve  provided  in  the  air  intake 

55  passage  upstream  a  joint  of  the  bypass  on  an 
intake  side  of  the  supercharger,  and 
a  sub-throttle  valve  provided  in  the  air  intake  pas- 
sage  between  a  joint  of  the  bypass  on  an  intake 
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10.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  9,  wherein  the  sub-throttle  valve  is 
so  controlled  that  discharge  air  pressure  of  the 
mechanical  supercharger  approaches  intake  air 

5  pressure  at  the  downstream  from  the  mechanical 
supercharger. 

11.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  10,  wherein  the  sub-throttle  valve 
is  so  controlled  that  discharge  air  pressure  of  the 

w  mechanical  supercharger  is  made  almost  equal  to 
intake  air  pressure  at  the  downstream  from  the 
mechanical  supercharger. 

12.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  9,  wherein  the  interior  compres- 

75  sion  ratio  of  the  mechanical  supercharger  is  set  at 
a  value  to  be  obtained  by  dividing  suction  force  of 
the  mechanical  supercharger  by  suction  force  of 
the  engine. 

13.  A  supercharging  device  of  an  engine  as 
20  defined  in  Claim  9,  wherein  the  mechanical  super- 

charger  is  a  screw  type  supercharger. 
14.  A  supercharging  device  of  an  engine  as 

defined  in  Claim  9,  wherein  the  main  throttle  valve 
and  the  sub-throttle  valve  are  connected  through 

25  the  medium  of  a  link  mechanism  and  are  so  de- 
signed  that  both  interlock. 

15.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  9,  wherein  the  switching  means  is 
so  designed  that  it  receives  a  signal  corresponding 

30  to  intake  air  pressure  at  the  downstream  of  the 
main  throttle  valve  and  when  an  absolute  value  of 
this  intake  air  pressure  becomes  higher  than  a 
fixed  value,  it  is  switched  from  a  non-connected 
state  to  a  connected  state,  and  the  adjusting  valve 

35  is  operated  by  an  actuator  which  makes  intake  air 
pressure  at  the  downstream  from  the  throttle  value 
as  an  operating  source  and  biassing  force  of  a 
spring  which  is  provided  at  the  actuator  and  biases 
the  adjusting  valve  in  a  closing  direction  is  set  at 

40  such  force  which  corresponds  to  the  foregoing 
fixed  value. 

16.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  1,  wherein  the  mechanical  super- 
charger  is  of  a  type  involving  the  interior  compres- 

45  sion. 
17.  A  supercharging  device  of  an  engine  as 

defined  in  Claim  16,  wherein  the  sub  throttle  valve 
is  so  controlled  that  discharge  air  pressure  of  the 
mechanical  supercharger  approaches  intake  air 

so  pressure  at  the  downstream  from  the  mechanical 
supercharger. 

18.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  17,  wherein  the  sub-throttle  valve 
is  so  controlled  that  discharge  air  presure  of  the 

55  mechanical  supercharger  is  made  almost  equal  to 
intake  air  pressure  at  the  downstream  from  the 
mechanical  supercharger. 

side  of  the  supercharger  and  the  mechanical  su- 
percharger, 
said  sub-throttle  valve  throttles  further  a  flow  rate  of 
intake  air  by  the  fixed  amount  in  addition  to  throt- 
tling  of  a  flow  rate  of  intake  air  by  the  said  main 
throttle  valve  when  the  mechanical  supercharger  is 
switched  from  a  non-connected  state  over  to  a 
connected  state  and  after  this  switchover,  opens  in 
response  to  an  increase  of  required  output  of  the 
engine  or  opens  with  a  time  lag 

2.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  1  ,  wherein  the  switching  means  is 
so  designed  that  it  is  put  in  a  non-connected  state 
at  the  time  of  low  load  and  put  in  a  connected  state 
at  the  time  of  high  load. 

3.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  2,  wherein  a  adjusting  valve  which 
opens  when  at  least  the  switching  means  is  in  a 
non-connected  state  is  provided  in  the  bypass  and 
the  bypass  has  a  passage  area  which  is  large 
enough  to  secure  a  flow  rate  of  intake  air  sufficient 
for  producing  required  output  of  the  engine  when 
the  switching  means  is  in  a  non-connected  state. 

4.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  3,  wherein  the  adjusting  valve  is 
so  designed  that  it  closes  from  an  opened  state  at 
almost  the  same  time  as  the  switching  means  is 
switched  from  a  non-connected  state  over  to  a 
connected  state. 

5.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  3,  wherein  the  adjusting  valve  is  a 
one-way  valve  which  opens  only  when  a  pressure 
of  intake  air  on  a  discharge  side  of  the  super- 
charger  is  lower  than  a  pressure  of  intake  air  on  an 
intake  side  of  the  supercharger. 

6.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  4,  wherein  the  sub-throttle  valve  is 
so  designed  that  it  increases  its  opening,  together 
with  the  main  throttle  valve,  in  response  to  an 
increase  of  required  output  of  the  engine  after  the 
switching  means  is  switched  from  a  non-connected 
state  over  to  a  connected  state. 

7.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  6,  wherein  the  sub-throttle  valve  is 
so  designed  that  its  opening  increases  by  such  a 
degree  that  output  torque  of  the  engine  equals  to 
driving  torque  of  the  mechanical  supe.rcharger 
when  the  switching  means  is  switched  from  a  non- 
connected  state  over  to  a  connected  state. 

8.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  7,  wherein  the  switching  means  is 
so  designed  that  it  is  in  a  connected  state  while  the 
engine  running  speed  is  more  than  a  fixed  number 
of  revolutions,  even  at  the  time  of  low  load. 

9.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  8,  wherein  the  mechanical  super- 
charger  is  of  a  type  involving  the  interior  compres- 
sion. 
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19.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  16,  wherein  the  interior  compres- 
sion  ratio  of  the  mechanical  supercharger  is  set  at 
a  value  to  be  obtained  by  dividing  suction  force  of 
the  mechanical  supercharger  by  suction  force  of  5 
the  engine. 

20.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  1  ,  wherein  the  sub-throttle  valve  is 
so  designed  that  when  the  switching  means  is 
switched  from  a  non-connected  state  over  to  a  10 
connected  state,  its  opening  increases  by  such  a 
degree  that  output  torque  of  the  engine  corre- 
sponds  to  driving  torque  of  the  mechanical  super- 
charger. 

21.  A  supercharging  device  of  an  engine  as  75 
defined  in  Claim  1  ,  wherein  a  passage  area  of  the 
air  intake  passage  near  the  main  throttle  valve  and 
a  passage  area  of  the  air  intake  passage  near  the 
sub-throttle  are  set  almost  equal  and  the  opening 
of  the  sub-throttle  valve  when  the  switching  means  20 
is  switched  from  a  non-connected  state  over  to  a 
connected  state  is  set  smaller  than  the  opening  of 
the  main  throttle  valve  at  that  time. 

22.  A  supercharging  device  of  an  engine  as 
defined  in  Claim  1  ,  wherein  the  sub-throttle  valve  is  25 
so  controlled  that  after  the  switching  means  is 
switched  from  a  non-connected  state  over  to  a 
connected  state,  it  opens  gradually  with  the  lapse 
of  time. 

23.  A  supercharging  device  of  an  engine  as  30 
defined  in  Claim  22,  wherein  the  switching  means 
is  so  designed  that  it  is  switched  over  in  response 
to  the  opening  of  the  actuator  and  at  a  full  opening 
of  the  accelerator  it  is  switched  from  a  non-con- 
nected  state  over  to  a  connected  state.  35 
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