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(54)  Power  transmitting  system  for  a  hybrid  motor  vehicle 

(57)  The  system  has  an  engine  (1  ),  and  a  planetary 
gear  (3).  The  planetary  gear  (3)  has  a  sun  gear  (3a),  a 
carrier  (3b)  rotatably  supporting  a  plurality  of  pinions 
(3d)  each  of  which  engages  with  the  sun  gear  (3a),  a 
ring  gear  (3c)  engaging  with  the  pinions  (3d).  A  first  mo- 
tor  (2)  is  connected  to  an  output  shaft  (1  a)  of  the  engine 
(1  )  and  the  sun  gear  (3a)  of  the  planetary  gear  (3).  The 

first  motor  (2)  is  capable  of  using  as  a  driving  source 
and  as  a  power  generator.  A  second  motor  (4)  is  con- 
nected  to  the  ring  gear  (3c).  The  second  motor  (4)  is 
also  capable  of  using  as  a  driving  source  and  as  a  power 
generator.  An  automatic  transmission  (5)  is  connected 
between  the  carrier  (3b)  of  the  planetary  gear  (3)  and 
an  axle  (8)  of  a  hybrid  motor  vehicle. 
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Description 

BACKGROUND  OF  THE  INVENTION 

[0001]  The  present  invention  relates  to  a  power  trans- 
mitting  system  for  a  hybrid  motor  vehicle  using  an  inter- 
nal  combustion  engine  and  an  electric  motor. 
[0002]  Recently,  there  has  been  developed  the  hybrid 
vehicle  which  is  driven  by  the  engine  and  the  motor  from 
the  point  of  view  of  low  pollution  and  resource  economy. 
[0003]  In  the  hybrid  motor  vehicle,  two  motors  which 
are  selectively  used  as  a  power  source  and  as  a  power 
generator  are  mounted,  thereby  increasing  energy  effi- 
ciency  and  driving  performance. 
[0004]  Japanese  Patent  Application  Laid  Open 
9-46821  discloses  a  hybrid  motor  vehicle  in  which  a 
power  distribution  mechanism  using  a  differential  dis- 
tributor  such  as  a  differential  gear  is  used  for  distributing 
a  part  of  engine  power  for  a  power  generator  so  that  the 
power  by  power  generator  is  used  for  driving  a  motor  so 
as  to  drive  the  motor  vehicle. 
[0005]  Japanese  Patent  Application  Laid  Open 
9-1  00853  discloses  a  hybrid  motor  vehicle  where  a  plan- 
etary  gear  is  provided  for  distributing  engine  power  to  a 
power  generator. 
[0006]  However,  in  the  above  described  prior  arts,  a 
great  part  of  the  driving  power  at  low  vehicle  speed  is 
relied  on  the  motor.  Accordingly,  it  is  necessary  to  mount 
a  large  motor  having  a  large  output,  and  to  provide  a 
power  generator  having  a  large  power  in  order  to  main- 
tain  a  constant  running  performance.  As  a  result,  the 
cost  for  manufacturing  the  motor  vehicle  increases. 
[0007]  Furthermore,  in  the  case  that  the  rotation 
speed  of  the  output  shaft  of  an  engine  changes  over  a 
control  range  for  controlling  the  motor  speed,  it  is  difficult 
to  properly  control  the  engine  and  the  motor  in  response 
to  requested  driving  force,  only  by  distributing  the  power 
of  the  engine  to  the  power  generator. 

SUMMARY  OF  THE  INVENTION 

[0008]  An  object  of  the  present  invention  is  to  provide 
a  power  transmitting  system  for  a  hybrid  motor  vehicle 
which  may  ensure  necessary  driving  force  and  increase 
the  energy  efficiency  by  using  two  motors,  and  may 
properly  control  the  engine  and  the  motors  in  response 
to  requested  driving  force. 
[0009]  According  to  the  present  invention,  there  is 
provided  a  power  transmitting  system  for  a  hybrid  motor 
vehicle  comprising,  an  engine,  a  planetary  gear  having 
a  sun  gear,  a  carrier  rotatably  supporting  a  plurality  of 
pinions  each  of  which  engages  with  the  sun  gear,  a  ring 
gear  engaging  with  the  pinions,  a  first  motor  connected 
to  an  output  shaft  of  the  engine  and  the  sun  gear  of  the 
planetary  gear,  and  capable  of  using  as  a  driving  source 
and  as  a  power  generator,  a  second  motor  connected 
to  the  ring  gear  and  capable  of  using  as  a  driving  source 
and  as  a  power  generator,  and  a  transmission  connect- 

ed  between  the  carrier  of  the  planetary  gear  and  an  axle 
of  the  motor  vehicle. 
[001  0]  The  present  invention  further  provides  a  power 
transmitting  system  for  a  hybrid  motor  vehicle  compris- 

5  ing,  an  engine,  a  planetary  gear  having  a  sun  gear,  a 
carrier  rotatably  supporting  a  plurality  of  pinions  each  of 
which  engages  with  the  sun  gear,  a  ring  gear  engaging 
with  the  pinions,  a  first  motor  connected  to  an  output 
shaft  of  the  engine  and  the  ring  gear  of  the  planetary 

10  gear,  and  capable  of  using  as  a  driving  source  and  as  a 
power  generator,  a  second  motor  connected  to  the  sun 
gear  and  capable  of  using  as  a  driving  source  and  as  a 
power  generator,  and  a  transmission  connected  be- 
tween  the  carrier  of  the  planetary  gear  and  an  axle  of 

is  the  motor  vehicle. 
[0011]  The  present  invention  still  further  provides  a 
power  transmitting  system  for  a  hybrid  motor  vehicle 
comprising,  an  engine,  a  planetary  gear  having  a  sun 
gear,  a  carrier  rotatably  supporting  a  plurality  of  pinions 

20  each  of  which  engages  with  the  sun  gear,  a  ring  gear 
engaging  with  the  pinions,  a  first  motor  connected  to  an 
output  shaft  of  the  engine  and  the  ring  gear  of  the  plan- 
etary  gear,  and  capable  of  using  as  a  driving  source  and 
as  a  power  generator,  a  second  motor  connected  to  the 

25  carrier  and  capable  of  using  as  a  driving  source  and  as 
a  power  generator,  and  a  transmission  connected  be- 
tween  the  carrier  of  the  planetary  gear  and  an  axle  of 
the  motor  vehicle. 
[0012]  A  clutch  is  provided  for  engaging  two  members 

30  selected  from  the  sun  gear,  ring  gear  and  carrier  of  the 
planetary  gear. 
[0013]  The  transmission  may  be  a  continuously  vari- 
able  belt-drive  automatic  transmission. 
[0014]  These  and  other  objects  and  features  of  the 

35  present  invention  will  become  more  apparent  from  the 
following  detailed  description  with  reference  to  the  ac- 
companying  drawings. 

BRIEF  DESCRIPTION  OF  DRAWINGS 
40 

[0015] 

Fig.  1  is  a  block  diagram  showing  a  system  accord- 
ing  to  a  first  embodiment  of  the  present  invention; 

45  Figs.  2  to  6  are  block  diagrams  for  explaining  oper- 
ations  of  the  system; 
Fig.  7  is  a  block  diagram  showing  a  system  accord- 
ing  to  a  second  embodiment  of  the  present  inven- 
tion; 

so  Figs.  8  and  9  are  block  diagrams  for  explaining  op- 
erations  of  the  system; 
Fig.  1  0  is  a  block  diagram  showing  a  system  accord- 
ing  to  a  third  embodiment  of  the  present  invention; 
Figs.  11  to  1  4  are  block  diagrams  for  explaining  op- 

55  erations  of  the  system; 
Fig.  1  5  is  a  block  diagram  showing  a  system  accord- 
ing  to  a  fourth  embodiment  of  the  present  invention; 
Fig.  16  is  a  block  diagram  for  explaining  an  opera- 
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tion  of  the  system; 
Fig.  1  7  is  a  block  diagram  showing  a  system  accord- 
ing  to  a  fifth  embodiment  of  the  present  invention; 
Figs.  1  8  to  23  are  block  diagrams  for  explaining  op- 
erations  of  the  system;  and  s 
Fig.  24  is  a  block  diagram  showing  a  system  accord- 
ing  to  a  sixth  embodiment  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS  10 

[0016]  The  first  embodiment  of  the  present  invention 
will  be  described  hereinafter  with  reference  to  Fig.  1  . 
[0017]  Fig.  1  shows  a  power  transmitting  system  for 
a  hybrid  vehicle.  The  system  comprise  an  engine  1,  a  15 
first  motor  2  a  rotating  shaft  of  which  is  connected  to  an 
output  shaft  la  of  the  engine  1  ,  a  planetary  gear  3  con- 
nected  to  the  rotating  shaft  of  the  first  motor  2,  a  second 
motor  4  connected  to  the  planetary  gear  3,  and  a  con- 
tinuously  variable  transmission  (hereinafter  called  CVT)  20 
5. 
[0018]  The  first  motor  2  is  provided  for  generating 
electric  power  and  assisting  engine  power,  and  the  sec- 
ond  motor  4  is  provided  for  assisting  the  engine  power 
and  receiving  the  energy  at  deceleration.  25 
[001  9]  The  planetary  gear  3  comprises  a  sun  gear  3a 
connected  to  the  rotating  shaft  of  the  first  motor  2,  a  plu- 
rality  of  pinions  3d  each  engaging  with  the  sun  gear  3a, 
a  carrier  3b  rotatably  supporting  the  pinions  3d,  and  a 
ring  gear  3c  meshed  with  the  pinions  3d.  The  ring  gear  30 
3c  is  connected  to  a  rotating  shaft  of  the  second  motor  4. 
[0020]  The  CVT  5  is  a  continuously  variable  belt-drive 
automatic  transmission.  The  CVT  5  comprises  a  primary 
pulley  5b  connected  to  an  input  shaft  5a  which  is  con- 
nected  to  the  carrier  3b  of  the  planetary  gear  3,  a  sec-  35 
ondary  pulley  5d  connected  to  an  output  shaft  5c,  and 
a  belt  5e  wound  on  both  pulleys  5b  and  5d.  Each  of  the 
pulleys  5b  and  5d  comprises  an  axially  fixed  conical  disc 
and  axially  movable  conical  disc.  The  movable  discs  are 
moved  by  oil  pressure  in  cylinders  5f  in  the  opposite  di-  40 
rection  so  that  the  effective  diameter  of  each  of  pulleys 
5b  and  5d  is  changed.  Thus,  the  transmission  ratio  can 
be  continuously  changed. 
[0021]  Other  transmissions  such  as  a  transmission 
comprising  gear  trains  and  an  automatic  transmission  45 
using  a  torque  converter  may  be  employed  instead  of 
the  CVT. 
[0022]  The  output  shaft  5c  of  the  CVT  5  is  connected 
to  an  axle  8  through  a  gear  train  6  and  a  differential  gear 
7,  thereby  transmitting  the  output  of  the  CVT  5  to  driving  so 
wheels  9. 
[0023]  A  monitor  and  control  system  10  is  provided 
for  controlling  the  engine  1  ,  motors  2  and  4,  and  CVT  5. 
Connected  to  the  monitor  and  control  system  10  are  a 
driver's  intention  determining  system  11  ,  a  vehicle  con-  55 
trol  condition  determining  system  1  2,  and  a  driving  con- 
dition  determining  system  13. 
[0024]  The  driver's  intention  determining  system  11 

detects  depression  operation  of  accelerator  pedal  and 
brake  pedal,  and  steering  angle,  thereby  determining 
driving  operation  condition  dependent  on  the  operation 
of  the  driver.  The  vehicle  control  condition  determining 
system  12  determines  brake  pedal  depression  condi- 
tion,  control  quantity  for  the  engine  and  the  ABS  (Anti- 
lock  Braking  System),  and  operating  conditions  of  lights, 
an  air  conditioner  and  others.  The  driving  condition  de- 
termining  system  13  determines  the  change  of  driving 
conditions  such  as  vehicle  speed,  ascending  and  de- 
scending,  and  road  surface  conditions. 
[0025]  In  dependency  on  outputs  of  those  systems, 
the  monitor  and  control  system  10  controls  operations 
of  the  engine  1  and  motors  2  and  4,  the  oil  pressure  in 
cylinders  5f  of  the  CVT  5,  the  charging  of  a  battery  14. 
[0026]  The  operation  of  the  control  system  of  the 
present  invention  will  be  described  hereinafter. 
[0027]  In  the  case  where  the  engine  1  is  operated  in 
an  optimum  condition  for  the  emission  control,  fuel  con- 
sumption  and  others,  the  output  power  of  the  engine  is 
insufficient  for  driving  the  hybrid  vehicle,  the  motor  2  is 
operated  in  order  to  make  up  the  insufficiency.  If  the 
power  is  insufficient  despite  of  the  power  supplement  by 
the  motor  2,  the  motor  4  is  operated  to  obtain  necessary 
driving  power. 
[0028]  More  particularly,  a  DC  voltage  from  the  bat- 
tery  14  is  converted  to  AC  voltages  by  inverters  15  and 
16.  The  AC  voltages  are  applied  to  the  motors  2  and  4 
to  operate  the  motors,  respectively.  The  driving  force  of 
the  motor  2  is  added  to  the  driving  force  of  the  engine  1 
to  make  input  torque  Ts  which  drives  the  sun  gear  3a  of 
the  planetary  gear  3.  The  driving  force  of  the  motor  4  is 
applied  to  the  ring  gear  3c  as  input  torque  Tr. 
[0029]  The  output  torque  Tc  of  the  carrier  3b  is  ex- 
pressed  by  the  following  equation  (1  )  based  on  the  input 
output  characteristic  of  the  planetary  gear  3. 

Tc  =  Ts  +  Tr  (1) 

[0030]  Namely  the  output  torque  Tc  of  the  planetary 
gear  3  is  the  sum  of  the  input  torque  Ts  to  the  sun  gear 
3a  and  the  input  torque  Tr  to  the  ring  gear  3c. 
[0031]  Therefore,  it  is  possible  to  produce  large  driv- 
ing  force,  even  if  the  output  torque  of  each  of  the  engine 
1  and  motors  2  and  4  is  small.  Thus,  large  vehicle  driving 
force  is  transmitted  to  the  driving  wheels  9  through  the 
CVT  5  and  the  gear  train  6. 
[0032]  Fig.  2  shows  flows  of  the  electric  current  rep- 
resented  by  the  two-dot-dash  line  and  of  the  torque  rep- 
resented  by  the  one-dot-dash  line. 
[0033]  In  order  that  the  input  torque  Ts  to  the  sun  gear 
3a  and  the  input  torque  Tr  to  the  ring  gear  3c  are  added, 
each  torque  must  be  set  to  receive  the  reaction  force. 
To  this  end,  the  torque  Ts  and  torque  Tr  must  satisfy  the 
relationship  of  the  following  formula  (4)  obtained  from 
the  formulae  (2)  and  (3). 
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Tc  .  i  /  (1  +  i)  =  Ts  (2) 

Tc  .  1  /  (1  +  i)  =  Tr  (3) 

Ts  =  i  .  Tr  (4) 

where  i  is  the  gear  ratio  represented  by  the  number  of 
teeth  Zs  of  the  sun  gear  3a  and  the  number  of  teeth  Zr 
of  the  ring  gear  3C  (i  =  Zs/Zr). 
[0034]  In  the  planetary  gear,  since  Zr  is  larger  than  Zs 
(Zr  >  Zs),  the  gear  ratio  i  is  smaller  than  1  (i  <  1  ).  There- 
fore,  as  is  apparent  from  the  formula  (4),  the  input  torque 
Tr  of  the  ring  gear  3c  is  1/i  times  (1/i  >  1)  of  the  input 
torque  Ts  of  the  sun  gear  3a. 
[0035]  Since  as  described  above,  the  input  torque  Tr 
of  the  ring  gear  3c  is  generated  only  by  the  electric  pow- 
er  supplied  to  the  motor  4,  there  is  the  case  where  the 
charging  quantity  to  the  battery  1  4  becomes  insufficient 
because  of  a  long  driving.  In  such  a  case,  the  motor  2 
is  used  as  a  power  generator,  and  the  motor  4  is  oper- 
ated  by  the  generated  power  as  described  hereinafter 
in  detail. 
[0036]  In  each  of  the  inverters  15  and  16,  a  control 
circuit  is  provided  to  changeover  the  flow  of  the  electric 
current  such  that  the  electric  current  flows  from  the  bat- 
tery  1  4  to  the  corresponding  motor  2,  4  when  using  the 
motor  as  a  driving  motor,  and  reversely  flows  from  the 
corresponding  motor  2  or  4  to  the  battery  1  4  when  using 
the  motor  as  a  power  generator. 
[0037]  Therefore,  in  order  to  use  the  motor  2  as  the 
power  generator,  the  control  circuit  in  the  inverter  15  is 
changed  such  that  a  part  of  the  driving  force  of  the  en- 
gine  drives  the  motor  2  to  generate  the  electric  power, 
and  the  remaining  driving  power  is  applied  to  the  sun 
gear  3a. 
[0038]  If  the  power  generated  by  the  motor  2  is  suffi- 
cient,  the  motor  4  is  driven  only  by  the  generated  power 
without  using  the  electric  power  charged  in  the  battery 
14  as  shown  in  Fig.  3. 
[0039]  In  that  case,  it  is  possible  that  the  hybrid  vehi- 
cle  is  driven  only  by  the  driving  force  of  the  engine  by 
using  the  motor  4  to  receive  the  reaction  force  of  the  ring 
gear  3c. 
[0040]  In  the  above  described  condition,  when  the 
charging  of  the  battery  14  becomes  necessary,  the  sys- 
tem  is  controlled  so  that  the  power  generating  quantity 
of  the  motor  2  becomes  larger  than  the  necessary  elec- 
tric  power  for  the  motor  4.  More  particularly,  in  each  of 
the  inverters  1  5  and  1  6,  a  circuit  is  provided  for  control- 
ling  the  load  on  the  corresponding  motor  2,  4  as  a  power 
generator.  By  controlling  the  load,  the  generating  power 
of  the  motor  2,  4  can  be  increased  or  reduced.  Further- 
more,  a  control  circuit  is  provided  in  each  of  the  inverters 
15,  16  for  controlling  the  power  supplied  from  the  battery 
1  4  to  the  corresponding  motor  2,  4. 

[0041]  When  it  is  necessary  to  increase  the  driving 
force  of  the  motor  4  because  of  a  heavy  load  at  climbing, 
rapid  acceleration,  or  others,  the  driving  force  of  the  en- 
gine  1  applied  to  the  sun  gear  3a  is  increased  by  reduc- 

5  ing  the  driving  force  to  the  motor  2,  and  the  electric  pow- 
er  of  the  battery  1  4  is  supplied  to  the  motor  4  to  increase 
the  driving  force  thereof.  Thus,  necessary  driving  force 
can  be  obtained. 
[0042]  On  the  other  hand,  at  the  deceleration  or  brak- 

10  ing,  the  torque  Tc  reversely  transmitted  to  the  carrier  3b 
from  the  driving  wheels  9  through  the  CVT  5  is  distrib- 
uted  as  the  torque  Ts  through  the  sun  gear  3a  to  the 
motor  2,  and  as  the  torque  Tr  through  the  ring  gear  3c 
to  the  motor  4,  as  shown  in  Fig.  4.  The  distributed  torque 

is  is  converted  to  electric  energy  with  which  the  battery  1  4 
is  charged.  Namely,  the  vehicle  is  braked  and  deceler- 
ated  by  the  power  generation  of  the  motors  2  and  4.  In 
the  case,  although  the  power  generating  quantity  and 
braking  force  by  each  motor  is  small,  the  whole  power 

20  generating  quantity  and  breaking  force  for  the  vehicle  is 
obtained.  Thus,  the  power  energy  efficiency  can  be 
largely  improved. 
[0043]  When  the  battery  1  4  is  sufficiently  charged  and 
therefore  the  power  generated  by  the  motor  4  is  not  ab- 

25  sorbed  by  the  battery  14,  the  engine  braking  is  not  ef- 
fected  by  the  motor  4.  In  such  a  case,  the  electric  power 
generated  by  the  motor  4  is  used  for  driving  the  motor 
2  as  shown  in  Fig.  5,  so  that  the  driving  force  generated 
by  the  motor  2  and  the  distributed  driving  force  through 

30  the  sun  gear  3a  are  both  applied  to  the  engine  1  to  obtain 
the  engine  braking  effect.  When  the  battery  charging  be- 
comes  necessary,  the  electric  power  generated  by  the 
motor  4  is  controlled  such  that  the  electric  power  sup- 
plied  to  the  motor  2  is  reduced,  and  the  battery  14  is 

35  charged  with  the  remaining  power. 
[0044]  When  the  vehicle  is  backed,  the  motor  4  is  re- 
versed  to  reversely  rotate  the  carrier  3b  of  the  planetary 
gear  3. 
[0045]  In  that  case,  the  motor  2  absorbs  the  output  of 

40  the  engine  1  so  as  to  be  operated  as  the  power  gener- 
ator,  thereby  driving  the  motor  4  by  the  electric  power 
generated  by  the  motor  2.  Furthermore,  when  the 
charged  quantity  of  the  battery  1  4  becomes  insufficient, 
the  output  power  of  the  engine  is  increased  to  increase 

45  the  power  generated  by  the  motor  2,  thereby  driving  the 
motor  4  while  charging  the  battery  14. 
[0046]  Alternatively,  subject  to  that  the  battery  1  4  is 
sufficiently  charged  and  the  sun  gear  3a  is  stuck  by 
means  of  the  motor  2,  the  engine  can  be  stopped  while 

so  the  vehicle  is  backed  by  reversely  operating  the  motor  4. 
[0047]  As  described  above,  the  engine  1  and  motors 
2  and  4  are  properly  controlled  by  using  the  CVT  5  to 
increase  the  power  efficiency. 
[0048]  In  the  planetary  gear  train,  the  revolution  per 

55  minute  (hereinafter  called  rpm)  of  each  part  is  ex- 
pressed  by  the  following  formula  (5). 

4 
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(1  +  i)  •  Nc  =  Nr+  i  .  Ns  (5) 

where  Ns  is  the  rpm  of  the  sun  gear  3a,  Nr  is  the  rpm  of 
the  ring  gear  3c,  and  Nc  is  the  rpm  of  the  carrier  3b. 
[0049]  Therefore,  the  rpm  Nc  of  the  carrier  3b  can  be 
properly  set  by  controlling  the  rpm  Ns  and  the  rpm  Nr. 
When  Ns  =  Nr,  the  rotations  become  Nc  =  Nr  =  Ns. 
[0050]  However  if  the  rpm  of  one  of  the  motor  2  or  4 
is  set  constant  the  rpm  of  the  other  motor  must  be  in- 
creased  over  the  rpm  of  the  carrier  3b  to  increase  the 
output  rpm  of  the  planetary  gear  3. 
[0051]  For  example,  considering  the  rotation  of  each 
of  the  carrier  3b  and  the  ring  gear  3c  relative  to  the  sun 
gear  3a  in  the  case  where  the  rpm  Ns  of  the  sun  gear 
3a  rotated  by  the  motor  2  is  constant,  Ns  =  0  can  be 
inserted  in  the  formula  (5).  This  means  that  the  rpm  Nr 
of  the  ring  gear  3c  (difference  from  the  rpm  Ns  of  the 
sun  gear  3a)  is  (1  +  i)  times  of  the  rpm  Nc  of  the  carrier 
3b  (difference  from  the  rpm  Ns  of  the  sun  gear  3a). 
[0052]  Moreover  considering  the  rotation  of  each  of 
the  sun  gear  3a  and  the  carrier  3b  relative  to  the  ring 
gear  3c  in  the  case  where  the  rpm  of  the  ring  gear  3c 
rotated  by  the  motor  4  is  constant,  Nr  =  0can  be  inserted 
in  the  formula  (5).  This  means  that  the  rpm  Ns  of  the  sun 
gear  3a  rotated  by  the  motor  2  is  (1  +  i)  /  i  times  of  the 
rpm  of  the  carrier  3b. 
[0053]  As  a  result,  in  either  case,  if  the  rpm  of  either 
of  the  motors  2  and  4  is  constant,  the  rpm  of  the  other 
motor  becomes  larger  than  the  output  rpm  of  the  plan- 
etary  gear  3. 
[0054]  The  high  rotating  speed  of  the  motor  causes 
the  efficiency  and  reliability  of  the  system  to  decrease. 
Therefore,  it  is  desirable  to  control  the  motors  so  that 
the  difference  between  rotating  speeds  of  gears  of  the 
planetary  gear  train  becomes  small,  and  the  rotating 
speed  of  each  motor  becomes  low.  At  a  low  vehicle 
speed,  it  is  possible,  by  increasing  the  rotating  speed  of 
either  of  the  sun  gear  3a  and  the  ring  gear  3c,  to  stop 
the  other  gear,  or  to  back  the  vehicle  by  reversely  rotat- 
ing  the  output  shaft  while  keeping  the  engine  rotating. 
[0055]  However,  at  a  high  vehicle  speed,  because  of 
the  high  speed  of  the  output  shaft,  speeds  of  the  engine 
and  two  motors  are  increased. 
[0056]  In  the  present  system,  it  is  possible  to  reduce 
the  input  torque  to  the  planetary  gear  train,  and  to  prop- 
erly  control  the  rotating  speed  of  the  output  shaft  of  the 
planetary  gear  3  by  properly  controlling  the  reduction  ra- 
tio  of  the  CVT. 
[0057]  In  other  words,  it  is  possible  to  operate  the  en- 
gine  1  in  an  optimum  range  of  high  combustion  efficien- 
cy  and  low  exhaust  gas  emission,  by  restraining  the  us- 
ing  conditions  of  the  engine  1  and  motors  2  and  4  in  an 
optimum  range,  and  to  realize  the  improvement  of  fuel 
consumption  and  low  exhaust  gas  emission  while  keep- 
ing  the  driving  performance. 
[0058]  In  accordance  with  the  first  embodiment  of  the 
present  invention,  it  is  possible  to  ensure  the  driving 

force  and  to  improve  the  energy  efficiency  by  two  small 
motors  each  having  comparatively  low  output  power, 
and  to  achieve  the  lowering  of  the  manufacturing  cost 
of  the  system,  the  miniaturizing  and  the  reducing  of 

5  weight  of  the  system. 
[0059]  Fig.  7  is  a  block  diagram  showing  the  second 
embodiment  of  the  present  invention.  The  same  part  as 
Fig.  1  is  identified  by  the  same  reference  numeral  as 
Fig.  1  ,  and  the  explanation  thereof  is  omitted. 

10  [0060]  In  the  embodiment,  a  clutch  18  is  provided  be- 
tween  the  sun  gear  3a  and  the  carrier  3b. 
[0061]  In  the  clutch  releasing  state,  the  same  opera- 
tion  as  the  first  embodiment  is  carried  out. 
[0062]  In  the  clutch  engaging  state,  the  sun  gear  3a 

is  and  the  carrier  1  8  are  connected  with  each  other,  so  that 
the  engine  1  is  directly  connected  with  the  CVT  5 
through  the  motors  2  and  4.  Therefore,  necessary  driv- 
ing  torque  can  be  obtained  by  the  integration  of  the  driv- 
ing  torques  of  the  engine  1  ,  motors  2  and/or  4  as  shown 

20  in  Fig.  8.  Thus,  the  control  is  simplified. 
[0063]  When  the  driving  torque  is  produced  by  the  en- 
gine  and  motors  2  and  4,  the  driving  torque  of  the  motor 
2  and  the  driving  torque  of  the  motor  4  are  added  to  the 
driving  torque  of  the  engine  1  by  the  planetary  gear  3. 

25  Therefore,  the  maximum  driving  torque  is  equal  to  that 
of  the  case  of  Fig.  2.  If  the  motors  2  and  4  are  not  oper- 
ated,  the  system  becomes  the  ordinary  driving  system 
for  driving  the  vehicle  only  by  the  engine  1  . 
[0064]  At  the  deceleration  or  braking  where  the  vehi- 

30  cle  is  braked  by  the  control  of  the  motors  2  and  4  and 
the  engine  braking,  it  is  possible  to  properly  control  the 
braking  torque  by  the  integration  of  the  engine  braking 
and  braking  due  to  the  power  generation  of  the  motors 
2  and  4,  as  shown  in  Fig.  9,  thereby  simplifying  the  con- 

35  trol. 
[0065]  Since  the  braking  torque  of  the  motor  2  and  the 
braking  torque  of  the  motor  4  are  divided  by  the  plane- 
tary  gear  3,  the  maximum  braking  torque  is  the  same  as 
the  case  of  Fig.  4. 

40  [0066]  In  accordance  with  the  second  embodiment, 
the  engine  can  be  directly  connected  to  the  CVT  through 
the  two  motors.  Therefore,  the  control  of  the  system  be- 
comes  simple,  and  the  electric  energy  can  be  effectively 
used. 

45  [0067]  Fig.  10  shows  the  third  embodiment  of  the 
present  invention. 
[0068]  In  the  system  of  the  third  embodiment,  the  out- 
put  shaft  la  of  the  engine  1  is  connected  to  the  ring  gear 
3c  of  the  planetary  gear  train  3  through  the  motor  2,  and 

so  the  motor  4  is  connected  to  the  sun  gear  3a  by  the  shaft 
5a.  The  system  has  a  composition  similar  to  the  first  em- 
bodiment,  and  the  formulae  (1)  to  (3)  are  also  applied 
to  the  system.  However,  there  is  the  difference  that  the 
input  torque  Ts  to  the  sun  gear  3a  become  i  times  of  the 

55  input  torque  Tr  to  the  ring  gear  3c. 
[0069]  Fig.  11  shows  the  condition  where  the  vehicle 
is  driven  by  the  engine  1  and  motors  2  and  4. 
[0070]  Since  the  engine  1  and  the  motor  2  are  con- 

5 
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nected  to  the  ring  gear  3c  and  the  motor  4  is  connected 
to  the  sun  gear  3a,  the  input  torque  Ts  to  the  sun  gear 
3a  is  a  small  value  (i  •  Tr). 
[0071]  The  motor  2  is  used  as  the  power  generator 
and  the  generated  power  is  used  for  charging  the  battery 
14  to  operate  the  motor  4. 
[0072]  Furthermore,  the  motor  2  is  driven  by  a  part  of 
the  driving  force  of  the  engine  1  to  generate  the  power 
which  is  applied  to  the  motor  4  as  shown  in  Fig.  12.  In 
this  case,  the  motor  4  is  operated  without  using  the  elec- 
tric  power  charged  in  the  battery  14.  In  such  a  case,  it 
is  possible  to  use  the  motor  4  for  receiving  the  reaction 
force  of  the  sun  gear  3a  and  to  drive  the  vehicle  only  by 
the  engine  1  . 
[0073]  Since  the  input  torque  Ts  to  the  sun  gear  3a, 
that  is  the  driving  force  for  the  motor  4  is  small,  it  is  pos- 
sible  to  reduce  the  influence  on  the  converting  efficiency 
of  the  torque  and  electric  power  of  the  motor  4  and  the 
control  efficiency  of  the  inverters  15,  16. 
[0074]  On  the  other  hand,  at  the  deceleration  or  brak- 
ing,  the  torque  Tc  transmitted  to  the  carrier  3b  from  the 
driving  wheels  9  through  the  CVT  5  is  distributed 
through  the  sun  gear  3a  to  the  motor  2  as  the  torque  Ts, 
and  through  the  ring  gear  3c  to  the  motor  4  as  the  torque 
Tr,  as  shown  in  Fig.  13.  The  distributed  torque  is  con- 
verted  to  electric  energy  with  which  the  battery  14  is 
charged.  Namely,  the  vehicle  is  braked  by  the  power 
generation  of  the  motors  2  and  4.  In  the  case,  although 
the  power  generating  quantity  and  braking  force  by  each 
motor  is  small,  the  whole  power  generation  quantity  and 
breaking  force  for  the  vehicle  is  obtained.  Thus,  the  pow- 
er  energy  efficiency  can  be  largely  improved. 
[0075]  When  the  battery  1  4  is  sufficiently  charged  and 
the  power  generated  by  the  motor  4  is  not  absorbed  by 
the  battery  14,  the  engine  braking  is  not  effected  by  the 
motor  4.  In  such  a  case,  the  electric  power  generated 
by  the  motor  4  is  used  for  driving  the  motor  2  as  shown 
in  Fig.  1  4,  so  that  the  driving  force  generated  by  the  mo- 
tor  2  and  distributed  driving  force  through  the  sun  gear 
3a  are  both  applied  to  the  engine  1  to  obtain  the  engine 
braking  effect.  When  the  battery  charging  becomes  nec- 
essary,  the  electric  power  generated  by  the  motor  4  is 
controlled  such  that  the  electric  power  supplied  to  the 
motor  2  is  reduced,  and  the  battery  14  is  charged  with 
the  remaining  power. 
[0076]  The  vehicle  is  backed  in  the  same  manner  as 
the  first  embodiment. 
[0077]  In  accordance  with  the  third  embodiment, 
since  the  torque  generated  by  the  motor  4  is  small,  it  is 
possible  to  reduce  the  influence  on  the  converting  effi- 
ciency  between  the  torque  and  the  electric  power.  Thus, 
the  energy  efficiency  can  be  improved. 
[0078]  Fig.  15  shows  the  fourth  embodiment  of  the 
present  invention.  In  the  embodiment,  the  clutch  18  is 
provided  between  the  sun  gear  3a  and  the  carrier  3b  in 
the  third  embodiment. 
[0079]  In  the  clutch  releasing  state,  the  same  opera- 
tion  as  the  third  embodiment  is  carried  out. 

[0080]  In  the  clutch  engaging  state,  the  sun  gear  3a 
and  the  carrier  1  8  are  connected  with  each  other,  so  that 
the  engine  1  is  directly  connected  with  the  CVT  5 
through  the  motors  2  and  4.  Therefore,  necessary  driv- 

5  ing  torque  can  be  obtained  by  the  integration  of  the  driv- 
ing  torque  of  the  engine  1  ,  motors  2  and/or  4  as  shown 
in  Fig.  15.  Thus,  the  control  is  simplified. 
[0081]  When  the  driving  torque  is  produced  by  the  en- 
gine  and  motors  2  and  4,  the  driving  torque  of  the  motor 

10  2  and  the  driving  torque  of  the  motor  4  are  added  to  the 
driving  torque  of  the  engine  1  by  the  planetary  gear  3. 
Therefore,  the  maximum  driving  torque  is  equal  to  that 
of  the  case  of  Fig.  11  .  If  the  motors  2  and  4  are  not  op- 
erated,  the  system  becomes  the  ordinary  driving  system 

is  for  driving  the  vehicle  only  by  the  engine  1  . 
[0082]  At  the  deceleration  or  braking  where  the  vehi- 
cle  is  braked  by  the  control  of  the  motors  2  and  4  and 
the  engine  braking,  it  is  possible  to  properly  control  the 
braking  torque  by  the  integration  of  the  engine  braking 

20  and  braking  due  to  the  power  generation  of  the  motors 
2  and  4  as  shown  in  Fig.  1  6,  thereby  simplifying  the  con- 
trol. 
[0083]  Since  the  braking  torque  of  the  motor  2  and  the 
braking  torque  of  the  motor  4  are  divided  by  the  plane- 

25  tary  gear  3,  the  maximum  braking  torque  is  the  same  as 
the  case  of  Fig.  4. 
[0084]  In  accordance  with  the  fourth  embodiment,  the 
engine  can  be  directly  connected  to  the  CVT  through 
the  two  motors.  Therefore,  the  control  of  the  system  be- 

so  comes  simple,  and  the  electric  energy  can  be  effectively 
used. 
[0085]  Fig.  17  shows  the  fifth  embodiment  of  the 
present  invention. 
[0086]  In  the  system  of  the  fifth  embodiment,  the  out- 

35  put  shaft  la  of  the  engine  1  is  connected  to  the  sun  gear 
3a  of  the  planetary  gear  train  3  and  the  motor  2  is  con- 
nected  to  the  ring  gear  3c. 
[0087]  The  output  power  of  the  engine  1  and  the  out- 
put  power  of  the  motor  2  is  added  at  the  planetary  gear 

40  3  and  the  composed  power  is  outputted  from  the  carrier 
3b.  The  motor  4  is  connected  between  the  carrier  3b 
and  the  input  shaft  5a  of  the  CVT  5,  thereby  further  add- 
ing  the  output  power  of  the  motor  4  to  the  composed 
power. 

45  [0088]  As  shown  in  Fig.  18,  the  driving  force  of  the 
engine  1  is  applied  to  the  sun  gear  3a  as  the  input  torque 
Ts.  The  electric  energy  of  the  battery  1  4  is  applied  to  the 
motor  2  where  the  electric  power  is  converted  to  the  driv- 
ing  force  which  is  applied  to  the  ring  gear  3c  as  the  input 

so  torque  Tr. 
[0089]  Furthermore,  the  electric  energy  is  also  ap- 
plied  to  the  motor  4,  and  the  converted  driving  force  is 
added  to  the  output  torque  Tc  of  the  carrier  3c. 
[0090]  A  maximum  torque  Tout  applied  to  the  CVT  5 

55  is  expressed  by  the  following  formula  (6). 

Tout  =  Tc  +  Tm  =  Ts  +  Tr  +  Tm  (6) 
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Where  Tm  is  the  output  torque  of  the  motor  4. 
[0091]  Since  the  relationship  between  input  torque 
and  output  torque  of  each  member  of  the  planetary  gear 
3  is  determined  by  the  gear  ratio  i  of  the  planetary  gear 
3,  if  the  rpm  of  the  motor  2  is  controlled,  the  rpm  of  the 
engine  1  can  be  arbitrarily  set  regardless  of  the  output 
rpm  of  the  planetary  gear  3.  Therefore,  it  is  possible  to 
stop  the  engine  1  during  the  driving  of  the  vehicle,  or  to 
control  the  engine  1  so  as  to  be  operated  in  an  rpm  range 
of  economical  fuel  consumption. 
[0092]  As  described  hereinbefore,  the  input  torque  Tr 
to  the  ring  gear  3c  is  1/i  times  of  the  input  torque  to  the 
sun  gear  3a.  However,  since  the  input  torque  Tr  to  the 
ring  gear  3c  is  obtained  only  by  the  motor  2,  it  is  neces- 
sary  to  supply  the  electric  power  to  the  motor  2  from  the 
battery  1  4.  Therefore,  during  the  long  driving,  the  motor 
4  is  used  as  the  power  generator  and  generated  electric 
power  is  supplied  to  the  motor  2  as  shown  in  Fig.  1  9. 
[0093]  In  the  above  described  condition,  when  the 
charging  of  the  battery  14  becomes  necessary,  the  sys- 
tem  is  controlled  so  that  the  power  generating  quantity 
of  the  motor  4  becomes  larger  than  the  necessary  elec- 
tric  power  for  the  motor  2. 
[0094]  When  it  is  necessary  to  increase  the  assist 
force  of  the  motor  2  to  the  driving  force  of  the  engine  1 
because  of  a  heavy  load  at  climbing,  rapid  acceleration, 
or  others,  the  generating  power  of  the  motor  4  is  reduced 
and  the  electric  power  of  the  battery  14  is  supplied  to 
the  motor  2. 
[0095]  On  the  other  hand,  at  the  deceleration  or  brak- 
ing,  when  the  charging  of  the  battery  14  is  not  neces- 
sary,  the  driving  force  from  the  wheels  is  absorbed  by 
the  engine  braking  and  the  electric  power  generation  by 
the  motor  2. 
[0096]  I  n  this  case,  the  motor  4  is  driven  by  the  electric 
power  generated  by  the  motor  2  and  the  driving  force  of 
the  motor  4  to  be  added  to  that  coming  from  the  wheels 
is  consumed  by  the  electric  power  generation  by  the  mo- 
tor  2,  as  shown  in  Fig.  20.  Therefore,  braking  force  be- 
comes  equivalent  to  the  engine  braking. 
[0097]  When  the  charging  of  the  battery  1  4  becomes 
necessary,  the  electric  power  to  be  supplied  to  the  motor 
4  is  reduced,  so  that  the  battery  14  can  be  charged, 
maintaining  the  generating  quantity  of  the  motor  2  with- 
out  reducing  the  engine  braking  effect. 
[0098]  In  order  to  back  the  vehicle,  the  vehicle  is  driv- 
en  by  the  motor  4.  In  the  case  that  the  charged  quantity 
of  the  battery  14  is  insufficient,  the  output  torque  of  the 
engine  1  is  controlled  to  drive  the  motor  2  as  the  power 
generator,  thereby  charging  the  battery  14  as  shown  in 
Fig.  21.  In  such  a  condition,  it  is  possible  to  drive  the 
vehicle  only  by  the  electric  power  charged  in  the  battery 
1  4  or  to  drive  while  charging  by  the  motor  2. 
[0099]  As  described  above,  since  the  relationship  be- 
tween  input  torque  and  output  torque  of  each  member 
of  the  planetary  gear  3  is  determined  by  the  gear  ratio  i 
of  the  planetary  gear  3,  if  the  rpm  of  the  motor  2  is  con- 
trolled,  the  rpm  of  the  engine  1  and  the  rpm  of  the  carrier 

3b  can  be  controlled.  Therefore,  at  a  low  vehicle  speed, 
by  increasing  the  rpm  of  one  of  the  sun  gear  3a  and  the 
ring  gear  3c,  it  is  possible  to  stop  the  other  member,  or 
to  reversely  rotate  the  output  shaft,  while  operating  the 

5  engine  1  . 
[0100]  At  a  high  vehicle  speed,  if  the  rpm  of  one  of  the 
motor  is  kept  constant,  the  rpm  of  the  other  motor  must 
be  increased  higher  than  the  output  rpm  of  the  planetary 
gear  3. 

10  [0101]  If  the  motor  2  is  not  operated,  the  planetary 
gear  3  does  not  produce  the  driving  force.  Therefore,  as 
shown  in  Fig.  22,  it  is  possible  to  produce  the  driving 
force  for  driving  the  vehicle  by  controlling  the  motor  4 
and  the  transmission  ratio  of  the  CVT  5  without  using 

is  the  driving  force  from  the  planetary  gear  3.  Furthermore, 
as  shown  in  Fig.  23,  it  is  possible  to  produce  the  braking 
force  for  braking  the  vehicle  by  controlling  only  the  motor 
4  and  the  transmission  ratio  of  the  CVT  5. 
[0102]  If  the  motor  2  is  caused  not  to  produce  the  driv- 

20  ing  force  and  braking  force,  the  vehicle  can  be  driven 
only  by  controlling  the  motor  4  and  the  CVT  5  regardless 
of  the  operating  condition  of  the  engine  1  .  Therefore,  the 
control  operation  becomes  simple. 
[0103]  Thus,  by  keeping  the  using  conditions  of  the 

25  engine  1  and  the  motors  2  and  4  in  an  optimum  range 
by  controlling  the  CVT  5,  it  is  possible  to  increase  the 
frequency  in  use  of  the  engine  1  in  a  range  of  high  com- 
bustion  efficiency  and  low  exhaust  emission,  for  the 
change  of  the  vehicle  speed  and  the  vehicle  driving 

30  force. 
[0104]  In  accordance  with  the  fifth  embodiment,  since 
the  control  operations  of  the  motor  2  and  4  are  not  in- 
fluenced  by  each  other,  the  motors  can  be  properly  and 
simply  controlled  in  an  operating  range  of  high  efficien- 

ts  Cy 
[0105]  Fig.  24  shows  the  sixth  embodiment  of  the 
present  invention. 
[0106]  The  system  is  composed  by  providing  the 
clutch  18,  similarly  to  the  second  embodiment  between 

40  the  sun  gear  3a  and  the  carrier  3b  of  the  planetary  gear 
3  in  the  system  of  the  fifth  embodiment. 
[0107]  In  the  releasing  state  of  the  clutch  18,  the  op- 
eration  is  the  same  as  the  fifth  embodiment,  and  in  the 
clutch  engaging  state,  the  operation  is  the  same  as  the 

45  second  embodiment. 
[0108]  Although  the  clutch  18  is  disposed  between  the 
sun  gear  3a  and  the  carrier  3b  in  the  above  described 
embodiments,  the  clutch  18  may  be  disposed  between 
any  two  members  of  the  planetary  gear. 

so  [0109]  While  the  presently  preferred  embodiments  of 
the  present  invention  have  been  shown  and  described, 
it  is  to  be  understood  that  these  disclosures  are  for  the 
purpose  of  illustration  and  that  various  changes  and 
modifications  may  be  made  without  departing  from  the 

55  scope  of  the  invention  as  set  forth  in  the  appended 
claims. 

7 
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Claims 

1  .  A  power  transmitting  system  for  a  hybrid  motor  ve- 
hicle  comprising: 

an  engine  (1); 
a  planetary  gear  (3)  having  a  sun  gear  (3a),  a 
carrier  (3b)  rotatably  supporting  a  plurality  of 
pinions  (3d)  each  of  which  engages  with  the 
sun  gear  (3a),  a  ring  gear  (3c)  engaging  with 
the  pinions  (3d); 
a  first  motor  (2)  connected  to  an  output  shaft 
(la)  of  the  engine  (1)  and  the  sun  gear  (3a)  of 
the  planetary  gear  (3),  and  capable  of  using  as 
a  driving  source  and  as  a  power  generator; 

capable  of  using  as  a  driving  source  and  as  a 
power  generator;  and 
a  transmission  (5)  connected  between  the  car- 
rier  (3c)  of  the  planetary  gear  (3)  and  an  axle 

5  (8)  of  the  motor  vehicle. 

4.  The  system  according  to  one  of  claims  1  to  3  further 
comprising  a  clutch  (18)  for  engaging  two  members 
selected  from  the  sun  gear  (3a),  ring  gear  (3c)  and 

10  carrier  (3b)  of  the  planetary  gear  (3). 

5.  The  system  according  to  one  of  claims  1  to  4  where- 
in  the  transmission  (5)  is  a  continuously  variable 
belt-drive  automatic  transmission. 

15 
6.  The  system  according  to  one  of  claims  to  5  wherein 

the  transmission  comprises  gear  trains  (6). a  second  motor  (4)  connected  to  the  ring  gear 
(3c)  and  capable  of  using  as  a  driving  source 
and  as  a  power  generator;  and 
a  transmission  (5)  connected  between  the  car-  20 
rier  (3b)  of  the  planetary  gear  (3)  and  an  axle 
(8)  of  the  motor  vehicle. 

2.  A  power  transmitting  system  for  a  hybrid  motor  ve- 
hicle  comprising:  25 

an  engine  (1), 
a  planetary  gear  (3)  having  a  sun  gear  (3a),  a 
carrier  (3b)  rotatably  supporting  a  plurality  of 
pinions  each  of  which  engages  with  the  sun  30 
gear  (3a),  a  ring  gear  (3c)  engaging  with  the 
pinions; 
a  first  motor  (2)  connected  to  an  output  shaft 
(la)  of  the  engine  (1)  and  the  ring  gear  (3c)  of 
the  planetary  gear  (3),  and  capable  of  using  as  35 
a  driving  source  and  as  a  power  generator; 

a  second  motor  (4)  connected  to  the  sun  gear 
(3a)  and  capable  of  using  as  a  driving  source 
and  as  a  power  generator;  and  40 
a  transmission  (5)  connected  between  the  car- 
rier  (3b)  of  the  planetary  gear  (3)  and  an  axle 
(8)  of  the  motor  vehicle. 

3.  A  power  transmitting  system  for  a  hybrid  motor  ve-  45 
hide  comprising: 

an  engine  (1); 
a  planetary  gear  (3)  having  a  sun  gear  (3a),  a 
carrier  (3b)  rotatably  supporting  a  plurality  of  so 
pinions  each  of  which  engages  with  the  sun 
gear  (3a),  a  ring  gear  (3c)  engaging  with  the 
pinions; 
a  first  motor  (2)  connected  to  an  output  shaft 
(la)  of  the  engine  and  the  ring  gear  (3c)  of  the  55 
planetary  gear  (3),  and  capable  of  using  as  a 
driving  source  and  as  a  power  generator; 
a  second  motor  (4)  connected  to  the  carrier  and 

8 
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