
®  3  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

@  Publication  number: 0  3 2 0   3 1 2  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

(3)  Application  number:  88311755.8 

@  Date  of  filing:  12.12.88 

®  int.  a.*:  B  60  K  1 7 / 0 4  

Qg)  Priority:  11.12.87  JP  313827/87 
11.12.87  JP  313828/87 
11.12.87  JP  313829/87 
11.12.87  JP  313830/87 
18.04.88  JP  95283/88 

@  Date  of  publication  of  application: 
14.06.89  Bulletin  89/24 

@  Designated  Contracting.  States:  DE  FR  GB  IT  SE 

©  Applicant:  HONDA  GIKEN  KOGYO  KABUSHIKI  KAISHA 
1-  1,  Minami-Aoyama  2-chome 
Minato-ku  Tokyo  107  (JP) 

@  Inventor:  Nakayama,  Hiroshi 
2-  8-1,  Kitano 
Niiza-shi  Saitama  (JP) 

Takeda,  Tomokazu 
2-4-8-1003,  Tate 
Shiki-shi  Saitama  (JP) 

174) 

Yumoto,  Toshiyuki 
2-61-13,  Mizutanihigashi 
Fujimi-shi  Saitama  (JP) 

Kitada,  Mitsuo 
3047,  Kitano 
Tokorozawa-shi  Saitama  (JP) 

Ohta,  Shoji 
2-15-16,  Tsurusehigashi 
Fujimi-shi  Saitama  (JP) 

Chosa,  Masatoshi 
1-12-8,  Saiwai-cho 
Asaka-shi  Saitama (JP) 

Representative:  Leale,  Robin  George  et  al 
FRANK  B.  DEHN  &  CO.  Imperial  House  15-19  Kingsway 
London  WC2B6UZ  (GB) 

@  Drive  system  for  automobile. 
@  An  engine  (10)  is  disposed  in  a  front  portion  of  an 
automobile  (V)  and  has  a  crankshaft  (15)  extending  in  a 
longitudinal  direction  of  the  automobile.  A  transmission  (30)  is 
coupled  to  a  rear  end  of  the  engine  and  a  final  speed  reduction 
gear  unit  (60)  is  disposed  laterally  of  the  engine  and  separate 
from  the  transmission.  The  output  shaft  (34)  of  the  transmission 
and  the  input  shaft  (61a)  of  the  final  speed  reduction  gear  unit 

^   are  interconnected  by  an  intermediate  transmission  (90).  A 
^   steering  mechanism  for  turning  front  wheels  of  the  automobile 

includes  a  steering  tie  rod  (81  )  coupled  to  the  front  wheels  and 
W  disposed  downwardly  of  the  intermediate  shaft  between  the 
J"  transmission  and  the  final  speed  reducer  gear  unit.  The  engine 
«   includes  a  cylinder  having  an  axis  inclined  from  the  vertical  in  a 
q   transverse  direction  of  the  automobile,  the  final  speed  reduc- 
£g  tion  gear  unit  being  disposed  on  the  side  of  the  engine  away 
f/y  from  which  the  axis  of  the  cylinder  is  inclined.  The  transmission 

includes  an  input  shaft  (32)  disposed  coaxially  with  the 
O  crankshaft  (15)  for  receiving  drive  forces  from  the  engine,  a 

countershaft  (33),  an  output  shaft  (34),  a  transmissions 
Q.  mechanism  operatively  coupled  to  and  disposed  between  the 
111  input  shaft  and  the  countershaft,  and  an.output  gear  train 

operatively  connecting  the  countershaft  and  the  output  shaft 
and  disposed  in  a  portion  of  the  transmission  closer  to  the  final 
speed  reduction  gear  unit. 
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Description 

DRIVE  SYSTEM 

The  present  invention  relates  to  a  drive  system  for 
propelling  an  automobile  and,  more  particularly,  to  a 
drive  system  for  use  in  a  front-wheel  or  four-wheel 
drive  automobile  in  which  the  drive  system  includes 
an  engine  having  a  crankshaft  extending  in  the 
longitudinal  direction  of  the  automobile. 

Conventional  front-wheel  or  four-wheel  drive 
automobiles  having  engines  with  crankshafts  ex- 
tending  in  the  longitudinal  direction  of  the  auto- 
mobile  generally  include,  as  shown  in  FIGS.  13  and 
14  of  the  accompanying  drawings,  a  gear  trans- 
mission  comprising  a  torque  converter  (or  clutch) 
202  and  a  transmission  mechanism  203  with  a  final 
speed  reduction  gear  unit  204  disposed  therebet- 
ween. 

With  the  illustrated  arrangement,  an  engine  201 
overhangs  forwardly  of  a  pair  of  laterally  spaced  road 
wheels  205  disposed  on  the  opposite  sides  of  the 
final  reduction  gear  unit  204.  Therefore,  the  auto- 
mobile  is  heavier  at  its  front  portion  than  at  its  rear 
portion,  i.e.,  the  weight  of  the  automobile  is  not 
uniformly  distributed  in  its  longitudinal  direction. 
Since  the  road  wheels  205  are  positioned  rearwardly 
in  the  engine  compartment  of  the  automobile.the 
passenger  compartment  is  small,  particularly  the 
foot  space  in  front  of  the  front  seats. 

Japanese  Patent  Publication  No.  58-24289  dis- 
closes,  as  shown  in  FIG.  15  of  the  accompanying 
drawings,  a  final  speed  reduction  gear  unit  204 
disposed  directly  underneath  an  engine  21  1  .  In  order 
to  make  the  passenger  compartment  as  long  as 
possible,  the  transmission  207  is  located  below  the 
output  shaft  of  the  engine  21  1  ,  and  the  output  of  the 
torque  converter  206  and  the  input  shaft  of  the 
transmission  207  are  operatively  coupled  to  each 
other  by  sprockets  208a,  208b  and  a  chain  208c 
trained  therearound.  The  disclosed  layout  allows  the 
road  wheels  to  be  located  in  the  front  portion  of  the 
automobile,  and  reduces  the  forward  overhang  of 
the  engine  211,  thereby  resulting  in  a  larger 
passenger  compartment  space.  Inasmuch  as  the 
final  reduction  gear  unit  204  is  positioned  beneath 
the  engine  211,  however,  the  engine  211  has  a 
relatively  large  height  with  respect  to  the  automobile 
body,  and  so  does  the  engine  hood.  This  is 
disadvantageous  in  that  the  driver  of  the  automobile 
has  limited  sight  in  the  forward  direction,  and  the 
automobile  becomes  less  stable  as  the  center  of 
gravity  of  the  engine  211  is  higher.  With  the  engine 
211  located  in  a  higher  position,  the  output  shaft 
thereof  is  also  disposed  in  a  higher  position.  The 
transmission  coupled  to  the  output  shaft  of  the 
engine  tends  to  project  into  the  passenger  compart- 
ment.  In  the  drive  system  shown  in  FIG.  15,  this 
problem  is  solved  by  positioning  the  transmission 
207  in  a  lower  position,  and  operatively  connecting 
the  output  shaft  of  the  engine  211  to  the  trans- 
mission  207  through  the  sprockets  208a,  208b  and 
the  chain  208c. 

With  the  drive  system  arranged  as  shown  in 
FIG.  15,  since  the  transmission  207  is  in  a  low 

FOR  AUTOMOBILE 

position,  a  steering  rod  209  for  turning  the  front  road 
wheels  must  be  located  forwardly  of  the  final 

5  reduction  gear  unit  204.  A  steering  mechanism 
which  includes  a  steering  gearbox  and  a  steering 
shaft  (not  shown)  would  then  suffer  some  limitations 
on  its  layout  design  in  order  to  place  the  steering 
gearbox  and  the  steering  shaft  out  of  physical 

10  interference  with  the  axle  shafts  of  the  front  road 
wheels. 

According  to  another  earlier  proposal,  a  final 
speed  reduction  gear  unit  is  disposed  laterally  of  an 
engine  in  an  automobile  to  lower  the  position  of  the 

15  engine  mounted  on  the  automobile  body.  The 
lowered  engine  permits  the  engine  hood  to  be 
lowered,  giving  the  driver  good  forward  sight,  and 
also  allows  the  center  of  gravity  thereof  to  be 
lowered,  increasing  stability  of  the  automobile.  The 

20  transmission  operatively  coupled  between  the  en- 
gine  and  the  final  reduction  gear  unit  for  transmitting 
engine  power  to  the  final  reduction  gear  unit 
disposed  laterally  of  the  engine  must  be  compact  in 
size  to  match  the  layout  of  the  final  reduction  gear 

25  unit. 
There  also  are  known  automobiles  having  a 

longitudinally  disposed  power  plant  which  com- 
prises  an  engine,  a  transmission,  and  a  differential  as 
a  unit,  and  which  transmits  output  power  to  drive 

30  wheels  through  an  intermediate  transmission  shaft 
rotatably  supported  in  the  engine  (see  Japanese 
Patent  Publication  No.  48-13015).  The  intermediate 
transmission  shaft  is  installed  in  place  after  bearings, 
oil  seals,  and  other  parts  for  the  intermediate 

35  transmission  shaft  have  been  mounted  in  the  engine. 
The  process  of  installing  the  intermediate  trans- 
mission  shaft  (which  is  heavy)  is  inefficient  and  the 
various  parts  for  the  intermediate  transmission  shaft 
cannot  easily  be  replaced  or  otherwise  serviced. 

40  According  to  an  aspect  of  the  present  invention, 
there  is  provided  a  drive  system  in  an  automobile, 
comprising:  an  engine  disposed  in  a  front  portion  of 
the  automobile  and  having  a  crankshaft  extending  in 
a  longitudinal  direction  of  the  automobile;  a  trans- 

45  mission  coupled  to  a  rear  end  of  the  engine  and 
having  an  output  shaft;  a  final  speed  reduction  gear 
unit  disposed  laterally  of  the  engine  and  separate 
from  the  transmission,  the  final  speed  reduction 
gear  unit  having  an  input  shaft;  an  intermediate  shaft 

50  interconnecting  the  output  shaft  of  the  transmission 
and  the  input  shaft  of  the  final  speed  reduction  gear 
unit;  and  a  steering  mechanism  for  turning  front 
wheels  of  the  automobile,  the  steering  mechanism 
including  a  steering  tie  rod  coupled  to  the  front 

55  wheels  and  disposed  downwardly  of  the  intermedi- 
ate  shaft  between  the  transmission  and  the  final 
speed  reduction  gear  unit. 

According  to  another  aspect  of  the  present 
invention  there  is  also  provided  a  drive  system  in  an 

60  automobile,  comprising:  an  engine  disposed  in  a 
front  portion  of  the  automobile  and  having  a 
crankshaft  extending  in  a  longitudinal  direction  of 
the  automobile;  a  transmission  coupled  to  a  rear  end 
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of  the  engine  and  having  an  output  shaft;  a  final 
speed  reduction  gear  unit  disposed  laterally  of  the 
engine  and  separate  from  the  transmission,  the  final 
speed  reduction  gear  unit  having  an  input  shaft;  and 
an  intermediate  shaft  interconnecting  the  output 
shaft  of  the  transmission  and  the  input  shaft  of  the 
final  speed  reduction  gear  unit,  the  engine  including 
a  cylinder  having  an  axis  inclined  from  the  vertical  in 
a  transverse  direction  of  the  automobile,  the  final 
speed  reduction  gear  unit  being  disposed  on  the 
side  of  the  engine  away  from  the  direction  in  which 
the  axis  of  the  cylinder  is  inclined. 

According  to  still  another  aspect  of  the  present 
invention,  there  is  further  provided  a  drive  system  in 
an  automobile,  comprising:  an  engine  disposed  in  a 
front  portion  of  the  automobile  and  having  a 
crankshaft  extending  in  a  longitudinal  direction  of 
the  automobile;  a  transmission  coupled  to  a  rear  end 
of  the  engine  and  having  an  output  shaft;  and  a  final 
speed  reduction  gear  unit  disposed  laterally  of  the 
engine;  the  transmission  including  an  input  shaft 
disposed  coaxially  with  the  crankshaft  for  receiving 
drive  forces  from  the  engine,  a  countershaft,  an 
output  shaft,  a  transmission  mechanism  operatively 
coupled  to  and  disposed  between  the  input  shaft 
and  the  countershaft,  and  an  output  gear  train 
operatively  connecting  the  countershaft  and  the 
output  shaft  and  disposed  in  a  portion  of  the 
transmission  closer  to  the  final  speed  reduction  gear 
unit. 

According  to  yet  another  aspect  of  the  present 
invention,  there  is  also  provided  a  transmission  in  an 
automobile  having  an  engine  including  a  crankshaft, 
comprising:  an  input  shaft  disposed  coaxially  with 
the  crankshaft  of  the  engine  for  receiving  a  drive 
force  from  the  engine;  a  countershaft  disposed 
substantially  vertically  downwardly  of  and  parallel  to 
the  input  shaft;  a  transmission  mechanism  opera- 
tively  coupled  to  and  disposed  between  the  input 
shaft  and  the  countershaft;  and  an  output  shaft 
disposed  laterally  of  and  vertically  positioned  at  the 
same  height  as  or  upwardly  of  the  countershaft. 

According  to  yet  stiil  another  aspect  of  the 
present  invention,  there  is  also  provided  a  trans- 
mission  in  an  automobile  having  an  engine  including 
a  crankshaft  and  a  final  speed  reduction  gear  unit  for 
transmitting  a  drive  force  from  the  engine  to  drive 
road  wheels,  comprising:  an  input  shaft  disposed 
coaxially  with  the  crankshaft  of  the  engine  for 
receiving  a  drive  force  from  the  engine;  a  counter- 
shaft  disposed  substantially  vertically  downwardly  of 
and  parallel  to  the  input  shaft;  a  transmission 
mechanism  operatively  coupled  to  and  disposed 
between  the  input  shaft  and  the  countershaft;  an 
output  shaft;  and  an  output  gear  train  operatively 
connecting  the  countershaft  and  the  output  shaft 
and  disposed  in  an  end  portion  of  the  transmission 
closer  to  the  final  speed  reduction  gear  unit  which  is 
disposed  between  the  transmission  and  the  drive 
road  wheel. 

According  to  a  further  aspect  of  the  present 
invention,  there  is  provided  a  transmission  in  an 
automobile  having  an  engine  including  a  crankshaft, 
a  front  final  speed  reduction  gear  unit  for  transmit- 
ting  a  drive  force  from  the  engine  to  front  drive  road 

wheels,  and  a  rear  final  speed  reduction  gear  unit  for 
transmitting  a  drive  force  from  the  engine  to  rear 
drive  road  wheels,  comprising:  an  input  shaft 
disposed  coaxially  with  the  crankshaft  of  the  engine 

5  for  receiving  drive  forces  from  the  engine;  a 
countershaft  disposed  substantially  vertically  down- 
wardly  of  and  parallel  to  the  input  shaft,  the 
countershaft  projecting  rearwardly  for  transmitting 
the  drive  force  from  the  engine  to  the  rear  final 

10  speed  reduction  gear  unit;  a  transmission  mechan- 
ism  operatively  coupled  to  and  disposed  between 
the  input  shaft  and  the  countershaft;  and  an  output 
shaft  projecting  forwardly  for  transmitting  the  drive '  '  force  from  the  engine  to  the  front  final  speed 

15  reduction  gear  unit;  and  an  output  gear  train 
operatively  connecting  the  countershaft  and  the 
output  shaft  and  disposed  in  an  end  portion  of  the 
transmission  closer  to  the  front  final  speed  reduc- 
tion  gear  unit. 

20  According  to  a  still  further  aspect  of  the  present 
invention,  there  is  also  provided  a  power  trans- 
mission  system  in  an  automobile  having  drive  road 
wheels,  comprising:  an  engine;  and  an.  intermediate 
transmission  shaft  for  transmitting  a  drive  force  from 

25  the  engine  to  the  drive  road  wheels,  the  intermediate 
transmission  shaft  being  rotatably  supported  at 
opposite  ends  thereof  in  and  extending  through  the 
engine,  one  of  the  opposite  ends  of  the  intermediate 
transmission  shaft  extending  through  and  rotatably 

30  supported  in  a  bearing  disposed  in  the  engine  and 
the  other  end  of  the  intermediate  transmission  shaft 
being  rotatably  supported  in  a  bearing  holder  which 
is  detachably  fixed  to  an  outer  surface  of  the  engine. 

According  to  a  yet  further  aspect  of  the  present 
35  invention,  there  is  provided  a  drive  system  in  an 

automobile,  comprising:  an  engine  disposed  in  a 
front  portion  of  the  automobile  and  having  a 
crankshaft  extending  in  a  longitudinal  direction  of 
the  automobile,  the  engine  including  a  cylinder  block 

40  inclined  in  a  transverse  direction  of  the  automobile 
and  having  a  crankcase,  and  an  oil  pan  joined  to  a 
lower  surface  of  the  crankcase;  a  final  speed 
reduction  gear  unit  for  driving  a  pair  of  laterally 
spaced  drive  road  wheels,  the  final  speed  reduction 

45  gear  unit  being  disposed  on  a  side  of  the  engine 
away  from  the  side  toward  which  the  cylinder  block 
is  inclined,  the  final  speed  reduction  gear  unit 
including  a  differential  case  integrally  formed  with 
the  oil  pan,  the  final  speed  reduction  gear  unit  having 

50  one  output  end  coupled  to  one  of  the  drive  road 
wheels  through  an  intermediate  transmission  shaft 
extending  through  the  oil  pan  and  rotatably  sup- 
ported  in  the  oil  pan  and  the  cylinder  block  and  an 
axle  shaft,  and  the  opposite  output  end  coupled  to 

55  the  other  drive  road  wheel  through  another  axle 
shaft;  and  a  transmission  operatively  connected 
between  the  engine  and  the  final  speed  reduction 
gear  unit. 

Some  embodiments  of  the  invention  will  now  be 
60  described  by  way  of  example  and  with  reference  to 

the  accompanying  drawings,  in  which  :- 
FIG.  1  is  a  schematic  plan  view  of  an 

automobile  incorporating  a  drive  system  ac- 
cording  to  the  present  invention; 

65  FIG.  2  is  a  side  elevational  view  of  the 
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automobile  shown  in  FIG.  1  ; 
FIG.  3  is  a  schematic  side  elevational  view  of 

the  drive  system; 
FIG.  4  is  an  enlarged  cross-sectional  view 

taken  along  line  IV  -  IV  of  FIG.  3; 
FIG.  5  is  a  cross-sectional  view  of  the  drive 

system  taken  along  the  shafts  of  a  transmission 
thereof; 

FIGS.  6  and  7  are  schematic  rear  elevational 
views  of  the  drive  system; 

FIG.  8  is  a  side  elevational  view  of  the  drive 
system; 

FIG.  9  is  a  cross-sectional  view  showing  a 
bearing  holder  by  which  one  end  of  an  inter- 
mediate  transmission  shaft  is  rotatably  sup- 
ported; 

FIG.  10  is  a  cross-sectional  view  taken  along 
line  X-X  of  FIG.  9; 

FIG.  11  is  a  cross-sectional  view  showing 
another  bearing  holder  according  to  the  pres- 
ent  invention; 

FIG.  12  is  a  cross-sectional  view  of  a  drive 
system  according  to  another  embodiment  of 
the  present  invention; 

FIGS.  13  and  14  are  top  and  side  views 
showing  a  conventional  drive  system;  and 

FIG.  15  is  a  side  view  showing  another 
conventional  drive  system. 

Like  or  corresponding  parts  are  denoted  by  like  or 
corresponding  reference  characters  throughout 
views. 

As  shown  in  FIGS.  1  and  2,  an  automobile  V 
includes  a  power  plant  or  drive  system  P  disposed  in 
a  front  portion  of  the  automobile  V.  The  drive  system 
P  comprises  an  engine  10,  a  torque  converter 
(clutch)  31,  a  transmission  30,  and  a  final  speed 
reduction  gear  unit  60.  The  drive  system  P  is 
longitudinally  installed  on  the  automobile  V  (i.e.,  the 
engine  10  has  a  crankshaft  15  extending  parallel  to 
the  longitudinal  axis  of  the  automobile  V).  Output 
power  from  the  drive  system  P  is  transmitted 
through  joints  and  drive  axles  to  laterally  spaced 
front  wheels  Wr,  Wl  as  drive  wheels. 

As  illustrated  in  FIG.  3,  the  engine  10  has  a 
crankshaft  15  extending  longitudinally  of  the  auto- 
mobile  V  and  the  rear  end  of  the  crankshaft  15  is 
coupled  to  the  transmission  30.  The  final  reduction 
gear  unit  60  is  joined  to  the  lefthand  side  of  the 
engine  10.  The  output  shaft  or  crankshaft  15  of  the 
engine  10  is  connected  coaxially  to  an  input  shaft  32 
of  the  transmission  30  through  the  torque  converter 
31  .  The  transmission  30  includes  a  countershaft  type 
transmission  mechanism  disposed  between  the 
input  shaft  32  and  a  countershaft  33  extending 
parallel  to  the  input  shaft  32.  The  counter  shaft  33  is 
operatively  coupled  to  an  output  shaft  34  through  an 
output  gear  train. 

The  final  reduction  gear  unit  60  has  a  speed 
reducer  gear  train  comprised  of  a  hypoid  gear  train 
with  a  final  driver  pinion  61  and  a  final  ring  gear  62, 
and  a  differential  gear  train.  The  final  reduction  gear 
unit  60  is  on  the  lefthand  side  of  the  engine  10  and  is 
separate  from  the  transmission  30.  The  transmission 
output  shaft  34  is  held  substantially  coaxially  with  an 
input  shaft  (i.e.,  the  shaft  of  the  final  driver  pinion) 

61a  of  the  final  reduction  gear  unit  60  and  coupled 
thereto  through  an  intermediate  shaft  90. 

The  engine  compartment  and  the  passenger 
compartment  of  the  automobile  are  separated  from 

5  each  other  by  a  dashboard  panel  96  and  a  floor  panel 
97.  The  engine  10,  the  transmission  30,  and  the  final 
reduction  gear  unit  60  are  disposed  in  the  engine 
compartment,  with  the  transmission  30  partly  pro- 
jecting  into  an  area  within  an  outline  of  the  lower 

10  portion  of  the  passenger  compartment.  Since  the 
final  reduction  gear  unit  60  is  mounted  on  the  side  of 
the  engine  10,  the  engine  10  is  considerably  lower  in 
position  with  respect  to  the  body  of  the  automobile 
than  previous  arrangements,  such  as  shown  in 

15  Fig.  15.  Therefore,  the  transmission  30  is  also 
positionally  low,  disposed  into  a  tunnel  97a  formed  in 
the  floor  panel  97  in  the  longitudinal  direction  of  the 
automobile  body.  The  extent  to  which  the  trans- 
mission  30  projects  into  the  passenger  compart- 

20  ment  is  relatively  small,  thus  making  a  large 
passenger  compartment  space  available.  Since  the 
engine  hood  is  also  lowered  by  lowering  the  engine 
10,  forward  sight  as  viewed  from  the  driver's  seat  is 
excellent. 

25  Since  the  transmission  30  and  the  final  reduction 
gear  unit  60  are  disposed  separately  from  each  other 
and  operatively  coupled  to  each  other  through  the 
intermediate  shaft  90,  a  space  is  provided  below  the 
intermediate  shaft  90.  A  tie  rod  81  of  the  steering 

30  mechanism  which  is  operatively  coupled  to  the  road 
wheels  Wr,  Wl  can  therefore  be  disposed  in  such  a 
space,  and  hence  the  tie  rod  81  can  be  disposed 
rearwardly  of  the  final  reduction  gear  unit  60  (and 
axle  shafts  extending  laterally  therefrom),  without 

35  lowering  the  minimum  height  of  the  automobile  from 
ground. 

The  drive  system  P  will  be  described  in  greater 
detail  with  reference  to  FIGS.  4  and  5.  The  engine  10 
is  an  in-line  multicylinder  engine  having  a  plurality  of 

40  cylinders,  the  axes  of  which  are  inclined  to  the  left 
(to  the  righthand  side  of  the  automobile  body)  from 
the  vertical  as  viewed  from  the  front  of  the 
automobile  as  shown  in  FIG.  4.  With  the  cylinder 
axes  thus  inclined,  the  height  of  the  entire  engine  10 

45  is  reduced  and  the  engine  hood  is  lowered.  The 
engine  10  has  an  engine  case  comprising  a  cylinder 
block  12  in  which  pistons  13  are  slidably  accommo- 
dated  for  reciprocating  sliding  movement  along  the 
cylinder  axes,  a  cylinder  head  11  coupled  to  the 

50  upper  surface  of  the  cylinder  block  12  and  having 
intake  and  exhaust  passages  18a,  18b  and  intake 
and  exhaust  valves  17a,  17b  for  opening  and  closing 
the  intake  and  exhaust  passages  18a,  18b,  respec- 
tively,  and  an  oil  pan  25  coupled  to  the  lower  surface 

55  of  the  cylinder  block  12. 
The  intake  passages  18a  are  open  at  the  side 

surface  of  the  cylinder  head  1  1  away  from  which  the 
cylinder  axes  are,  or  the  cylinder  block  12  is, 
inclined.  The  open  ends  of  the  intake  passages  18a 

60  are  connected  to  an  intake  manifold  26.  The  exhaust 
passages  18b  are  open  at  the  opposite  side  surface 
of  the  cylinder  head  1  1  and  toward  which  side  the 
cylinder  axes  are  inclined.  An  exhaust  manifold  27  is 
connected  to  the  open  ends  of  the  exhaust 

65  passages  18b  and  is  mounted  on  the  engine  case. 

4 



7 EP  0  320  312  A1 8 

With  this  arrangement,  the  intake  manifold  26  is 
disposed  in  a  wide  space  on  one  side  of  the  cylinder 
head  11  away  from  which  the  cylinder  axes  are 
inclined.  It  is  therefore  easy  to  increase  the  length  of 
intake  pipes  for  an  increased  intake  air  inertia  effect 
to  increase  the  performance  of  the  engine. 

A  camshaft  19a  having  a  plurality  of  cams  19b 
thereon  arranged  therealong  is  rotatably  mounted  in 
the  upper  end  of  the  cylinder  head  11  and  the 
camshaft  19a  extends  along  the  cylinder  bank,  i.e.,  in 
the  longitudinal  direction  of  the  automobile.  Upon 
rotation  of  the  camshaft  19a  in  synchronism  with 
engine  rotation,  the  cams  19b  cause  rocker  arms 
19c  to  open  and  close  the  intake  valves  17a  and 
other  rocker  arms  (not  shown)  to  open  and  close  the 
exhaust  valves  17b.  The  camshaft  19a  and  the  rocker 
arms  19c  are  covered  with  a  head  cover  11a 
mounted  on  the  upper  surface  of  the  cylinder  head 
11. 

The  cylinder  block  12  includes  a  lower  crankcase 
12a  in  which  a  crankshaft  15  extending  longitudinally 
is  rotatably  mounted.  The  crankshaft  15  includes  a 
plurality  of  cranks  15a  on  which  there  are  rotatably 
mounted  connecting  rods  14  having  upper  ends 
coupled  to  the  respective  pistons  13.  The  crankshaft 
15  is  rotated  about  its  own  axis  through  the 
connecting  rods  14  and  the  cranks  15a  in  response 
to  reciprocating  movement  of  the  pistons  13. 
Counterweights  16  are  mounted  on  the  crankshaft 
15  and  project  away  from  the  cranks  15a. 

The  oil  pan  25  is  joined  to  the  lower  surface  21  of 
the  crankcase  12a  of  the  cylinder  block  12.  As  shown 
in  FIG.  4,  the  lower  surface  21  lies  perpendicularly  to 
the  cylinder  axes,  and  is  inclined  to  the  horizontal 
plane  at  an  angle  that  is  complimentary  to  the  angle 
of  inclination  of  the  cylinder  axes. 

The  final  reduction  gear  unit  60  is  installed  on  the 
side  surface  of  the  oil  pan  25  which  faces  away  from 
the  direction  in  which  the  engine  10  is  inclined.  The 
oil  pan  25  has  an  integral  differential  case  60a 
accommodating  therein  the  internal  mechanism  of 
the  final  reduction  gear  unit  60.  The  final  reduction 
gear  unit  60  is  thus  integral  with  the  engine  10.  The 
structure  of  the  final  reduction  gear  unit  60  will  be 
described  later.  With  the  final  reduction  gear  unit  60 
being  disposed  on  a  side  away  from  the  direction  in 
which  the  engine  10  is  inclined,  the  final  reduction 
gear  unit  60  does  not  physically  interfere  with  the 
cylinder  block  12.  Thus,  the  engine  10  may  be 
inclined  through  a  large  angle  to  lower  the  overall 
height  thereof. 

As  shown  in  FIG.  5,  the  transmission  30  is 
connected  to  the  rear  end  of  the  engine  10.  The 
illustrated  transmission  30  is  an  automatic  trans- 
mission  but  it  will  readily  appear  to  those  skilled  in 
the  art  that  the  transmission  30  can  be  a  manual  shift 
type  transmission  without  departing  from  the  pres- 
ent  invention.  The  torque  converter  31  is  coupled  to 
the  output  shaft  or  crankshaft  15  of  the  engine  10 
and  has  an  output  shaft  serving  as  the  transmission 
input  shaft  32.  Thus,  the  transmission  input  shaft  32 
is  positioned  coaxially  with  the  crankshaft  15.  The 
transmission  countershaft  33  is  disposed  vertically 
downwardly  of  and  parallel  to  the  transmission  input 
shaft  32.Between  the  transmission  input  shaft  32 

and  the  transmission  countershaft  33,  there  are 
disposed  five  gear  trains,  i.e.,  a  first  gear  position 
gear  train  comprising  intermeshing  gears  41a,  41b,  a 
second  gear  position  gear  train  comprising  inter- 

5  meshing  gears  42a,  42b,  a  third  gear  position  gear 
train  comprising  intermeshing  gears  43a,  43b,  a 
fourth  gear  position  gear  train  comprising  inter- 
meshing  gears  44a,  44b,  and  a  reverse  gear  position 
gear  train  comprising  intermeshing  gears  45a,  45b, 

10  45d  (the  reverse  idler  gear  45d  being  not  shown). 
These  gear  trains  are  associated  with  respective 
hydraulically.operated  clutches  41c,  42c,  43c,  44c, 
45c  for  transmitting  engine  power  through  the  gear 
trains.  By  selectively  operating  these  clutches  41c, 

15  42c,  43c,  44c,  45c,  one  of  the  five  gear  trains  is 
selected  to  transmit  engine  power  in  the  corre- 
sponding  gear  position. 

Since  the  position  of  the  engine  10  with  respect  to 
the  automobile  body  is  low,  the  transmission  30  is 

20  low  and  disposed  in  the  floor  tunnel  97a  as  shown  in 
FIG.  3  even  with  the  input  shaft  32  disposed  coaxially 
with  the  engine  crankshaft  15  and  with  the  trans- 
mission  mechanism  disposed  between  the  input 
shaft  32  and  the  countershaft  32.  Therefore,  any 

25  conventional  mechanism  (such  as  the  chain  208c  in 
FIG.  15)  for  transmitting  engine  output  power  from 
the  crankshaft  to  the  transmission  mechanism 
disposed  below  the  crankshaft  is  not  necessary,  and 
the  transmission  is  structurally  simpler. 

30  The  transmission  countershaft  33  and  the  trans- 
mission  output  shaft  34  parallel  thereto  are  opera- 
tively  coupled  to  each  other  through  an  output  gear 
train  comprising  intermeshing  gears  46a,  46b.  The 
engine  output  power  transmitted  through  one  of  the 

35  five  transmission  gear  trains  which  is  selected  by  the 
Corresponding  hydraulically  operated  clutch  is 
transmitted  from  the  countershaft  33  to  the  output 
shaft  34.  The  output  shaft  34  is  positioned  substan- 
tially  coaxially  with  the  input  shaft  of  the  final 

40  reduction  gear  unit  60,  i.e.,  the  shaft  61a  of  the  final 
driver  pinion  61,  and  coupled  thereto  through  the 
intermediate  shaft  90  which  has  splines  91  ,  92  on  its 
opposite  ends.  The  transmission  30  and  the  final 
reduction  gear  unit  60  are  spaced  from  each  other, 

45  leaving  a  space  only  large  enough  to  accommodate 
the  intermediate  shaft  90  therein.  Thus,  it  is  possible 
to  provide  adequate  space  below  the  intermediate 
shaft  90  or  the  final  driver  pinion  shaft  61a  between 
the  transmission  30  and  the  final  reduction  gear  unit 

50  60  for  the  tie  rod  81  (FIG.  3).  The  output  gears  46a, 
46b  are  disposed  in  a  front  portion  of  the  trans- 
mission  30  (i.e.,  closer  to  the  final  reduction  gear  unit 
60).  Thus,  the  output  gear  46b  may  be  compact  and 
the  intermediate  shaft  90  may  be  short. 

55  The  hypoid  gear  train  comprising  the  final  driver 
pinion  61  and  the  final  ring  gear  62,  and  the 
differential  gear  train,  denoted  at  63,  comprising  four 
bevel  gears  63a,  63b,  63c,  63d  are  disposed  in  a 
space  defined  in  and  between  the  case  60a  and  a 

60  cover  60b  secured  to  the  case  60a.  The  bevel  gears 
63c,  63d  are  rotatably  supported  by  the  final  ring 
gear  62,  and  the  bevel  gears  63a,  63b  are  coupled 
respectively  to  axle  shafts  71,  72.  Therefore,  the 
engine  power  transmitted  to  the  transmission  output 

65  shaft  34  is  reduced  in  rotational  speed  by  the  hypoid 
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gear  train,  and  then  split  and  transmitted  to  the  axle 
shafts  71  ,  72  through  the  differential  gear  train  63  to 
drive  transversely  spaced  front  road  wheels  coupled 
respectively  to  the  axle  shafts  71,  72. 

The  axle  shaft  71  extends  away  from  the  direction 
in  which  the  engine  10  is  inclined,  and  is  coupled  to 
the  lefthand  front  road  wheel.  The  axle  shaft  72 
extends  in  the  direction  in  which  the  engine  20  is 
inclined.  The  axle  shaft  72  comprises  a  first  shaft  or 
intermediate  transmission  shaft  72a  extending 
through  the  engine  case  (i.e.,  a  side  wall  of  the  oil 
pan  25  and  a  side  wall  of  the  crankcase  12a)  and  is 
rotatably  supported  in  a  bearing  holder  50  attached 
to  the  side  of  the  crankcase  12a  remote  from  the 
final  reduction  gear  unit  60,  and  a  second  shaft  72b 
coupled  to  the  end  of  the  first  shaft  72a  in  the 
bearing  holder  50  and  extending  outwardly  and 
connected  to  the  righthand  front  road  wheel.  The 
opposite  ends  of  the  first  shaft  72a  are  rotatably 
supported  in  the  engine  case  by  means  of  respective 
bearings. 

In  the  illustrated  embodiment,  the  first  axle  shaft 
or  intermediate  transmission  shaft  72a  extends 
through  the  engine  case  and  hence  oil  seals  are 
required  to  prevent  oil  from  leaking  along  the  shaft 
72a  out  of  the  engine  case  and  into  the  final 
reduction  gear  unit  case.  To  this  end,  the  final 
reduction  gear  unit  60  is  integrally  joined  to  the 
engine  oil  pan  25.  The  axle  shaft  72  extending  from 
the  final  reduction  gear  unit  60  toward  the  right-hand 
front  road  wheel  may  however  be  disposed  out  of 
the  engine  case.  Though  there  would  be  no  danger 
of  oil  leakage  with  this  modification,  the  engine  case 
(i.e.,  the  oil  pan  25)  would  have  to  have  an  upwardly 
extending  recess  accommodating  the  shaft  72a.  The 
position  of  the  engine  would  then  be  slightly  higher 
than  the  illustrated  embodiment  in  which  the  shaft 
72a  extends  through  the  engine  case. 

Inasmuch  as  the  crankshaft  15  is  disposed 
substantially  centrally  in  the  transverse  direction  of 
the  automobile,  and  the  final  reduction  gear  unit  60  is 
positioned  in  a  lefthand  side  of  the  automobile,  the 
lefthand  axle  shaft  71  (shown  on  the  righthand  side 
in  FIG.  4)  is  relatively  short.  The  final  ring  gear  62  is 
preferably  disposed  outwardly  of  the  differential  gear 
train  63  to  maintain  a  certain  length  of  the  axle  shaft 
71.  Where  the  final  ring  gear  62  is  disposed 
outwardly  of  the  differential  gear  train  6,  the 
differential  gear  train  63  smaller  in  outside  diameter 
than  the  final  ring  gear  62  projects  into  the  oil  pan  25. 
The  degree  to  which  the  differential  gear  train  63 
projects  into  the  oil  pan  25  is  smaller  than  it  would  be 
if  the  final  ring  gear  62  were  located  inwardly  of  the 
differential  gear  train  63.  Therefore,  the  final  reduc- 
tion  gear  unit  60  can  be  more  easily  disposed 
laterally  of  the  oil  pan  25. 

The  final  reduction  gear  unit  60  is  disposed 
remotely  from  the  inclined  cylinder  axes  of  the 
engine  10  and  therefore  does  not  physically  interfere 
with  the  cylinder  block  12,  whereby  it  can  be 
disposed  closely  to  the  crankshaft  15  (i.e.,  more 
closely  to  the  center  of  the  automobile  V).  This 
prevents  the  axle  shaft  71  from  being  excessively 
short,  and  allows  the  drive  system  P  to  be  compact 
in  size. 

The  drive  system  of  the  above  construction  is 
viewed  from  behind  in  FIG.  6  to  show  the  locations  of 
the  various  shafts.  The  crankshaft  15  of  the  engine 
10  and  the  input  shaft  32  of  the  transmission  have 

5  their  central  axis  positioned  along  an  axial  line 
normal  to  the  sheet  of  FIG.  6,  indicated  at  A.  The 
transmission  countershaft  33  has  a  central  axis  B 
positioned  substantially  vertically  below  the  central 
axis  A  of  the  transmission  input  shaft  32.  The 

10  transmission  output  shaft  34  has  a  central  axis  C 
positioned  laterally  of  the  countershaft  33  and 
displaced  upwardly  from  the  countershaft  33  by  a 
distance  d.  With  the  shafts  thus  arranged,  the 
transmission  30  is  compact,  the  transmission  input 

15  shaft  32  is  positioned  coaxially  with  the  crankshaft  1  5 
of  the  engine  10,  and  the  final  reduction  gear  unit  60 
having  its  input  shaft  or  final  driver  pinion  shaft  61a 
coaxial  with  the  transmission  output  shaft  34  is 
disposed  on  one  side  of  the  engine  without  undue 

20  limitations.  The  reverse  idler  gear  has  its  central  axis 
located  at  D. 

With  the  shafts  thus  arranged,  the  transmission  30 
is  of  a  reduced  height  and  made  compact.  Even 
though  the  transmission  input  shaft  32  is  disposed 

25  coaxially  with  the  crankshaft  15  by  lowering  the 
position  of  the  engine  10  with  respect  to  the 
automobile  body,  since  the  output  shaft  34  of  the 
transmission  30  is  displaced  by  the  distance  d 
upwardly  from  the  transmission  countershaft  33,  the 

30  lower  surface  of  the  transmission  30  can  lie  flush 
with  or  be  positioned  upwardly  of  the  lower  surface 
of  the  engine  10.  Therefore,  a  desired  minimum 
height  of  the  automobile  from  ground  can  easily  be 
achieved.  The  distance  d  should  therefore  be  of  a 

35  zero  or  positive  value,  i.e.,  the  transmission  output 
shaft  34  should  be  vertically  positioned  at  the  same 
height  as  or  upwardly  of  the  transmission. 

countershaft  33.  Inasmuch  as  the  transmission 
output  shaft  34  is  located  alongside  of  the  trans- 

40  mission  countershaft  33  and  the  transmission  input 
shaft  32,  the  final  driver  pinion  61a  of  the  final 
reduction  gear  unit  60  is  disposed  laterally  of  the 
engine  10  and  the  pinion  61a  and  transmission 
output  shaft  34  are  positioned  substantially  coaxially 

45  with  each  other  and  coupled  to  each  other  through 
the  intermediate  shaft  90  without  undue  limitations. 

FIG.  7  schematically  shows  the  engine  10,  the  final 
reduction  gear  unit  60  joined  thereto,  and  the 
steering  mechanism,  generally  denoted  at  80,  which 

50  are'  viewed  from  behind  the  automobile.  FIG.  8 
shows  the  righthand  side  of  the  arrangement  of 
FIG.  7.  The  steering  wheel  (not  shown)  of  the 
automobile  is  located  in  a  righthand  side  portion  of 
the  automobile,  and  hence  a  gearbox  82  of 

55  the;steering  mechanism  80  is  disposed  in  the 
righthand  side  portion  of  the  automobile,  i.e.,  a  side 
toward  which  the  cylinder  axes  of  the  engine  10  are 
inclined.  The  tie  rod  81  of  the  steering  mechanism  80 
is  positioned  rearwardly  of  the  axle  shafts  71,  72 

60  extending  through  the  engine  case,  so  that  a 
steering  shaft  83  extending  obliquely  rearwardly  and 
upwardly  from  the  steering  gearbox  82  is  completely 
out  of  physical  interference  with  the  axle  shafts  71  , 
72.  Moreover,  because  the  tie  rod  81  is  also 

65  positioned  below  and  behind  the  exhaust  manifold 
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27,  the  exhaust  pipe  28  connected  to  and  extending 
obliquely  rearwardly  and  downwardly  from  the 
exhaust  manifold  27  can  be  bent  inwardly  toward  the 
engine  10  without  undue  limitations  and  does  not 
physically  interfere  with  the  steering  shaft  83.  As  a 
consequence,  the  steering  shaft  83  can  be  installed 
with  greater  layout  freedom. 

A  brake  master  cylinder  95,  shown  by  the 
two-dot-and-dash  lines  in  FIGS.  7  and  8,  is  posi- 
tioned  upwardly  of  the  engine  10  and  is  located 
easily  out  of  physical  interference  with  the  engine  10 
since  the  engine  10  is  positioned  very  low.  Because 
the  exhaust  manifold  27  extends  obliquely  down- 
wardly  from  the  side  of  the  engine  10  which  is 
inclined  downwardly,  the  brake  master  cylinder  95  is 
spaced  from  the  exhaust  manifold  27,  and  hence  is 
substantially  free  of  any  adverse  thermal  influence  of 
the  exhaust  manifold  27. 

As  shown  in  FIG.  9,  the  first  axle  shaft  72a  has  an 
outer  end  rotatably  supported  in  the  crankcase  12a 
by  a  bearing  holder  50.  The  bearing  holder  50  is 
separate  from  the  engine  10  and  includes  a  bearing 
sleeve  50a  having  a  plurality  of  (three  in  the 
illustrated  embodiment)  radial  attachment  arms  50b 
(see  FIG.  10).  The  bearing  holder  50  is  detachably 
fixed  to  an  outer  peripheral  surface  of  the  crankcase 
12a  by  bolts  51  extending  through  respective  bolt 
holes  52  defined  in  the  respective  attachment  arms 
50b  and  threaded  into  the  wall  of  the  crankcase  12a. 
The  outer  end  of  the  intermediate  transmission  shaft 
72a  which  projects  outwardly  through  a  hole  53 
defined  in  the  crankcase  12a  is  rotatably  supported 
in  the  bearing  sleeve  50a  by  a  ball  bearing  54.  The 
ball  bearing  54  is  retained  in  the  bearing  holder  50  by 
a  step  50c  in  the  bearing  sleeve  50a  and  a  circlip  or 
retaining  ring  55  fitted  in  the  bearing  holder  50.  An 
oil-tight  seal  56  is  provided  between  the  bearing 
sleeve  50a  and  the  first  axle  shaft  72a  and  is  fitted  in 
the  bearing  sleeve  50a  close  to  the  ball  bearing  54. 

For  installing  the  intermediate  transmission  shaft 
72a,  the  bearing  holder  50,  the  bail  bearing  54,  and 
the  oil  seal  56  are  assembled  in  advance  on  the  outer 
end  of  the  intermediate  transmission  shaft  72a,  and 
then  the  intermediate  transmission  shaft  72a  is 
inserted,  with  the  inner  end  thereof  ahead,  into  the 
crankcase  12a  through  the  hole  53,  until  the  inner 
end  of  the  intermediate  transmission  shaft  72a  is 
splined  into  the  bevel  gear  63a  of  the  differential  gear 
assembly  63.  Thereafter,  the  bearing  holder  50  is 
fastened  to  the  outer  surface  of  the  crankcase  12a 
by  the  bolts  51  .  Therefore,  the  intermediate  trans- 
mission  shaft  72a  can  be  assembled  in  the  engine  10 
highly  efficiently,  and  the  intermediate  transmission 
shaft  72a  and  its  bearings  and  other  associated 
parts  can  easily  be  replaced  or  otherwise  serviced. 

The  outer  end  of  the  intermediate  transmission 
shaft  72a  is  splined  to  the  second  axle  shaft  72b 
which  is  coupled  to  the  righthand  road  wheel  Wr. 

FIG.  11  shows  another  bearing  holder  by  which 
the  intermediate  transmission  shaft  72a  may  be 
rotatably  supported  in  the  crankcase  12a.  According 
to  the  embodiment  shown  in  FIG.  11,  the  bearing 
holder  50  is  fastened  to  the  crankcase  12a  by  means 
of  a  plurality  of  stud  bolts  57  extending  through  the 
respective  attachment  arms  50b  of  the  bolt  holes  52 

in  the  bearing  holder  50  and  threaded  into  the 
crankcase  12a,  and  nuts  58  are  threaded  on  the 
outer  ends,  respectively,  of  the  stud  bolts  57.  With 
the  embodiment  of  FIG.  11,  when  inserting  the 

5  intermediate  transmission  shaft  72a  into  the  crank- 
case  12a,  the  stud  bolts  57  serve  to  guide  the 
intermediate  transmission  shaft  72a  for  inserting  its 
inner  end  properly  into  the  differential  gear  assembly 
without  damaging  oil  seals  in  the  oil  pan  25. 

10  The  bearing  holder  50  in  FIGS.  9  and  11  may  be 
secured  to  the  oil  pan  25,  and  the  oil  pan  25  may  be 
integral  with  bearing  caps  by  which  the  crankshaft  15 
is  rotatably  supported  in  the  crankcase  12a. 

The  drive  system  described  so  far  is  incorporated 
15  in  a  front-wheel  drive  automobile.  However,  the 

principles  of  the  present  invention  are  also  applic- 
able  to  a  drive  system  for  a  four-wheel  drive 
automobile.  Such  a  drive  system  will  be  described 
with  reference  to  FIG.  12.  The  four-wheel,  drive 

20  automobile  includes  a  manual  gear  transmission  130 
having  a  clutch  131  through  which  the  rear  end  of  the 
crankshaft  15  of  the  engine  10  is  connected  to  an 
input  shaft  132  of  the  transmission  130  which  is 
coaxial  with  the  crankshaft  15.  The  transmission  130 

25  has  six  gear  trains  disposed  between  the  input  shaft 
132  and  a  countershaft  133  parallel  thereto,  i.e.,  a 
first  gear  position  gear  train  comprising  intermesh- 
ing  gears  141a,  141b,  a  second  gear  position  gear 
train  comprising  intermeshing  gears  142a„  142b,  a 

30  third  gear  position  gear  train  comprising  intermesh- 
ing  gears  143a,  143b,  a  fourth  gear  position  gear 
train  comprising  intermeshing  gears  144a,  144b,  a 
fifth  gear  position  gear  train  comprising  intermesh- 
ing  gears  145a,  145b,  and  a  reverse  gear  position 

35  gear  train  comprising  inter-meshing  gears  146a, 
146b,  146d.  One  of  these  first  through  five  gear 
position  gear  trains  is  selected,  at  a  time,  through 
operation  of  synchromesh  mechanisms  147,  148, 
149,  and  engine  power  can  be  transmitted  through 

40  the  selected  gear  train.  The  reverse  gear  position 
gear  train  is  selected  by  axially  sliding  the  idler  gear 
146d. 

The  transmission  countershaft  133  and  a  trans- 
mission  output  shaft  134  parallel  thereto  are  coupled 

45  to  each  other  through  a  pair  of  intermeshing  output 
gears  150a,  150b.  The  engine  power  transmitted 
through  a  selected  one  of  the  gear  trains  of  the 
transmission  130  is  transmitted  from  the  counter- 
shaft  133  to  the  output  shaft  134  via  the  output  gears 

50  150a,  105b,  and  then  transmitted  from  the  output 
shaft  134  to  the  final  speed  reduction  gear  unit  60 
through  the  intermediate  shaft  90.  The  output  gears 
150a,  150b  are  disposed  in  a  front  portion  of  the 
transmission  130  (i.e.,  closer  to  the  final  reduction 

55  gear  unit  60).  Thus,  the  output  gear  150b  may  be 
compact  and  the  intermediate  shaft  90  may  be  short. 

The  countershaft  133  of  the  transmission  130  has 
a  rearwardly  projecting  rear  end  on  which  a  yoke  135 
for  transmitting  the  engine  power  to  rear  road 

60  wheels  is  mounted.  The  yoke  134  is  coupled  through 
a  universal  joint  to  a  propeller  shaft  (not  shown)  to 
transmit  the  engine  power  to  the  rear  road  Wheels 
therethrough.  Since  the  countershaft  133  is  posi- 
tioned  below  the  input  shaft  132,  the  propeller  shaft 

65  may  be  disposed  inthefloortunnel97a(FIG.3). 
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The  present  embodiment  offers  various  advant- 
ages  as  follows.  The  engine  10  is  disposed  in  the 
front  portion  of  the  automobile  V  with  the  crankshaft 
15  extending  in  the  longitudinal  direction  of  the 
automobile  V,  the  transmission  30,  130  is  connected 
to  the  rear  end  of  the  engine  10,  and  the  final  speed 
reduction  gear  unit  60  is  disposed  laterally  of  the 
engine  10  separately  from  the  transmission,  the 
output  shaft  34,  134  of  the  transmission  30,  130 
being  coupled  to  the  input  shaft  61a  of  the  final 
speed  reduction  gear  unit  60  by  the  intermediate 
shaft  90,  as  described  above.  Furthermore,  the 
cylinder  axes  of  the  engine  10  are  inclined  from  the 
vertical  in  a  lateral  direction  of  the  automobile  V,  and 
the  final  speed  reduction  gear  unit  60  is  disposed 
away  from  the  direction  in  which  the  engine  10  is 
inclined.  The  input  shaft  32,  132  of  the  transmission 
30,  130  is  coaxial  with  the  engine  crankshaft  15.  The 
transmission  mechanism  is  disposed  between  the 
transmission  input  shaft  32,  132  and  the  trans- 
mission  countershaft  33,  133.  With  this  construction, 
the  engine  10  is  lowered  with  respect  to  the 
automobile  body,  and  the  transmission  30,  130  is 
reduced  in  size  or  made  compact.  The  drive  system 
P  of  the  above  construction  is  compact  in  size,  and 
the  passenger  compartment  is  increased  in  space. 
The  position  of  the  engine  with  respect  to  the 
automobile  body  is  lowered,  and  so  is  the  engine 
hood  to  give  the  driver  better  forward  sight.  The 
lowered  engine  position  lowers  the  center  of  gravity 
of  the  drive  system  P  as  a  whole  to  increase  the 
stability  of  the  automobile.  Since  the  tie  rod  81  of  the 
steering  mechanism  80  is  disposed  below  the 
intermediate  shaft  90  between  the  transmission  30, 
130  and  the  final  speed  reduction  gear  unit  60,  the 
steering  mechanism  80  is  positioned  rearwardly  of 
the  final  speed  reduction  gear  unit  60,  and  hence  can 
be  located  without  undue  layout  limitations. 

In  addition,  the  first  shaft  or  intermediate  trans- 
mission  shaft  72a  of  the  axle  shaft  72  which  extends 
from  the  final  speed  reduction  gear  unit  60  toward 
the  righthand  road  wheel  extends  through  the 
engine  case,  thus  allowing  the  engine  position  to  be 
further  lowered  for  better  forward  sight  and  more 
automobile  stability. 

The  output  gears  46a,  46b  or  150a,  150b  of  the 
transmission  30,  130  are  disposed  close  to  the  final 
reduction  gear  unit  60  to  further  reduce  the  size  of 
the  transmission  30,  130  and  also  to  reduce  the 
length  of  the  intermediate  shaft  90  which  intercon- 
nects  the  transmission  30,  130  and  the  final 
reduction  gear  unit  60. 

Moreover,  the  transmission  input  shaft  32,  132  is 
coaxial  with  the  engine  crankshaft  15,  the  trans- 
mission  countershaft  33,  133  is  disposed  below  the 
input  shaft  33,  132,  and  the  transmission  output 
shaft  34,  134  is  disposed  laterally  of  and  vertically 
positioned  at  the  same  height  as  or  upwardly  of  the 
countershaft  33,  133.  This  arrangement  makes  the 
transmission  30,  130  compact.  With  the  final  reduc- 
tion  gear  unit  60  being  disposed  laterally  of  the 
engine  to  lower  the  engine  position,  the  trans- 
mission  30,  130  coupled  to  the  engine  10  projects 
into  the  passenger  compartment  of  the  automobile  V 
to  only  a  small  extent,  and  the  transmission  output 

shaft  34,  134  and  the  final  reduction  gear  unit  60  are 
coupled  with  each  other  without  undue  layout 
limitations  while  maintaining  a  minimum  height  of  the 
automobile  from  the  ground. 

5  In  the  drive  system  for  four  wheel  drive,  the 
transmission  output  shaft  134  projects  forwardly  to 
transmit  the  engine  power  to  the  front  wheel  final 
reduction  gear  unit  60,  whereas  the  transmission 
countershaft  133  projects  rearwardly  to  transmit  the 

10  engine  power  to  a  rear  wheel  final  reduction  gear 
unit  (not  shown).  The  transmission  130  for  driving  a 
four-wheel  drive  automobile  is  therefore  made 
compact. 

It  will  thus  be  seen  that  the  present  invention,  at 
15  least  in  its  preferred  forms,  provides  an  automobile 

drive  system  which  allows  drive  wheels  to  be  located 
in  a  relatively  front  portion  of  the  automobile  and 
lowers  the  position  of  an  engine  with  respect  to  the 
automobile  body;  and  furthermore,  in  such  an 

20  arrangement,  permits  a  steering  rod  to  be  posi- 
tioned  rearwardly  of  a  final  speed  reduction  gear 
unit;  and  furthermore,  in  such  an  arrangement, 
permits  the  input  shaft  of  a  transmission  to  be 
positioned  coaxially  with  the  output  shaft  of  the 

25  engine;  and  furthermore  provides  an  automobile 
transmission  which  is  compact  in  size  and  can  be 
positioned  suitably  in  combination  with  an  engine 
and  a  final  speed  reduction  gear  unit  that  is  located 
laterally  of  the  engine;  and  furthermore  provides  an 

30  intermedaite  transmission  shaft  for  transmitting 
output  power  from  a  power  plant  to  drive  road 
wheels,  the  intermediate  transmission  shaft  being 
highly  efficient  to  assemble  and  allowing  associated 
parts  to  be  replaced  or  otherwise  serviced  with 

35  ease. 
It  is  to  be  clearly  understood  that  there  are  no 

particular  features  of  the  foregoing  specification,  or 
of  any  claims  appended  hereto,  which  are  at  present 
regarded  as  being  essential  to  the  performance  of 

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

45  prosecution  of  any  divisional  application  based 
thereon.  Furthermore  the  manner  in  which  any  of 
such  features  of  the  specification  or  claims  are 
described  or  defined  may  be  amended,  broadened 
or  otherwise  modified  in  any  manner  which  falls 

50  within  the  knowledge  of  a  person  skilled  in  the 
relevant  art,  for  example  so  as  to  encompass,  either 
implicitly  or  explicitly,  equivalents  or  generalisations 
thereof. 

55 

Claims 

60  1.  A  drive  system  in  an  automobile,  compris- 
ing: 
an  engine  disposed  in  a  front  portion  of  the  auto 
mobile  and  having  a  crankshaft  extending  in  a 
longitudinal  direction  of  the  automobile; 

65  a  transmission  coupled  to  a  rear  end  of  said 
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engine  and  having  an  output  shaft; 
a  final  speed  reduction  gear  unit  disposed 
laterally  of  said  engine  and  separate  from  said 
transmission,  said  final  speed  reduction  gear 
unit  having  an  input  shaft;  5 
an  intermediate  shaft  interconnecting  said  out- 
put  shaft  of  said  transmission  and  said  input 
shaft  of  said  final  speed  reduction  gear  unit;  and 
a  steering  mechanism  for  turning  front  wheels 
of  said  automobile,  said  steering  mechanism  10 
including  a  steering  tie  rod  coupled  to  said  front 
wheels  and  disposed  downwardly  of  said 
intermediate  shaft  between  said  transmission 
and  said  final  speed  reduction  gear  unit. 

2.  A  drive  system  according  to  claim  1,  15 
wherein  said  engine  includes  a  cylinder  having 
an  axis  inclined  from  the  vertical  in  a  transverse 
direction  of  said  automobile,  said  final  speed 
reduction  gear  unit  being  disposed  on  a  side  of 
said  engine  away  from  which  said  axis  of  the  20 
cylinder  is  inclined. 

3.  A  drive  system  according  to  claim  1  or  2, 
wherein  said  engine  includes  a  cylinder  having 
an  axis  inclined  from  the  vertical  in  a  transverse 
direction  of  said  automobile,  said  steering  25 
mechanism  including  a  steering  gearbox  dis- 
posed  on  a  side  of  said  engine  toward  which 
said  axis  of  the  cylinder  is  inclined. 

4.  A  drive  system  in  an  automobile,  compris- 
ing:  30 
an  engine  disposed  in  a  front  portion  of  the 
automobile  and  having  a  crankshaft  extending 
in  a  longitudinal  direction  of  the  automobile; 
a  transmission  coupled  to  a  rear  end  of  said 
engine  and  having  an  output  shaft;  35 
a  final  speed  reduction  gear  unit  disposed 
laterally  of  said  engine  and  separate  from  said 
transmission,  said  final  speed  reduction  gear 
unit  having  an  input  shaft; 
an  intermediate  shaft  interconnecting  said  out-  40 
put  shaft  of  said  transmission  and  said  input 
shaft  of  said  final  speed  reduction  gear  unit;  and 
said  engine  including  a  cylinder  having  an  axis 
inclined  from  the  vertical  in  a  transverse 
direction  of  said  automobile,  said  final  speed  45 
reduction  gear  unit  being  disposed  on  a  side  of 
said  engine  away  from  which  said  axis  of  the 
cylinder  is  inclined. 

5.  A  drive  system  according  to  claim  4, 
wherein  said  engine  has  an  intake  manifold  and  50 
an  exhaust  manifold,  said  intake  manifold  being 
disposed  on  a  side  of  the  engine  away  from 
which  said  axis  of  the  cylinder  is  inclined,  and 
said  "exhaust  manifold  being  disposed  on  a  side 
of  the  engine  toward  which  said  axis  of  the  55 
cylinder  is  inclined. 

6.  A  drive  system  according  to  claim  4  or  5, 
wherein  said  final  speed  reduction  gear  unit 
comprises  a  final  speed  reducer  gear  train  and  a 
differential  gear  train,  said  final  speed  reducer  60 
gear  train  including  a  final  ring  gear  and  a  final 
driver  pinion  meshing  therewith,  said  final  ring 
gear  being  disposed  on  an  opposite  side  of  said 
final  driver  pinion  with  respect  to  said  engine. 

7.  A  drive  system  according  to  any  of  claims  4  65 

to  6,  wherein  said  final  speed  reduction  gear 
unit  has  a  pair  of  axle  shafts  extending 
transversely  of  the  automobile  for  transmitting 
drive  forces  from  said  transmission  to  drive 
road  wheels  of  the  automobile,  one  of  said  axle 
shafts  extending  through  a  case  of  the  engine. 

8.  A  drive  system  according  to  claim  7, 
wherein  said  case  of  the  engine  comprises  a 
cylinder  block  including  a  crankcase  in  a  lower 
portion  thereof,  and  an  oil  pan  joined  to  an 
inclined  lower  surface  of  said  crankcase,  said 
one  axle  shaft  extending  through  a  side  wall  of 
said  oil  pan  and  a  side  wall  of  said  crankcase. 

9.  A  drive  system  in  an  automobile,  compris- 
ing: 
an  engine  disposed  in  a  front  portion  of  the 
automobile  and  having  a  crankshaft  extending 
in  a  longitudinal  direction  of  the  automobile  ; 
a  transmission  coupled  to  a  rear  end  of  said 
engine  and  having  an  output  shaft; 
a  final  speed  reduction  gear  unit  disposed 
laterally  of  said  engine; 
said  transmission  including  an  .  input  shaft 
disposed  coaxially  with  said  crankshaft  for 
receiving  drive  forces  from  said  engine,  a 
countershaft,  an  output  shaft,  a  transmission 
mechanism  operatively  coupled  to  and  dis- 
posed  between  said  input  shaft  and  said 
countershaft,  and  an  output  gear  train  opera- 
tively  connecting  said  countershaft  and  said 
output  shaft  and  disposed  in  a  portion  of  said 
transmission  closer  to  said  final  speed  reduc- 
tion  gear  unit. 

10.  A  transmission  in  an  automobile  having  an 
engine  including  a  crankshaft,  comprising: 
an  input  shaft  disposed  coaxially  with  said 
crankshaft  of  the  engine  for  receiving  a  drive 
force  from  said  engine; 
a  countershaft  disposed  substantially  vertically 
downwardly  of  and  parallel  to  said  input  shaft; 
a  transmission  mechanism  operatively  coupled 
to  and  disposed  between  said  input  shaft  and 
said  countershaft;  and 
an  output  shaft  disposed  laterally  of  and 
vertically  positioned  at  the  same  height  as  or 
upwardly  of  said  countershaft. 

1  1  .  A  transmission  in  an  automobile  having  an 
engine  including  a  crankshaft  and  a  final  speed 
reduction  gear  unit  for  transmitting  a  drive  force 
from  said  engine  to  a  drive  road  wheel, 
comprising 
an  input  shaft  disposed  coaxially  with  said 
crankshaft  of  the  engine  for  receiving  a  drive 
force  from  said  engine; 
a  countershaft  disposed  substantially  vertically 
downwardly  of  and  parallel  to  said  input  shaft; 
a  transmission  mechanism  operatively  coupled 
to  and  disposed  between  said  input  shaft  and 
said  countershaft; 
an  output  shaft;  and 
an  output  gear  train  operatively  connecting  said 
countershaft  and  said  output  shaft  and  dis- 
posed  in  an  end  portion  of  said  transmission 
closer  to  said  final  speed  reduction  gear  unit 
which  is  disposed  between  the  transmission 
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and  said  drive  road  wheel. 
12.  A  transmission  in  an  automobile  having  an 

engine  including  a  crankshaft,  a  front  final 
speed  reduction  gear  unit  for  transmitting  a 
drive.force  from  said  engine  to  a  front  drive  road  5 
wheel,  and  a  rear  final  speed  reduction  gear  unit 
for  transmitting  a  drive  force  from  said  engine  to 
a  rear  drive  road  wheel,  comprising: 
an  input  shaft  disposed  coaxially  with  said 
crankshaft  of  the  engine  for  receiving  drive  10 
forces  from  said  engine; 
a  countershaft  disposed  substantially  vertically 
downwardly  of  and  parallel  to  said  input  shaft, 
said  countershaft  projecting  rearwardly  for 
transmitting  the  drive  force  from  the  engine  to  15 
said  rear  final  speed  reduction  gear  unit; 
a  transmission  mechanism  operatively  coupled 
to  and  disposed  between  said  input  shaft  and 
said  countershaft; 
an  output  shaft  projecting  forwardly  for  trans-  20 
mitting  the  drive  force  from  the  engine  to  said 
front  final  speed  reduction  gear  unit;  and 
an  output  gear  train  operatively  connecting  said 
countershaft  and  said  output  shaft  and  dis- 
posed  in  an  end  portion  of  said  transmission  25 
closer  to  said  front  final  speed  reduction  gear 
unit. 

13.  A  power  transmission  system  in  an 
automobile  having  drive  road  wheels,  compris- 
ing:  30 
an  engine;  and 
an  intermediate  transmission  shaft  for  transmit- 
ting  a  drive  force  from  said  engine  to  the  drive 
road  wheels,  said  intermediate  transmission 
shaft  being  rotatably  supported  at  opposite  35 
ends  thereof  in  and  extending  through  said 
engine,  one  of  said  opposite  ends  of  said 
intermediate  transmission  shaft  extending 
through  and  rotatably  supported  in  a  bearing 
disposed  in  said  engine  and  the  other  end  of  40 
said  intermediate  transmission  shaft  being 
rotatably  supported  in  a  bearing  holder  which  is 
detachably  fixed  to  an  outer  surface  of  said 
engine. 

14.  A  power  transmission  system  according  to  45 
claim  13,  wherein  said  bearing  holder  has  a 
plurality  of  bolt  holes  defined  therein,  said 
bearing  holder  being  fastened  to  said  outer 
surface  of  the  engine  by  means  of  a  plurality  of 
bolts  threaded  through  said  bolt  holes,  respec-  50 
tively,  into  said  outer  surface  of  the  engine. 

15.  A  power  transmission  system  according  to 
claim  13,  wherein  said  bearing  holder  has  a 
plurality  of  bolt  holes  defined  therein,  said 
bearing  holder  being  fastened  to  said  outer  55 
surface  of  the  engine  by  means  of  a  plurality  of 
stud  bolts  threaded  through  said  bolt  holes, 
respectively,  into  said  outer  surface  of  the 
engine,  and  a  plurality  of  nuts  threaded  on  said 
stud  bolts,  respectively  60 

16.  A  drive  system  in  an  automobile,  compris- 
ing: 
an  engine  disposed  in  a  front  portion  of  the 
automobile  and  having  a  crankshaft  extending 
in  a  longitudinal  direction  of  the  automobile,  65 

said  engine  including  a  cylinder  block  inclined  in 
a  transverse  direction  of  said  automobile  and 
having  a  crankcase,  and  an  oil  pan  joined  to  a 
lower  surface  of  said  crankcase  ; 
a  final  speed  reduction  gear  unit  for  driving  a 
pair  of  laterally  spaced  drive  road  wheels,  said 
final  speed  reduction  gear  unit  being  disposed 
on  a  side  of  said  engine  away  from  which  said 
cylinder  block  is  inclined,  said  final  speed 
reduction  gear  unit  including  a  differential  case 
integrally  formed  with  said  oil  pan,  said  final 
speed  reduction  gear  unit  having  one  output 
end  coupled  to  one  of  said  drive  road  wheels 
through  an  intermedi  te  transmission  sha  t 
extending  through  said  oil  pan  and  rotatably 
supported  in  said  oil  pan  and  said  cylinder  block 
and  an  axle  shaft,  and  the  opposite  output  end 
coupled  to  the  other  drive  road  wheel  through 
another  axle  shaft;  and 
a  transmission  operatively  connected  between 
said  engine  and  said  final  speed  reduction  gear 
unit. 
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