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Description 

The  present  invention  relates  to  a  four-cycle  engine 
comprising  a  cylinder  block  and  a  cylinder  head,  a  chain 
drive  means  for  driving  at  least  one  camshaft  from  the 
primary  drive  shaft,  a  chain  cover  extending  along  a  side 
of  the  engine  and  a  cooling  arrangement  including  a  wa- 
ter  pump  for  circulating  cooling  water  through  the  en- 
gine,  said  chain  cover  defining  at  least  partially  a  hous- 
ing  for  a  water  pump. 

Conventionally,  in  four-cycle  engines  for  automo- 
biles,  a  water  jacket  surrounds  the  outside  of  the  cylin- 
ders,  and  coolant  from  the  radiator  is  circulated  through 
this  jacket  to  cool  the  engine.  A  water  pump  and  its  drive 
propel  this  coolant,  which  has  become  heated  after  cool- 
ing  the  engine,  back  to  the  radiator,  where  it  is  cooled, 
and  then,  to  return  the  coolant  to  the  water  jacket. 

In  general,  the  water-pump  impeller-housing  is 
mounted  on  the  cylinder  block  so  that  said  impeller 
housing  connects  to  a  coolant  passage  linking  it  with  the 
opening  of  the  water  jacket,  and  a  pulley  on  the  rotating 
shaft  of  the  impeller  is  driven  by  belt  from  a  crankshaft 
pulley.  Part  of  the  coolant  supplied  by  the  water  pump 
is  circulated  to  the  oil  cooler. 

However,  when  attaching  the  water  pump  to  the  en- 
gine  as-a  part  of  the  above  described  conventional  cool- 
ing  structure  for  four-cycle  engines,  if  the  side  of  the  en- 
gine  is  covered  by  a  chain  cover,  then  the  cover  must 
go  around  this  area,  leaving  the  water  pump  to  protrude 
from  the  side  of  the  engine.  Not  only  does  the  water 
pump  protrude  substantially  from  the  engine  unit,  but  at- 
tachment  of  a  separate  hose  to  the  coolant  passage  is 
required  in  order  that  it  be  able  to  supply  coolant  to  the 
oil  cooler.  An  engine  of  the  type  mentioned  at  the  begin- 
ning  is  known  from  US-A-5  148  784.  The  water  pump 
shown  there  causes  the  chain  cover  to  bulge  outwardly 
and  thus  increases  the  overall  length  of  the  engine. 

Accordingly  it  is  an  objective  of  the  present  inven- 
tion  to  improve  a  four-cycle  engine  as  indicated  above 
in  that  the  disposal  of  the  water  pump  of  the  cooling  ar- 
rangement  no  longer  renders  the  water  pump  to  sub- 
stantially  protrude  from  the  engine  unit,  thus  rendering 
the  engine  more  compact. 

This  technical  problem  is  solved  by  a  four-cycle  en- 
gine  according  to  claim  1  . 

The  water  pump  of  the  cooling  arrangement  circu- 
lating  the  cooling  water  through  the  cylinder  block  and 
cylinder  head  of  the  engine  being  integrated  into  a  chain 
cover  area  itself,  which  improves  the  layout  and  com- 
pactness  of  the  engine. 

The  water  pump  can  be  arranged  at  the  side  of  the 
engine  along  its  width  where  it  is  covered  by  the  chain 
cover  of  the  timer  chains  of  the  camshaft  drive  system. 
Thus,  the  water  pump  does  not  protrude  from  the  sur- 
face  of  said  chain  cover  and  is  integrated  into  that  side 
of  the  engine,  thereby  rendering  it  possible  to  drive  the 
driving  pulley  fixed  to  the  pump  shaft  of  the  water  pump 
with  the  belt  that  additionally  drives  other  accessory 

equipment  from  a  crankshaft  pulley.  Thus,  this  arrange- 
ment  also  allows  the  water  pump  and  other  auxiliary 
equipment  in  the  vicinity  of  the  water  pump  to  be  driven 
by  a  single  drive  belt,  which  renders  the  driving  system 

5  more  efficient. 
Moreover,  the  present  invention  allows  the  water 

pump  to  be  located  in  close  proximity  to  an  opening  for 
the  water  jacket  in  the  cylinder  block,  so  that  water  can 
be  very  efficiently  supplied  from  the  water  pump  housing 

10  to  the  water  jacket  inside  the  cylinder  block. 
Preferrably  the  present  invention  is  useful  for  a  high 

performance  five-valve  engine  having  three  intake 
valves  and  two  exhaust  valves  per  cylinder. 

Other  preferred  embodiments  of  the  present  inven- 
ts  tion  are  laid  down  in  the  further  subclaims. 

In  the  following  the  present  invention  is  explained 
in  greater  detail  by  means  of  embodiments  thereof  ref  er- 
ing  a  multi-cylinder  four-cycle  engine,  wherein: 

20  Fig.  1,  shows  a  front  side  view  of  a  multi-cylinder 
four-cycle  engine  viewed  along  a  row  of  cylinders, 
indicating  the  location  of  the  auxiliary  equipment  po- 
sitioned  around  the  engine, 

25  Fig.  2,  is  a  view  similar  to  that  of  Figure  1  but  without 
the  auxiliary  equipment  affixed  to  the  engine, 

Fig.  3,  is  a  view  similar  to  that  of  Figures  1  and  2 
with  the  chain  cover  of  a  camshaft  timer  chain  drive 

30  system  removed, 

Fig.  4,  is  a  partial  sectional  view  along  the  line  A-A 
of  Figure  2, 

35  Fig.  5,  is  a  partial  sectional  view  along  the  line  B-B 
of  Figure  2, 

Fig.  6,  is  a  partial  sectional  view  along  the  line  C-C 
of  Figure  2, 

40 
Fig.  7,  is  a  diagram  of  the  cooling  circuit  and  cooling 
water  circulation  from  the  water  pump  shown  in  Fig- 
ure  5, 

45  Fig.  8,  is  a  partial  side  view  of  the  engine  similar  to 
Figures  1  to  3  showing  the  engine  with  another  em- 
bodiment  of  the  water  pump  attached  thereto, 

Fig.  9,  is  a  partial  side  view  of  the  engine  similar  to 
so  Figure  8  with  yet  another  embodiment  of  the  water 

pump  attached  to  the  engine, 

Fig.  10,  is  an  exploded  side  view  of  the  engine  ac- 
cording  to  Figure  1  showing  the  affixation  thereof 

55  with  an  assembly  bracket. 

Embodiments  of  the  cooling  structure  of  this  inven- 
tion  will  be  described  below  as  a  part  of  the  multi-cylin- 
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der  four-cycle  engine  shown  in  the  attached  figures. 
Figure  1  shows  the  location  of  the  auxiliary  equip- 

ment  positioned  around  the  engine,  which  is  a  multi-cyl- 
inder  four-cycle  engine,  viewed  along  the  line  of  cylin- 
ders.  Located  around  the  engine  1  are  the  alternator  2, 
the  power  steering  pump  3,  the  air  conditioning  com- 
pressor  4,  etc.  These  pieces  of  auxiliary  equipment  are 
driven  at  their  respective  rotating  shafts  21  ,  31  ,  41  by  a 
single  belt  7  which  connects  the  various  pulleys  1  2,  22, 
32,  42,  52  to  that  of  the  engine  crankshaft  11  .  An  oil  cool- 
er  8  equipped  with  a  filter  unit  is  mounted  at  the  bottom 
of  the  engine  1  . 

Figure  2  shows  the  engine  1  of  Figure  1  .  At  the  top, 
the  engine  1  is  covered  by  head  cover  1  3,  mounted  over 
the  cylinder  head  14;  on  the  side,  a  chain  cover  16  cov- 
ers  the  cylinder  block  15  (which,  in  this  embodiment, 
consists  of  a  cylinder  block  unit  and  a  crankcase)  and 
on  the  bottom,  an  oil  pan  17  is  mounted  under  the  cyl- 
inder  block  1  5.  A  water  pump  5  is  affixed  to  the  surface 
of  chain  cover  16. 

Figure  3  shows  the  engine  1  of  Figure  2  with  the 
chain  cover  16  removed.  An  inlet  18  is  present  on  the 
upper  part  of  the  side  of  the  cylinder  block  1  5  where  the 
water  pump  5  introduces  the  coolant,  and  an  inlet  19  is 
located  nearby  through  which  coolant  is  introduced  into 
the  water  jacket,  and  below  is  an  oil  passage  83  through 
which  oil  is  introduced  into  the  oil  cooler  8.  Sprockets 
60  are  affixed  parallel  to  each  other  on  the  crankshaft 
1  1  ,  and  chains  61  ,  62  engage  the  teeth  on  these  sprock- 
ets,  respectively. 

Said  side  of  the  cylinder  block  15  where  the  timer 
chain  transmission  for  driving  the  camshafts  64,65  and 
the  other  auxiliary  equipment  and  the  water  pump  5  is 
positioned  is  disposed  closer  to  an  adjacent  cylinder  of 
the  cylinder  block  15  than  the  opposite  end  side  of  the 
cylinder  block  15  (said  side  also  extending  inthe  width- 
wise  direction,  not  shown  in  the  drawings). 

A  lower  chain  61  transmits  the  drive  from  the  rota- 
tion  of  crankshaft  11  to  the  air  intake  camshaft  64  and 
to  the  exhaust  camshaft  65  by  means  of  an  intermediate 
rotating  shaft  67  and  an  upper  chain  68  at  the  top  of  the 
engine,  which  is  a  five  valve  twin  cam  (not  shown)  en- 
gine  with  three  air  intake  valves  and  two  exhaust  valves 
per  cylinder,  causing  the  camshafts  64,  65  to  rotate  in 
this  two-stage  timing  chain  configuration.  The  chain  62 
located  near  bottom  of  the  engine  transmits  the  drive  of 
the  crankshaft  11  to  the  rotating  shaft  63  of  an  oil  pump 
(not  shown)  situated  inside  the  oil  pan  17. 

The  twin  chains  which  rotate  the  various  camshafts 
64,  65  of  the  twin  cam  valve  system  can  be  adjusted 
externally  by  means  of  atensioner71  for  the  upper  chain 
68  that  is  mounted  on  the  cylinder  head  14,  and  by  a 
tensioner  72  for  the  lower  chain  mounted  on  the  cylinder 
block  15. 

The  tensioner  71  servicing  the  air  intake  camshaft 
64,  the  exhaust  camshaft  65,  and  the  intermediate  ro- 
tating  shaft  67  is  located  slightly  farther  away  than  usual 
from  the  center  line  passing  through  crankshaft  11  in  or- 

der  to  make  room  for  it  to  be  mounted  on  the  cylinder 
head  14. 

Now,  as  shown  in  Figure  4,  the  adjoining  surfaces 
15a,  15b  between  the  side  of  the  cylinder  block  16  and 

5  the  chain  cover  are  located  in  mutually  offset  and  par- 
allel  planes  of  the  cross  sectional  surface.  The  project- 
ing  adjoining  surface  1  5a  of  the  cylinder  block  compris- 
es  an  integral  support  area  15c  projecting  from  the  cyl- 
inder  block  and  supporting  a  mounting  arm  23  of  the  al- 

10  ternator  2  to  allow  bolting  said  alternator  at  the  support 
15c  to  the  affixation  area  15d. 

As  shown  in  Figures  3  and  4,  a  mounting  hole  15e 
passes  through  the  cylinder  block  15  below  this  alterna- 
tor  support  area  15c,  allowing  mounting  a  cylinder  72c 

is  for  the  push  rod  72b  applying  pressure  to  the  tension 
arm  72a  of  the  tensioner  72. 

Generally,  the  lower  chain  tensioner  72  is  supported 
at  a  portion  of  the  cylinder  block  1  5  which  is  correspond- 
ingly  provided  at  the  opposite  end  side  of  the  cylinder 

20  block  15  (said  side  also  extending  in  the  widthwise  di- 
rection,  not  shown  in  the  drawings). 

Figure  6  shows  the  affixation  area  on  engine  1  for 
the  assembly  bracket  9  which  allows  the  engine  1  to  be 
affixed  to  the  vehicle  frame.  The  mounting  bracket  9  is 

25  affixed  as  jaw-like  appendage  onto  both  the  cylinder 
head  14  and  the  cylinder  block  15,  and  there  are  affix- 
ation  areas  90a,  90b,  90c,  and  90d  which  correspond  to 
the  various  affixation  areas  10a,  10b,  10c,  10d  on  the 
engine  1  to  attach  the  engine  1  to  the  frame  at  the  affix- 

so  ation  area  91.  In  addition,  the  top  mounting  arm  24  of 
the  alternator  2  bolts  onto  the  affixation  area  92. 

In  addition  to  the  mounting  arm  24  being  attached 
to  the  affixation  area  92  of  the  assembly  bracket  9  by 
means  of  bolts,  the  alternator  2  is  also  supported  by  the 

35  mounting  arm  23  below,  which  is  bolted  to  the  affixation 
area  15d  of  the  alternator  support  15c  that  is  integral 
with  the  cylinder  block,  thereby  being  attached  at  the  top 
and  bottom  with  respect  to  engine  1  as  shown  in  Figure 
1. 

40  This  arrangement,  namely  the  lower  mounting  arm 
23  for  the  alternator  2  increasing  the  strength  of  affixa- 
tion  to  the  engine,  and  the  upper  mounting  arm  24  being 
affixed  to  the  vehicle  by  the  assembly  bracket  9  mini- 
mizes  engine  vibrations  in  that  area,  thereby  allowing 

45  the  accommodation  of  any  future  change  in  alternator 
specifications  by  merely  changing  the  assembly  bracket 
9  holding  such  an  alternator. 

As  has  been  described  above,  when  the  side  of  the 
cylinder  block  15  of  engine  1  is  covered  by  the  chain 

so  cover  1  6  as  shown  in  Figure  2,  then  the  impeller  housing 
53,  the  coolant  passage  54  to  the  water  jacket  opening 
1  9,  and  the  coolant  passage  55  to  the  oil  cooler  will  be 
integral  on  the  outside  of  the  chain  cover  16,  near  the 
adjoining  surface  1  5b  with  cylinder  block  1  5,  so  that  the 

55  water  pump  5  shall  be  affixed  by  bolting  on  the  cover  50. 
As  shown  in  Figure  5,  the  housing  of  the  water  pump 

5  is  integral  in  the  chain  cover  and  this  housing  area  is 
covered  by  the  cover  50,  whereby  the  various  coolant 

3 
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passages  54,  55  are  made  contiguous  with  the  impeller 
housing  53.  The  impeller  57  is  located  inside  the  impel- 
ler  housing  53;  the  extension  of  the  shaft  51  of  impeller 
57  to  the  outside  of  the  cover  50  allows  a  pulley  52  to 
be  attached  to  the  end  of  said  shaft  and  to  be  be  driven 
by  the  crankshaft  of  engine  1  in  order  to  recirculate  cool- 
ant  as  shown  in  Figure  7. 

As  is  shown  in  Figure  2,  with  regard  to  the  various 
coolant  passages  54,  55  which  are  contiguous  with  the 
impeller  housing  53  of  the  water  pump  5,  the  coolant 
passage  54  leading  to  the  opening  1  9  for  the  water  jack- 
et  is  considerably  shorter  than  the  coolant  passage  55 
leading  to  the  oil  cooler  8,  and  these  coolant  passages 
54,  55  are  formed,  respectively,  in  the  cover  50  and  in 
the  chain  cover  16  so  that  they  are  contiguous  with  the 
impeller  housing  53. 

Just  as  with  the  impeller  housing  53,  the  coolant 
passage  55  leading  to  the  oil  cooler  8  is  formed  in  the 
chain  cover  16  and  in  the  cover  50,  and  the  cover  50 
extends  integrally  downward  from  the  impeller  housing, 
along  the  surface  of  the  chain  cover,  to  the  vicinity  of  the 
oil  cooler  8  under  the  cylinder  block  15. 

As  is  shown  in  Figure  6,  with  regard  to  the  flow  path 
of  the  coolant  leading  to  the  oil  cooler  8  from  the  coolant 
passage  55  of  the  water  pump  5,  the  coolant  is  intro- 
duced  into  the  oil  cooler  8  from  the  end  of  the  coolant 
passage  55,  which  is  formed  by  the  chain  cover  16  and 
the  cover  50,  through  the  passage  55b  in  the  chain  cover 
16. 

With  regard  to  the  coolant  passage  55  leading  from 
the  water  pump  5  to  the  oil  cooler  8,  it  is  not  only  possible 
to  form  the  passage  in  the  chain  cover  1  6  and  cover  50, 
but  as  shown  in  Figure  8,  the  coolant  passage  55  lead- 
ing  to  the  oil  cooler  8  may  equally  well  be  formed  inte- 
grally  on  the  back  side  of  the  chain  cover  16.  Further, 
as  shown  in  Figure  9,  the  coolant  passage  55  to  the  oil 
cooler  8  may  also  be  formed  in  the  cylinder  block  15, 
integral  with  the  structural  components  of  the  engine, 
thereby  eliminating  the  need  for  hoses  and  the  like. 

In  any  of  the  aforementioned  cases,  the  cross  sec- 
tions  of  the  surfaces  15a,  15b  of  the  cylinder  block  15 
adjoining  the  chain  cover  are  in  offset  and  mutual  par- 
allel  planes.  Since  the  water  pump  5  is  integral  with  the 
side  adjoining  the  surface  15b,  compared  to  the  case 
where  the  adjoining  surface  on  the  cylinder  block  side 
lies  in  the  same  plane  as  the  surface  on  the  other  side, 
then  the  water  pump  5,  even  though  covered  by  the 
chain  cover  16,  does  not  project  as  far  from  the  side  of 
the  engine  1  .  And,  since  it  is  near  the  opening  19  leading 
to  the  water  jacket  of  the  cylinder  block  1  5,  the  structure 
allows  the  water  pump  5  to  be  driven  by  engine  1  in  a 
very  compact  manner. 

This  configuration  allows  the  water  pump  5  to  be 
situated  in  such  manner  that  the  pulley  52  attached  to 
the  rotating  impeller  shaft  51  of  the  water  pump  5  can 
be  efficiently  driven  by  the  crankshaft  1  1  ,  along  with  the 
other  auxiliary  equipment,  by  means  of  a  single  belt  7. 
In  addition,  this  configuration  simplifies  the  structures 

and  improves  the  ease  of  maintenance  by  eliminating 
the  need  for  extra  parts  such  as  hoses  to  provide  the 
coolant  passage  to  the  oil  cooler. 

As  described  above,  the  cooling  structure  for  four- 
5  cycle  engines  of  this  invention  uses  the  chain  cover  that 

covers  the  side  of  the  engine  as  a  part  of  the  water  pump 
so  that  the  water  pump  does  not  substantially  project 
from  the  surface  of  the  chain  cover,  and  as  a  result  the 
water  pump  may  be  located  in  close  proximity  to  the 

10  opening  for  the  water  jacket  in  the  cylinder  block  in  a 
compact  manner.  It  also  reduces  the  number  of  parts, 
and  eases  engine  maintenance. 

is  Claims 

1  .  Four-cycle  engine  comprising  a  cylinder  block  (1  5) 
and  a  cylinder  head  (14),  a  chain  drive  means 
(61,72a)  for  driving  at  least  one  camshaft  (64,65) 

20  from  a  primary  drive  shaft  (11),  a  chain  cover  (16) 
extending  along  a  side  of  the  engine  and  a  cooling 
arrangement  including  a  water  pump  (5)  for  circu- 
lating  cooling  water  through  the  engine,  said  chain 
cover  (16)  defining,  at  least  partially,  a  housing  for 

25  the  water  pump  (5),  characterized  in  that  said 
chain  cover  (16)  connects  to  the  cylinder  block  (1  5) 
at  both  sides  of  the  chain  drive  means  (61  ,72a)  at 
parallel  planes  disposed  offset  to  one  another. 

30  2.  Four-cycle  engine  as  claimed  in  claim  ^character- 
ized  in  that  another  closure  means  (50)  is  provided 
to  cover  the  water  pump  and  to  connect  to  the  chain 
cover  (16). 

35  3.  Four-cycle  engine  as  claimed  in  claims  1  or  2,  char- 
acterized  in  that  a  drive  shaft  (51)  of  the  water 
pump  (5)  is  driven  by  a  pulley  (52)  which  forms  part 
of  an  accessory  equipment  drive  means. 

40  4.  Four-cycle  engine  as  claimed  in  claim  3,  character- 
ized  in  that  the  accessory  equipment  drive  means 
is  a  belt  (7)  drivingly  connecting  a  crankshaft  pulley 
(12)  with  a  plurality  of  further  accessory  drive  pul- 
leys  (22,32,42,52). 

45 
5.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 

preceding  claims  1  to  4,  characterized  in  that  the 
chain  cover  (16)  defines  part  of  a  cooling  water  pas- 
sage  (54,55)  of  the  cooling  arrangement. 

50 
6.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 

preceding  claims  1  to  5,  characterized  in  that  the 
additional  closure  means  is  a  cover  (50)  defining 
part  of  a  cooling  water  passage  (54,55)  of  the  cool- 

55  ing  arrangement. 

7.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  6,  characterized  in  that  the 

4 
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cylinder  block  (1  5)  comprises  an  integral  projecting 
support  area  (15c)  to  which  an  end  portion  of  the 
chain  cover  (1  6)  abuts  and  which  is  adapted  to  sup- 
port  a  mounting  arm  (23)  of  an  alternator  (2). 

8.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  7,  characterized  in  that  the 
water  pump  (5)  is  of  the  impeller  type  and  that  an 
impeller  housing  (53)  of  the  water  pump  (5)  is 
formed  by  the  chain  cover  (16)  and  the  cover  means 
(50)  which,  in  turn,  covers  the  water  pump  (5)  and 
an  opening  defined  by  the  chain  cover  (16). 

9.  Four-cycle  engine  as  claimed  in  claim  8,  character- 
ized  in  that  the  water  pump  (5)  is  associated  to  a 
cooling  water  inlet  (18)  provided  at  an  upper  part  of 
the  side  of  the  cylinder  block  (15)  where  the  water 
pump  (5)  introduces  cooling  water  and  that  a  cool- 
ing  water  inlet  (1  9)  is  located  at  the  area  of  the  chain 
drive  means  (100). 

10.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  9,  characterized  in  that  an 
oil  cooler  (8)  is  attached  to  a  lower  side  of  the  cyl- 
inder  block  (1  5),  said  cylinder  block  (15)  comprising 
an  oil  passage  (83). 

11.  Four-cycle  engine  as  claimed  in  claim  10,  charac- 
terized  in  that  the  chain  cover  (16)  and  closure 
means  (50)  define  a  cooling  water  passage  (55)  ex- 
tending  substantially  downwardly  and  leading  to  the 
oil  cooler  (8). 

12.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  1  1  ,  characterized  in  that  the 
water  pump  (5)  is  bolted  to  the  additional  closure 
means  (50). 

13.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  8  to  1  2,  characterized  in  that  the 
impeller  housing  (53),  the  cooling  water  passage 
(54)  to  the  cylinder  blocks  water  jacket  opening  (1  9) 
and  the  cooling  water  passage  (55)  to  the  oil  cooler 
(8)  are  formed  integrally  by  the  chain  cover  (1  6)  and 
the  closure  means  (50). 

14.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  1  3,  characterized  in  that  a 
cooling  water  passage  (55)  is  directly  formed  in  the 
chain  cover  (16). 

15.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  14,  characterized  in  that  a 
cooling  water  passage  (55)  communicating  the  im- 
peller  housing  (53)  of  the  water  pump  (5)  to  the  oil 
cooler  (8)  is  formed  directly  by  the  cylinder  block 
(15). 

16.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  1  5,  characterized  in  that  the 
accessories  are  attached  to  a  side  of  the  cylinder 
block  (15)  and  an  engine  mounting  bracket  (9). 

5 
17.  Four-cycle  engine  as  claimed  in  claim  16,  charac- 

terized  in  that  the  engine  mounting  bracket  (9)  en- 
gages  both  the  cylinder  block  (15)  and  the  cylinder 
head  (4)  of  the  engine. 

10 
18.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 

preceding  claims  1  to  17,  characterized  in  that  a 
lower  drive  chain  (61)  connects  a  drive  sprocket 
fixed  onto  the  crankshaft  (11)  and  to  a  drive  sprock- 

15  et  fixed  on  the  intermediate  drive  shaft  (67)  which 
is  rotatably  supported  through  the  cylinder  head  (4), 
while  an  upper  chain  (68)  drives  intake  and  exhaust 
camshafts  (64,65)  from  said  intermediate  drive 
shaft  (67). 

20 
19.  Four-cycle  engine  as  claimed  in  claim  18,  charac- 

terized  in  that  a  lower  chain  tensioner  (72)  is  sup- 
ported  by  the  cylinder  block  (15)  while  an  upper 
chain  tensioner  (71)  is  supported  by  the  cylinder 

25  head  (14). 

20.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  1  9,  characterized  in  that  the 
intermediate  drive  shaft  (67)  is  disposed  laterally 

30  offset  with  respect  to  the  intake  and  exhaust  cam- 
shafts  (64,65). 

21.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  20,  characterized  in  that  the 

35  engine  comprises  a  plurality  of  intake  valves  per  cyl- 
inder,  the  number  of  said  intake  valves  exceeding 
the  number  of  exhaust  valves  per  cylinder  and  that 
the  upper  chain  tensioner  (71)  is  disposed  at  the 
intake  side  of  the  cylinder  head  (14). 

40 
22.  Four-cycle  engine  as  claimed  in  claim  21,  charac- 

terized  in  that  the  intermediate  drive  shaft  (67)  is 
disposed  offset  towards  that  side  of  the  engine 
opposite  ,  to  the  side  where  the  upper  chain  tension- 

's  er  (71)  is  disposed. 

23.  Four-cycle  engine  as  claimed  in  at  least  one  of  the 
preceding  claims  1  to  22,  characterized  in  that  the 
side  of  the  cylinder  block  (15)  supporting  the  water 

so  pump  (5)  is  disposed  closer  to  an  adjacent  cylinder 
than  an  opposite  side  of  the  cylinder  block  (15). 

24.  Four-cycle  engine  as  claimed  in  claim  19,  charac- 
terized  in  that,  the  lower  tensioner  (72)  is  support- 

55  ed  through  a  portion  of  the  cylinder  block  (15)  which 
is  correspondingly  provided  at  an  opposite  side  of 
the  cylinder  block. 

5 
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Patentanspriiche 

1.  Viertaktmotor  mit  einem  Zylinderblock  (15)  und  ei- 
nem  Zylinderkopf  (14),  einer  Kettenantriebsvorrich- 
tung  (61  ,72a)  zum  Antreiben  zumindest  einer  Nok- 
kenwelle  (64,65)  von  einer  ersten  Antriebswelle  aus 
(L),  einer  Kettenabdeckung  (16),  die  sich  entlang 
einer  Seite  des  Motors  und  einer  Kuhlanordnung 
einschlieBlich  einer  Wasserpumpe  (5)  zur  Zirkulie- 
rung  von  Kuhlwasser  durch  den  Motor  erstreckt, 
wobei  die  Kettenabdeckung  (16)  zumindest  teilwei- 
se  ein  Gehause  fur  die  Wasserpumpe  (5)  bildet,  da- 
durch  gekennzeichnet,  da(3  die  Kettenabdeckung 
(16)  mit  dem  Zylinderblock  (15)  an  beiden  Seiten 
der  Kettenantriebsvorrichtung  (61,72a)  an  paralle- 
led  zueinander  versetzten  Ebenen  verbunden  ist. 

2.  Viertaktmotor  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  eine  zusatzliche  VerschlieBvorrich- 
tung  (50)  vorgesehen  ist  zur  Abdeckung  der  Was- 
serpumpe  und  zur  Verbindung  mit  der  Kettenabdek- 
kung  (16). 

3.  Viertaktmotor  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  dal3  eine  Antriebswelle  (51)  der 
Wasserpumpe  (5)  iiber  eine  Rolle  (52)  angetrieben 
wird,  die  einen  Teil  einer  Zusatzaggregat-Antriebs- 
vorrichtung  bildet. 

4.  Viertaktmotor  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  dal3  die  Zusatzaggregat-Antriebsvorrich- 
tung  ein  Riemen  (7)  ist,  der  eine  Kurbelwellen-Rolle 
(1  2)  mit  einer  Vielzahl  weiterer  Zusatzantriebsrollen 
(22,32,42,52)  antriebsmaBig  verbindet. 

5.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  4,  dadurch  gekenn- 
zeichnet,  dal3  die  Kettenabdeckung  (16)  einen  Teil 
einer  Kuhlwasserleitung  (54,55)  der  Kuhlanord- 
nung  bildet. 

6.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  5,  dadurch  gekenn- 
zeichnet,  dal3  die  zusatzliche  VerschlieBvorrich- 
tung  eine  Abdeckung  (50)  ist,  die  einen  Teil  einer 
Kuhlwasserleitung  (54,55)  der  Kuhlanordnung  bil- 
det. 

7.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  6,  dadurch  gekenn- 
zeichnet,  dal3  der  Zylinderblock  (1  5)  einen  integra- 
len,  vorspringenden  Stutzbereich  (1  5c)  aufweist,  an 
dem  ein  Endabschnitt  der  Kettenabdeckung  (16) 
anliegt,  undderzur  Abstutzung  eines  Befestigungs- 
arms  (23)  eines  Generators  (2)  ausgebildet  ist. 

8.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  7,  dadurch  gekenn- 

zeichnet,  dal3  die  Wasserpumpe  (5)  als  Turbine 
ausgebildet  ist  und  dal3  ein  Turbinengehause  (53) 
der  Wasserpumpe  durch  die  Kettenabdeckung  (16) 
und  die  Abdeckvorrichtung  (50)  gebildet  wird,  wo- 

5  bei  die  Abdeckvorrichtung  (50)  wiederum  die  Was- 
serpumpe  (5)  und  eine  Offnung,  die  durch  die  Ket- 
tenabdeckung  (16)  gebildet  wird,  abdeckt. 

9.  Viertaktmotor  nach  Anspruch  8,  dadurch  gekenn- 
10  zeichnet,  dal3  die  Wasserpumpe  (5)  einem  Kiihl- 

wassereinlaB  (18)  zugeordnet  ist,  der  an  einem 
oberen  Abschnitt  der  Seite  des  Zylinderblockes 
(1  5)  vorgesehen  ist,  wo  die  Wasserpumpe  (5)  Kuhl- 
wasser  zufuhrt,  und  dal3  ein  KuhlwassereinlaB  (1  9) 

is  im  Bereich  der  Kettenantriebsvorrichtung  (100)  an- 
geordnet  ist. 

10.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  9,  dadurch  gekenn- 

20  zeichnet,  dal3  ein  Olkuhler  (8)  an  einer  Unterseite 
des  Zylinderblockes  (15)  angebracht  ist,  wobei  der 
Zylinderblock  (15)  eine  Olleitung  (83)  aufweist. 

11.  Viertaktmotor  nach  Anspruch  10,  dadurch  ge- 
25  kennzeichnet,  dal3  die  Kettenabdeckung  (16)  und 

die  VerschlieBvorrichtung  (50)  eine  Kuhlwasserlei- 
tung  (55)  bilden,  die  sich  im  wesentlichen  nach  un- 
ten  erstreckt  und  zu  dem  Olkuhler  (8)  fuhrt. 

30  12.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  11,  dadurch  gekenn- 
zeichnet,  dal3  die  Wasserpumpe  (5)  an  der  zusatz- 
lichen  VerschlieBvorrichtung  (50)  mit  Bolzen  befe- 
stigt  ist. 

35 
13.  Viertaktmotor  nach  zumindest  einem  der  vorge- 

nannten  Anspruche  8  bis  12,  dadurch  gekenn- 
zeichnet,  dal3  das  Turbinengehause  (53),  die  Kuhl- 
wasserleitung  zu  der  Zylinderblock-Kuhlmanteloff- 

40  nung  (19)  und  die  Kuhlwasserleitung  (55)  zu  dem 
Olkuhler  (8)  integral  in  der  Kettenabdeckung  (16) 
und  der  VerschlieBvorrichtung  (50)  ausgebildet 
sind. 

45  14.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  13,  dadurch  gekenn- 
zeichnet,  dal3  eine  Kuhlwasserleitung  (55)  direkt  in 
der  Kettenabdeckung  (16)  ausgebildet  ist. 

so  15.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  14,  dadurch  gekenn- 
zeichnet,  dal3  eine  Kuhlwasserleitung  (55),  die  das 
Turbinengehause  (53)  der  Wasserpumpe  (5)  mit 
dem  Olkuhler  (8)  verbindet,  direkt  in  dem  Zylinder- 

55  block  (15)  ausgebildet  ist. 

16.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  15,  dadurch  gekenn- 

6 
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zeichnet,  dal3  die  Zusatzaggregate  an  einer  Seite 
des  Zylinderblocks  (15)  und  an  einem  Motor-Mon- 
tagebugel  (9)  angebracht  sind. 

17.  Viertaktmotor  nach  Anspruch  16,  dadurch  ge-  s 
kennzeichnet,  da(3  der  Motor-Montagebugel  (9) 
mit  dem  Zylinderblock  (15)  und  dem  Zylinderkopf 
(4)  des  Motors  verbunden  ist. 

18.  Viertaktmotor  nach  zumindest  einem  der  vorge-  10 
nannten  Anspruche  1  bis  17,  dadurch  gekenn- 
zeichnet,  dal3  eine  untere  Antriebskette  (61)  ein 
Antriebsritzel,  das  an  der  Kurbelwelle  (1  1  )  befestigt 
ist,  und  ein  Antriebsritzel,  das  an  einer  drehbar  in 
dem  Zylinderkopf  (4)  gelagerten  Zwischenantriebs-  15 
welle  (67)  befestigt  ist,  verbindet,  wahrend  eine 
obere  Kette  (68)  EinlaB-  und  AuslaBnockenwellen 
(64,65)  von  der  Zwischenantriebswelle  (67)  an- 
treibt. 

20 
19.  Viertaktmotor  nach  Anspruch  18,  dadurch  ge- 

kennzeichnet,  dal3  ein  unterer  Kettenspanner  (72) 
an  dem  Zylinderblock  (15)  abgestutzt  ist,  wahrend 
ein  oberer  Kettenspanner  (71  )  an  dem  Zylinderkopf 
(14)  abgestutz  ist.  25 

20.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  19,  dadurch  gekenn- 
zeichnet,  dal3  die  Zwischenantriebswelle  (67)  seit- 
lich  versetzt  gegenuber  den  EinlaB-  und  30 
AuslaBnockenwellen  (64,65)  angeordnet  ist. 

21.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  20,  da  durch  gekenn- 
zeichnet,  dal3  der  Motor  eine  Vielzahl  von  35 
EinlaBventilen  je  Zylinder  aufweist,  wobei  je  Zylin- 
der  die  Anzahl  der  EinlaBventile  die  Anzahl  der  Aus- 
laBventile  ubersteigt  und  dal3  der  obere  Ketten- 
spanner  (71)  auf  der  EinlaBseite  des  Zylinderkop- 
fes  (14)  angeordnet  ist.  40 

22.  Viertaktmotor  nach  Anspruch  21,  dadurch  ge- 
kennzeichnet,  dal3  die  Zwischenantriebswelle  (67) 
in  Richtung  der  Seite  des  Motors  versetzt  angeord- 
net  ist,  die  der  Seite,  an  der  der  obere  Kettenspan-  45 
ner  (71)  angeordnet  ist,  gegenuberliegt. 

23.  Viertaktmotor  nach  zumindest  einem  der  vorge- 
nannten  Anspruche  1  bis  22,  dadurch  gekenn- 
zeichnet,  dal3  die  Seite  des  Zylinderblocks  (15),  die  so 
die  Wasserpumpe  (5)  tragt,  naher  an  einem  be- 
nachbarten  Zylinder  liegt  als  die  gegenuberliegen- 
de  Seite  des  Zylinderblocks  (15). 

24.  Viertaktmotor  nach  Anspruch  19,  dadurch  ge-  55 
kennzeichnet,  dal3  der  untere  Kettenspanner  (72) 
durch  einen  Abschnitt  des  Zylinderblocks  (15)  ab- 
gestutzt  ist,  der  entsprechend  an  der  gegenuberlie- 

genden  Seite  des  Zylinderblocks  vorgesehen  ist. 

Revendications 

1.  Moteur  a  quatre  temps  comprenant  un  bloc-cylin- 
dres  (15)  et  une  culasse  (14),  des  moyens  d'entraT- 
nement  par  chaTne  (61  ,  72a),  concus  pour  entraTner 
au  moins  un  arbre  a  cames  (64,  65)  a  partir  d'un 
arbre  d'entraTnement  primaire  (11),  un  couvercle  de 
chaTne  (16)  s'etendant  sur  un  cote  du  moteur  et  un 
dispositif  de  refroidissement  comprenant  une  pom- 
pe  a  eau  (5),  concue  pour  faire  circuler  de  I'eau  de 
refroidissement  a  travers  le  moteur,  ledit  couvercle 
a  chaTne  (16)  definissant,  au  moins  partiellement, 
un  carter  destine  a  la  pompe  a  eau  (5),  caracterise 
en  ce  que  ledit  couvercle  a  chaTne  (16)  relie  au  bloc- 
cylindres  (15)  sur  les  deux  cotes  des  moyens  d'en- 
traTnement  a  chaTne  (61,  72a),  en  des  plans  paral- 
lels  decales  I'un  par  rapport  a  I'autre. 

2.  Moteur  a  quatre  temps  selon  la  revendication  1  ,  ca- 
racterise  en  ce  que  d'autres  moyens  de  fermeture 
(50)  sont  prevus  pour  couvrir  la  pompe  a  eau  et  pour 
relier  au  couvercle  a  chaTne  (1  6). 

3.  Moteur  a  quatre  temps  selon  la  revendication  1  ou 
2,  caracterise  en  ce  que  I'arbre  d'entraTnement  (51  ) 
de  la  pompe  a  eau  (5)  est  entraTne  par  une  poulie 
(52)  faisant  partie  de  moyens  d'entraTnement  d'un 
equipement  accessoire. 

4.  Moteur  a  quatre  temps  selon  la  revendication  3,  ca- 
racterise  en  ce  que  les  moyens  d'entraTnement  d'un 
equipement  accessoire  sont  constitues  d'une  cour- 
roie  (7),  reliant  par  entraTnement  une  poulie  de  vi- 
lebrequin  (1  2),  a  une  pluralite  d'autres  poulies  d'en- 
traTnement  d'accessoires  (22,32,  42,  52). 

5.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  4  precedentes,  caracterise  en  ce  que  le 
couvercle  de  chaTne  (16)  definit  une  partie  d'un  pas- 
sage  d'eau  de  refroidissement  (54,  55)  du  dispositif 
de  refroidissement. 

6.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  5  precedentes,  caracterise  en  ce  que  les 
moyens  de  fermeture  additionnels  sont  constitues 
d'un  couvercle  (50)  definissant  une  partie  d'un  pas- 
sage  d'eau  de  refroidissement  (54,  55)  du  dispositif 
de  refroidissement. 

7.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  6  precedentes,  caracterise  en  ce  que  le 
bloc-cylindres  (15)  comprend  une  zone  support 
(15c)  faisant  saillie  d'une  seule  piece,  sur  laquelle 
une  partie  extremite  du  couvercle  de  chaTne  (16) 
vient  en  butee  et  qui  est  adaptee  pour  supporter  un 
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bras  de  montage  (23)  d'un  alternateur  (2). 

8.  Moteur  a  quatre  temps  selon  I'une  au  moins  des  re- 
vendications  1  a  7  precedentes,  caracterise  en  ce 
que  la  pompe  a  eau  (5)  est  de  type  a  rotor  et  en  ce  s 
que  le  carter  de  rotor  (53)  de  la  pompe  a  eau  (5)  est 
forme  par  le  couvercle  de  chaTne  (16)  et  le  moyen 
de  couverture  (50)  qui,  a  son  tour,  couvre  la  pompe 
a  eau  (5)  et  une  ouverture  definie  par  le  couvercle 
de  chaTne  (16).  10 

9.  Moteur  a  quatre  temps  selon  la  revendication  8,  ca- 
racterise  en  ce  que  la  pompe  a  eau  (5)  est  associee 
a  une  entree  d'eau  de  refroidissement  (18),  mena- 
gee  a  la  partie  superieure  du  cote  du  bloc-cylindres  is 
(15)  ,  a  I'endroit  auquel  la  pompe  a  eau  (5)  introduit 
de  I'eau  de  refroidissement  et  en  ce  qu'une  entree 
d'eau  de  refroidissement  (1  9)  est  placee  dans  la  zo- 
ne  des  moyens  d'entraTnement  a  chaTne  (100). 

20 
10.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 

tions  1  a  9  precedentes,  caracterise  en  ce  qu'un  re- 
frigerant  d'huile  (8)  est  fixe  au  cote  inferieur  du  bloc- 
cylindres  (15),  ledit  bloc-cylindres  (15)  comprenant 
un  passage  d'huile  (83).  25 

11.  Moteur  a  quatre  temps  selon  la  revendication  10, 
caracterise  en  ce  que  le  couvercle  de  chaTne  (16) 
et  les  moyens  de  fermeture  (50)  definissent  un  pas- 
sage  d'eau  (55)  s'etendant  sensiblement  vers  le  30 
bas  et  menant  au  refrigerant  d'huile  (8). 

12.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  11  precedentes,  caracterise  en  ce  que  la 
pompe  a  eau  (5)  est  boulonnee  sur  les  moyens  de  35 
fermeture  additionnelle  (50). 

13.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  8  a  12  precedentes,  caracterise  en  ce  que  le 
carter  de  rotor  (53),  le  passage  d'eau  de  refroidis-  40 
sement  (54)  allant  a  I'ouverture  de  chemise  d'eau 
(1  9)  du  bloc-cylindres  et  le  passage  d'eau  de  refroi- 
dissement  (55)  allant  au  refrigerant  d'huile  (8)  sont 
formes  d'une  seule  piece  par  le  couvercle  de  chaTne 
(16)  et  les  moyens  de  fermeture  (50).  45 

14.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  13  precedentes,  caracterise  en  ce  qu'un 
passage  d'eau  de  refroidissement  (55)  est  directe- 
ment  forme  dans  le  couvercle  de  chaTne  (16).  so 

15.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  14  precedentes,  caracterise  en  ce  qu'un 
passage  d'eau  de  refroidissement  (55)  faisant  com- 
muniquer  le  carter  de  rotor  (53)  de  la  pompe  a  eau  ss 
(5)  et  le  refrigerant  d'huile  (8)  est  forme  directement 
par  le  bloc-cylindres  (15). 

16.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  15  precedentes,  caracterise  en  ce  que  les 
accessoires  sont  fixes  sur  le  cote  du  bloc-cylindres 
(15)  et  un  support  de  montage  moteur  (9). 

17.  Moteur  a  quatre  temps  selon  la  revendication  16, 
caracterise  en  ce  que  le  support  de  montage  mo- 
teur  (9)  est  en  prise  a  la  fois  avec  le  bloc-cylindres 
(15)  et  la  culasse  (4)  du  moteur. 

18.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  17  precedentes,  caracterise  en  ce  qu'une 
chaTne  d'entraTnement  inferieure  (61)  relie  un  pi- 
gnon  a  chaTne,  fixe  sur  le  vilebrequin  (11)  et  a  un 
pignon  a  chaTne  fixe  a  I'arbre  d'entraTnement  inter- 
mediate  (67),  monte  tournant  dans  la  culasse  (4), 
tandis  qu'une  chaTne  superieure  (68)  entraTne  des 
arbres  a  cames  d'admission  et  d'echappement  (64, 
65),  a  partir  dudit  arbre  d'entraTnement  intermediai- 
re  (67). 

19.  Moteur  a  quatre  temps  selon  la  revendication  18, 
caracterise  en  ce  qu'un  tendeur  de  chaTne  inferieu- 
re  (72)  est  supporte  par  le  bloc-cylindres  (15),  tan- 
dis  qu'un  tendeur  de  chaTne  superieur  (71  )  est  sup- 
porte  par  la  culasse  (14). 

20.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  1  9  precedentes,  caracterise  en  ce  que  I'ar- 
bre  d'entraTnement  intermediate  (67)  est  dispose 
decale  lateralement  par  rapport  aux  arbres  a  cames 
d'admission  et  d'echappement  (64,  65). 

21.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  20  precedentes,  caracterise  en  ce  que  le 
moteur  comprend  une  pluralite  de  soupapes  d'ad- 
mission  par  cylindre,  le  nombre  desdites  soupapes 
d'admission  etant  superieur  au  nombre  de  soupa- 
pes  d'echappement  par  cylindre  et  en  ce  que  le  ten- 
deur  de  chaTne  superieur  (71)  est  dispose  du  cote 
admission  de  la  culasse  (14). 

22.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  21  precedentes,  caracterise  en  ce  que  I'ar- 
bre  d'entrainement  intermediate  (67)  est  dispose 
decale  en  direction  du  cote  du  moteur  qui  est  oppo- 
se  a  I'endroit  auquel  le  tendeur  de  chaTne  superieur 
(71)  est  dispose. 

23.  Moteur  a  quatre  temps  selon  I'une  des  revendica- 
tions  1  a  22  precedentes,  caracterise  en  ce  que  le 
cote  du  bloc-cylindres  (15)  supportant  la  pompe  a 
eau  (5)  est  dispose  plus  pres  d'un  cylindre  adjacent 
que  le  cote  oppose  du  bloc-cylindres  (15). 

24.  Moteur  a  quatre  temps  selon  la  revendication  19, 
caracterise  en  ce  que  le  tendeur  inferieur  (72)  est 
supporte  par  une  partie  du  bloc-cylindres  (15)  qui 

45 

8 



15  EP0  651  141  B1  16 

est  prevue,  de  maniere  correspondante,  du  cote  op- 
pose  du  bloc-cylindres. 
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