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©  Combustion  chamber  and  valve  operating  mechanism  for  multi-valve  engine. 
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©  A  number  of  embodiments  of  multiple  valve  in- 
ternal  combustion  engines  embodying  a  single  cam- 
shaft  (55)  for  operating  all  of  the  multiple  valves.  The 
cylinder  head  is  configured  in  such  a  way  that  it  is 
reinforced  across  the  center  of  the  cylinder  head  by 
a  bridging  member  (86)  and  this  bridging  member 
(86)  can  form  a  bearing  surface  (57)  for  a  center 
lobe  of  the  camshaft.  The  camshaft  is  offset  toward 
one  side  of  the  cylinder  head  and  operates  the 
valves  through  a  plurality  of  rocker  arms.  In  some 
embodiment,  the  rocker  arms  are  journaled  on  a 
cam  cover  (59)  upon  rocker  arm  shafts  (67,  73) 
formed  with  reliefs  (88,  89)  aligned  with  openings  in 
the  cam  cover  for  passing  components  such  as  a 
spark  plug  (16)  or  a  fastener  (87)  for  securing  the 
cam  cover  to  the  cylinder  head  (34).  Both  single  and 
multiple  cylinder  embodiments  are  disclosed. 
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COMBUSTION  CHAMBER  AND  VALVE  OPERATING  MECHANISM  FOR  MULTI-VALVE  ENGINE 

BAUKOKUUND  OF  THE  INVENTION 

This  invention  relates  to  a  combustion  chamber 
configuration  and  valve  operating  arrangement  for  a 
multi-valve  engine. 

It  has  been  recognized  that  the  performance  of 
an  internal  combustion  engine  can  be  significantly 
improved  by  increasing  the  number  of  valves  serv- 
ing  each  of  the  combustion  chambers.  By  using  a 
plurality  of  smaller  diameter  valves  rather  than  in- 
dividual  large  diameter  valves,  it  is  possible  to 
increase  the  total  effective  valve  flow  area  without  a 
significant  increase  in  the  weight  of  the  reciprocat- 
ing  masses.  As  a  result,  multiple  valve  engines  are 
receiving  considerable  interest  and  application  for  a 
wide  variety  of  purposes,  such  as  powering  motor 
vehicles. 

However,  as  the  number  of  valves  per  combus- 
tion  chamber  increases,  the  complexity  of  the  en- 
gine  also  increases.  In  addition,  the  added  port 
areas  necessary  to  serve  the  multiple  valves  tends 
to  complicate  the  ability  to  provide  a  rigid  cylinder 
head  arrangement  that  can  withstand  the  loadings. 

It  is,  therefore,  a  principal  object  of  this  inven- 
tion  to  provide  an  improved  cylinder  head  arrange- 
ment  for  an  internal  combustion  engine  embodying 
a  plurality  of  valves  and  wherein  the  cylinder  head 
is  formed  with  an  integral  reinforcing  construction. 

It  is  a  further  object  of  this  invention  to  provide 
an  improved  arrangement  for  the  cylinder  head  of 
an  internal  combustion  engine  having  multiple 
valves  wherein  the  cylinder  head  is  reinforced  by  at 
least  one  bridging  member  that  extends  transverse- 
ly  across  the  cylinder  head  in  proximity  to  the 
combustion  chamber. 

Although  the  use  of  such  a  bridging  member  or 
bridging  members  for  reinforcing  the  cylinder  head 
is  particularly  advantageous  so  as  to  provide  a 
strong  and  yet  lightweight  construction,  the  use  of 
bridging  members  by  themselves  can  further  com- 
plicate  the  overall  configuration  of  the  cylinder 
head  and  the  formation  of  it.  It  is,  therefore,  a  still 
further  object  of  this  invention  to  provide  an  im- 
oroved  cylinder  head  arrangement  embodying  a 
-einforcing  bridging  member  that  serves  purposes 
n  addition  to  merely  reinforcing  the  cylinder  head. 

Where  multiple  intake  valves  are  utilized  in 
conjunction  with  internal  combustion  engines,  it  has 
Deen  generally  the  practice  to  dispose  all  of  the 
ntake  valves  on  one  side  of  the  engine  and  all  of 
tie  exhaust  valves  on  the  other  side  of  the  engine. 
This  is  generally  done  so  as  to  simplify  the  porting 
:or  the  engine  and  so  that  the  ports  for  the  intake 
and  exhaust  gases  need  not  cross  over  each  other. 
However,  where  the  intake  and  exhaust  valves  are 

so  disposed  on  opposite  sides  of  the  cylinder 
head,  this  has  generally  necessitated  the  use  of 
separate  camshafts  for  operating  the  intake  and 
exhaust  valves,  respectively.  Although  the  use  of 

5  separate  camshafts  has  certain  advantages,  it  fur- 
ther  complicates  the  engine.  Not  only  does  this 
tend  to  raise  the  overall  height  of  the  engine  due  to 
the  positioning  of  the  camshafts,  but  it  also  signifi- 
cantly  complicates  the  timing  arrangement  for  driv- 

w  ing  all  of  the  camshaft  from  the  crankshaft  of  the 
engine.  Although  the  use  of  a  single  overhead 
camshaft  for  operating  all  of  the  valves  is  possible, 
the  previously  proposed  arrangements  of  this  type 
have  given  rise  to  certain  other  problems.  For 

15  example,  the  placement  of  such  added  compo- 
nents  as  spark  plugs  and  the  like  become  a  signifi- 
cant  problem  in  connection  with  the  use  of  single 
overhead  camshafts  for  multiple  valve  engines. 

It  is,  therefore,  a  still  further  object  of  this 
20  invention  to  provide  an  improved  valve  actuating 

arrangement  for  multiple  valve  engine  that  employs 
only  a  single  camshaft. 

It  is  a  further  object  of  this  invention  to  provide 
a  multiple  valve  engine  in  which  all  valves  are 

25  operated  by  a  single  camshaft  and  wherein  the 
camshaft  is  so  located  that  it  will  not  interfere  with 
or  compromise  the  placement  of  other  components 
of  the  engine  such  as  the  spark  plugs. 

In  addition  to  the  problems  of  component 
30  placement  when  all  of  the  multiple  valves  of  an 

engine  are  operated  by  a  single  camshaft,  there 
also  is  a  considerable  problem  in  connection  with 
adequate  support  for  the  camshaft.  That  is,  where 
multiple  valves  are  operated  by  a  single  camshaft, 

35  the  operating  loads  exerted  on  the  camshaft  can  be 
quite  high.  It  is,  of  course,  extremely  important  to 
support  the  camshaft  in  such  a  way  that  it  will  not 
flex  and  the  valve  operation  will  not  be  adversely 
affected. 

«3  It  is,  therefore,  a  still  further  object  of  this 
invention  to  provide  an  improved  arrangement  for 
journaling  the  camshaft  of  a  multiple  valve  internal 
combustion  engine. 

It  is  a  further  object  of  this  invention  to  provide 
is  a  multiple  valve,  single  camshaft  internal  combus- 

tion  engine  having  an  improved  arrangement  for 
journaling  the  single  camshaft. 

Where  multiple  valves  are  operated  for  an  en- 
gine  from  a  single  camshaft,  it  is  generally  the 

50  practice  to  employ  some  form  of  rocker  arm  ar- 
rangement  for  operating  the  valves  from  the  cam- 
shaft  so  that  the  valves  can  be  located  in  the 
combustion  chamber  at  optimum  positions  and 
may  reciprocate  along  the  desired  axes.  However, 
where  rocker  arms  are  employed,  it  is  also  neces- 
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sary  to  provide  an  arrangement  for  pivotally  jour- 
naling  the  rocker  arms.  Although  individual  rocker 
arm  supports  have  been  proposed,  these  supports 
have  a  tendency  of  permitting  the  rocker  arm  to 
move  transversely  or  rotate  about  an  axis  per- 
pendicular  to  their  normal  pivotal  axis  and  can 
adversely  affect  high  speed  performance.  There- 
fore,  it  is  desirable  to  mount  the  rocker  arms  for 
their  pivotal  movement  on  a  rocker  arm  shaft  which 
shaft  will  tend  to  maintain  the  movement  of  the 
rocker  arm  in  its  desired  path.  However,  the  use  of 
the  rocker  arm  shafts  can  give  rise  to  other  prob- 
lems,  particularly  in  the  placement  of  other  compo- 
nents  of  the  engine. 

It  is,  therefore,  a  still  further  object  of  this 
invention  to  provide  an  improved  arrangement  for 
supporting  the  rocker  arms  of  an  internal  combus- 
tion  engine. 

It  is  a  yet  further  object  of  this  invention  to 
provide  an  improved  rocker  arm  shaft  arrangement 
for  an  internal  combustion  engine  wherein  the  roc- 
ker  arm  shafts  are  formed  in  such  a  way  as  to  not 
interfere  with  access  to  other  components  of  the 
engine. 

In  connection  with  the  use  of  multiple  valves,  it 
is  a  desirable  practice  to  employ  three  intake 
valves  for  each  cylinder  of  the  engine.  In  order  to 
facilitate  operation  of  the  valves  and  their  place- 
ment,  it  has  been  the  practice  to  place  two  of  these 
valves,  the  outermost  valves,  so  they  reciprocate 
about  parallel  acute  axes  to  a  plane  containing  the 
cylinder  bore  axis.  The  third,  middle  valve,  is  dis- 
posed  outwardly  toward  the  periphery  of  the  cyl- 
inder  bore  from  this  plane  and  also  reciprocates 
about  an  axis  that  is  at  an  acute  angle  to  the  plane 
but  which  angle  is  less  than  the  aforenoted  angle. 
Although  this  arrangement  is  particularly  useful,  the 
placement  of  the  valve  heads  previously  proposed 
has  been  such  as  to  require  the  formation  of  a 
fairly  deep  recess  in  the  peripheral  edge  of  the 
piston  so  as  to  provide  clearance.  This  can  present 
certain  difficulties. 

It  is,  therefore,  a  still  further  object  of  this 
invention  to  provide  an  improved  valve  placement 
valve  arrangement  for  a  multiple  valve  engine 
wherein  the  volume  of  clearance  areas  formed  in 
the  peripheral  edges  of  the  head  of  the  piston  can 
be  minimized. 

SUMMARY  OF  THE  INVENTION 

A  first  feature  of  this  invention  is  adapted  to  be 
embodied  in  a  cylinder  head  for  an  internal  com- 
bustion  engine  that  has  a  lower  surface  which 
defines  in  part  a  combustion  chamber.  A  first  plu- 
rality  of  valves  are  supported  for  reciprocation 
along  axes  that  lie  at  acute  angles  on  one  side  of  a 

plane  passing  generally  through  the  center  of  the 
cylinder  head.  A  second  plurality  of  valves  recipro- 
cate  along  axes  that  lie  at  acute  angles  to  the  plane 
on  the  other  side  thereof.  The  area  of  the  cylinder 

5  head  spaced  from  its  lower  surface  and  between 
the  portions  supporting  the  valves  define  generally 
a  void.  A  bridging  member  is  formed  integrally  by 
the  cylinder  head  and  extends  across  the  void  and 
within  an  area  bounded  by  an  extension  of  the 

10  combustion  chamber  surface  for  reinforcing  the 
cylinder  head. 

Another  feature  of  the  invention  is  also  adapted 
to  be  embodied  in  a  cylinder  head  assembly  for  an 
internal  combustion  engine.  The  assembly  com- 

75  prises  a  cylinder  head  having  a  surface  defining  in 
part  a  combustion  chamber.  A  camshaft  is  rotatable 
about  a  camshaft  axis  that  lies  in  a  plane  that 
extends  transversely  to  the  combustion  chamber. 
First  valve  means  are  supported  for  reciprocation 

20  substantially  on  one  side  of  the  plane  and  second 
valve  means  are  supported  for  reciprocation  sub- 
stantially  on  the  other  side  of  the  plane.  The  valve 
means  all  serve  the  combustion  chamber  and  com- 
prise  poppet  valves.  The  number  of  poppet  valves 

25  of  the  first  valve  means  is  greater  than  the  number 
of  poppet  valves  of  the  second  valve  means.  In 
accordance  with  this  feature  of  the  invention,  the 
camshaft  axis  lies  closer  to  the  first  valve  means 
than  to  the  second  valve  means. 

30  Another  feature  of  the  invention  is  adapted  to 
be  embodied  in  a  camshaft  arrangement  for  a 
multiple  valve  internal  combustion  engine  that  com- 
prises  a  cylinder  head  that  is  adapted  to  form  in 
part  a  combustion  chamber.  A  camshaft  is  jour- 

35  naled  for  rotation  relative  to  the  cylinder  head 
about  a  camshaft  axis.  A  first  plurality  of  valves  are 
supported  for  reciprocation  about  axes  that  lie  sub- 
stantially  on  one  side  of  the  camshaft  axis  and  a 
second  plurality  of  valves  are  supported  for  recip- 

40  rocation  about  axes  lying  on  the  other  side  of  the 
camshaft  axis.  Valve  actuating  means  operate  all  of 
the  valves  from  the  camshaft  and  this  valve  actuat- 
ing  means  includes  at  least  a  pair  of  cam  lobes 
that  are  formed  on  the  camshaft.  A  pair  of  pivotally 

45  supported  rocker  arms  each  have  a  follower  portion 
engaged  with  a  respective  one  of  the  pair  of  cam 
lobes  for  pivoting  the  rocker  arm  means.  Bearing 
means  journal  the  camshaft  for  rotation  about  a 
bearing  surface  that  is  disposed  between  the  cam 

50  lobes  and  adjacent  to  them. 
Yet  another  feature  of  the  invention  is  adapted 

to  be  embodied  in  a  cylinder  head  assembly  for  an 
internal  combustion  engine  and  comprises  a  cyl- 
inder  head  forming  in  part  a  combustion  chamber. 

55  A  plurality  of  poppet  valves  are  supported  for  recip- 
rocation  by  the  cylinder  head  and  serve  the  com- 
bustion  chamber.  A  camshaft  is  provided  and  bear- 
ing  cap  means  are  affixed  to  the  cylinder  head  and 

3 
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journal  the  camshaft  with  the  cylinder  head  for 
rotation  about  a  camshaft  axis.  At  least  one  rocker 
arm  is  supported  for  pivotal  movement  upon  a 
rocker  arm  shaft  carried  by  the  bearing  cap  means. 
An  opening  is  formed  in  the  bearing  cap  means 
and  is  aligned  with  an  opening  in  the  cylinder  head 
for  passage  of  a  component  fixed  at  least  to  the 
cylinder  head.  The  bearing  cap  opening  passes 
across  an  area  where  the  rocker  arm  shaft  extends 
and  the  rocker  arm  shaft  is  formed  with  a  relief  in 
the  area  of  the  opening  to  pass  the  component  with 
a  clearance. 

Yet  another  feature  of  the  invention  is  adapted 
to  be  embodied  in  a  cylinder  head  assembly  for 
cooperation  with  a  cylinder  bore  to  form  a  combus- 
tion  chamber.  The  cylinder  head  assembly  sup- 
ports  three  poppet  valves  for  reciprocation.  A  first 
two  of  these  poppet  valves  reciprocate  about  par- 
allel  axes  that  are  inclined  at  an  acute  angle  to  a 
plane  containing  the  axis  of  the  cylinder  bore.  The 
third  of  these  valves  also  reciprocates  about  an 
axis  that  is  disposed  at  an  acute  angle  to  this  plane 
but  at  a  lesser  acute  angle  than  the  angle  of 
reciprocation  by  the  first  two  valves.  The  third  valve 
is  disposed  further  from  the  plane  and  in  their 
closed  positions,  the  edge  of  the  head  of  the  third 
valve  is  disposed  at  a  point  that  is  not  lower  than 
the  adjacent  portions  of  the  heads  of  the  first  two 
valves  toward  the  cylinder  bore. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  side  elevational  view  of  a  motorcy- 
cle  powered  by  an  internal  combustion  engine 
constructed  in  accordance  with  an  embodiment 
of  the  invention,  with  a  portion  broken  away  and 
shown  in  section. 
Figure  2  is  a  cross-sectional  view  showing  the 
top  portion  of  the  engine  in  cross-section  taken 
along  the  line  2-2  of  Figure  3. 
Figure  3  is  a  top  plan  view  of  the  cylinder  head 
assembly  with  the  cam  cover  removed  but  with 
components  carried  by  it  shown  in  phantom. 
Figure  4  is  a  bottom  plan  view  showing  the 
cylinder  head  assembly,  with  the  intake  and 
exhaust  valves  being  depicted  in  phantom. 
Figure  5  is  a  cross-sectional  view  taken  along 
the  line  5-5  of  Figure  2  and  shows  the  engine 
mounting  arrangement. 
Figure  6  is  a  cross-sectional  view,  in  part  similar 
to  Figure  2,  and  shows  another  embodiment  of 
the  invention.  This  view  is  taken  generally  along 
the  line  6-6  of  Figure  7. 
Figure  7  is  a  top  plan  view  of  the  cylinder  head 
of  this  embodiment  with  the  cam  cover  partially 
removed. 
Figure  8  is  a  cross-sectional  view  of  this  em- 

bodiment  and  is  taken  along  the  line  8-8  in 
Figure  7. 
Figure  9  is  a  cross-sectional  view,  in  part  similar 
to  Figures  2  and  6,  and  shows  yet  another 

5  embodiment  of  the  invention. 
Figure  10  is  a  top  plan  view  of  the  embodiment 
of  Figure  9  with  the  cam  cover  removed. 
Figure  11  is  a  top  plan  view,  in  part  similar  to 
Figure  10,  showing  yet  another  embodiment  of 

70  the  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

75  Referring  first  to  Figure  1  ,  a  motorcycle  power- 
ed  by  an  internal  combustion  engine  constructed  in 
accordance  with  an  embodiment  of  the  invention  is 
identified  generally  by  the  reference  numeral  11. 
The  motorcycle  is  depicted  as  a  typical  environ- 

20  ment  in  which  an  engine  embodying  the  invention 
may  be  employed.  The  invention  has  particular 
utility  in  conjunction  with  internal  combustion  en- 
gines  used  to  power  vehicles.  However,  it  will  be 
readily  apparent  to  those  skilled  in  the  art  that  the 

25  invention  may  be  practiced  in  conjunction  with  oth- 
er  engine  applications. 

The  motorcycle  11  is  comprised  of  a  frame 
assembly,  indicated  generally  by  the  refernce  nu- 
meral  12,  and  which  is  of  the  welded  up  type 

30  including  a  head  pipe  13  that  journals  a  front  fork 
assembly  14  for  steering  movement  and  which 
supports  a  front  wheel  15  in  a  known  manner.  In  a 
similar  manner,  a  rear  wheel  16  is  supported  by 
the  frame  assembly  12  by  means  including  a  trail- 

35  ing  arm  suspension  17. 
An  internal  combustion  engine,  indicated  gen- 

erally  by  the  reference  numeral  18  and  shown  in 
more  details  in  Figures  2  through  4,  is  supported 
within  the  frame  assembly  12  by  means  including 

40  an  engine  mount  19  that  is  affixed  to  a  gusset  plate 
21  which  is  affixed  to  or  forms  a  part  of  the  frame 
assembly  12  in  a  manner  as  will  be  later  described 
by  reference  to  Figure  5.  The  engine  18  is  further 
supported  in  a  suitable  manner  from  a  down  tube 

45  22  of  the  frame  12. 
A  fuel  tank  23  is  supported  by  the  frame  12 

above  the  engine  18  and  supplies  fuel  to  the  en- 
gine  in  a  known  manner  and  specifically  to  car- 
buretors  24  thereof.  An  air  cleaner  25  supplies 

50  filtered  air  to  the  carburetors  24. 
A  seat  26  is  supported  on  the  rear  of  the  frame 

assembly  12  behind  the  fuel  tank  23  so  as  to 
accommodate  a  rider. 

The  engine  18,  as  is  common  with  motorcycle 
55  practice,  includes  an  integral  crankcase,  change 

speed  transmission  assembly  27  that  drives  the 
rear  wheel  16  through  a  chain  28  in  a  known 
manner. 
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The  engine  18  or  at  least  portions  of  it  are 
water  cooled  and  for  this  purpose  there  is  mounted 
a  radiator  30  on  the  frame  assembly  12  forwardly 
of  the  down  tube  22.  The  construction  of  the  mo- 
torcycle  and  its  drive  arrangement  as  thus  far  de- 
scribed  may  be  considered  to  be  conventional  and, 
for  that  reason,  further  description  of  the  motorcy- 
cle  per  se  is  not  believed  to  be  necessary  to 
understand  the  construction  and  operation  of  the 
invention. 

Referring  now  in  detail  to  Figures  2  through  4, 
the  construction  of  the  engine  18  will  be  described 
in  detail.  Since  the  invention  relates  primarily  to  the 
cylinder  head  assembly  and  particularly  the  cam- 
shaft  support  and  the  valve  actuating  mechanism, 
only  the  top  portion  of  the  engine  assembly  has 
been  depicted  and  will  be  described  in  conjunction 
with  a  single  cylinder  of  the  engine.  In  the  illus- 
trated  embodiment,  the  engine  is  of  the  single 
cylinder  type  but  it  is  to  be  understood  that  the 
invention  can  be  practiced  in  combination  with  mul- 
tiple  cylinder  engines  and  the  adoption  of  the  in- 
vention  to  such  engines  is  believed  to  be  well 
within  the  scope  of  those  skilled  in  the  art  in  view 
of  the  following  description.  Two  such  multi-cyl- 
inder  embodiments  will  also  be  described  by  refer- 
ence  to  Figures  9  and  1  1  and  Figure  1  1  . 

The  engine  18  is  comprised  of  a  cylinder  block 
assembly  29  that  defines  one  or  more  cylinder 
bores  31  by  means  of  pressed  in  or  otherwise 
inserted  liners  32.  A  piston  33  is  supported  for 
recpirocation  within  the  cylinder  bore  31  and  is 
connected  by  means  of  a  connecting  rod  (not 
shown)  to  a  crankshaft  for  driving  it  in  a  known 
manner. 

A  cylinder  head  assembly,  indicated  generally 
by  the  reference  numeral  34,  is  affixed  to  the 
cylinder  block  29  in  a  known  manner  and  has  a 
downwardly  facing  sealing  surface  35  that  is  adapt- 
ed  to  cooperate  with  a  gasket  (not  shown)  inter- 
posed  between  this  surface  and  a  corresponding 
upper  surface  of  the  cylinder  block  29  for  sealing 
purposes.  Centrally  of  the  sealing  surface  35,  the 
cylinder  block  is  provided  with  a  combustion  cham- 
ber  area  36  that  is  defined  by  a  recess  37  of  the 
cylinder  head  34,  the  head  of  the  piston  33  and 
cylinder  bore  31.  The  volume  of  the  chamber  36 
varies,  of  course,  with  the  reciprocation  of  the  pis- 
ton  33  and  is  shown  in  Figure  2  at  its  top  dead 
center  position. 

In  order  to  permit  an  intake  charge  to  be  deliv- 
ered  to  the  combustion  chamber  36,  there  is  pro- 
vided  a  multiple  intake  valve  assembly  which  lies 
generally  on  one  side  of  a  plane  containing  the  axis 
C  of  the  cylinder  bore  31  (Figure  3)  and  which 
extends  perpendicularly  to  the  plane  of  Figure  2. 
This  intake  valve  assembly  includes  a  pair  of  intake 
valves  38  which  are  supported  for  reciprocation 

about  parallel  axes  that  are  disposed  at  an  acute 
angle  to  the  aforenoted  plane. 

There  is  provided  a  further  intake  valve  39  that 
is  supported  by  the  cylinder  head  assembly  34  for 

5  reciprocation  about  an  acute  angle  to  the  aforenot- 
ed  plane  but  which  angle  is  different  than  the  angle 
of  the  intake  valves  38.  The  disposition  of  the 
intake  valves  38  and  39  is  generally  as  set  forth  in 
United  States  Letters  Patent  4,660,529,  entitled 

w  "Four  Cycle  Engine",  issued  April  28,  1987  and 
assigned  to  the  assignee  of  this  application  except 
as  will  be  hereinafter  noted.  The  disclosure  of  that 
application  for  the  particular  valve  orientation  and 
the  advantages  of  it  is  incorporated  herein  by  refer- 

75  ence. 
Each  of  the  intake  valves  38  and  39  is  formed 

with  a  head  portion  41  that  cooperates  with  a 
respective  valve  seat  42  that  is  pressed  into  the 
cylinder  head  assembly  34  in  a  known  manner. 

20  These  valve  seats  are  formed  at  the  termination  of 
an  intake  port  43  that  extends  through  one  side  of 
the  cylinder  head  assembly  34  from  a  single  inlet 
as  best  shown  in  Figure  3  and  which  terminates  at 
the  individual  valve  seats  42. 

25  Each  of  the  valves  38  and  39  further  has  a 
stem  portion  44  that  is  supported  for  reciprocation 
within  a  respective  guide  45  formed  in  a  portion  46 
of  the  cylinder  head  34.  The  angular  disposition  of 
the  stems  44  is  such  that  the  tips  thereof  all  lie  on 

30  a  line  A  as  seen  in  Figure  3  when  the  valves  39 
and  39  are  closed. 

The  valves  38  and  39  are  urged  toward  their 
closed  positions  by  means  of  coil  compression 
spring  assemblies  47  that  bear  at  their  lower  ends 

35  against  a  bearing  plate  48  engaged  with  the  cyl- 
inder  head  34  or  formed  on  the  respective  valve 
guide  45  and  at  their  upper  ends  with  a  spring 
retainer  49  that  is  held  to  the  stem  44  of  the 
respective  valve  by  a  keeper  assembly  of  a  known 

40  type. 
The  valve  placement  shown  in  Patent 

4,660,529  is  such  that  the  head  of  the  intake  valve 
39,  which  is  disposed  furthest  from  the  plane  con- 
taining  the  cylinder  bore  axis,  has  the  tip  or  toe 

45  portion  of  it  disposed  lower  than  or  at  the  same 
point  as  the  adjacent  portions  of  the  valves  38.  At  a 
result  of  this,  it  may  be  necessary  to  form  a  recess 
in  the  head  of  the  piston  33  for  clearance  pur- 
poses.  In  accordance  with  a  feature  of  this  inven- 

50  tion,  the  head  41  of  this  outermost  valve  39  is 
raised  so  that  its  toe  portion  does  not  extend  below 
the  heads  41  of  the  valves  38  as  may  be  clearly 
seen  in  Figure  2.  As  a  result,  a  lesser  recessed 
area  is  necessary  in  the  head  of  the  piston  33  for 

55  clearance  purposes. 
On  the  opposite  side  of  the  aforenoted  plane, 

there  are  supported  in  the  cylinder  head  assembly 
34  a  pair  of  exhaust  valves  51  which  have  stem 

5 
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portions  52  that  are  reciprocally  supported  in  the 
cylinder  head  assembly  34  by  valve  guides  of  the 
type  aforedescribed.  The  valve  stems  52  recipro- 
cate  about  parallel  axes  which  are  disposed  at  an 
acute  angle  to  the  aforenoted  plane  and  which  5 
acute  angle  is  less  than  the  acute  angle  of  the  pair 
of  intake  valves  38  and  greater  than  the  acute 
angle  of  the  intake  valve  39.  The  tips  of  the  stems 
52  lie  along  a  line  B  (Figure  3)  when  the  exhaust 
valves  51  are  closed.  These  exhaust  valves  51  w 
control  the  flow  of  exhaust  gases  from  the  combus- 
tion  chamber  to  respective  exhaust  ports  53 
formed  in  the  side  of  the  cylinder  head  34  opposite 
the  intake  passage  43.  The  valves  51  cooperate 
with  valve  seats  54  in  a  known  manner  so  as  to  75 
control  this  flow. 

All  of  the  intake  valves  38  and  39  and  both  of 
the  exhaust  valves  51  are  operated  by  means  of  a 
single  overhead  camshaft  55.  The  camshaft  55  is 
journaled,  in  a  manner  to  be  described,  for  rotation  20 
about  a  camshaft  axis  that  extends  parallel  to  the 
aforenoted  plane  and  which  is  offset  slightly  from 
one  side  thereof  and  the  cylinder  bore  axis  C  by 
the  distance  D2  toward  the  intake  valves  38  and 
39.  However,  the  axes  of  reciprocation  of  the  intake  25 
valves  38  and  39  all  lie  on  one  side  of  a  plane 
containing  the  axis  of  rotation  of  the  camshaft  55 
while  the  axes  of  reciprocation  of  the  exhaust 
valves  51  lies  on  the  other  side  of  this  plane. 

The  camshaft  55,  since  it  operates  all  of  the  30 
valves  38,  39  and  51,  must  be  very  rigidly  sup- 
ported  so  as  to  resist  any  bending  forces  on  it.  To 
that  end,  the  camshaft  55  is  provided  with  spaced 
bearing  portions  adjacent  its  ends  which  are  jour- 
naled  within  bearing  surfaces  56  formed  by  the  35 
cylinder  head  34.  In  addition,  there  is  provided  a 
central  bearing  portion  on  the  camshaft  inwardly  of 
its  ends  that  is  journaled  on  a  bearing  surfaces  57 
of  the  cylinder  head  assembly  34.  The  center  of 
this  camshaft  bearing  surface  and  the  cylinder  40 
head  bearing  surface  is  offset  a  distance  D1  from 
the  cylinder  bore  axis  C.  The  bearing  surfaces  56 
and  57  of  the  cylinder  head  cooperate  with  cor- 
responding  bearing  surfaces  formed  by  a  com- 
bined  bearing  cap  and  cam  cover  assembly,  in-  45 
dicated  generally  by  the  reference  numeral  59  and 
which  is  affixed  to  the  cylinder  head  34  in  a  man- 
ner  to  be  described. 

One  of  the  intake  valves  38  and  the  intake 
yalve  39  are  operated  by  a  single  intake  lobe  61  of  50 
the  cam  shaft  52,  which  lobe  61  is  disposed  be- 
tween  the  bearing  surfaces  of  the  camshaft  which 
cooperate  with  the  cylinder  head  bearing  surfaces 
56  and  57  and  the  corresponding  bearing  portions 
of  the  cam  cover,  bearing  cap  59.  As  a  result,  the  55 
construction  is  extremely  rigid. 

The  cam  lobe  61  cooperates  with  a  follower  ' 
portion  62  of  a  first  intake  rocker  arm  63  that  is 

journaled  in  the  cam  cover,  bearing  cap  59  on  a 
rocker  arm  shaft  64.  The  rocker  arm  shaft  64  is 
journaled  in  a  suitable  manner  in  the  cover  59.  The 
rocker  arm  63  has  two  extending  arm  portions  65. 
The  portions  65  carry  adjusting  screws  66  that 
cooperate  with  the  tips  of  the  stem  of  one  of  the 
pair  of  intake  valves  38  and  the  tip  of  the  stem  at 
the  valve  39  so  as  to  operate  these  valves. 

The  camshaft  55  is  provided  with  a  further  cam 
lobe  67  that  is  disposed  on  the  opposite  side  of  the 
central  bearing  portion  of  the  camshaft  which  coop- 
erates  with  the  cylinder  head  bearing  surface  57 
from  the  cam  lobe  61  .  The  cam  lobe  67  is  located 
between  the  bearing  surfaces  55  and  56  and  coop- 
erates  with  a  second  intake  rocker  arm  68  that  is 
also  journaled  on  the  rocker  arm  shaft  64.  The 
rocker  arm  68  is  a  single  rocker  arm  and  carries  an 
adjusting  screw  69  for  operating  the  remaining 
valve  of  the  intake  valve  pair  38. 

The  camshaft  55  is  also  provided  with  a  pair  of 
exhaust  lobes  70  which  lobes  are  each  disposed 
between  a  respective  one  of  the  end  bearing  sur- 
faces  on  the  camshaft  and  the  intake  lobes  61  and 
67.  A  pair  of  exhaust  rocker  arms,  indicated  gen- 
erally  by  the  reference  numerals  71  each  have 
follower  portions  72  that  cooperate  with  a  respec- 
tive  of  the  exhaust  cam  lobes  70  for  pivoting  the 
rocker  arms  71  about  a  rocker  arm  shaft  73  which, 
like  the  rocker  arm  shaft  64,  is  carried  by  the  cam 
cover  and  bearing  cap  59.  Adjusting  screws  74 
carried  at  the  outer  ends  75  of  the  rocker  arms  71 
contact  the  tips  of  the  exhaust  valve  stems  52  for 
operating  the  exhaust  valves  in  a  known  manner. 

The  engine  is  also  provided  with  a  spark  plug 
76  for  firing  the  charge  in  the  combustion  chamber 
37.  The  spark  plug  76  is  received  within  a  spark 
plug  receiving  recess  77  formed  by  aligned  bores 
78  and  79  formed  in  the  cylinder  head  34  and  cam 
cover  59,  respectively.  A  tapped  hole  81  formed  at 
the  bottom  of  the  cylinder  head  bore  78  receives 
the  threads  of  the  spark  plug  so  that  its  gap  will  be 
positioned  generally  centrally  of  the  combustion 
chamber  37. 

The  cylinder  head  34  is  also  provided  with  a 
cooling  jacket  82  through  which  coolant  is  cir- 
culated  from  a  cooling  jacket  83  of  the  cylinder 
block  29  in  a  manner  described  in  my  copending 
application  entitled  "Cylinder  Head  Cooling  For 
Multiple  Valve  Engine",  Serial  No.  ,  filed 
and  assigned  to  the  assignee  of  this  application 
(Attorney  Docket  No.  2503-01339). 

The  camshaft  55  carries  a  sprocket  84  at  one 
end  which  is  driven  at  one-half  crankshaft  speed  by 
a  chain  85. 

It  should  be  noted  that  the  provision  of  the 
cooling  cavity  82  gives  the  cylinder  head  34  a 
generally  open  V-type  configuration.  However,  in 
accordance  with  the  invention,  there  is  provided  a 
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bridging  member  86  that  extends  across  the  upper 
portion  of  the  cooling  cavity  82  and  which  serves 
as  a  bridging  portion  between  the  opposite  sides  of 
the  cylinder  head  to  additionally  provide  the  bear- 
ing  surface  57  for  the  center  bearing  portion  of  the 
camshaft  55.  This  bridging  portion  86  also  extends 
into  the  spark  plug  well  77  so  as  to  provide  good 
reinforcing  for  the  cylinder  head  in  this  area.  As  a 
result  of  the  use  of  this  bridging  member,  which 
extends  substantially  across  the  center  portion  of 
the  combustion  chamber  36,  the  cylinder  head  will 
be  quite  strong. 

As  may  be  seen  in  Figures  2  and  3,  the  bear- 
ing  cap,  cam  cover  59  is  held  to  the  cylinder  head 
34  by  means  of  four  spaced  bolts  87.  Certain  of 
the  bolts  87  extends  through  areas  where  the  roc- 
ker  arm  shafts  67  and  73  also  extend.  In  order  to 
prevent  interference,  the  rocker  arm  shafts  are  re- 
lieved  in  these  areas  as  seen  at  88  in  Figure  2.  In 
like  manner,  the  exhaust  rocker  arm  shaft  73  ex- 
tends  through  the  spark  plug  recess  77  and  to 
prevent  interference,  a  portion  89  of  this  rocker  arm 
shaft  is  removed  or  relieved  so  as  to  permit  the 
spark  plug  76  to  be  inserted  and  removed  without 
interference.  As  a  result,  the  construction  can  be 
extremely  compact  and  yet  there  is  no  sacrifice 
made  for  the  good  operation  of  the  components  or 
the  ability  to  service  them. 

Referring  now  primarily  to  Figures  2  and  7,  it 
will  be  seen  that  the  bearing  cap,  cam  cover  59  is 
provided  with  an  upwardly  extending  lug  portion  89 
which  is  generally  bifurcated  to  pass  one  of  the 
hold-down  bolts  87.  This  bifurcated  lug  89  is 
formed  with  a  pair  of  aligned  bores  through  which  a 
first  bolt  and  nut  assembly  91  extends  so  as  to 
attach  a  pair  of  engine  mounts  19  to  the  engine.  A 
second  bolt  and  nut  assembly  92  passes  through 
another  series  of  holes  in  the  engine  mounts  19  so 
as  to  secure  the  engine  mounts  19  and  engine  to 
the  frame  cross  member  or  gusset  21,  as  af- 
oredescribed. 

In  the  embodiment  of  the  invention  as  thus  far 
described,  the  engine  has  been  provided  with  a 
single  spark  plug  for  each  cylinder  or  combustion 
chamber.  Such  an  arrangement  has  particular  util- 
ity;  however,  in  large  bore  engines,  it  may  be 
desirable  to  employ  plural,  such  as  two  spark 
plugs.  The  use  of  plural  spark  plugs  is  advanta- 
geous  to  insure  that  the  entire  charge  in  the  cyl- 
inder  will  be  burned  even  under  high  speed  run- 
ning.  By  using  multiple  spark  plugs,  it  is  possible 
to  insure  that  this  result  is  obtained. 

The  invention,  however,  can  be  utilized  in  con- 
junction  with  engines  having  two  spark  plugs  per 
cylinder  and  such  an  embodiment  is  shown  in 
Figure  8  wherein  the  engine  is  identified  generally 
by  the  reference  numeral  101.  Except  for  the  use 
of  the  two  spark  plugs  and  the  construction  in  the 

cylinder  head  for  accommodating  them,  this  em- 
bodiment  is  the  same  as  the  previously  described 
embodiment.  For  that  reason,  components  which 
are  the  same  as  those  of  the  previously  described 

5  embodiment  have  been  identified  by  the  same 
reference  numerals  and  will  be  described  again 
only  insofar  as  is  necessary  to  understand  the 
construction  and  operation  of  this  embodiment. 

In  this  embodiment,  there  are  provided  two 
70  diametrically  positioned  spark  plugs  102  and  103. 

The  spark  plug  102  is  positioned  in  a  spark  plug 
recess  104  that  is  formed  in  the  timing  cover 
portion  of  the  engine  and  passes  between  the 
flights  of  the  drive  chain  85.  The  spark  plug  103, 

75  on  the  other  hand,  is  disposed  beyond  the  end  of 
the  camshaft  55  and  is  provided  within  a  spark 
plug  well  105  formed  in  this  portion  of  the  cylinder 
head.  In  all  other  regards,  this  embodiment  is  the 
same  as  the  previously  described  embodiment, 

20  and  for  that  reason  further  description  of  it  is  be- 
lieved  to  be  unnecessary  to  permit  those  skilled  in 
the  art  to  practice  the  invention. 

In  this  embodiment,  the  bridging  member  86 
does  not  extend  to  the  spark  plug  recess  77  be- 

25  cause  of  the  different  placement  of  the  spark  plugs. 
However,  the  bridging  member  86  still  acts  to 
reinforce  the  cylinder  head  as  in  the  previously 
described  embodiment. 

In  the  embodiments  of  the  invention  as  thus  far 
30  described,  the  invention  has  been  described  in 

relation  to  a  single  cylinder  engine.  As  has  been 
previously  noted,  the  invention  is  adaptable  of  use 
in  multiple  cylinder  engines  and  one  such  embodi- 
ment  is  shown  in  Figures  9  and  10.  Because  this 

35  embodiment  is  generally  similar  to  the  previously 
described  embodiments,  those  components  which 
are  the  same  or  substantially  the  same  have  been 
identified  by  the  same  reference  numerals  and  will 
not  be  described  again  in  detail. 

40  In  this  embodiment,  an  intake  rocker  arm  shaft 
151  and  exhaust  rocker  arm  shaft  152  are  sup- 
ported  and  journaled  by  means  of  bearing  caps 

"  153,  154  and  155  which  are  affixed  to  the  cylinder 
head  34  in  a  conventional  manner.  As  a  result,  the 

45  exhaust  rocker  arm  shaft  152  can  be  positioned 
more  inwardly  from  the  spark  plug  recess  77  and  it 
is  not  necessary  to  relieve  the  exhaust  rocker  arm 
shaft  152  for  this  reason.  In  a  like  manner,  in  this 
embodiment,  the  camshaft  55  is  provided  with 

50  spaced  bearing  portions  that  are  journaled  in  the 
bearing  caps  153,  154  and  155  in  a  more  conven- 
tional  manner.  The  camshaft  55  is  provided  with  a 
thrust  shoulder  156  that  cooperates  with  thrust  tak- 
ing  surfaces  of  the  bearing  cap  154  so  as  to  take 

55  axial  thrusts  on  the  camshaft  55. 
For  each  cylinder  of  the  engine,  the  camshaft 

55  is  provided  with  a  pair  of  intake  lobes  157  that 
are  disposed  generally  adjacent  each  other  and  a 

7 



13 EP  0  422  277  A1 14 

pair  of  exhaust  lobes  1  58  that  are  disposed  ouwar- 
dly  of  the  intake  lobes  157.  A  single  intake  rocker 
arm  159  for  each  cylinder  has  a  pair  of  follower 
portions  1  61  that  engage  the  intake  cam  lobes  1  57. 
The  rocker  arm  159  also  has  three  extending  arm 
portions  162,  each  of  which  operates  a  respective 
one  of  the  intake  valves. 

In  a  similar  manner,  there  is  provided  a  single 
exhaust  rocker  arm  163  that  has  a  pair  of  follower 
portions  164  that  are  engaged  with  the  exhaust 
cam  lobes  158.  This  rocker  arm  also  has  a  pair  of 
finger  portions  165  that  carry  adjusting  screws  that 
cooperate  with  the  exhaust  valve  stems  to  actuate 
them.  In  all  other  regards,  this  embodiment  is  the 
same  as  those  previously  described. 

Figure  11  shows  yet  another  embodiment  of 
the  invention  which  is  generally  similar  to  the  em- 
bodiment  of  Figures  9  and  10  and  which  can  be 
utilized  in  conjunction  with  a  multiple  cylinder  en- 
gine.  This  embodiment  differs  from  the  embodment 
of  Figures  9  and  10  only  in  that  the  rocker  arms 
associated  with  the  intake  valves  only  have  a  single 
follower  portion  201  that  is  engaged  with  a  single 
cam  lobe  202  on  the  camshaft  55  for  operating  the 
intake  valves  38  and  39.  In  all  other  regards,  this 
embodiment  is  the  same  as  previously  described 
embodiment  and  those  components  which  are  the 
same  or  substantially  the  same  have  been  iden- 
tified  by  the  same  reference  numerals  and  further 
description  of  them  and  of  this  embodiment  is  not 
believed  necessary  to  enable  those  skilled  in  the 
art  to  make  and  use  the  invention. 

It  should  be  readily  apparent  from  the  fore- 
going  description  that  a  number  of  embodiments  of 
multiple  valve,  single  overhead  camshaft  engines 
have  been  described,  each  of  which  is  effective  in 
achieving  the  goals  of  the  invention  as  aforenoted. 
Although  a  number  of  embodiments  of  the  inven- 
tion  have  been  illustrated  and  described,  various 
changes  and  modifications  may  be  made  without 
departing  from  the  spirit  and  scope  of  the  inven- 
tion,  as  defined  by  the  appended  claims. 

Claims 

1.  A  cylinder  head  for  an  internal  combustion  en- 
gine  having  a  lower  surface  defining  in  part  a 
combustion  chamber,  a  first  plurality  of  valves  sup- 
ported  for  reciprocation  along  axes  that  lie  at  acute 
angles  to  one  side  of  a  plane  passing  generally 
through  the  center  of  said  cylinder  head,  a  second 
plurality  of  valves  supported  for  reciprocation  along 
axes  that  lie  at  an  acute  angle  to  the  other  side  of 
said  plane,  the  area  of  said  cylinder  head  spaced 
from  said  lower  surface  and  between  the  portions 
supporting  said  valves  defining  generally  a  void, 
and  a  bridging  member  formed  by  said  cylinder 

head  extending  across  said  void  and  within  an  area 
bounded  by  an  extension  of  said  combustion 
chamber  surface  for  reinforcing  said  cylinder  head. 
2.  A  cylinder  head  as  set  forth  in  Claim  1  wherein 

5  the  void  defines  a  cooling  jacket  for  receiving  liquid 
coolant  for  cooling  the  cylinder  head. 
3.  A  cylinder  head  as  set  forth  in  Claim  1  further 
including  a  spark  plug  receiving  recess  formed  in 
the  cylinder,  said  bridging  member  merging  into 

w  the  portion  of  said  cylinder  head  defining  said 
spark  plug  receiving  recess. 
4.  A  cylinder  head  as  set  forth  in  Claim  3  further 
including  a  camshaft  journaled  by  a  bearing  sur- 
face  formed  in  said  bridging  member  for  operating 

15  at  least  some  of  said  valves. 
5.  A  cylinder  head  as  set  forth  in  Claim  4  wherein 
all  of  the  valves  are  operated  by  the  camshaft. 
6.  A  cylinder  head  as  set  forth  in  Claim  5  wherein 
the  first  plurality  of  valves  contains  more  valves 

20  than  the  second  plurality  of  valves. 
7.  A  cylinder  head  as  set  forth  in  Claim  6  wherein 
the  rotational  axis  of  the  camshaft  is  offset  toward 
the  first  plurality  of  valves. 
8.  A  cylinder  head  as  set  forth  in  Claim  7  wherein 

25  the  bearing  surface  for  the  camshaft  formed  by  the 
bridging  member  is  offset  from  the  center  of  the 
bore  of  the  associated  cylinder. 
9.  A  cylinder  head  as  set  forth  in  Claim  1  further 
including  a  camshaft  journaled  by  a  bearing  sur- 

30  face  formed  in  said  bridging  member  for  operating 
at  least  some  of  said  valves. 
10.  A  cylinder  head  as  set  forth  in  Claim  9  wherein 
all  of  the  valves  are  operated  by  the  camshaft. 
11.  A  cylinder  head  as  set  forth  in  Claim  10 

35  wherein  the  first  plurality  of  valves  contains  more 
valves  than  the  second  plurality  of  valves. 
12.  A  cylinder  head  as  set  forth  in  Claim  11 
wherein  the  rotational  axis  of  the  camshaft  is  offset 
toward  the  first  plurality  of  valves. 

40  13.  A  cylinder  head  as  set  forth  in  Claim  12 
wherein  the  bearing  surface  for  the  camshaft 
formed  by  the  bridging  member  is  offset  from  the 
center  of  the  bore  of  the  associated  cylinder. 
14.  A  cylinder  head  as  set  forth  in  Claim  13  further 

45  including  a  pair  of  cam  lobes  formed  on  the  cam- 
shaft  on  opposite  sides  of  the  portion  of  the  cam- 
shaft  journaled  by  the  bearing  surface  formed  by 
the  bridging  member. 
15.  A  cylinder  head  as  set  forth  in  Claim  14 

so  wherein  the  pair  of  cam  lobes  operate  the  valves  of 
the  first  set. 
16.  A  cylinder  head  as  set  forth  in  Claim  15  further 
including  rocker  arm  means  operated  by  the  cam 
lobes  for  operating  the  first  plurality  of  valves. 

55  17.  A  cylinder  head  as  set  forth  in  Claim  16 
wherein  the  rocker  arm  means  includes  at  least  two 
rocker  arms. 
18.  A  cylinder  head  as  set  forth  in  Claim  17 

B 
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wherein  the  rocker  arms  are  pivotally  supported 
upon  a  rocker  arm  shaft  and  wherein  the  cylinder 
head  is  formed  with  a  recess  for  passing  a  member 
affixed  to  the  cylinder  head  and  wherein  the  rocker 
arm  shaft  passes  across  the  recess  and  has  a  relief 
portion  so  that  the  member  can  be  freely  inserted 
into  and  removed  from  the  recess. 
19.  A  cylinder  head  as  set  forth  in  Claim  9  further 
including  a  pair  of  cam  lobes  formed  on  the  cam- 
shaft  on  opposite  sides  of  the  portion  of  the  cam- 
shaft  journaled  by  the  bearing  surface  formed  by 
the  bridging  member. 
20.  A  cylinder  head  as  set  forth  in  Claim  19 
wherein  the  pair  of  cam  lobes  operate  the  valves  of 
the  first  plurality. 
21  .  A  cylinder  head  as  set  forth  in  Claim  20  further 
including  rocker  arm  means  operated  by  the  cam 
lobes  for  operating  the  first  plurality  of  valves. 
22.  A  cylinder  head  as  set  forth  in  Claim  21 
wherein  the  rocker  arm  means  includes  at  least  two 
rocker  arms. 
23.  A  cylinder  head  as  set  forth  in  Claim  22 
wherein  the  rocker  arms  are  pivotally  supported 
upon  a  rocker  arm  shaft  and  wherein  the  cylinder 
head  is  formed  with  a  recess  for  passing  a  member 
affixed  to  the  cylinder  head  and  wherein  the  rocker 
arm  shaft  passes  across  the  recess  and  has  a  relief 
portion  so  that  the  member  can  be  freely  inserted 
into  and  removed  from  the  recess. 
24.  A  cylinder  head  as  set  forth  in  Claim  23 
wherein  the  member  comprises  a  fastener  for  se- 
curing  a  cam  cover  to  the  cylinder  head. 
25.  A  cylinder  head  as  set  forth  in  Claim  24 
wherein  the  cam  cover  carries  the  rocker  arm  shaft. 
26.  A  cylinder  head  assembly  for  an  internal  com- 
bustion  engine,  said  assembly  comprising  a  cyl- 
inder  head  having  a  surface  defining  in  part  a 
combustion  chamber,  a  camshaft  rotatable  about  a 
camshaft  axis  lying  in  a  plane  that  extends  trans- 
versely  to  said  combustion  chamber,  first  valve 
means  supported  for  reciprocation  substantially  on 
one  side  of  said  plane,  second  valve  means  sup- 
ported  for  reciprocation  substantially  on  the  other 
side  of  said  plane,  said  valve  means  all  serving 
said  combustion  chamber,  said  valve  means  com- 
prising  poppet  valves,  the  number  of  poppet  valves 
of  said  first  valve  means  being  greater  than  the 
number  of  poppet  valves  of  said  second  valve 
means,  said  camshaft  axis  lying  closer  to  said  first 
valve  means  than  to  said  second  valve  means. 
27.  A  cylinder  head  assembly  as  set  forth  in  Claim 
26  wherein  the  camshaft  is  journaled  by  a  bearing 
surface  of  the  camshaft  offset  from  the  center  of 
the  bore  of  the  associated  cylinder. 
28.  A  cylinder  head  assembly  as  set  forth  in  Claim 
27  further  including  a  pair  of  cam  lobes  formed  on 
the  camshaft  on  opposite  sides  of  the  bearing 
surface. 

29.  A  cylinder  head  assembly  as  set  forth  in  Claim 
28  wherein  the  pair  of  cam  lobes  operate  the  first 
valve  means. 
30.  A  cylinder  head  assembly  as  set  forth  in  Claim 

5  29  further  including  rocker  arm  means  operated  by 
the  cam  lobes  for  operating  the  first  valve  means. 
31  .  A  cylinder  head  assembly  as  set  forth  in  Claim 
30  wherein  the  rocker  arm  means  includes  at  least 
two  rocker  arms. 

70  32.  A  cylinder  head  assembly  as  set  forth  in  Claim 
31  wherein  the  rocker  arms  are  pivotally  supported 
upon  a  rocker  arm  shaft  and  wherein  the  cylinder 
head  is  formed  with  a  recess  for  passing  a  member 
affixed  to  the  cylinder  head  and  wherein  the  rocker 

75  arm  shaft  passes  across  the  recess  and  has  a  relief 
portion  so  that  the  member  can  be  freely  inserted 
into  and  removed  from  the  recess. 
33.  A  cylinder  head  assembly  as  set  forth  in  Claim 
25  further  including  a  pair  of  cam  lobes  formed  on 

20  the  camshaft  on  opposite  sides  of  the  bearing 
surface  of  the  camshaft. 
34.  A  cylinder  head  assembly  as  set  forth  in  Claim 
34  wherein  the  pair  of  cam  lobes  operate  the 
valves  of  the  first  valve  means. 

25  35.  A  cylinder  head  assembly  as  set  forth  in  Claim 
34  further  includingng  rocker  arm  means  operated 
by  the  cam  lobes  for  operating  the  first  valve 
means. 
36.  A  cylinder  head  assembly  as  set  forth  in  Claim 

30  35  wherein  the  rocker  arm  means  includes  at  least 
two  rocker  arms. 
37.  A  cylinder  head  assembly  as  set  forth  in  Claim 
36  wherein  the  rocker  arms  are  pivotally  supported 
upon  a  rocker  arm  shaft  and  wherein  the  cylinder 

35  head  is  formed  with  a  recess  for  passing  a  member 
affixed  to  the  cylinder  head  and  wherein  the  rocker 
arm  shaft  passes  across  the  recess  and  has  a  relief 
portion  so  that  the  member  can  be  freely  inserted 
into  and  removed  from  the  recess. 

40  38.  A  cylinder  head  assembly  as  set  forth  in  Claim 
37  wherein  the  member  comprises  a  fastener  for 
securing  a  cam  cover  to  the  cylinder  head. 
39.  A  cylinder  head  assembly  as  set  forth  in  Claim 
38  wherein  the  cam  cover  carries  the  rocker  arm 

45  shaft. 
40.  In  a  camshaft  arrangmeent  for  a  multiple  valve 
internal  combustion  engine  comprising  a  cylinder 
head  adapted  to  form  in  part  a  combustion  cham- 
ber,  a  camshaft  journaled  for  rotation  relative  to 

so  said  cylinder  head  about  a  camshaft  axis,  a  first 
plurality  of  valves  supported  for  reciprocation  about 
axes  lying  on  one  side  of  said  camshaft  axis,  a 
second  plurality  of  valves  supported  for  reciproca- 
tion  about  axes  lying  on  the  other  side  of  said 

55  camshaft  axes,  valve  actuating  means  for  operating 
all  of  said  valves  from  said  camshaft,  said  valve 
actuating  means  including  at  least  a  pair  of  cam 
lobes  formed  on  said  camshaft,  a  pair  of  pivotally 
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supported  rocker  arms  each  having  a  follower  por- 
tion  engaged  with  a  one  of  said  pair  of  cam  lobes 
for  pivoting  said  rocker  arms,  and  bearing  means 
for  journaling  said  camshaft  for  rotation  about  a 
bearing  surface  disposed  between  said  cam  lobes 
and  adjacent  thereto. 
41.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
40  wherein  the  first  plurality  of  valves  contains 
more  valves  than  the  second  plurality  of  valves. 
42.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
41  wherein  the  rotational  axis  of  the  camshaft  is 
offset  toward  the  first  plurality  of  valves. 
43.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
42  wherein  the  camshaft  is  journaled  by  a  bearing 
surface  of  the  camshaft  offset  from  the  center  of 
the  bore  of  the  associated  cylinder. 
44.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
43  wherein  the  pair  of  cam  lobes  operate  the 
valves  of  the  first  plurality. 
45.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
44  wherein  the  rocker  arm  means  includes  at  least 
two  rocker  arms. 
46.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
45  wherein  the  rocker  arms  are  pivotally  supported 
upon  a  rocker  arm  shaft  and  wherein  the  cylinder 
head  is  formed  with  a  recess  for  passing  a  member 
affixed  to  the  cylinder  head  and  wherein  the  rocker 
arm  shaft  passes  across  the  recess  and  has  a  relief 
portion  so  that  the  member  can  be  freely  inserted 
into  and  removed  from  the  recess. 
47.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
46  wherein  the  member  comprises  a  fastener  for 
securing  a  cam  cover  to  the  cylinder  head. 
48.  In  a  camshaft  arrangement  as  set  forth  in  Claim 
47  wherein  the  cam  cover  carries  the  rocker  arm 
shaft. 
49.  A  cylinder  head  assembly  for  an  internal  com- 
bustion  engine  comprising  a  cylinder  head  forming 
in  part  a  combustion  chamber,  a  plurality  of  poppet 
valves  supported  for  reciprocation  and  serving  said 
combustion  chamber,  a  camshaft,  bearing  cap 
means  affixed  relative  to  said  cylinder  head  and 
with  said  cylinder  head  journaling  said  camshaft  for 
rotation  about  a  camshaft  axis,  at  least  one  rocker 
arm  supported  for  pivotal  movement  upon  a  rocker 
arm  shaft  carried  by  said  bearing  cap  means,  an 
opening  formed  in  said  bearing  cap  means  and 
aligned  with  an  opening  formed  in  said  cylinder 
head  for  passing  a  component  fixed  to  said  cyl- 
inder  head,  said  bearing  cap  opening  passing 
across  an  area  where  said  rocker  arm  shaft  ex- 
tends,  said  rocker  arm  shaft  being  formed  with  a 
relief  in  the  area  of  said  opening  to  pass  a  compo- 
nent  with  a  clearance. 
50.  A  cylinder  head  assembly  as  set  forth  in  Claim 
49  wherein  the  component  comprises  a  spark  plug. 
51.  A  cylinder  head  assembly  as  set  forth  in  Claim 
49  wherein  the  component  comprises  a  fastener  for 

affixing  the  bearing  cap  to  the  cylinder  head. 
52.  A  cylinder  head  arrangement  for  closing  the 
bore  of  an  internal  combustion  engine  comprising  a 
first  pair  of  poppet  valves  supported  by  said  cyl- 

5  inder  head  for  reciprocation  about  parallel  axes  that 
extend  at  an  acute  angle  to  one  side  of  a  plane 
containing  the  axis  of  the  cylinder  bore,  a  third 
poppet  valve  supported  for  reciprocation  by  said 
cylinder  head  along  an  axis  disposed  at  an  acute 

10  angle  to  said  plane,  the  angle  of  reciprocation  of 
said  third  valve  being  less  than  the  angle  of  recip- 
rocation  of  said  first  pair  of  valves,  said  third  valve 
being  positioned  at  a  greater  distance  from  said 
plane  than  said  first  pair  of  valves  and  having  the 

15  portion  of  its  head  closest  to  said  plane  being 
disposed  at  a  higher  position  relative  to  the  asso- 
ciated  cylinder  bore  than  the  heads  of  the  first  pair 
of  valves. 
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