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Description 

The  present  invention  relates  to  an  engine  that 
is  selectively  operable  in  two-  and  four-cycle 
modes  depending  on  the  rotational  speed  of  the 
engine  and  the  load  on  the  engine. 

Conventional  reciprocal-piston  engines  are 
roughly  classified  into  two-cycle  engines  in  which 
intake,  compression,  power,  and  exhaust  strokes 
occur  while  the  piston  reciprocates  once,  i.e.,  the 
crankshaft  makes  one  revolution,  and  four-cycle 
engines  in  which  intake,  compression,  power,  and 
exhaust  strokes  occur  while  the  piston  reciprocates 
twice,  i.e.,  the  crankshaft  makes  two  revolutions. 

In  the  two-cycle  engines,  the  intake  and  ex- 
haust  strokes  are  effected  around  the  bottom  dead 
center  of  the  piston,  and  the  power  stroke  is  effec- 
ted  each  time  the  crankshaft  makes  one  revolution. 
Therefore,  the  two-cycle  engines  suffer  lower  fluc- 
tuations  of  the  rotational  speed  of  the  output  shaft, 
and  can  produce  a  higher  torque. 

In  the  four-cycle  engines,  since  intake  and  ex- 
haust  strokes  occur  independently  of  each  other, 
the  exhaust  gases  are  fully  replaced  with  a  new  air- 
fuel  mixture.  Accordingly,  the  four-cycle  engines 
are  more  advantageous  than  the  two-cycle  engines 
in  that  the  exhaust  gases  are  cleaner,  and  the  fuel 
consumption  in  high-speed  engine  operation  is  low- 
er. 

Inasmuch  as  the  two-  and  four-cycle  engines 
have  different  operating  characteristics,  an  engine 
which  can  operate  as  a  two-cycle  engine  in  a  low- 
speed  operation  range  and  as  a  four-cycle  engine 
in  a  high-speed  operation  range  is  expected  to 
offer  the  advantages  of  both  two-  and  four-cycle 
engines. 

However,  it  is  highly  difficult  to  change  the 
timing  to  open  and  close  the  intake  and  exhaust 
valves  while  the  engine  is  in  operation.  There  has 
not  been  available  an  engine  having  a  practically 
feasible  mechanism  for  modifying  the  timing  to 
open  and  close  the  intake  and  exhaust  valves. 

US-A-3019776,  over  which  the  present  inven- 
tion  is  characterized,  discloses  an  engine  which  is 
selectively  operable  in  both  two-  and  four-stroke 
modes. 

In  view  of  the  aforesaid  drawbacks  of  the  con- 
ventional  engines,  it  is  an  object  of  the  present 
invention  to  provide  a  practical  engine  that  is  selec- 
tively  operable  in  two-  and  four-cycle  modes. 

According  to  the  present  invention,  there  is 
provided  an  engine  selectively  operable  in  two-  and 
four-cycle  modes  by  varying  the  timing  to  open 
and  close  intake  and  exhaust  valves,  comprising: 

first  valve  actuating  means  for  opening  and 
closing  each  intake  and  exhaust  valve; 

second  valve  actuating  means  for  opening  and 
closing  each  intake  and  exhaust  valve;  and 

selective  operating  means  for  operating  the 
first  valve  actuating  means  to  open  and  close  the 
intake  and  exhaust  valves  while  the  second  valve 
actuating  means  is  disabled,  and  for  operating  the 

5  second  valve  actuating  means  to  open  and  close 
the  intake  and  exhaust  valves  while  the  first  valve 
actuating  means  is  disabled;  and  characterised  by: 

the  second  valve  actuating  means  comprising 
a  cam  mechanism  having  two  diametrically  op- 

io  posed  cams;  and, 
rotation  transmitting  means  for  transmitting  ro- 

tation  of  a  crankshaft  of  the  engine  to  the  first  valve 
actuating  means  through  the  selective  operating 
means  when  the  engine  operates  in  the  four-cycle 

75  mode,  and  to  the  second  valve  actuating  means 
through  the  selective  operation  means  when  the 
engine  operates  in  the  two-cycle  mode,  the  rotation 
transmitting  means  transmitting  the  rotation  of  the 
crank  shaft  to  the  first  and  second  valve  actuating 

20  means  at  half  the  rotational  speed  of  the  crank- 
shaft. 

According  to  the  present  invention,  there  is 
further  provided  an  engine  selectively  operable  in 
two-  and  four-cycle  modes  by  varying  the  timing  to 

25  open  and  close  intake  and  exhaust  valves,  com- 
prising: 

first  valve  actuating  means  for  opening  and 
closing  each  intake  and  exhaust  valve; 

second  valve  actuating  means  for  opening  and 
30  closing  each  intake  and  exhaust  valve;  and 

selective  operating  means  for  operating  the 
first  valve  actuating  means  to  open  and  close  the 
intake  and  exhaust  valves  while  the  second  valve 
actuating  means  is  disabled,  and  for  operating  the 

35  second  valve  actuating  means  to  open  and  close 
the  intake  and  exhaust  valves  while  the  first  valve 
actuating  means  is  disabled;  characterised  by: 

rotation  transmitting  means  for  transmitting  ro- 
tation  of  a  crankshaft  of  the  engine,  each  time  the 

40  crankshaft  makes  two  revolutions,  to  the  first  valve 
actuating  means  through  the  selective  operating 
means  when  the  engine  operates  in  the  four-cycle 
mode,  and  for  transmitting  rotation  of  the  crank- 
shaft,  each  time  the  crankshaft  makes  one  revolu- 

45  tion,  to  the  second  valve  actuating  means  through 
the  selective  operation  means  when  the  engine 
operates  in  the  two-cycle  mode. 

The  above  and  other  objects,  features,  and 
advantages  of  the  present  invention  will  become 

50  apparent  from  the  following  description  when  taken 
in  conjunction  with  the  accompanying  drawings 
which  illustrate  preferred  embodiments  of  the 
present  invention  by  way  of  example. 

Fig.  1  is  a  schematic  diagram  showing  an  en- 
55  gine  according  to  the  present  invention; 

Figs  2(a)  and  2(b)  are  diagrams  showing  cam 
profiles  indicative  of  the  relationship  between 
the  cam  lift  of  intake  and  exhaust  valves  and  the 
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rotational  phase  of  the  engine; 
Fig.  3  is  a  fragmentary  cross-sectional  view  of  a 
valve  and  camshafts; 
Fig.  4  is  a  view  showing  a  mechanism  for  rotat- 
ing  the  camshafts  shown  in  Fig.  3; 
Fig.  5  is  a  perspective  view  of  an  electromag- 
netic  clutch; 
Fig.  6  is  a  fragmentary  cross-sectional  view  of  a 
modified  mechanism  for  changing  the  timing  to 
open  and  close  intake  and  exhaust  valves; 
Fig.  7  is  a  fragmentary  cross  sectional  view 
showing  a  valve  and  camshafts  according  to 
another  embodiment  of  the  present  invention; 
Fig.  8  is  a  view  showing  a  mechanism  for  rotat- 
ing  the  camshafts  shown  in  Fig.  7;  and 
Fig.  9  is  a  fragmentary  cross-sectional  view  of 
another  modified  mechanism  for  changing  the 
timing  to  open  and  close  intake  and  exhaust 
valves. 

Fig.  1  schematically  shows  an  engine  accord- 
ing  to  the  present  invention.  The  engine,  generally 
designated  by  the  reference  numeral  1,  has  intake 
and  exhaust  valves  11,  12  as  with  an  ordinary  four- 
cycle  engine. 

A  turbocharger  2  has  a  turbine  22  that  can  be 
rotated  by  exhaust  gases  discharged  from  the  en- 
gine  1  through  the  exhaust  valve  12,  and  a  com- 
pressor  21  that  rotates  with  the  turbine  22  to  sup- 
ply  compressed  intake  air  into  the  engine  1  through 
the  intake  valve  1  1  . 

The  compressor  21  and  the  turbine  22  are 
interconnected  by  a  shaft  to  which  a  rotary  electric 
machine  23  is  coupled.  When  a  larger  amount  of 
exhaust  gases  is  discharged  by  the  engine,  the 
turbine  22  drives  the  compressor  21  to  super- 
charge  the  engine  1,  and  also  the  rotary  electric 
machine  23  is  operated  as  an  electric  generator  by 
the  excess  torque  of  the  turbine  22  for  the  recovery 
of  the  exhaust  energy.  When  a  smaller  amount  of 
exhaust  gases  is  discharged  by  the  engine,  the 
rotary  electric  machine  23  is  operated  as  an  elec- 
tric  motor  by  electric  energy  from  a  power  supply 
such  as  a  battery  for  assisting  the  compressor  21 
in  supercharging  the  engine  1. 

The  engine  1  can  operate  as  a  two-cycle  en- 
gine  or  a  four-cycle  engine  when  the  timing  to 
open  and  close  the  intake  and  exhaust  valves  11, 
12  is  modified. 

The  timing  to  open  and  closing  the  intake  and 
exhaust  valves  11,12  will  be  described  below. 

Figs.  2(a)  and  2(b)  show  cam  profiles  indicative 
of  the  relationship  between  the  lift  of  the  intake  and 
exhaust  valves  and  the  rotational  phase  of  the 
engine.  The  timing  to  open  and  close  the  intake 
valve  11  is  represented  by  I,  and  the  timing  to 
open  and  close  the  exhaust  valve  12  is  represented 
by  E. 

Fig.  2(a)  illustrates  the  timing  to  open  and 
close  the  intake  and  exhaust  valves  when  the  en- 
gine  operates  in  a  four-cycle  mode.  The  illustrated 
timing  is  the  same  as  the  timing  to  open  and  close 

5  intake  and  exhaust  valves  of  an  ordinary  four-cycle 
engine.  When  the  piston  starts  to  ascend  from  the 
bottom  dead  center  (BDC)  after  the  power  stroke, 
the  exhaust  valve  12  starts  to  open.  The  exhaust 
valve  12  remains  open  to  discharge  the  exhaust 

io  gases  from  the  combustion  chamber  until  the  pis- 
ton  reaches  the  top  dead  center  (TDC).  When  the 
piston  reaches  the  top  dead  center,  the  exhaust 
stroke  ends,  and  the  exhaust  valve  12  is  closed. 
Then,  the  intake  valve  11  starts  to  open.  As  the 

is  piston  descends,  fresh  air  is  supplied  into  the  com- 
bustion  chamber  through  the  intake  valve  1  1  .  When 
the  piston  reaches  the  bottom  dead  center,  the 
intake  valve  11  is  closed.  Then,  the  compression 
stroke  starts  with  ascent  of  the  piston. 

20  Fig.  2(b)  illustrates  the  timing  to  open  and 
close  the  intake  and  exhaust  valves  when  the  en- 
gine  operates  in  a  two-cycle  mode.  In  the  two- 
cycle  mode,  when  the  piston  approaches  the  bot- 
tom  dead  center  (BDC)  in  the  power  stroke,  the 

25  exhaust  valve  12  opens  to  discharge  the  exhaust 
gases  from  the  combustion  chamber.  When  the 
piston  is  positioned  nearly  the  bottom  dead  center, 
intake  air  compressed  by  the  compressor  21  is 
supplied  into  the  combustion  chamber,  forcibly  dis- 

30  charging  remaining  exhaust  gases  out  of  the  com- 
bustion  chamber  through  the  exhaust  valve  12. 

After  the  exhaust  gases  have  been  discharged, 
the  exhaust  valve  12  is  closed,  and  the  com- 
pressed  intake  air  is  continuously  introduced  into 

35  the  combustion  chamber  until  the  combustion 
chamber  is  filled  with  the  intake  air.  After  the  com- 
bustion  chamber  has  been  charged  with  fresh  air, 
the  intake  valve  11  is  closed,  and  the  compression 
stroke  starts. 

40  A  mechanism  for  modifying  the  timing  to  open 
and  close  the  intake  and  exhaust  valves  will  be 
described  below. 

Fig.  3  shows  the  relationship  between  a  valve 
and  camshafts,  and  Fig.  4  shows  a  mechanism  for 

45  actuating  the  camshafts  shown  in  Fig.  3. 
Since  the  intake  and  exhaust  valves  11,  12  are 

actuated  by  identical  mechanisms,  respectively, 
only  the  mechanism  for  actuating  the  intake  valve 
1  1  will  be  described  below. 

50  The  intake  valve  11  is  slidably  supported  on  a 
cylinder  head  13  with  a  valve  spring  14  acting 
between  the  intake  valve  1  1  and  the  cylinder  head 
13.  The  intake  valve  11  is  normally  urged  in  a 
closing  direction  under  the  bias  of  the  valve  spring 

55  14. 
A  four-cycle-mode  camshaft  3  is  held  in  slida- 

ble  contact  with  an  intermediate  portion  of  a  rocker 
arm  31  whose  one  end  is  supported  on  a  pivot  15. 

3 
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When  the  camshaft  3  rotates  about  its  own  axis, 
the  rocker  arm  31  is  angularly  moved  thereby 
about  the  pivot  15  in  the  direction  indicated  by  the 
arrow.  The  rocker  arm  31  has  a  tip  end  32  held 
against  the  shank  end  of  the  intake  valve  1  1  .  When 
angularly  moved  about  the  pivot  15,  the  rocker  arm 
31  opens  and  closes  the  intake  valve  1  1  . 

A  timing  pulley  33  is  coupled  to  an  end  of  the 
camshaft  3,  and  operatively  coupled  to  a  timing 
pulley  35  through  a  timing  belt  34.  The  timing 
pulleys  33,  35  have  the  same  diameter. 

A  two-cycle-mode  camshaft  4  is  held  in  slida- 
ble  contact  with  an  intermediate  portion  of  a  rocker 
arm  41  whose  one  end  is  supported  on  a  pivot  16. 
When  the  camshaft  4  rotates  about  its  own  axis, 
the  rocker  arm  41  is  angularly  moved  thereby 
about  the  pivot  16  in  the  direction  indicated  by  the 
arrow.  The  rocker  arm  41  has  a  tip  end  42  held 
against  the  shank  end  of  the  intake  valve  11 
through  the  tip  end  32  of  the  rocker  arm  31  .  When 
angularly  moved  about  the  pivot  16,  the  rocker  arm 
41  opens  and  closes  the  intake  valve  1  1  . 

A  timing  pulley  43  is  coupled  to  an  end  of  the 
camshaft  4,  and  operatively  coupled  to  a  timing 
pulley  45  through  a  timing  belt  44.  The  timing 
pulleys  43,  45  have  the  same  diameter. 

A  crankshaft  gear  51  is  coupled  to  an  end  of  a 
crankshaft  5,  and  held  in  mesh  with  a  driven  gear 
52.  The  driven  gear  52  has  gear  teeth,  the  number 
of  which  is  twice  the  number  of  gear  teeth  of  the 
crankshaft  gear  51.  Therefore,  the  driven  gear  52 
rotates  at  a  speed  which  is  half  the  rotational  speed 
of  the  crankshaft  5.  The  timing  pulley  35  is  discon- 
nectably  coupled  to  the  driven  gear  52  by  an 
electromagnetic  clutch  6.  In  response  to  a  signal 
from  a  controller  7,  the  electromagnetic  clutch  6 
connects  the  timing  pulley  35  to  the  driven  gear  52 
for  synchronous  rotation.  Similarly,  the  timing  pul- 
ley  45  is  disconnectably  coupled  to  the  crankshaft 
gear  51  by  an  electromagnetic  clutch  60.  In  re- 
sponse  to  a  signal  from  the  controller  7,  the  elec- 
tromagnetic  clutch  60  connects  the  timing  pulley 
45  to  the  crankshaft  gear  51  for  synchronous  rota- 
tion. 

The  controller  7  comprises  an  input/output  in- 
terface  for  transmitting  signals  to  and  receiving 
signals  from  external  devices,  a  ROM  for  storing  a 
control  program  and  various  data,  a  CPU  for  effec- 
ting  arithmetic  operations  based  on  the  control 
program  stored  in  the  ROM,  a  RAM  for  temporarily 
storing  the  results  of  the  arithmetic  operations  and 
various  data,  and  a  control  memory  for  controlling 
the  flow  of  signals  within  the  controller  7. 

To  the  controller  7,  there  are  connected  a 
rotation  sensor  71  for  detecting  the  rotational  speed 
and  phase  of  the  engine  1,  and  a  load  sensor  72 
for  detecting  the  load  on  the  engine.  Detected 
signals  from  the  sensors  71  ,  72  are  supplied  to  the 

controller  7  through  its  input/output  interface. 
Based  on  the  supplied  signals  from  the  sen- 

sors  71  ,  72,  the  controller  7  operates  the  engine  in 
the  two-cycle  mode  when  it  operates  in  a  low 

5  speed  range  under  a  high  load,  and  operates  the 
engine  in  the  four-cycle  mode  otherwise. 

When  the  two-cycle  mode  is  selected,  the  con- 
troller  7  actuates  the  electromagnetic  clutch  60  to 
rotate  the  camshaft  4  about  its  own  axis.  When  the 

io  four-cycle  mode  is  selected,  the  controller  7  ac- 
tuates  the  electromagnetic  clutch  6  to  rotate  the 
camshaft  3  about  its  own  axis. 

Each  of  the  electromagnetic  clutches  6,  60  is 
capable  of  transmitting  torques  and  also  of  syn- 

15  chronizing  rotational  phases. 
The  structure  of  the  electromagnetic  clutches 

6,  60  will  be  described  below. 
Fig.  5  shows  the  structure  of  the  electromag- 

netic  clutches.  The  electromagnetic  clutches  6,  60 
20  are  identical  in  structure  to  each  other.  Each  of  the 

electromagnetic  clutches  6,  60  has  a  clutch  plate 
61  and  a  clutch  plate  62,  and  also  an  electromag- 
netic  solenoid  (not  shown)  for  displacing  the  clutch 
plates  61,  62  toward  and  away  from  each  other  in 

25  response  to  the  application  and  removal  of  a  volt- 
age  to  and  from  the  solenoid. 

Pins  64,  65  are  movably  mounted  on  the  sur- 
face  of  the  clutch  plate  61  which  faces  the  clutch 
plate  62.  The  pins  64,  65  can  be  retracted  into  and 

30  projected  from  the  clutch  plate  61  under  elec- 
tromagnetic  forces  that  are  produced  in  response 
to  an  external  signal.  The  pins  64,  65  are  radially 
outwardly  spaced  from  the  center  C  of  the  clutch 
plate  61  by  different  distances  R1,  R2,  respec- 

35  tively.  The  clutch  plate  62  have  arcuate  slots  66,  67 
defined  respectively  therein  in  axially  confronting 
relationship  to  the  pins  64,  65,  respectively. 

When  torques  are  to  be  transmitted  by  the 
clutch,  the  electromagnetic  solenoid  is  energized  to 

40  displace  the  clutch  plates  61  ,  62  toward  each  other 
with  the  pins  64,  65  retracted  into  the  clutch  plate 
61. 

Then,  the  pins  64,  65  are  projected  toward  the 
clutch  plate  62,  and  placed  into  the  slots  66,  67, 

45  respectively,  when  the  pins  64,  65  are  axially 
aligned  with  the  slots  66,  67.  As  the  clutch  plates 
61,  62  slip  against  each  other,  the  pins  64,  65 
move  in  the  respective  slots  66,  67  until  the  pins 
64,  67  abut  against  ends  of  the  slots  66,  67  where- 

50  upon  the  clutch  plates  61,  62  rotate  together  in 
complete  synchronism  with  each  other. 

When  the  clutches  6,  60  are  thus  engaged,  the 
camshafts  3,  4  are  operatively  coupled  to  the 
crankshaft  5  in  constant  phase  relationship. 

55  While  the  clutch  plates  61  ,  62  and  the  pins  64, 
65  are  electromagnetically  actuated,  they  may  be 
actuated  under  fluid  pressure  such  as  hydraulic 
pressure. 

4 
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A  modified  mechanism  for  varying  the  timing  to 
open  and  close  the  intake  and  exhaust  valves  will 
be  described  below  with  reference  to  Fig.  6. 

A  four-cycle-mode  camshaft  3,  identical  to  the 
camshaft  3  shown  in  Fig.  3,  is  coupled  to  the 
driven  gear  52  without  the  electromagnetic  clutch  6 
interposed  therebetween.  Therefore,  the  camshaft  3 
always  rotates  at  a  speed  which  is  half  the  rota- 
tional  speed  of  the  crankshaft  5. 

A  composite  rocker  arm  8  is  angularly  movable 
about  a  shaft  81  that  has  two  hydraulic  pressure 
passages  defined  therein  and  communicating  with 
a  cylinder  mechanism  84  through  respective  pas- 
sages  82,  83  defined  in  the  rocker  arm  8.  The 
composite  rocker  arm  8  has  a  tip  end  87  held  in 
contact  with  the  shank  end  of  the  intake  valve  1  1  at 
all  times. 

The  cylinder  mechanism  84  has  a  piston  85 
having  a  rod  end  86,  which  is  interposed  between 
the  camshaft  3  and  the  composite  rocker  arm  8 
when  the  piston  85  is  in  its  forward  end  position  as 
shown  in  Fig.  6.  When  the  piston  85  is  in  its 
rearward  end  position,  the  camshaft  3  is  held  out  of 
contact  with  the  composite  rocker  arm  8,  and 
hence  the  intake  valve  11  is  not  actuated  by  the 
composite  rocker  arm  8. 

A  two-cycle-mode  camshaft  9  also  rotates  at  all 
times  with  the  crankshaft  of  the  engine.  The  cam- 
shaft  9  rotates  at  the  same  speed  as  the  crank- 
shaft,  and  hence  at  a  speed  that  is  twice  the 
rotational  speed  of  the  camshaft  3. 

The  camshaft  9  is  disposed  above  the  intake 
valve  1  1  in  coaxial  relationship  thereto,  and  spaced 
a  distance  from  the  tip  end  87  of  the  composite 
rocker  arm  8.  In  the  illustrated  condition,  the  cam- 
shaft  9  is  held  out  of  contact  with  the  tip  end  87, 
and  does  not  actuate  the  intake  valve  11  through 
the  tip  end  87.  A  coupling  unit  91  is  angularly 
movable  about  a  shaft  92  that  has  two  hydraulic 
pressure  passages  defined  therein  and  commu- 
nicating  with  a  cylinder  mechanism  95  through 
respective  passages  93,  94  defined  in  the  coupling 
unit  91. 

The  cylinder  mechanism  95  has  a  piston  96 
having  a  rod  end  97,  which  is  interposed  between 
the  camshaft  9  and  the  tip  end  87  when  the  piston 
96  is  in  its  forward  end  position.  When  the  piston 
96  is  in  its  rearward  end  position,  as  shown  in  Fig. 
6,  the  camshaft  9  is  held  out  of  contact  with  the  tip 
end  87,  and  hence  the  intake  valve  11  is  not 
actuated  by  the  camshaft  9  as  described  above. 

The  hydraulic  passages  in  the  shafts  81  ,  92  are 
controlled  by  the  controller  7.  When  the  controller  7 
selects  the  two-cycle  mode,  a  hydraulic  pressure  is 
supplied  to  the  passage  82  to  retract  the  piston  85 
and  a  hydraulic  pressure  is  supplied  to  the  pas- 
sage  93  to  push  the  piston  96  forwardly  to  project 
the  rod  end  97.  The  intake  valve  1  1  is  now  opened 

and  closed  by  the  camshaft  9  through  the  tip  end 
87. 

When  the  controller  7  selects  the  four-cycle 
mode,  a  hydraulic  pressure  is  supplied  to  the  pas- 

5  sage  94  to  retract  the  piston  96  and  a  hydraulic 
pressure  is  supplied  to  the  passage  83  to  push  the 
piston  85  forwardly  to  project  the  rod  end  86,  as 
shown  in  Fig.  6.  The  intake  valve  11  is  now  opened 
and  closed  by  the  camshaft  3  through  the  tip  end 

io  87. 
Another  embodiment  of  the  present  invention 

will  be  described  below  with  reference  to  Figs.  7 
and  8. 

Fig.  7  shows  the  relationship  between  a  valve 
is  and  camshafts,  and  Fig.  8  shows  a  mechanism  for 

actuating  the  camshafts  shown  in  Fig.  7. 
Since  the  intake  and  exhaust  valves  are  ac- 

tuated  by  identical  mechanisms,  respectively,  only 
the  mechanism  for  actuating  the  intake  valve  will 

20  be  described  below. 
An  intake  valve  111  is  slidably  supported  on  a 

cylinder  head  113  with  a  valve  spring  114  acting 
between  the  intake  valve  1  1  1  and  the  cylinder  head 
113.  The  intake  valve  111  is  normally  urged  in  a 

25  closing  direction  under  the  bias  of  the  valve  spring 
114. 

A  four-cycle-mode  camshaft  103  is  held  in 
slidable  contact  with  an  intermediate  portion  of  a 
rocker  arm  131  whose  one  end  is  supported  on  a 

30  pivot  115.  When  the  camshaft  103  rotates  about  its 
own  axis,  the  rocker  arm  131  is  angularly  moved 
thereby  about  the  pivot  115  in  the  direction  in- 
dicated  by  the  arrow.  The  rocker  arm  131  has  a  tip 
end  132  held  against  the  shank  end  of  the  intake 

35  valve  111.  When  angularly  moved  about  the  pivot 
115,  the  rocker  arm  131  opens  and  closes  the 
intake  valve  111. 

A  two-cycle-mode  camshaft  104  has  two  dia- 
metrically  opposite  cams  spaced  across  the  center 

40  of  the  camshaft  104.  These  cams  can  be  brought 
into  rolling  contact  with  a  roller  tappet  146  on  an 
intermediate  portion  of  a  rocker  arm  141  whose 
one  end  is  supported  on  a  pivot  116.  When  the 
camshaft  104  rotates  about  its  own  axis,  the  rocker 

45  arm  141  is  angularly  moved  thereby  about  the 
pivot  116  in  the  direction  indicated  by  the  arrow. 
The  rocker  arm  141  has  a  tip  end  142  held  against 
the  shank  end  of  the  intake  valve  1  1  1  through  the 
tip  end  132  of  the  rocker  arm  131.  When  angularly 

50  moved  about  the  pivot  116,  the  rocker  arm  141 
opens  and  closes  the  intake  valve  111. 

A  timing  pulley  133  is  coupled  to  an  end  of  the 
camshaft  103  through  an  electromagnetic  clutch 
106,  and  a  timing  pulley  143  is  coupled  to  an  end 

55  of  the  camshaft  104  through  an  electromagnetic 
clutch  160.  These  electromagnetic  clutches  106, 
160  are  of  an  internal  structure  which  is  identical  to 
that  of  the  electromagnetic  clutches  6,  60,  and  will 

5 
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not  be  described  in  detail. 
A  timing  pulley  105  is  coupled  to  a  crankshaft 

for  rotation  at  the  same  speed  as  that  of  the 
crankshaft,  and  operatively  connected  to  the  timing 
pulleys  133,  143  through  a  timing  belt  151.  The 
diameter  of  the  timing  pulleys  133,  143  is  twice  the 
diameter  of  the  timing  pulley  105,  so  that  the 
camshafts  103,  104  rotate  at  a  speed  which  is  half 
the  rotational  speed  of  the  crankshaft. 

The  mechanism  for  actuating  the  camshafts  as 
shown  in  Fig.  8  is  advantageous  for  the  engine 
layout  since  the  camshafts  103,  104  can  be  rotated 
by  one  timing  belt  151.  As  shown  in  Fig.  2,  the 
intake  and  exhaust  valves  are  opened  and  closed 
in  shorter  periods  of  time  at  larger  speeds  in  the 
two-cycle  mode.  Since  the  rotational  speed  of  the 
camshaft  104  is  half  that  of  the  crankshaft,  the 
roller  tappet  146  is  prevented  from  jumping  off  the 
cam  surfaces  on  the  camshaft  104.  The  roller  tap- 
pet  146  is  capable  of  tracing  the  cam  profiles 
accurately. 

A  controller  107  comprises  an  input/output  in- 
terface  for  transmitting  signals  to  and  receiving 
signals  from  external  devices,  a  ROM  for  storing  a 
control  program  and  various  data,  a  CPU  for  effec- 
ting  arithmetic  operations  based  on  the  control 
program  stored  in  the  ROM,  a  RAM  for  temporarily 
storing  the  results  of  the  arithmetic  operations  and 
various  data,  and  a  control  memory  for  controlling 
the  flow  of  signals  within  the  controller  107. 

To  the  controller  107,  there  are  connected  a 
rotation  sensor  171  for  detecting  the  rotational 
speed  and  phase  of  the  engine,  and  a  load  sensor 
172  for  detecting  the  load  on  the  engine.  Detected 
signals  from  the  sensors  171,  172  are  supplied  to 
the  controller  107  through  its  input/output  interface. 

Based  on  the  supplied  signals  from  the  sen- 
sors  171,  172,  the  controller  107  operates  the  en- 
gine  in  the  two-cycle  mode  when  it  operates  in  a 
low  speed  range  under  a  high  load,  and  operates 
the  engine  in  the  four-cycle  mode  otherwise. 

When  the  two-cycle  mode  is  selected,  the  con- 
troller  107  actuates  the  electromagnetic  clutch  160 
to  rotate  the  camshaft  104  about  its  own  axis. 
When  the  four-cycle  mode  is  selected,  the  control- 
ler,  107  actuates  the  electromagnetic  clutch  106  to 
rotate  the  camshaft  103  about  its  own  axis. 

Another  modified  mechanism  for  varying  the 
timing  to  open  and  close  the  intake  and  exhaust 
valves  will  be  described  below  with  reference  to 
Fig.  9. 

A  four-cycle-mode  camshaft  103,  identical  to 
the  camshaft  103  shown  in  Fig.  7,  is  coupled  to  the 
timing  pulley  133  without  the  electromagnetic 
clutch  6  interposed  therebetween.  Therefore,  the 
camshaft  103  always  rotates  at  a  speed  which  is 
half  the  rotational  speed  of  the  crankshaft. 

A  composite  rocker  arm  108  is  angularly  mov- 
able  about  a  shaft  181  that  has  two  hydraulic 
pressure  passages  defined  therein  and  commu- 
nicating  with  a  cylinder  mechanism  184  through 

5  respective  passages  182,  183  defined  in  the  rocker 
arm  108.  The  composite  rocker  arm  108  has  a  tip 
end  187  held  in  contact  with  the  shank  end  of  the 
intake  valve  1  1  1  at  all  times. 

The  cylinder  mechanism  184  has  a  piston  185 
io  having  a  rod  end  186,  which  is  interposed  between 

the  camshaft  103  and  the  composite  rocker  arm 
108  when  the  piston  185  is  in  its  forward  end 
position.  When  the  piston  185  is  in  its  rearward  end 
position  as  shown  in  Fig.  9,  the  camshaft  103  is 

is  held  out  of  contact  with  the  composite  rocker  arm 
108,  and  hence  the  intake  valve  111  is  not  actuated 
by  the  composite  rocker  arm  108. 

A  two-cycle-mode  camshaft  109  is  connected 
to  the  timing  pulley  143  without  the  electromag- 

20  netic  clutch  160  interposed  therebetween,  and 
hence  rotates  at  all  times  at  the  same  speed  as 
that  of  the  camshaft  103. 

A  composite  rocker  arm  190,  similar  to  the 
composite  rocker  arm  108,  and  is  angularly  mov- 

25  able  about  a  shaft  191  that  has  two  hydraulic 
pressure  passages  defined  therein  and  commu- 
nicating  with  a  cylinder  mechanism  194  through 
respective  passages  192,  193  defined  in  the  rocker 
arm  190.  The  composite  rocker  arm  190  has  a  tip 

30  end  197  held  in  contact  with  the  shank  end  of  the 
intake  valve  1  1  1  at  all  times. 

The  cylinder  mechanism  194  has  a  piston  195 
having  a  rod  end  that  supports  a  roller  196  thereon. 
The  roller  196  is  interposed  between  the  camshaft 

35  109  and  the  composite  rocker  arm  190  when  the 
piston  195  is  in  its  forward  end  position  as  shown 
in  Fig.  9.  When  the  piston  195  is  in  its  rearward 
end  position,  the  camshaft  109  is  held  out  of  con- 
tact  with  the  composite  rocker  arm  190,  and  hence 

40  the  intake  valve  111  is  not  actuated  by  the  com- 
posite  rocker  arm  190.  The  composite  rocker  arm 
has  a  tip  end  197  held  against  the  upper  surface  of 
the  tip  end  187  of  the  composite  rocker  arm  108  at 
all  times. 

45  The  hydraulic  passages  in  the  shafts  181,  191 
are  controlled  by  the  controller  107.  When  the 
controller  107  selects  the  two-cycle  mode,  a  hy- 
draulic  pressure  is  supplied  to  the  passage  182  to 
retract  the  piston  185  and  a  hydraulic  pressure  is 

50  supplied  to  the  passage  193  to  push  the  piston  195 
forwardly  to  project  the  rod  end  thereof,  as  shown 
in  Fig.  9.  The  intake  valve  111  is  now  opened  and 
closed  by  the  camshaft  109  through  the  tip  ends 
187,  197. 

55  When  the  controller  107  selects  the  four-cycle 
mode,  a  hydraulic  pressure  is  supplied  to  the  pas- 
sage  192  to  retract  the  piston  195  and  a  hydraulic 
pressure  is  supplied  to  the  passage  183  to  push 
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the  piston  185  forwardly  to  project  the  rod  end  186. 
The  intake  valve  1  1  1  is  now  opened  and  closed  by 
the  camshaft  103  through  the  tip  end  187. 

Claims 

1.  An  engine  (1)  selectively  operable  in  two-  and 
four-cycle  modes  by  varying  the  timing  to 
open  and  close  intake  and  exhaust  valves 
(111),  comprising: 

first  valve  actuating  means  (103,131,132) 
for  opening  and  closing  each  intake  and  ex- 
haust  valve  (111); 

second  valve  actuating  means 
(104,141,142)  for  opening  and  closing  each 
intake  and  exhaust  valve  (111);  and 

selective  operating  means 
(106,160,185,195)  for  operating  the  first  valve 
actuating  means  to  open  and  close  the  intake 
and  exhaust  valves  while  the  second  valve 
actuating  means  is  disabled,  and  for  operating 
the  second  valve  actuating  means  to  open  and 
close  the  intake  and  exhaust  valves  while  the 
first  valve  actuating  means  is  disabled;  and 
characterized  by: 

the  second  valve  actuating  means  com- 
prising  a  cam  mechanism  having  two  diamet- 
rically  opposed  cams;  and, 

rotation  transmitting  means 
(151,105,133,143)  for  transmitting  rotation  of  a 
crankshaft  of  the  engine  to  the  first  valve  ac- 
tuating  means  through  the  selective  operating 
means  when  the  engine  operates  in  the  four- 
cycle  mode,  and  to  the  second  valve  actuating 
means  through  the  selective  operation  means 
when  the  engine  operates  in  the  two-cycle 
mode,  the  rotation  transmitting  means  transmit- 
ting  the  rotation  of  the  crank  shaft  to  the  first 
and  second  valve  actuating  means  (103,104)  at 
half  the  rotational  speed  of  the  crankshaft. 

2.  An  engine  (1)  selectively  operable  in  two-  and 
four-cycle  modes  by  varying  the  timing  to 
open  and  close  intake  and  exhaust  valves 
(1  1  ,12),  comprising: 

first  valve  actuating  means  (3,31,32)  for 
opening  and  closing  each  intake  and  exhaust 
valve  (11,12); 

second  valve  actuating  means  (4,41  ,42)  for 
opening  and  closing  each  intake  and  exhaust 
valve  (11,12);  and 

selective  operating  means  (6,60,85,96)  for 
operating  the  first  valve  actuating  means  to 
open  and  close  the  intake  and  exhaust  valves 
while  the  second  valve  actuating  means  is 
disabled,  and  for  operating  the  second  valve 
actuating  means  to  open  and  close  the  intake 
and  exhaust  valves  while  the  first  valve  actuat- 

ing  means  is  disabled;  characterised  by: 
rotation  transmitting  means  (51,52,33- 

35,43-45)  for  transmitting  rotation  of  a  crank- 
shaft  of  the  engine,  each  time  the  crankshaft 

5  makes  two  revolutions,  to  the  first  valve  actuat- 
ing  means  through  the  selective  operating 
means  when  the  engine  operates  in  the  four- 
cycle  mode,  and  for  transmitting  rotation  of  the 
crankshaft,  each  time  the  crankshaft  makes 

io  one  revolution,  to  the  second  valve  actuating 
means  through  the  selective  operation  means 
when  the  engine  operates  in  the  two-cycle 
mode. 

is  3.  An  engine  according  to  claim  1  or  claim  2, 
further  comprising  means  (61  ,67)  for  starting  to 
transmit  rotation  of  the  crankshaft  to  the  first 
and  second  valve  actuating  means  when  the 
crankshaft  has  been  angularly  moved  through 

20  a  predetermined  angle. 

4.  An  engine  according  to  claim  1,  2  or  3, 
wherein  the  selective  operating  means  com- 
prises  clutch  means  (6,60,106,160)  selectively 

25  operable  to  transmit  the  rotation  of  the  crank- 
shaft  to  the  first  and  second  valve  actuating 
means. 

5.  An  engine  according  to  claim  1,  2  or  3, 
30  wherein  each  of  the  first  and  second  valve 

actuating  means  comprises  a  camshaft 
(3,9,103,109)  rotatable  by  the  crankshaft  and 
having  a  cam,  and  a  rocker  arm  (8,108,190) 
angularly  movable  by  the  cam,  the  selective 

35  operating  means  comprising  a  member 
(85,96,185,196)  removably  insertable  between 
the  cam  and  the  rocker  arm. 

6.  An  engine  according  to  any  of  claims  1  to  4, 
40  wherein  each  of  the  first  and  second  valve 

actuating  means  comprises  a  camshaft 
(103,104)  rotatable  by  the  crankshaft  and  hav- 
ing  a  cam,  and  a  rocker  arm  (131,141)  an- 
gularly  movable  by  the  cam,  and  wherein  the 

45  rocker  arm  (141)  of  the  second  valve  actuating 
means  has  a  roller  tappet  (146)  rollingly  en- 
gaging  the  cam  thereof. 

Patentanspruche 
50 

1.  Ein  Motor  (1),  der  durch  Variieren  der  Zeit  zum 
Offnen  und  Schliessen  von  EinlaB-  und  AuslaB- 
ventilen  (111)  wahlweise  im  Zweitakt-  oder 
Viertaktmodus  betreibbar  ist,  mit: 

55  wenigstens  einem  ersten  Ventil-Betati- 
gungsmittel  (103,131,132)  zum  Offnen  und 
SchlieBen  jedes  EinlaB-  und  AuslaBventiles 
(111), 

7 



13 EP  0  475  727  B1 14 

wenigstens  einem  zweiten  Ventil-Betati- 
gungsmittel  (104,141,142)  zum  Offnen  und 
SchlieBen  jedes  EinlaB-  und  AuslaBventiles 
(111),  und 

wenigstens  einem  Selektivbetriebsmittel 
(106,160,185,195)  zum  Betreiben  des  ersten 
Ventil-Betatigungsmittels,  urn  die  EinlaB-  und 
AuslaBventile  zu  offnen  und  zu  schliessen 
wahrend  das  zweite  Ventil-Betatigungsmittel 
auBer  Betrieb  ist,  und  zum  Betreiben  des  zwei- 
ten  Ventil-Betatigungsmittels,  urn  die  EinlaB- 
und  AuslaBventile  zu  offnen  und  zu  schliessen 
wahrend  das  erste  Ventil-Betatigungsmittel  au- 
Ber  Betrieb  ist,  gekennzeichnet  durch: 

einen  Nockenmechanismus  mit  zwei  sich 
diametral  einander  gegenuberliegenden  Nok- 
ken,  den  das  zweite  Ventil-Betatigungsmittel 
aufweist,  und 

Rotationsubertragungsmittel  (1  51  ,1  05, 
133,143)  zum  Ubertragen  von  Rotation  einer 
Kurbelwelle  des  Motors  uber  die  Selektivbe- 
triebsmittel  auf  die  ersten  Ventil-Betatigungs- 
mittel,  wenn  der  Motor  im  Viertaktmodus  lauft, 
und  uber  die  Selektivbetriebsmittel  auf  die 
zweiten  Ventil-Betatigungsmittel,  wenn  der  Mo- 
tor  im  Zweitaktmodus  lauft,  wobei  die  Rota- 
tionsubertragungsmittel  die  Rotation  der  Kur- 
belwelle  auf  die  ersten  und  zweiten  Ventil- 
Betatigungsmittel  (104,104)  mit  der  halben  Ro- 
tationsgeschwindigkeit  der  Kurbelwelle  ubertra- 
gen. 

2.  Ein  Motor  (1),  der  durch  Variieren  der  Zeit  zum 
Offnen  und  Schliessen  von  EinlaB-  und  AuslaB- 
ventilen  (11,12)  wahlweise  im  Zweitakt-  oder 
Viertaktmodus  betreibbar  ist,  mit: 

wenigstens  einem  ersten  Ventil-Betati- 
gungsmittel  (3,31,32)  zum  Offnen  und  Schlie- 
Ben  jedes  EinlaB-  und  AuslaBventiles  (11,12); 

wenigstens  einem  zweiten  Ventil-Betati- 
gungsmittel  (4,41,42)  zum  Offnen  und  Schlie- 
Ben  jedes  EinlaB-  und  AuslaBventiles  (11,12); 
und 

wenigstens  einem  Selektivbetriebsmittel 
(6,60,85,96)  zum  Betreiben  des  ersten  Ventil- 
Betatigungsmittels,  urn  die  EinlaB-  und  AuslaB- 
ventile  zu  offnen  und  zu  schliessen  wahrend 
das  zweite  Ventil-Betatigungsmittel 
(104,141,142)  auBer  Betrieb  ist,  und  zum  Be- 
treiben  des  zweiten  Ventil-Betatigungsmitteln, 
urn  die  EinlaB-  und  AuslaBventile  zu  offnen  und 
zu  schliessen  wahrend  das  erste  Ventil-Betati- 
gungsmittel  auBer  Betrieb  ist,  gekennzeichnet 
durch 

Rotationsubertragungsmittel  (51  ,52,33- 
35,43-45),  zur  Ubertragung  von  Rotation  einer 
Kurbelwelle  des  Motors  uber  die  Selektivbe- 
triebsmittel  auf  die  ersten  Ventil-Betatigungs- 

mittel,  jeweils  bei  zwei  Umdrehungen  der  Kur- 
belwelle  wenn  der  Motor  im  Viertaktmodus 
lauft,  und  uber  die  Selektivbetriebsmittel  auf 
die  zweiten  Ventil-Betatigungsmittel,  jeweils 

5  bei  einer  Umdrehung  der  Kurbelwelle  wenn  der 
Motor  im  Zweitaktmodus  lauft. 

3.  Motor  nach  Anspruch  1  oder  2,  gekennzeich- 
net  durch  Mittel  (61,62),  die  dazu  ausgelegt 

io  sind,  die  Ubertragung  von  Rotation  der  Kurbel- 
welle  auf  die  ersten  und  zweiten  Ventil-Betati- 
gungsmittel  zu  starten,  wenn  die  Kurbelwelle 
uber  einen  vorgegebenen  Winkel  hinweg  ge- 
dreht  worden  ist. 

15 
4.  Motor  nach  Anspruch  1,  2  oder  3,  dadurch 

gekennzeichnet,  daB  die  Selektivbetriebsmittel 
selektiv  betreibbare  Kupplungsmittel 
(6,60,106,160)  zur  Ubertragung  der  Rotation 

20  der  Kurbelwelle  auf  die  ersten  und  zweiten 
Ventil-Betatigungsmittel  aufweisen. 

5.  Motor  nach  Anspruch  1,  2  oder  3,  dadurch 
gekennzeichnet,  daB  jedes  der  ersten  und 

25  zweiten  Ventil-Betatigungsmittel  eine  durch  die 
Kurbelwelle  drehbare  Nockenwelle 
(3,9,103,109)  mit  einem  Nocken  und  einem 
durch  den  Nocken  drehbaren  Kipphebel  auf- 
weist,  wobei  die  Selektivbetriebsmittel  ein  Teil 

30  (85,96,125,196)  aufweisen,  das  entfernbar  zwi- 
schen  den  Nocken  und  den  Kipphebelarm 
setzbar  ist. 

6.  Motor  nach  einem  der  Anspruche  1  bis  4, 
35  dadurch  gekennzeichnet,  daB  jedes  der  ersten 

und  zweiten  Ventil-Betatigungsmittel  eine 
durch  die  Kurbelwelle  drehbare  Nockenwelle 
(103,104)  aufweist,  die  einen  Nocken  und  ei- 
nen  durch  den  Nocken  drehbaren  Kipphebel 

40  (131,  141)  hat,  wobei  der  Kipphebel  (141)  des 
zweiten  Ventil-Betatigungsmittels  einen  Rollen- 
stoBel  (146)  aufweist,  der  rollend  in  den  Nok- 
ken  eingreift. 

45  Revendicatlons 

1.  Moteur  (1)  capable  de  fonctionner  selective- 
ment  suivant  le  mode  a  deux  temps  et  le 
mode  a  quatre  temps  en  faisant  varier  la  tem- 

50  porisation  d'ouverture  et  de  fermeture  des  sou- 
papes  d'admission  et  d'echappement  (111), 
comprenant  : 

-  des  premiers  moyens  d'actionnement  de 
soupape  (103,  131,  132)  pour  ouvrir  et 

55  fermer  chacune  des  soupapes  d'admis- 
sion  et  d'echappement  (111)  ; 

-  des  seconds  moyens  d'actionnement  de 
soupape  (114,  141,  142)  pour  ouvrir  et 
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fermer  chacune  des  soupapes  d'admis- 
sion  et  d'echappement  (111)  ;  et 

-  des  moyens  d'actionnement  selectifs 
(106,  160  ;  185,  195)  pour  actionner  les 
premiers  moyens  d'actionnement  de  5 
soupape  pour  ouvrir  et  fermer  les  soupa- 
pes  d'admission  et  d'echappement,  tan- 
dis  que  les  seconds  moyens  d'actionne- 
ment  de  soupape  sont  rendus  inactifs,  et 
pour  actionner  les  seconds  moyens  d'ac-  10 
tionnement  de  soupape  pour  ouvrir  et 
fermer  les  soupapes  d'admission  de 
d'echappement  tandis  que  les  premiers 
moyens  d'actionnement  de  soupape  sont 
rendus  inactifs  ;  et  caracterise  par  :  is 

-  les  seconds  moyens  d'actionnement  de 
soupape  comprennent  un  mecanisme  a 
came  comportant  deux  cames  opposees 
diametralement  ;  et 

-  des  moyens  de  transmission  de  rotation  20 
(151,  105,  133,  143)  afin  de  transmettre 
la  rotation  d'un  vilebrequin  du  moteur 
aux  premiers  moyens  d'actionnement  de 
soupape  via  les  moyens  d'actionnement 
selectifs  lorsque  le  moteur  fonctionne  25 
dans  le  mode  a  quatre  temps,  et  aux 
seconds  moyens  d'actionnement  de  sou- 
pape  via  les  seconds  moyens  d'actionne- 
ment  selectifs  lorsque  le  moteur  fonction- 
ne  suivant  le  mode  a  deux  temps,  les  30 
moyens  de  transmission  de  rotation  tran- 
smettant  la  rotation  du  vilebrequin  vers 
les  premiers  et  les  seconds  moyens 
d'actionnement  de  soupape  (103,  104)  a 
la  moitie  de  la  vitesse  de  rotation  du  35 
vilebrequin. 

Moteur  (1)  capable  de  fonctionner  selective- 
ment  dans  un  mode  a  deux  temps  et  dans  un 
mode  a  quatre  temps  en  faisant  varier  la  tern-  40 
porisation  d'ouverture  et  de  fermeture  des  sou- 
papes  d'admission  et  d'echappement,  compre- 
nant  (11,  12)  : 

-  des  premiers  moyens  d'actionnement  de 
soupape  (3,  31,  32)  afin  d'ouvrir  et  de  45 
fermer  chacune  des  soupapes  d'admis- 
sion  et  d'echappement  (11,12); 

-  des  seconds  moyens  d'actionnement  de 
soupape  (4,  41  ,  42)  pour  ouvrir  et  fermer 
chacune  des  soupapes  d'admission  et  so 
d'echappement  (11,12); 
et 

-  des  moyens  d'actionnement  selectifs  (6, 
60  ;  85,  96)  afin  d'actionner  les  premiers 
moyens  d'actionnement  de  soupape  pour  55 
ouvrir  et  fermer  les  soupapes  d'admis- 
sion  et  d'echappement  tandis  que  les 
seconds  moyens  d'actionnement  de  sou- 

pape  sont  rendus  inactifs,  et  pour  action- 
ner  les  seconds  moyens  d'actionnement 
de  soupape  pour  ouvrir  et  fermer  les 
soupapes  d'admission  et  d'echappement 
tandis  que  les  premiers  moyens  d'action- 
nement  de  soupape  sont  rendus  inactifs  ; 
caracterise  par  : 

-  des  moyens  de  transmission  de  rotation 
(51  ,  52,  33-35,  43-45)  afin  de  transmettre 
la  rotation  d'un  vilebrequin  du  moteur, 
chaque  fois  que  le  vilebrequin  effectue 
deux  rotations  aux  premiers  moyens 
d'actionnement  de  soupape  via  les 
moyens  d'actionnement  selectifs  lorsque 
le  moteur  fonctionne  dans  le  moteur  a 
quatre  temps,  et  pour  transmettre  la  rota- 
tion  du  vilebrequin,  chaque  fois  que  le 
vilebrequin  effectue  un  tour,  aux  seconds 
moyens  d'actionnement  de  soupape  via 
les  moyens  d'actionnement  selectifs  lors- 
que  le  moteur  fonctionne  dans  le  mode  a 
deux  temps. 

Moteur  selon  I'une  ou  I'autre  des  revendica- 
tions  1  et  2,  comprenant  en  outre  des  moyens 
(61  ,  67)  pour  commencer  a  transmettre  la  rota- 
tion  du  vilebrequin  vers  les  premiers  et  se- 
conds  moyens  d'actionnement  de  soupape 
lorsque  le  vilebrequin  a  ete  deplace  angulaire- 
ment  sur  un  angle  predetermine. 

Moteur  selon  I'une  quelconque  des  revendica- 
tions  1  a  3,  dans  lequel  les  moyens  d'action- 
nement  selectifs  comprennent  des  moyens  for- 
mant  embrayage  (6,  60,  106,  160)  qui  peuvent 
etre  selectivement  actionnes  afin  de  transmet- 
tre  la  rotation  du  vilebrequin  vers  les  premiers 
et  seconds  moyens  d'actionnement  de  soupa- 
pe. 

Moteur  selon  I'une  quelconque  des  revendica- 
tions  1  a  3,  dans  lequel  chacun  desdits  pre- 
mier  et  second  moyens  d'actionnement  de 
soupape  comprennent  un  arbre  a  came  (3,  9, 
103,  109)  qui  peut  etre  mis  en  rotation  par  le 
vilebrequin  et  qui  comporte  une  came  et  un 
bras  de  culbuteur  (8,  108,  190)  qui  peut  etre 
deplace  angulairement  par  la  came,  les 
moyens  d'actionnement  selectifs  comprenant 
un  element  (85,  96,  185,  196)  qui  peut  etre 
introduit  de  fagon  amovible  entre  la  came  et  le 
bras  de  culbuteur. 

Moteur  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  lequel  chacun  des  premier  et 
second  moyens  d'actionnement  de  soupape 
comprend  un  arbre  a  came  8103,  104)  qui 
peut  etre  mis  en  rotation  par  le  vilebrequin  et 
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qui  possede  une  came,  et  un  bras  de  culbu- 
teur  (131,  141)  qui  peut  etre  deplace  angulaire- 
ment  par  la  came,  et  dans  lequel  le  bras  de 
culbuteur  (141)  des  seconds  moyens  d'action- 
nement  de  soupape  comporte  un  poussoir  a  5 
galet  (146)  qui  engage  en  roulement  la  came 
de  celui-ci. 
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