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(54)  Stepped  piston  internal  combustion  engine 

(57)  A  stepped-piston,  internal-combustion  engine 
includes  at  least  one  cylinder,  each  cylinder  having  a 
working  part  (12)  of  lesser  diameter  defined  by  a  cylin- 
drical  wall  (21)  and  a  pumping  part  (13)  of  greater  diam- 
eter,  a  piston  slidable  in  each  cylinder,  a  receiver  (25) 
which  is  partly  delimited  by  the  cylindrical  wall  (21)  of 
the  working  part  of  each  cylinder  and  which  extends  at 
least  partly  around  each  working  part,  working  inlet 
ports  (23)  in  the  cylindrical  wall  and  extending  between 
the  working  part  of  the  cylinder  and  the  receiver  and 
valve  means  (30,  39)  to  control  the  entry  of  charge  into 
the  pumping  part  (13)  of  each  cylinder  and  the  transfer 
of  charge  from  said  pumping  part  (1  3)  to  the  receiver 
(25)  is  controlled  by  the  uncovering  of  the  working  inlet 
ports  (23)  by  the  working  part  of  the  piston. 
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Description 

This  invention  relates  to  stepped-piston,  internal- 
combustion  engines  having  one  or  more  cylinders  each 
containing  a  stepped  piston  having  a  pumping  part  of  s 
larger  diameter  and  a  working  part  of  smaller  diameter, 
the  working  part  of  the  piston  being  slidable  in  a  working 
part  of  the  cylinder  and  the  pumping  part  of  the  pistion 
being  slidable  in  a  pumping  part  of  the  cylinder.  Com- 
bustion  of  fuel  and  air  mixture  takes  place  in  the  working  10 
part  of  each  cylinder.  Inlet  ports  (hereinafter  referred  to 
as  "working  inlet  ports")  are  provided  in  the  wall  of  the 
working  part  of  the  or  each  cylinder.  At  least  one  pump 
port  is  provided  in  the  pumping  part  of  the  or  each  cylin- 
der  to  enable  a  fresh  charge  to  be  induced  into  said  is 
pumping  part  and  transferred  from  the  pumping  part  to 
a  receiver.  The  charge  then  passed  from  the  receiver  to 
the  working  inlet  ports.  The  or  each  piston  is  connected 
to  a  crankshaft  by  connecting  rods  or  other  means  for 
converting  reciprocating  motion  into  rotary  motion.  20 
Such  an  engine  is  hereinafter  referred  to  as  "an  engine 
of  the  kind  specified".  The  charge  introduced  into  the 
working  part  of  the  or  each  cylinder  will  be  air  only  if  the 
engine  is  a  compression-ignition  engine  and  a  fuel-air 
mixture  if  the  engine  is  a  spark-ignition  engine.  25 

A  number  of  prior  proposals  have  been  made  for 
engines  of  the  kind  specified.  An  example  of  such  a  pro- 
posal  is  that  described  in  GB-A-1  90,757.  One  embodi- 
ment  described  includes  two  cylinders  in  separate 
cylinder  blocks  having  a  common  receiver  which  is  pro-  30 
vided  in  a  member  separate  from  the  cylinder  blocks 
and  located  between  the  two  blocks  and  connected  to 
the  tops  of  the  cylinders  by  pipes.  A  single  rotary  valve 
is  employed  to  control  the  inlet  of  charge  into  the  pump- 
ing  part  of  each  of  the  two  cylinders  and  also  to  control  35 
the  transfer  of  the  charge  from  each  pumping  part  into 
the  common  receiver.  Inside  the  common  receiver  is  a 
sleeve  valve  which  is  reciprocated  by  a  connecting  rod 
connected  to  the  rotary  valve  and  which  is  arranged  to 
open  ports  in  the  wall  of  the  receiver  at  the  appropriate  40 
times  to  permit  charge  which  has  been  pumped  into  the 
receiver  by  the  pumping  parts  of  the  cylinders  to  be  dis- 
charged  down  the  pipes  from  the  receiver  into  the  tops 
of  the  working  parts  of  the  cylinders.  A  single  cylinder 
version  of  the  engine  is  also  described.  45 

GB-A-190,757  was  applied  for  in  1921  and  is  a  con- 
struction  which  is  suitable  for  slow  running  two-stroke 
engines.  In  this  arrangement  the  receiver  is  completely 
separate  from  the  cylinder  blocks,  is  of  comparatively 
small  volume  having  to  fit  between  and  to  one  side  of  so 
the  two  cylinder  blocks  and  the  charge  from  the  receiver 
into  the  cylinders  is  controlled  by  the  sleeve  valve  men- 
tioned  above  which  is  expensive  and  complicated.  The 
arrangement  described  would  not  be  suitable  for  high 
speed,  two-stroke  engines  for  modern  automotive  use.  55 

The  object  of  the  invention  is  to  provide  an  engine 
of  the  kind  specified  which  is  of  simple  construction  and 
which  enables  the  receiver  to  be  made  of  an  appropri- 

ate  volume  for  high  speed  use. 
According  to  the  invention  we  provide  a  stepped- 

piston,  internal-combustion  engine  comprising  at  least 
one  cylinder,  the  or  each  cylinder  having  a  working  part 
defined  by  a  cylindrical  wall  and  a  pumping  part,  said 
pumping  part  being  of  greater  diameter  than  the  work- 
ing  part,  a  piston  in  the  or  each  cylinder  and  having  a 
working  part  slidable  in  the  working  part  of  the  cylinder 
and  a  pumping  part  slidable  in  the  pumping  part  of  the 
cylinder,  a  crankshaft,  means  connecting  the  or  each 
piston  to  the  crankshaft,  a  receiver  which  is  partly  delim- 
ited  by  said  cylindrical  wall  of  the  working  part  of  the  or 
each  of  at  least  some  of  the  cylinders  and  which 
extends  at  least  partly  around  each  said  working  part  on 
both  sides  of  the  central  plane  of  the  engine,  working 
inlet  ports  in  the  or  each  said  cylindrical  wall  and 
extending  between  the  working  part  of  the  or  each  of 
said  some  cylinders  and  the  receiver,  at  least  one  valve 
control  member  mounted  for  rotation  about  an  axis  par- 
allel  to  the  crankshaft  axis  at  a  speed  dependent  on  the 
rotational  speed  of  the  crankshaft,  and  valve  means 
associated  with  the  or  each  cylinder  to  control  the  entry 
of  charge  into  the  pumping  part  of  the  cylinder  and  the 
transfer  of  charge  from  said  pumping  part  to  the 
receiver,  the  valve  means  being  operated  by  said  valve 
control  member,  and  wherein  the  admission  of  charge 
into  the  working  part  of  the  or  each  of  said  some  cylin- 
ders  from  said  receiver  through  the  working  inlet  ports  is 
controlled  solely  by  the  uncovering  of  said  working  inlet 
ports  by  the  working  part  of  the  piston. 

Herein  the  term  "central  plane  of  the  engine"  is 
used  to  mean  the  plane  containing  the  axis  of  rotation  of 
the  crankshaft  and  the  longitudinal  axis  or  axes  of  the 
cylinder(s)  except  for  a  engine  of  Vee-configuration 
wherein  the  "central  plane  of  the  engine"  is  used  to 
mean  either  the  plane  containing  the  axis  of  rotation  of 
the  crankshaft  and  which  bisects  the  planes  containing 
the  longitudinal  axes  of  the  cylinders  of  each  bank  if  the 
engine  has  a  single  receiver  or,  if  there  is  a  receiver  for 
each  bank,  each  of  the  planes  containing  the  axis  of 
rotation  of  the  crankshaft  and  the  axes  of  the  cylinders 
in  one  of  the  banks;  in  this  latter  case  there  are  two 
"central  planes". 

In  an  engine  embodying  the  invention  the  inlet  of 
the  charge  from  the  receiver  into  the  working  part  of  the 
or  each  cylinder  through  the  working  inlet  ports  is  con- 
trolled  by  the  working  part  of  the  piston  in  the  working 
part  of  the  cylinder,  normally  the  top  of  the  piston, 
uncovering  said  ports.  Thus  the  sleeve  valve  which  is 
required  in  the  example  of  the  prior  art  referred  to  above 
is  dispensed  with. 

Secondly,  the  receiver  partly  surrounds  the  working 
part  of  the  or  each  cylinder  so  that  it  may  be  made  of 
large  volume  and  form  part  of  the  cylinder  block  casting 
of  the  engine.  The  external  walls  of  the  receiver  may  be 
formed  by  said  casting  or  by  cover  plates  secured  to  the 
casting.  The  working  part  of  the  or  each  cylinder  shares 
a  wall  with  the  receiver,  i.e.  they  have  a  common  wall, 
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and  the  working  inlet  ports  pass  through  this  wall  so  that 
the  charge  has  only  a  very  short  distance  to  pass  from 
the  receiver  into  the  working  part  of  the  or  each  cylinder. 

Preferably,  the  valve  control  member  is  in  the  form 
of  a  shaft  which  carries  balance  weights  to  counteract  s 
any  rocking  couple  of  the  engine.  The  balance  weights 
will  normally  be  carried  adjacent  the  ends  of  the  shafts. 

In  one  particularly  advantageous  form  of  the  inven- 
tion  the  valve  control  member  is  a  rotary  shaft  which 
drives  the  valve  means  which  comprises,  for  the  or  each  n 
cylinder,  an  open-ended  valve  member  defined  by  a 
cylindrical  wall,  the  space  within  said  valve  member 
being  divided  into  two  parts  by  a  diaphragm  inclined  to 
the  longitudinal  axis  of  the  cylindrical  wall  there  being  a 
valve  port  in  said  cylindrical  wall  of  the  valve  member  in  n 
each  of  said  parts,  and  wherein  during  rotation  of  the 
shaft  one  of  the  valve  ports  allows  the  flow  of  charge 
through  one  open  end  of  the  valve  member  into  the 
pumping  part  of  the  cylinder  and  the  other  of  said  valve 
ports  allows  the  flow  of  charge  from  the  pumping  part  of  2t 
the  cylinder  through  the  other  open  end  of  the  cylinder 
into  the  receiver. 

Where  the  engine  has  multiple  cylinders  in  a  line 
each  of  said  valve  members  is  preferably  supported  in  a 
ported  housing  and  the  valve  members  are  splined  to  21 
the  shaft.  The  shaft  therefore  drives  the  valve  members 
but  does  not  support  them,  this  function  being  taken  by 
the  housing.  In  other  embodiments  of  the  invention  the 
valve  means  may  be  in  the  form  of  poppet  valves  or  flap 
valves.  3< 

Preferably  the  charge  is  delivered  into  the  receiver 
on  one  side  of  the  central  plane  of  the  engine,  is  caused 
to  flow  across  the  central  plane  and  then  to  reverse  its 
direction  of  flow  before  reaching  the  working  inlet  ports 
of  the  working  part  of  the  or  each  of  the  cylinders  which  3t 
is  or  are  in  communication  with  said  receiver  via  said 
ports.  A  baffle  may  be  provided  in  the  receiver  which 
extends  across  the  central  plane  of  the  engine  from  said 
one  side  and  has  a  free  end  on  the  other  side  of  said 
central  plane  around  which  the  charge  passes  to  4t 
reverse  its  direction  of  flow  before  reaching  said  inlet 
working  ports. 

Preferably  where  there  are  multiple  cylinders  there 
is  a  common  receiver  for  all  the  cylinders,  the  working 
inlet  ports  of  all  the  cylinders  communicating  with  the  41 
common  receiver  into  which  charge  from  the  pumping 
parts  of  all  said  cylinders  is  delivered.  This  may  also  be 
the  case  with  an  engine  having  the  cylinders  in  Vee  con- 
figuration  if  the  angle  of  the  Vee  is  not  too  large. 

In  another  construction,  however,  where  multiple  st 
cylinders  are  arranged  in  Vee  configuration  in  two  banks 
there  may  be  two  receivers,  one  receiver  being  common 
to  the  cylinders  of  one  bank  and  the  other  receiver  being 
common  to  the  cylinders  of  the  other  bank,  the  working 
inlet  ports  of  all  the  cylinders  of  each  bank  communicat-  5i 
ing  with  its  common  receiver  into  which  charge  from  the 
pumping  parts  of  all  the  cylinders  of  the  bank  are  deliv- 
ered. 

Engines  embodying  the  invention  may  have  at  least 
one  exhaust  port  in  the  cylindrical  wall  of  the  working 
part  of  the  or  each  cylinder,  the  exhaust  port  or  ports 
being  opened  or  closed  by  the  working  part  of  the  pis- 
ton.  In  an  alternative  arrangement  there  is  at  least  one, 
preferably  more,  exhaust  valve(s)  in  the  working  part  of 
the  or  each  cylinder  which  is  or  are  operated  by  means 
driven  from  the  crank  shaft.  Normally  such  means  will 
include  a  cam  shaft. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  a  two-stroke  (two-cycle) 
engine  and  with  reference  the  accompanying  drawings 
in  which:- 

Figure  1  is  a  longitudinal  section  through  a  three- 
cylinder,  in-line  engine  employing  loop  scavenging 
in  the  central  plane  of  the  engine,  i.e.  in  the  plane  of 
the  crank  shaft  and  the  cylinder  axes; 
Figure  2  is  a  horizontal  transverse  section  of  the 
engine  of  Figure  1  on  the  line  II  -  II  of  Figure  1  but 
with  the  front  of  the  engine  at  the  right  rather  than  at 
the  left  as  in  Figure  1  ; 
Figure  3  is  a  partial  transverse  section  through  one 
of  the  cylinders  of  the  engine  of  Figure  1  on  the  line 
Ill-Ill  of  Figure  1  showing  the  induction  of  charge 
into  the  pumping  part  of  a  cylinder  with  the  piston 
between  top  and  bottom  dead  centres; 
Figure  4  is  a  view  similar  to  Figure  3  showing  the 
transfer  of  charge  from  the  pumping  part  of  the  cyl- 
inder  into  a  receiver; 
Figure  5  is  a  perspective  view  of  one  of  the  rotary 
valve  members  shown  in  the  engine  of  Figures  1  to 
4; 
Figure  6  is  a  cross  section  on  the  line  VI-VI  of  Fig- 
ure  5  through  the  valve  member  of  Figure  5; 
Figures  7  and  8  are  side  and  end  elevations  respec- 
tively  of  the  valve  member  of  Figure  5; 
Figure  9  is  a  longitudinal  section  through  a  three- 
cylinder,  in-line  engine  in  the  central  plane  of  the 
engine,  i.e.  in  the  plane  of  the  crank  shaft  and  the 
cylinder  axes  but  employing  uniflow  scavenging; 
Figure  10  is  a  horizontal  transverse  section  of  the 
engine  of  Figure  9  on  the  line  X-X  of  Figure  9  but 
with  the  front  of  the  engine  at  the  right  rather  than  at 
the  left  as  in  Figure  9; 
Figure  11  is  a  partial  transverse  section  through 
one  of  the  cylinders  of  the  engine  of  Figure  9  on  the 
line  XI-XI  of  Figure  9  showing  the  transfer  of  charge 
from  the  pumping  part  of  a  cylinder  to  the  receiver 
with  the  piston  between  top  and  bottom  dead  cen- 
tres; 
Figure  12  is  a  diagrammatic  end  view  of  an  engine 
embodying  the  invention  with  cylinders  in  Vee-con- 
figuration;  and 
Figure  13  is  a  view  similar  to  Figure  12  of  another 
embodiment  with  the  cylinders  in  Vee-  configura- 
tion. 
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Referring  to  Figures  1  to  4  of  the  drawings,  the 
engine  includes  a  cylinder  block  1,  crankcase  2,  oil 
sump  3  and  a  crankshaft  4  running  in  bearings  5 
mounted  in  the  crankcase  2  and  having  a  longitudinal 
axis  6.  Stepped  pistons  7  are  coupled  to  the  crankshaft  5 
4  by  wrist  pins  8  and  connecting  rods  9  supported  by 
bearings  10  running  on  the  crank-pins  11  of  the  crank- 
shaft  4.  The  cylinder  block  1  contains  three  cylinders, 
each  with  a  smaller  diameter  working  part  12  and  an 
associated  larger  diameter  pumping  part  13.  Each  pis-  w 
ton  7  has  a  working  part  14  slidable  in  the  working  part 
12  of  a  cylinder  and  a  pumping  part  15  slidable  in  the 
pumping  part  13  of  the  cylinder.  Pistons  7  are  provided 
with  compression  rings  16  and  17  and  oil  control  rings 
1  8.  At  the  upper  end  of  each  cylinder  is  a  combustion  15 
chamber  19  and  a  spark  plug  20.  The  working  part  of 
each  cylinder  12  has  a  cylindrical  wall  21  in  which  are 
provided  an  exhaust  port  22  and  working  inlet  ports  23. 
Water  cooling  spaces  are  provided  in  the  cylinder  block 
and  some  of  these  are  shown  at  24.  20 

The  engine  includes  a  receiver  indicated  generally 
at  25.  As  will  be  seen  from  Figures  1  and  2,  the  receiver 
25  partially  surrounds  each  of  the  working  parts  of  the 
cylinders.  The  receiver  is  defined  in  part  by  the  cylindri- 
cal  wall  21  of  the  working  part  of  each  cylinder  and  com-  25 
municates  directly  with  each  such  working  part  through 
the  working  inlet  ports  23.  The  receiver  is  also  defined 
laterally  by  vertical  walls  26  bounding  the  water  spaces 
24  and  other  vertical  walls  27  bounding  the  ports  of  the 
pumping  parts  of  the  cylinders.  The  receiver  also  30 
extends  into  spaces  28  and  29  shown  in  Figures  2  to  4 
as  will  herein  after  be  described. 

By  making  the  receiver  partially  surround  the  work- 
ing  parts  of  the  cylinders  the  receiver  can  be  made  com- 
paratively  large.  It  can  either  be  formed  as  shown  when  35 
the  cylinder  block  is  cast  or  the  cylinder  block  may  have 
plates,  not  shown,  secured  to  its  sides  which  will  close 
the  receiver  at  the  exterior  of  the  engine. 

As  will  be  seen  in  Figures  2,  3  and  4  the  receiver 
extends  across  the  central  plane  P  of  the  engine,  i.e.  the  40 
plane  containing  the  longitudinal  axes  of  the  cylinders 
and  the  axis  6  of  the  crankshaft  4.  As  described  above 
charge  is  pumped  from  the  pumping  parts  1  3  of  the  cyl- 
inders  into  the  receiver  25  and  then  passes  from  the 
receiver  through  the  working  inlet  ports  23  to  the  work-  45 
ing  part  of  each  cylinder  as  these  ports  are  uncovered 
by  the  top  edge  of  the  working  part  of  the  piston.  The 
control  of  the  flow  of  charge  into  the  pumping  parts  of 
the  cylinders  and  from  the  pumping  parts  into  the 
receiver  is  controlled  by  rotary  valve  members  which  will  so 
now  be  described. 

Referring  particularly  to  Figure  2,  there  is  a  rotary 
valve  control  shaft  30  which  extends  parallel  to  the 
crankshaft  and  is  mounted  in  bearings  31  adjacent  the 
ends  thereof.  The  shaft  carries  balance  weights  32  and  55 
33  at  its  ends  and  is  driven  synchronously  with  the 
crankshaft  4  by  a  slip-free  drive,  e.g.  by  a  toothed  belt 
34  connecting  a  toothed  wheel  35  on  the  crankshaft  4  to 

a  toothed  wheel  36  on  the  shaft  30  and  which  incorpo- 
rates  the  balance  weight  33.  If  desired  means  (not 
shown)  may  be  provided  for  varying  the  timing  of  the 
shaft  30  relative  to  the  crankshaft  4. 

The  balance  weights  32,  33  are  displaced  about  the 
rotary  axis  of  the  shaft  30  by  1  80°  and  produce  a  rock- 
ing  couple  which  reduces  the  effect  of  the  unbalanced 
forces  of  the  pistons,  crankshaft  and  connecting  rods 
which  produce  a  rocking  couple. 

Referring  again  to  Figure  2,  the  shaft  30  carries 
three  rotary  valve  members  37,38  and  39,  which  are 
identical.  One  of  them,  the  valve  member  39,  is  shown 
in  detail  in  Figures  5  to  8.  The  valve  members  are  rotat- 
ably  supported  in  ported  housings  40  and  41  formed  in 
the  cylinder  block  casting.  The  housing  40  supports  the 
valve  members  37  and  38  and  the  housing  41  supports 
the  valve  member  39. 

Referring  to  Figures  5  to  8,  the  valve  member  39 
includes  a  cylindrical  wall  42  mounted  on  the  shaft  30  by 
a  web  43  inclined  to  the  rotary  axis  of  the  shaft  30  and  a 
sleeve  44  which  has  internal  splines  45  to  engage  the 
shaft  30.  Each  rotary  valve  member  is  open  at  its  ends 
and  the  cylindrical  wall  42  is  provided  with  two  ports  dia- 
metrically  opposite  one  another,  each  of  which  commu- 
nicates  with  one  of  the  open  ends  of  the  valve  member 
on  each  side  of  the  web  43  so  that  the  ports  are  sepa- 
rated  by  the  web.  Thus  the  rotary  valve  member  39  has 
two  ports  46  and  47,  the  port  46  communicates  with  the 
open  end  48  of  the  valve  member  and  the  port  47  com- 
municates  with  the  open  end  49  of  the  valve  member. 

Referring  now  to  Figure  2  the  valve  member  37  has 
a  port  50  which  communicates  with  the  open  end  51  of 
the  valve  member  and  a  port  52  which  communicates 
with  the  open  end  53  of  the  valve  member.  The  valve 
member  38  has  a  port  54  which  communicates  with  the 
open  end  55  of  the  valve  member  and  a  port  56  which 
communicates  with  the  open  end  57  of  the  valve  mem- 
ber. 

The  engine  includes  an  induction  manifold  59.  The 
open  ends  51  ,  55  and  49  of  the  valve  members  37,  38 
and  39  communicate  with  the  induction  manifold  59  as 
do  the  ports  50,  54  and  46. 

The  open  ends  53  ad  57  of  the  valve  members  37 
and  38  communicate  with  the  part  28  of  the  receiver  25 
and  the  open  end  48  of  the  rotary  valve  39  communi- 
cates  with  the  part  29  of  the  receiver  25.  The  ports  50, 
54  and  46  communicate,  during  rotation  of  the  valves  by 
the  shaft  30,  with  pump  ports  in  the  respective  pumping 
parts  of  the  cylinders  as  hereinafter  described. 

Referring  to  Figure  3,  this  shows  the  transfer  of 
charge  from  an  induction  manifold  59  into  the  pumping 
part  13  of  one  of  the  cylinders.  It  is  assumed  in  this  fig- 
ure  and  in  Figure  4  that  the  cylinder  is  the  left-hand  cyl- 
inder  of  the  three  cylinders  shown  in  Figures  1  and  2 
and  that  the  rotary  valve  member  39  is  shown.  In  the 
position  of  the  rotary  valve  member  shown,  the  charge 
indicated  by  the  arrow  60  enters  the  open  end  49  of  the 
rotary  valve  member  and  passes  through  the  port  46 
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into  the  pumping  part  of  the  cylinder  13  through  a  pump 
port  61  as  the  pumping  part  15  of  the  piston  descends. 

In  Figure  4,  the  port  47  in  the  rotary  valve  member 
39  communicates  with  the  pump  port  61  so  that  as  the 
pumping  part  1  5  of  the  piston  rises  the  charge  indicated 
by  the  arrow  62  passes  through  the  ports  61  and  47  and 
out  through  the  open  end  48  of  the  valve  member  39 
into  the  receiver  part  29  and  thus  into  the  main  part  of 
the  receiver  25.  Each  of  the  rotary  valve  members  37 
and  38  associated  with  the  other  two  cylinders  operates 
in  a  simiar  manner. 

Figure  2  shows  that  the  receiver  25  is  common  to 
all  three  cylinders  and  extends  across  the  central  plane 
P  of  the  engine.  Figures  1,  3  and  4  show  that  the 
receiver  is  bounded  by  an  upper  wall  63  and  a  lower 
wall  64  formed  as  parts  of  the  cylinder  block  casting. 
Referring  to  Figure  4,  the  flow  of  charge  on  entering  the 
receiver  follows  the  arrows  62  and  65  and  in  that  figure 
flows  from  left  to  right  across  the  central  plane  P  and 
around  the  free  end  66  of  a  baffle  67  in  the  receiver  and 
then  changes  its  direction  to  flow  from  right  to  left  and 
thus  through  the  working  inlet  ports  23  into  the  working 
parts  of  the  cylinders  as  these  ports  are  uncovered  by 
the  working  parts  of  the  pistons  in  the  respective  cylin- 
ders. 

Charge  is  thus  passed  from  the  induction  manifold 
59  through  the  rotary  valve  members  37,  38  and  39  and 
the  pump  ports  61  into  the  respective  pumping  parts  of 
the  cylinders  and  then  transferred  from  the  pumping 
parts  through  the  rotary  valve  members  into  the  receiver 
parts  28  and  29  of  the  common  receiver  25  and  then 
flows  around  the  baffle  67  to  change  its  direction  of  flow 
into  the  working  parts  of  the  cylinders  through  the  work- 
ing  inlet  ports  23. 

The  rotary  valve  members  37,  38  and  39  are  so 
arranged  as  to  allow  charge  to  be  induced  into  the 
pumping  parts  of  the  cylinders  and  transferred  to  the 
receiver  and  the  working  parts  thereof  in  accordance 
with  the  requirements  of  the  engine.  The  engine  thus  far 
described  uses  loop  scavenging,  i.e.  the  inlet  of  the 
charge  is  in  the  direction  of  the  arrows  68  shown  in  Fig- 
ure  2  for  the  right  hand  cylinder  and  then  the  charge 
loops  round  to  expel  the  burnt  gasses  through  the 
exhaust  port  22. 

The  exhaust  ports  22  are  opened  and  closed  by  the 
upper  edge  of  the  working  parts  of  the  pistons.  However 
in  another  arrangement  rotary,  poppet  or  other  exhaust 
valves  may  be  provided  in  the  cylinder  instead  of  the 
exhaust  port. 

Figures  9,  10  and  1  1  show  a  three  cylinder  engine 
using  uniflow  scavenging  and  having  exhaust  valves  in 
the  cylinder  head  but  which  is  otherwise  identical  to  the 
engine  shown  in  Figures  1  and  2. 

Parts  in  Figures  9  to  1  1  corresponding  to  identical 
parts  in  Figures  1  ,  2  and  4  are  shown  with  the  same  ref- 
erence  numerals  as  in  the  earlier  figures  but  increased 
by  100. 

Referring  to  Figures  9,  10  and  11,  in  each  cylinder 

head  there  are  two  exhaust  valves  69  of  poppet  type 
each  urged  closed  by  a  valve  spring  70  acting  on  a  tap- 
pet  71  .  The  tappets  of  the  valves  are  operated  by  cams 
72  on  a  camshaft  73  which  is  driven  from  the  crankshaft 

5  114  by  an  internally  toothed  timing  belt  74  engaging 
toothed  wheels  75  and  76  on  the  crankshaft  and  the 
camshaft  respectively.  The  timing  belt  74  also  drives  the 
rotary  valve  control  shaft  130  via  the  pulley  136. 

The  camshaft  runs  in  bearings  77  on  the  cylinder 
10  head  and  as  shown  in  Figure  1  1  ,  exhaust  passages  78 

in  the  cylinder  head  communicate  with  the  valves  69. 
As  in  Figures  1  to  3  there  is  a  valve  control  shaft 

1  30  which  drives  rotary  valve  members  1  37,  1  38  and 
139.  These  control  flow  of  the  charge  into  the  pumping 

15  part  of  each  of  the  cylinders  and,  as  shown  in  Figure  1  1  , 
the  flow  of  the  charge  from  the  pumping  parts  into  the 
receiver  125. 

Since  the  exhaust  ports  22  in  the  engine  of  Figures 
1  to  3  are  now  no  longer  required,  it  is  possible  to  have 

20  more  working  inlet  ports  123  as  shown  in  Figures  10 
and  11  which  extend  in  spaced  relation  around  the 
major  part  of  the  circumference  of  each  of  the  cylinders. 

Moreover,  the  receiver  125  can  extend  around  a 
major  proportion  of  the  circumference  of  the  working 

25  part  of  each  cylinder  since  it  is  not  interrupted  as  in  Fig- 
ures  1  to  3  by  the  exhaust  port  22.  The  parts  of  the 
receiver  which  are  "extra"  in  Figure  10  are  indicated  at 
79. 

The  operation  of  the  engine  in  Figures  9  to  1  1  in  so 
30  far  as  induction  and  transfer  of  charge  into  the  receiver 

125  is  concerned  the  same  as  the  engine  of  Figures  1 
to  4  in  that  the  pumping  parts  of  the  cylinders  transfer 
the  charge  into  the  receiver  125  which  is  bounded,  as 
before,  in  part  by  the  cylindrical  walls  121  of  the  working 

35  parts  of  the  cylinders  and  the  working  inlet  ports  1  23  are 
formed  in  this  cylindrical  wall  and  communicate  as 
before  directly  between  the  receiver  1  25  and  the  work- 
ing  parts  of  the  cylinders,  the  ports  being  opened  and 
closed  by  the  tops  of  the  working  parts  of  the  pistons. 

40  In  the  embodiment  shown  in  Figures  9  to  11 
exhaust  is  controlled  by  the  exhaust  valves  69  which  are 
driven  from  the  crankshaft  1  24  so  that  the  flow  of  charge 
is  from  the  bottom  of  the  working  part  of  each  cylinder 
upwardly  and  through  the  exhaust  valves  69  and 

45  exhaust  passages  78. 
Figure  11  shows  the  baffle  167  around  which  the 

charge  flows  before  entering  the  working  inlet  ports 
123.  Where  exhaust  valves  are  provided  as  in  this 
embodiment  it  may  be  possible  to  dispense  with  or  at 

so  least  modify  the  shape  of  the  baffle. 
Referring  now  to  Figure  12,  this  shows  a  multiple- 

cylinder  engine  with  the  cylinders  arranged  in  Vee-con- 
figuration  but  having  a  single  receiver.  The  engine 
includes  a  cylinder  block  200  and  crank  case  201  .  The 

55  cylinder  block  has  six  cylinders  cast  therein  arranged  in 
two  banks  202  and  203  of  three  cylinders  each.  It  will  be 
appreciated  that  there  could  be  more  or  less  cylinders  in 
each  bank.  Each  cylinder  is  of  stepped  configuration  as 
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described  in  relation  to  the  previous  drawings  having  a 
larger  diameter  pumping  part  204  and  a  smaller  diame- 
ter  working  part  205  in  which  a  stepped  piston  operates 
connected  to  a  crankshaft  206.  The  engine  shown 
works  on  the  loop  scavenge  principle  as  described  in  5 
relation  to  Figures  1  to  4.  The  engine  includes  a  single 
valve  control  shaft  driven  by  a  pulley  207  which  in  turn  is 
driven  from  the  crankshaft  by  a  toothed  belt  208.  The 
valve  control  shaft  carries  valve  members  as  described 
above  and  is  associated  with  a  single  receiver  210  w 
which  extends  along  the  length  of  the  engine  and  which 
communicates  with  the  pumping  parts  of  all  the  cylin- 
ders  through  ports  such  as  61  referred  to  in  Figures  1  to 
4.  The  receiver  210  also  communicates  with  the 
receiver  space  around  the  working  parts  205  of  the  cyl-  75 
inders,  i.e.  the  receiver  space  such  as  25  shown  in  Fig- 
ures  1  to  4.  Thus  the  total  receiver  volume  consists  of 
the  receiver  210  and  the  space  such  as  25  around  the 
working  parts  of  the  cylinders. 

The  operation  of  the  engine  is  as  previously  20 
described  in  that  the  valve  members  driven  by  the  pulley 
207  via  the  valve  control  shaft  controls  flow  of  charge 
into  the  pumping  parts  of  the  cylinders  and  transfer  of 
the  charge  from  the  pumping  parts  into  the  receiver  and 
thus  through  the  inlet  ports  such  as  23  into  the  working  25 
parts  of  the  cylinders. 

Although  the  engine  in  Figure  12  has  been 
described  as  having  a  single  rotary  valve  control  shaft 
carrying  valve  members  it  would  be  possible  to  have  two 
such  shafts,  one  associated  with  one  bank  202  of  the  30 
cylinders  and  the  other  associated  with  the  other  bank 
203  of  the  cylinders.  In  such  case  the  valve  members 
would  be  arranged  as  described  in  relation  to  Figure  2 
but  would  communicate  with  the  receiver  210  which  in 
turn  would  communicate  with  the  receiver  space  such  35 
as  25  around  the  cylinders  as  described  above.  The  cyl- 
inders  of  the  engine  are  provided  with  exhaust  ports  209 
which  are  controlled  by  the  tops  of  the  working  parts  of 
the  pistons  as  described  in  relation  to  Figures  1  to  4. 

Figure  1  3  shows  another  version  of  a  Vee-conf  igu-  40 
ration  engine  which  uses  uniflow  scavenging  as 
described  in  relation  to  Figures  9  to  1  1  .  Again  there  is  a 
cylinder  block  211  and  a  crankcase  212  with  a  crank- 
shaft  213.  The  banks  of  cylinders  are  indicated  at  214 
and  215  and  each  may,  for  example,  contain  three  cylin-  45 
ders  although  more  or  less  may  be  provided.  As  before 
each  cylinder  has  a  larger  diameter  pumping  part  216 
and  a  smaller  diameter  working  part  217  and  in  this 
case  there  are  exhaust  valves  218  in  the  working  parts 
and  driven  by  camshafts  219  all  as  described  in  relation  so 
to  Figures  9  to  1  1  . 

Each  of  the  banks  of  cylinders  is  arranged  in  a  man- 
ner  similar  to  the  three  cylinders  shown  in  Figures  9  to 
1  1  and  there  are  two  valve  control  shafts  driven  from 
pulleys  220  and  221.  The  valve  control  shaft  driven  by  ss 
the  pulley  220  operates  valve  members  to  control  the 
charge  introduced  into  the  pumping  parts  of  the  cylin- 
ders  in  the  bank  215  and  the  transfer  of  the  charge  into 

the  working  parts  of  the  cylinders  in  that  bank.  The  valve 
control  shaft  driven  by  the  pulley  221  operates  valve 
members  which  control  the  introduction  of  charge  into 
the  pumping  parts  of  the  cylinders  in  the  bank  214  and 
the  transfer  of  the  charge  from  those  cylinders  into  the 
working  parts  of  the  cylinders.  There  are  thus  two 
receivers  222  and  223  each  of  which  includes  the 
receiver  space  such  as  125  between  the  cylinders  as 
described  in  relation  to  Figures  9  to  11  and  each 
receiver  is  associated  with  one  of  the  valve  control 
shafts  and  valve  members. 

In  effect,  the  engine  of  Figure  1  3  is  substantially  two 
of  the  engines  of  Figures  9  to  1  1  with  the  pistons  con- 
nected  to  a  common  crankshaft.  The  camshafts  and 
valve  control  shafts  are  driven  by  a  toothed  belt  224 
which  goes  round  the  pulleys  220  and  221  and  also  pul- 
leys  225  and  226  which  drive  the  camshafts.  The  oper- 
ation  of  the  engine  is  substantially  as  described  in 
relation  to  Figures  9  to  1  1  . 

The  features  disclosed  in  the  foregoing  description, 
or  the  following  claims,  or  the  accompanying  drawings, 
expressed  in  their  specific  forms  or  in  terms  of  a  means 
for  performing  the  disclosed  function,  or  a  method  or 
process  for  attaining  the  disclosed  result,  as  appropri- 
ate,  may,  separately  or  in  any  combination  of  such  fea- 
tures,  be  utilised  for  realising  the  invention  in  diverse 
forms  thereof. 

Claims 

1  .  A  stepped-piston,  internal-combustion  engine  com- 
prising  at  least  one  cylinder,  the  or  each  cylinder 
having  a  working  part  (12)  defined  by  a  cylindrical 
wall  (21)  and  a  pumping  part  (13),  said  pumping 
part  being  of  greater  diameter  than  the  working 
part,  a  piston  in  the  or  each  cylinder  and  having  a 
working  part  (14)  slidable  in  the  working  part  (12)  of 
the  cylinder  and  a  pumping  part  (15)  slidable  in  the 
pumping  part  (13)  of  the  cylinder,  a  crankshaft  (4), 
means  (8,  9)  connecting  the  or  each  piston  to  the 
crankshaft,  a  receiver  (25)  which  is  partly  delimited 
by  said  cylindrical  wall  (21)  of  the  working  part  (12) 
of  the  or  each  of  at  least  some  of  the  cylinders  and 
which  extends  at  least  partly  around  each  said 
working  part,  working  inlet  ports  (23)  in  the  or  each 
said  cylindrical  wall  (21)  and  extending  between  the 
working  part  (12)  of  the  or  each  of  said  some  cylin- 
ders  and  the  receiver  (25),  at  last  one  valve  control 
member  (30)  mounted  for  rotation  about  an  axis 
parallel  to  the  crankshaft  axis  at  a  speed  dependent 
on  the  rotational  speed  of  the  crankshaft,  and  valve 
means  (37,  38,  39,  40,  41)  associated  with  the  or 
each  cylinder  to  control  the  entry  of  charge  into  the 
pumping  part  (13)  of  the  cylinder  and  the  transfer  of 
charge  from  said  pumping  part  to  the  receiver  (25), 
the  valve  means  being  operated  by  said  valve  con- 
trol  member  (30),  and  wherein  the  admission  of 
charge  into  the  working  part  of  the  or  each  of  said 
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some  cylinders  from  said  receiver  through  the 
working  inlet  ports  (23)  is  controlled  solely  by  the 
uncovering  of  said  working  inlet  ports  by  the  work- 
ing  part  (14)  of  the  piston. 

5 
2.  An  engine  as  claimed  in  Claim  1  ,  wherein  the  valve 

control  member  is  in  the  form  of  a  shaft  (30)  which 
carries  balance  weights  (32,  33)  to  counteract  any 
rocking  couple  of  the  engine. 

10 
3.  An  engine  according  to  Claim  1  or  Claim  2,  wherein 

the  valve  control  member  is  a  rotary  shaft  (30) 
which  drives  the  valve  means  which  comprises,  for 
the  or  each  cylinder,  an  open-ended  valve  member 
(37,  38,  39)  defined  by  a  cylindrical  wall  (42),  the  w 
space  within  said  valve  member  being  divided  into 
two  parts  by  a  diaphragm  (43)  inclined  to  the  longi- 
tudinal  axis  of  said  wall,  there  being  a  valve  port 
(46,  47)  in  said  cylindrical  wall  of  the  valve  member 
in  each  of  said  parts,  and  wherein  during  rotation  of  20 
the  shaft  one  of  the  valve  ports  (46)  allows  the  flow 
of  charge  through  one  open  end  (49)  of  the  valve 
member  into  the  pumping  part  (13)  of  the  cylinder 
and  the  other  of  said  valve  ports  (47)  allows  the  flow 
of  charge  from  the  pumping  part  of  the  cylinder  25 
through  the  other  open  end  (48)  of  the  valve  mem- 
ber  into  the  receiver. 

4.  An  engine  as  claimed  in  any  preceding  claim, 
wherein  charge  is  transferred  into  the  receiver  (25)  30 
on  one  side  of  the  central  plane  (P)  of  the  engine 
and  is  caused  to  flow  across  the  central  plane  and 
then  to  reverse  its  direction  of  flow  before  reaching 
the  working  inlet  ports  (23)  of  the  working  part  of 
the  or  each  cylinder  which  is  in  communication  with  35 
said  receiver  via  said  ports. 

5.  An  engine  as  claimed  in  Claim  4,  wherein  a  baffle 
(67)  is  provided  in  the  receiver  and  which  extends 
across  the  central  plane  (P)  of  the  engine  from  said  40 
one  side  and  has  a  free  end  (66)  on  the  other  side 
of  said  central  plane  around  which  the  charge 
passes  to  reverse  its  direction  of  flow  before  reach- 
ing  said  working  inlet  ports  (23). 

45 
6.  As  engine  as  claimed  in  any  preceding  claim, 

including  multiple  cylinders,  wherein  there  is  a  com- 
mon  receiver  (25)  for  all  the  cylinders,  the  working 
inlet  ports  (23)  of  all  said  cylinders  communicating 
with  said  common  receiver  (25)  into  which  charge  so 
from  the  pumping  parts  (13)  of  all  said  cylinders  is 
delivered. 

7.  As  engine  as  claimed  in  Claim  6  wherein  the  multi- 
ple  cylinders  are  arranged  in  Vee-configuration  with  55 
two  banks  of  cylinders  (202,  203),  the  engine 
including  a  single  valve  control  member  operating 
valve  means  for  controlling  entry  of  charge  into  the 

pumping  parts  (204)  of  all  the  cylinders  and  trans- 
ferring  charge  from  said  pumping  parts  to  the 
receiver  (210). 

8.  An  engine  as  claimed  in  Claim  6  wherein  the  multi- 
ple  cylinders  are  arranged  in  Vee-configuration  with 
two  banks  of  cylinders  (202,  203),  the  engine 
including  two  valve  control  members,  one  associ- 
ated  with  each  of  said  banks  of  cylinders  and  each 
operating  valve  means  for  controlling  entry  of 
charge  into  the  pumping  parts  (204)  of  the  cylinders 
of  its  associated  bank  and  for  transferring  charge 
from  said  pumping  parts  to  the  receiver  (210). 

9.  An  engine  as  claimed  in  any  of  Claims  1  to  5  includ- 
ing  multiple  cylinders  arranged  in  Vee-configuration 
with  two  banks  of  cylinders  (214,  215),  wherein 
there  are  two  receivers  (222,  223),  one  receiver 
(222)  being  common  to  the  cylinders  of  one  oft  he 
banks  and  the  other  receiver  (223)  being  common 
to  the  cylinders  of  the  other  of  the  banks,  the  work- 
ing  inlet  ports  of  all  the  cylinders  of  each  bank  com- 
municating  with  its  common  receiver  into  which 
charge  from  the  pumping  parts  (216)  of  all  the  cyl- 
inders  of  said  bank  is  delivered. 

1  0.  An  engine  as  claimed  in  Claim  9  including  two  valve 
control  members,  one  associated  with  each  of  the 
banks  of  cylinders  (214,  215)  and  each  operating 
valve  means  for  controlling  entry  of  charge  into  the 
pumping  parts  (216)  of  the  cylinders  of  its  associ- 
ated  bank  and  for  transferring  charge  from  said 
pumping  parts  to  the  receiver  (222,  223)  associated 
with  the  bank. 
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