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Description 

TECHNICAL  FIELD 

This  invention  relates  to  reciprocating  piston 
internal  combustion  engines  of  the  type  wherein, 
pumping  and  power  cylinders  are  operated  on  two 
stroke  cycles. 

BACKGROUND  ART 

Engines  of  this  type  have  been  disclosed  in 
numerous  prior  art  which  have  intended  to  improve 
the  efficiency  and  or  power  to  weight  ratio  thereof. 
US,A,  PATENT  NO  1,881,582  shows  a  design 
which  has  a  pumping  cylinder  driven  at  twice  the 
cyclic  speed  of  and  alternately  suppling  a  intake 
scavenging  charge  to  two  power  cylinders,  via 
transfer  ports  which  communicate  with  the  lower 
cylinder  walls  of  the  power  cylinders,  hence  being 
timed  by  the  power  pistons.  Although  this  design 
marginally  increases  the  scavenging  efficiency  at- 
tainable  and  as  compared  to  crankcase  compres- 
sion  type  two  stroke  engines,  this  design  has  and 
retains  numerous  efficiency  problems  of,  including 
the  fundamental  inefficiency  of,  the  conventional 
two  stroke  engine.  The  said  inefficiency  results 
from  the  opening  of  the  transfer  ports  in  the  lower 
cylinder  walls  and  which  reduces  the  volume 
through  which  expansion  occurs  with  the  said  re- 
duction  being  used  instead  for  a  half  of  the  transfer 
scavenging  phase.  Furthermore  this  design,  due  to 
the  said  transfer  to  the  lower  cylinder  walls,  has  no 
potential  for  significant  efficiency  gains  to  be  at- 
tained  if  valve  controlled  constant  volume  combus- 
tion  chambers  are  to  be  used. 

A  second  type  of  engine  which  has  pumping 
and  power  cylinders  operating  on  two  stroke  cycles 
and  which  have  intended  to  overcome  the  above 
said  undesireable  features  are  typically  disclosed 
in  U  S  PAT  NO'S  :  3,880,126  and  4,458,635.  These 
designs  have  the  pumping  cylinder  transferring  the 
intake  charge  through  valve  timed  ports  which 
open  into  the  power  cylinder  head  section.  U  S 
PAT  NO  :  3,880,126,  utilizes  a  combustion  cham- 
ber  which  is  in  constant  communication  with  the 
power  cylinder  and  which  has  an  excessive  num- 
ber  of  components  whilst  overall  efficiency  and 
power  output  are  severley  limited  by  a  poor 
scavenging  efficiency  which  primarily  results  from 
the  long  transfer  scavenging  phase  required  of  the 
design.  This  further  exacerbats  the  obvious  power 
to  weight  ratio  limitations  of  the  design.  U  S  PAT 
NO:  4,458,635,  utilizes  a  valve  controlled  constant 
volume  combustion  chamber  which  foregoing  the 
supercharging  system  used  that  results  in  a  similar 
said  fundamental  inefficiency,  increases  the 
scavenging  and  combustion  efficiency  and  hence 

overall  efficiency  is  also  maginally  increased.  Sub- 
sequently,  only  an  average  power  to  weight  ratio 
results  whilst  an  excessive  number  of  components 
is  still  a  major  problem. 

5  A  further  design  of  engine  which  shares  similiar 
cylinder,  port  and  valve  locations  of  the  presented 
invention  but  which  is  outside  of  the  technical  field 
of  this  invention  in  that  the  power  cylinders  operate 
on  four  stroke  cycles,  is  typically  shown  in  GB,A 

w  PATENT  NO  2071210.  As  such  the  pumping  cyl- 
inder  is  used  only  as  a  supercharging  device  and 
is  not  necessary  for  the  operation  of  the  engine  as 
is  required  in  the  presented  invention. 

As  acknowledged  in  the  pre-characterising  por- 
75  tion  of  claim  1  appended  hereto,  French  Patent  No. 

820925  to  GRAB  discloses  a  two-stroke  internal 
combustion  engine  comprising  at  least  one  unit 
having  a  pumping  cylinder,  a  pumping  piston  recip- 
rocally  movable  in  said  pumping  cylinder,  two  pow- 

20  er  cylinders,  a  respective  power  piston  reciprocally 
movable  in  each  said  power  cylinder,  each  said 
power  cylinder  having  an  associated  combustion 
chamber,  the  pumping  piston  reciprocating  at  a 
cycle  speed  twice  that  of  the  power  pistons,  and 

25  said  power  pistons  being  phased  about  one  stroke 
apart,  a  cylinder  head  closing  the  top  ends  of  all 
said  cylinders,  said  cylinder  head  having  two  trans- 
fer  ports  therethrough  enabling  said  pumping  cyl- 
inder  to  communicate  with  said  power  cylinders, 

30  transfer  valves  controlling  communication  between 
the  pumping  cylinder  and  the  power  cylinders,  at 
least  two  exhaust  ports  allowing  exhaust  gases  to 
flow  from  the  power  cylinders  when  the  associated 
power  piston  is  at  about  or  before  its  bottom  dead 

35  centre  position,  at  least  one  intake  port  through  the 
head  and  communicating  with  the  pumping  cyl- 
inder,  intake  valve  means  associated  with  the  in- 
take  port  and  allowing  a  major  portion  of  an  intake 
charge  to  be  induced  into  the  pumping  cylinder 

40  when  the  pumping  piston  is  moving  away  from  its 
top  dead  centre  position  and  said  pumping  piston 
alternately  transferring  the  intake  charge  into  the 
power  cylinders  through  the  transfer  ports  as  the 
pumping  piston  moves  towards  its  top  dead  centre 

45  position,  said  pumping  piston  leading  to  the  top 
dead  centre  position  the  power  piston  of  the  cyl- 
inder  to  which  the  charge  is  transferred. 

The  fixed  geometry  of  the  ported  portion  of  the 
GRAB  engine  means  that  exhaust  timing  is  depen- 

50  dent  upon  piston  position  such  that  opening  and 
closing  events  are  interdependent  and  exhaust 
open  timing  cannot  be  decided  without  consider- 
ation  to  duration  or  closing.  Further,  the  exhaust 
timing  is  necessarily  restricted  to  being  symmetri- 

55  cal  about  BDC;  as  such,  exhaust  timing  is  com- 
promised.  Also,  the  engine  of  GRAB  employs  an 
axial  flow  scavenging  motion. 
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A  further  problem  of  the  GRAB  engine  is  that 
its  exhaust  timing  cannot  be  controlled  and  ma- 
nipulated  in  operation  as  the  engine  is  traversing  its 
load  range.  Thus,  for  example,  the  scavenging  and 
trapping  efficiencies  of  the  engine,  that  is,  the 
amounts  of  fresh  charge  and  retained  exhaust  gas 
trapped  in  the  cylinder  ready  for  combustion,  can- 
not  be  controlled  and  manipulated  by  control  of  the 
exhaust  opening  and  closing  events. 

More  generally,  the  ports  used  by  GRAB  re- 
quire  the  cutting  of  holes  in  the  cylinder  walls. 
These  holes  would  be  detrimental  to  the  life  of  the 
piston  ring  and  would  cause  premature  wear  and 
degradation  of  the  sealing  efficiency  of  the  engine 
leading  to  early  failure  and  increased  pollution 
throughout  the  engine's  life.  This  point  is  critical  in 
view  of  increasingly  stringent  exhaust  emissions 
legislation  around  the  world.  For  example,  the  US 
Clean  Air  Act  1990  requires  that  vehicle  engines 
must  endure  at  least  100,000  miles  (160,000 
kilometres)  from  new  without  significant  increase  in 
tailpipe  emissions.  It  is  believed  that,  to  date,  no 
ported  engine  has  succeeded  in  passing  these 
requirements. 

The  present  invention  is  characterised  in  that: 
the  flow  of  the  exhaust  gases  through  the  exhaust 
ports  is  controlled  by  exhaust  poppet  valves;  the 
exhaust  ports  extend  through  said  head;  the  ex- 
haust  valves  begin  to  open  when  the  power  piston 
is  positioned  between  90  degrees  after  top  dead 
centre  and  198  degrees  after  top  dead  centre  and 
close  when  the  power  piston  is  positioned  between 
162  degrees  before  top  dead  centre  and  10.8  de- 
grees  before  top  dead  centre;  the  transfer  valves 
are  poppet  valves;  the  transfer  valves  begin  to 
open  when  the  pumping  piston  is  positioned  be- 
tween  72  degrees  after  top  dead  centre  and  288 
degrees  after  top  dead  centre  and  close  when  the 
pumping  piston  is  positioned  between  72  degrees 
before  top  dead  centre  and  72  degrees  after  top 
dead  centre;  each  exhaust  valve  closes  before  the 
associated  transfer  valve  closes;  the  intake  valve 
means  begin  to  open  when  the  pumping  piston  is 
positioned  between  top  dead  centre  and  144  de- 
grees  after  top  dead  centre  and  close  when  the 
pumping  piston  is  positioned  between  216  degrees 
before  top  dead  centre  and  14.4  degrees  before 
top  dead  centre;  and  the  pumping  piston  leads  the 
power  piston  to  which  the  intake  charge  is  to  be 
transferred  to  the  top  dead  centre  position  by  less 
than  108  power  piston  degrees  before  top  dead 
centre. 

The  invention  provides  a  novel  engine  design 
which  significantly  increases  the  thermal  efficiency, 
power  to  weight  ratio  and  scavenging  efficiency  of 
all  the  abovesaid  engine  types.  Further,  the  number 
of  components  required  for  the  abovesaid  second 
type  of  engine  is  reduced. 

Advantageous  optional  features  of  the  invention 
are  set  forth  in  claims  2  to  17  appended  hereto. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
5 

FIG  1-  is  a  top  schematic  view  of  the  preferred 
design  which  is  a  inline  single  unit  and  showing  the 
cylinders,  ports,  combustion  chamber  and  valve 
opening  locations  thereof. 

io  FIG  2-  is  a  cross-sectional  view  taken  along 
line  A-A  of  FIG  1  but  around  the  piston  crankshaft 
mechanism  and  with  the  lower  crankcase  removed. 

FIG  3-  is  a  valve  timing  diagram  of  the  pre- 
ferred  design  in  power  cylinder  crank  angle  de- 

15  grees  with  the  lines  indicating  valve  open  times 
and  with  the  TDC  position  shown  thereon  being  the 
TDC  position  of  the  first  power  piston. 

FIG  4-  shows  an  alternative  design  which  has 
two  units,  being  in  a  V  configuration  and  utilizing 

20  turbocharging  and  crankcase  compression  of  the 
pumping  cylinder.  One  unit  or  bank  of  cylinders  is 
shown  as  an  end  view  with  the  other  unit  shown  as 
a  cross-sectional  view  taken  along  line  B-B  of  FIG 
5  but  around  the  piston  crankshaft  mechanism 

25  thereof  and  with  partial  hidden  detail  shown  and  the 
lower  power  crankcase  and  lower  RH  side  pumping 
cylinder  crankcase  being  removed. 

FIG  5-  is  a  top  schematic  view  of  the  sectioned 
unit  of  FIG  4  and  shows  the  cylinders,  ports,  com- 

30  bustion  chambers  and  valve  opening  locations 
thereof. 

FIG  6-  is  a  valve  timing  diagram  of  the  alter- 
native  design  shown  in  FIGS  4  and  5  and  uses  the 
same  features  as  described  for  FIG  3. 

35  FIG  7-  is  a  end  shematic  view  of  an  alternative 
V  configuration  and  which  shows  the  cylinder  and 
crankshaft  locations  thereof. 

MODES  FOR  CARYING  OUT  THE  INVENTION 
40 

Refering  to  all  modes  for  carrying  out  the 
present  invention,  each  said  unit  has  a  pumping 
cylinder  5  with  a  pumping  piston  16  reciprocable 
therein  and  first  and  second  power  cylinders,  re- 

45  spectively  3  and  4  with  first  and  second  power 
pistons  respectively  13  and  14  reciprocable  within 
their  respective  power  cylinders.  All  cylinders  of  a 
unit  share  a  parallel  axis  and  a  common  block  18 
and  a  common  head  19,  whilst  the  pumping  cyl- 

50  inder  is  evenly  distanced  to  each  of  the  power 
cylinders.  A  pumping  crankshaft  2  and  pumping 
conrod  17  cause  reciprocation  of  the  pumping  pis- 
ton  16  and  a  power  crankshaft  1  and  power  con- 
rods  15  cause  reciprocation  of  the  said  power 

55  pistons.  Each  said  crankshaft  is  supported  for  rota- 
tion  by  bearing  means  whilst  journal  means  which 
are  not  shown  in  the  drawings,  provide  pivotal 
movement  at  the  conrod  crankshaft  pivots  and  the 

3 
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conrod  piston  pivot.  A  pump  drive  gear  7  which  is 
fixed  to  each  of  the  pumping  crankshafts  2,  coop- 
erates  with,  is  driven  by,  and  is  one  half  the  diam- 
eter  of,  the  power  crankshaft  gear  6  which  is  fixed 
to  the  power  crankshaft  1.  This  gear  arrangement 
then  provides  for  the  pumping  pistons  16  to  be 
reciprocated  at  and  cyclicly  operated  at,  twice  that 
of  the  power  pistons.  The  phasing  of  the  power 
pistons  of  a  unit  relative  to  each  other,  is  one 
hundred  and  eighty  power  'crankshaft  crankangle' 
(from  hereinafter  is  refered  to  as  'CA')  degrees. 
The  first  and  second  transfer  ports  respectively  21 
and  24,  remain  in  constant  communication  with  the 
pumping  cylinder.  The  crankshafts  for  carrying  out 
all  modes  of  the  invention,  are  of  the  one  piece 
type  whilst  all  conrods  are  of  the  two  piece  type 
and  bolt  on  to  the  respective  crankshafts  from  the 
underside  thereof,  for  pivotal  movement 
therearound.  Of  course  the  components  and  auxil- 
iaries  not  illustrated  for  the  efficient  operation  of  the 
engine,  are  included  in  all  modes  for  carrying  out 
the  invention  whilst  water  cooling  passages  are 
shown  in  the  sectioned  walls  of  FIGS  2  and  4  but 
are  not  numbered  to  reduce  cluttering  thereof.  Fur- 
thermore,  the  respective  components  of  the  first 
and  second  power  cylinders  are  respectively  re- 
ferred  to  as  the  first  and  second  said  components, 
or  they  are  referred  to  as  the  respective  compo- 
nents  of  the  power  cylinder  of  which  the  descrip- 
tion  is  directed  to. 

Referring  now  to  FIGS  1-3,  the  preferred  de- 
sign  or  mode  of  carrying  out  the  invention  is  a 
naturally  aspirated  inline  version  with  the  pumping 
cylinder  5  being  located  in  the  middle  of  the  first 
and  second  power  cylinders,  respectively  3  and  4. 
The  pumping  crankshaft  2  is  accessed  and  held  in 
place  by  pumping  crankshaft  caps  38  which  bolt 
into  the  engine  block  18  whilst  the  power  crank- 
shaft  1  is  accessed  and  held  in  place  by  the  lower 
crankcase  which  is  removed  in  the  FIG  2.  The 
phasing  of  the  pumping  piston  16  relative  to  the 
power  pistons  13  and  14  has  the  pumping  piston 
leading  the  piston  of  the  power  cylinder  which  the 
intake  charge  of  that  particular  pumping  cylinder 
cycle  will  be  transferred  into,  to  TDC,  by  less  than 
108  power  CA  degrees. 

The  preferred  design  has  all  intake,  transfer, 
and  exhaust  valves  being  poppet  type  valves.  The 
first  and  second  combustion  chambers  respectively 
22  and  25,  remain  in  constant  communication  with 
their  respective  power  cylinder  and  each  has  a 
spark  plug  35  mounted  thereinto  and  which  causes 
ignition  of  the  combustible  mixture  therein.  Petrol 
fuel  injection  means  36  are  mounted  into  each 
transfer  port  and  inject  a  predetermined  quantity  of 
fuel  thereinto  as  the  said  intake  charge  is  being 
transferred  into  the  power  cylinder  thereof.  A  first 
transfer  valve  8  times  communication  between  the 

first  transfer  port  21  and  the  first  power  cylinder  3 
whilst  a  second  transfer  valve  10  times  commu- 
nication  between  the  second  transfer  port  24  and 
the  second  power  cylinder  4. 

5  Two  intake  valves  12  time  communication  be- 
tween  the  intake  port  20  and  the  pumping  cylinder 
5.  A  first  exhaust  valve  9  times  communication 
between  the  first  power  cylinder  3  and  the  first 
exhaust  port  23  whilst  a  second  exhaust  valve  11 

io  times  communication  between  the  second  power 
cylinder  4  and  the  second  exhaust  port  26.  The 
said  exhaust  ports  lead  to  an  exhaust  manifold  and 
eventually  to  an  exhaust  pipe  whilst  the  said  intake 
port  leads  to  an  intake  manifold  with  air  metering 

is  means  therein  provided.  All  of  the  said  valves  are 
actuated  by  a  single  overhead  camshaft  which  has 
an  axis  parallel  to  that  of  the  crankshafts  and  is 
positioned  directly  above  all  the  said  valves  so  as 
to  directly  actuate  them.  The  said  camshaft  is  not 

20  shown  in  FIG  2  to  reduce  cluttering  thereof  and  of 
the  major  features  thereof.  The  said  camshaft  is 
driven  by  chain  means  46  from  the  camshaft  drive 
sprocket  39  which  is  fixed  to  the  pumping  crank- 
shaft  2.  The  sprocket  on  the  said  camshaft  which 

25  cooperates  with  the  said  chain  is  a  half  of  the 
diameter  as  the  said  camshaft  drive  gear,  providing 
for  the  said  camshaft  to  cooperate  at  the  same 
cyclic  speed  as  the  power  cylinders  and  as  such, 
single  camlobes  actuate  the  transfer  and  exhaust 

30  valves,  whilst  two  camlobes  are  evenly  spaced 
around  the  said  camshaft  where  the  intake  valves 
are  actuated  from,  so  that  the  intake  valves  open 
twice  as  often  as  the  other  valves  and  which  fol- 
lows  the  increased  cyclic  speed  of  the  pumping 

35  cylinder.  Variable  exhaust  valve  closing  event  is 
obtained  by  a  turning  block  type  of  valve  timing 
mechanism  which  is  not  shown  for  reasons  of 
undue  complexity  and  which  allows  for  the  said 
valves  to  close  between  162  and  10.8  power  CA 

40  degrees  before  TDC  depending  upon  engine  load 
and  speed.  The  engine  oil  pump  supplies  the  oil  to 
the  engine  and  is  driven  from  the  oil  pump  drive 
gear  40  which  is  fixed  to  the  power  crankshaft  1 
between  the  power  cylinders. 

45  The  method  of  operation  including  the  valve 
timings  of  the  preferred  design  is  now  described. 
The  intake  valves  12  open  when  the  pumping  pis- 
ton  moves  between  0  and  144  pumping  CA  de- 
grees  after  TDC.  This  allows  the  compressed  in- 

50  take  gas  of  the  previous  cycle  to  expand  substan- 
tially  to  atmospheric  before  the  said  valves  12  are 
opened.  With  the  intake  valves  12  opened  and  the 
pumping  piston  moving  towards  its  'bottom  dead 
centre'  (which  hereinafter  is  referred  to  as  'BDC') 

55  position,  the  intake  air  is  induced  into  the  pumping 
cylinder  5.  As  the  said  piston  16  moves  through  36 
pump  degrees  before  BDC  the  intake  valves  12 
close  and  the  induction  of  the  intake  air  ceases. 

4 
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One  of  the  transfer  valves  21  or  24  begins  to  open 
between  72  and  288  pump  degrees  after  TDC, 
initiating  the  transfer  phase  to  the  respective  power 
cylinder  of  which  the  said  open  transfer  valve 
opens  into.  The  said  transfer  valve  then  remains 
open  until  the  pumping  piston  16  moves  through  to 
72  pump  degrees  after  TDC  which  is  shown  in  FIG 
3.  The  piston  of  the  pumping  cylinder  then  contin- 
ues  towards  BDC,  and  begins  a  new  cycle  thereof 
as  is  described  above.  The  intake  air  of  the  next 
said  cycle  is  transferred  to  the  other  power  cylinder 
and  the  intake  air  of  the  following  said  cycle  and 
which  is  after  the  next  said  cycle  is  transferred  to 
the  said  respective  power  cylinder  starting  a  new 
cycle  thereof. 

During  the  first  part  of  the  transfer  phase  to  the 
said  respective  power  cylinder,  the  exhaust  valve 
thereof  is  open,  providing  for  the  later  part  of  the 
exhaust  phase  thereof  to  occur  which  has  the 
scavenging  of  the  remaining  exhaust  gases  from 
the  said  respective  cylinder  by  the  transferring 
intake  air.  The  exhaust  valve  of  the  said  respective 
power  cylinder  remains  open  until  the  piston  there- 
of  moves  to  between  162  and  10.8  power  CA 
degrees  before  TDC.  At  high  load  and  or  high 
speed,  the  fuel  is  injected  into  the  transfer  port  of 
the  said  respective  power  cylinder  during  the  trans- 
fer  phase  and  at  low  load  and  or  speed,  it  is  mostly 
injected  after  the  exhaust  valve  of  that  power  cyl- 
inder  has  closed.  With  the  fuel  injected,  a  spark  at 
the  respective  spark  plug  35  causes  combustion  to 
occur  about  the  TDC  position.  The  piston  of  the 
said  respective  power  cylinder  then  moves  towards 
BDC,  substantially  expanding  the  gases  therein  to 
atmospheric  before  the  exhaust  valve  begins  to 
open  when  the  said  piston  is  between  90  and  198 
power  CA  degrees  after  TDC.  This  then  initiates 
the  first  part  of  the  exhaust  phase  being  blowdown, 
and  then  positive  scavenging  occurs  whilst  the 
piston  thereof  moves  towards  TDC  until  the  transfer 
valve  of  that  cylinder  opens,  beginning  another 
cycle  thereof  and  as  is  described  above.  The  op- 
eration  of  the  other  power  cylinder  is  the  same  as 
that  described  above  for  the  said  respective  power 
cylinder  but  as  is  obvious,  it  occurs  one  hundred 
and  eighty  power  CA  degrees  before  and  after  it 
occurs  in  the  said  respective  cylinder. 

Referring  now  to  FIGS  4-6,  the  alternative  de- 
sign  or  mode  for  carrying  out  the  invention  has  two 
units  which  are  set  in  a  V  configuration  and  with 
each  said  unit  being  one  bank  of  cylinders  of  the 
said  V.  The  power  cylinders  of  each  unit,  are 
positioned  close  together  with  the  pumping  cyl- 
inder  5  of  each  unit  being  positioned  on  the  outside 
of  the  said  V  but  being  central  to  the  power  cyl- 
inders  of  its  said  unit.  Constant  volume  combustion 
chambers  which  have  communication  to  their  re- 
spective  power  cylinders  being  timed  by  secondary 

valves  are  used  in  the  alternative  design  with  the 
first  said  secondary  valve  being  27  and  the  second 
said  secondary  valve  being  28.  A  turbocharger  41 
is  positioned  in  the  middle  of  the  said  V  with  the 

5  exhaust  manifolds  23  of  all  power  cylinders  com- 
municating  thereto  whilst  the  exhaust,  ports  23  and 
manifolds  23  share  the  same  number.  The  pres- 
surised  intake  manifold  42  leading  from  the  tur- 
bocharger  41  communicates  with  the  intake  ports 

io  of  both  pumping  cylinders  whilst  the  crankcase 
intake  ports  33  of  both  pumping  cylinders  is  natu- 
rally  aspirated.  A  single  power  crankshaft  1  causes 
reciprocation  of  all  power  pistons  whilst  each 
pumping  cylinder  5  has  its  own  pumping  crankshaft 

is  2.  A  single  power  crankshaft  gear  6  which  is  fixed 
to  the  power  crankshaft,  cooperates  with  the  pump- 
ing  cylinder  drive  gears  7,  fixed  to  each  of  the 
pumping  crankshafts.  The  phasing  of  the  pumping 
pistons  relative  to  the  power  cylinders  of  a  respec- 

20  tive  unit,  has  the  pumping  piston  leading  the  said 
power  pistons  to  TDC  by  less  than  108  power  CA 
degrees.  The  phasing  of  the  power  pistons  of  the 
unsectioned  unit  relative  to  the  said  pistons  of  the 
sectioned  unit,  has  the  first  power  piston  3  of  the 

25  sectioned  unit,  leading  the  first  power  piston  of  the 
unsectioned  unit,  by  ninety  power  CA  degrees.  The 
power  crankshaft  1  is  accessed  and  held  in  place 
by  the  lower  power  crankcase  which  is  removed  in 
the  drawings  whilst  each  pumping  crankshaft  2  is 

30  accessed  and  held  in  place  by  a  pumping  lower 
crankcase  47  which  is  shown  on  the  unsectioned 
unit  of  FIG  4. 

The  alternative  design  has  all  intake,  transfer, 
exhaust  and  secondary  valves  being  poppet  type 

35  valves  whilst  the  crankcase  intake  valves  32  are 
reed  type  valves.  The  first  combustion  chamber  22 
and  the  first  power  cylinder  3  has  communication 
therebetween  controlled  by  a  first  secondary  valve 
27  whilst  the  second  combustion  chamber  25  and 

40  the  second  power  cylinder  4  have  communication 
therebetween  comtrolled  by  a  second  secondary 
valve  28.  Diesel  fuel  injection  means  37  are  moun- 
ted  into  each  said  combustion  chamber  whilst  igni- 
tion  therin  is  caused  by  the  temperature  and  pres- 

45  sure  of  the  combustible  mixture  therein.  Protru- 
sions  31,  on  the  top  of  each  power  piston,  extend 
upwards  so  that  they  substantially  atleast,  take  up 
the  volumes  of  each  secondary  port  29  and  30 
which  result  in  an  efficiency  increase  of  the  engine. 

50  The  alternative  design  has  each  unit  having  the 
same  intake,  transfer,  and  exhaust  valve  and  port 
arrangements  and  functions,  as  are  described  for 
the  preferred  design  although  the  positioning  of 
some  valves  and  ports  is  altered.  Each  said  unit 

55  has  two  overhead  camshafts  which  are  not  shown 
in  the  drawings  and  which  are  driven  by  gear 
means  from  the  pumping  cylinder  drive  gear  7. 
One  of  two  idler  gears  43  cooperates  with  the  said 

5 
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gear  7  whilst  the  another  idler  gear  44  cooperates 
with  the  idler  gear  43  and  with  the  camshaft  gear 
45  which  is  the  same  diameter  as  the  power  crank- 
shaft  gear  6.  The  said  camshaft  gear  45  is  fixed  to 
the  power  camshaft  which  has  single  camlobes 
actuating  each  transfer,  secondary,  and  exhaust 
valves  whilst  another  gear  which  is  fixed  to  the  said 
power  camshaft  cooperates  with  a  gear  which  is  a 
half  the  diameter  thereof  and  which  is  fixed  to  the 
pumping  camshaft.  The  said  pumping  camshaft 
has  single  camlobes  actuating  the  intake  valves 
with  the  said  diameter  difference  of  the  relevant 
gears  providing  for  the  increased  cyclic  velocity  of 
the  intake  valves. 

The  method  of  operation  including  the  valve 
timings  of  the  alternative  mode  is  now  described 
with  reference  to  a  single  unit.  The  intake  valves  12 
begin  to  open  when  the  pumping  piston  moves 
between  TDC  and  144  pumping  CA  degrees  after 
TDC.  This  allows  the  compressed  air  from  the 
previous  cycle  to  expand  substantially  to  the  pres- 
sure  of  the  intake  manifold  before  it  opens.  With 
the  intake  valves  12  opened  and  the  pumping 
piston  moving  towards  its  BDC  position,  the  intake 
air  is  induced  into  the  pumping  cylinder  5.  Whilst 
the  said  piston  16  is  moving  towards  BDC,  the 
intake  air  within  the  crankcase  is  compressed.  If 
the  engine  is  operating  above  or  about,  fifty  per- 
cent  of  its  possible  load,  then  the  turbocharger  41 
is  operating  efficiently,  and  as  the  pumping  piston 
uncovers  the  crankcase  transfer  ports  34  between 
72  and  288  pump  degrees  after  TDC,  then  no 
crankcase  transfer  occurs  as  the  pressure  in  the 
said  cylinder  resulting  from  the  turbocharger  41  is 
as  high  or  higher  than  that  of  the  said  crankcase. 
This  then  provides  for  the  said  crankcase  compres- 
sion  to  be  utilised  at  the  lower  loads  but  not  at  the 
higher  loads  as  well  as  minimising  the  maximum 
pressures  attained  in  the  said  crankcase  which 
then  reduces  the  sealing  requirement  thereof  and 
allowing  for  lighter  said  reed  valve  materials  with 
lower  opening  pressures.  As  the  said  piston  16 
moves  between  72  pump  degrees  before  TDC  and 
72  pump  degrees  after  TDC,  the  crankcase  transfer 
ports  34  are  closed  and  when  the  said  piston 
moves  between  216  and  14.4  pump  degrees  be- 
fore  TDC,  the  intake  valves  12  are  closed  and  the 
induction  of  the  intake  air  through  the  intake  ports 
ceases  whilst  if  the  engine  is  operating  at  low  load 
then  on  the  said  pistons  up  stroke,  intake  air  will  be 
induced  into  the  crankcase  through  the  crankcase 
intake  valves  32.  One  of  the  transfer  valves  opens 
when  the  pumping  piston  is  between  72  and  288 
pump  degrees  after  TDC,  to  initiate  the  transfer 
phase  to  the  respective  power  cylinder  which  the 
said  transfer  valve  opens  into.  The  said  transfer 
valve  then  remains  open  until  the  pumping  piston 
has  moved  between  72  pump  degrees  before  TDC 

and  72  pump  degrees  after  TDC.  The  piston  of  the 
pumping  cylinder  then  continues  towards  BDC  and 
begins  a  new  cycle  thereof  when  the  intake  valves 
begin  to  open  again  between  TDC  and  144  pump 

5  degrees  after  TDC  whilst  the  intake  air  of  the  next 
said  cycle  is  transferred  to  the  other  power  cylinder 
and  so  forth  as  is  described  hereinbefore. 

During  the  first  part  of  the  transfer  phase  to  the 
respective  power  cylinder,  the  secondary  valve 

io  thereof  is  open  providing  for  the  scavenging  of  the 
exhaust  gases  from  the  combustion  chamber  there- 
of.  The  said  secondary  valve  closes  when  the 
piston  of  that  respective  power  cylinder  has  moved 
to  one  hundred  and  fifteen  power  CA  degrees 

is  before  TDC.  During  this  time  the  exhaust  valve  of 
the  said  respective  power  cylinder  is  open  and 
closes  when  the  piston  thereof  has  moved  to  forty 
five  power  CA  degrees  before  TDC,  allowing  for 
nearly  all  the  exhaust  gas  to  be  scavenged  from 

20  the  said  cylinder  except  for  a  small  residual  portion 
thereof  remaining.  This  is  retained  to  highly  pres- 
surise  the  remaining  gas  so  that  when  the  secon- 
dary  valve  reopens  when  the  piston  thereof  is  at 
five  power  CA  degrees  before  TDC,  the  pressure  in 

25  the  power  cylinder  is  not  significantly  lower  than 
that  of  the  combustion  chamber  thereof  which 
would  decrease  the  thermal  efficiency  attainable. 
When  the  said  piston  is  positioned  about  forty 
power  CA  degrees  before  TDC,  diesel  type  fuel  is 

30  injected  into  the  said  combustion  chamber  which 
results  in  combustion  occuring  just  after  the  said 
relevant  transfer  valve  has  closed  and  so  that  as 
the  said  secondary  valve  thereof  is  opened,  about 
fifty  percent  or  more  of  the  combustible  mass  has 

35  been  combusted.  With  combustion  completed  and 
the  said  power  piston  moving  towards  BDC,  the 
gas  from  the  combustion  chamber  flows  through 
the  secondary  port  and  open  valve  thereof  to  ex- 
pand  substantially  to  atmosperic  before  the  exhaust 

40  valve  of  the  said  cylinder  is  opened  when  the 
piston  thereof  is  at  forty  power  CA  degrees  before 
BDC.  This  initiates  the  exhaust  phase  of  the  said 
cylinder  and  as  the  piston  thereof  moves  towards 
TDC,  it  positively  scavenges  the  said  cylinder  untill 

45  the  next  transfer  phase  thereinto  begins  which 
starts  the  next  cycle  thereof  and  as  is  described 
above.  The  operation  of  the  other  power  cylinder 
has  the  same  said  valve  and  cyclic  operation  as 
that  described  above  for  the  said  respective  power 

50  cylimder  but  as  is  obvious,  it  occurs  180  power  CA 
degrees  before  and  after  it  occurs  in  the  said 
respective  cylinder. 

The  alternative  V  configuration  of  FIG  7  has 
two  units  being  in  the  said  configuration  with  each 

55  said  unit  being  one  bank  of  cylinders  for  the  said 
engine  whilst  the  pumping  cylinders  5  thereof  are 
located  to  the  inside  of  the  said  V,  and  of  the 
power  cylinders.  A  single  pumping  crankshaft  2 
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causes  reciprocation  of  both  said  pumping  pistons 
16  whilst  a  single  power  crankshaft  1  causes  recip- 
rocation  of  all  said  power  cylinders. 

Claims 

1.  A  two-stroke  internal  combustion  engine  com- 
prising  at  least  one  unit  having  a  pumping 
cylinder  (5),  a  pumping  piston  (16)  reciprocally 
movable  in  said  pumping  cylinder  (5),  two 
power  cylinders  (3,  4),  a  respective  power  pis- 
ton  (13,  14)  reciprocally  movable  in  each  said 
power  cylinder  (3,  4),  each  said  power  cylinder 
(3,  4)  having  an  associated  combustion  cham- 
ber  (22,  25),  the  pumping  piston  (16)  recipro- 
cating  at  a  cycle  speed  twice  that  of  the  power 
pistons  (13,  14)  and  said  power  pistons  (13, 
14)  being  phased  about  one  stroke  apart,  a 
cylinder  head  (19)  closing  the  top  ends  of  all 
said  cylinders  (3,  4,  5),  said  cylinder  head  (19) 
having  two  transfer  ports  (21  ,  24)  therethrough 
enabling  said  pumping  cylinder  (5)  to  commu- 
nicate  with  said  power  cylinders  (3,  4),  transfer 
valves  (8,  10)  controlling  communication  be- 
tween  the  pumping  cylinder  (5)  and  the  power 
cylinders  (3,  4),  at  least  two  exhaust  ports  (23, 
26)  allowing  exhaust  gases  to  flow  from  the 
power  cylinders  (3,  4)  when  the  associated 
power  piston  (13,  14)  is  at  about  or  before  its 
bottom  dead  centre  position,  at  least  one  in- 
take  port  (20)  through  the  head  (19)  and  com- 
municating  with  the  pumping  cylinder  (5),  in- 
take  valve  means  (12)  associated  with  the  in- 
take  port  (20)  and  allowing  a  major  portion  of 
an  intake  charge  to  be  induced  into  the  pump- 
ing  cylinder  (5)  when  the  pumping  piston  (16) 
is  moving  away  from  its  top  dead  centre  posi- 
tion  and  said  pumping  piston  (16)  alternately 
transferring  the  intake  charge  into  the  power 
cylinders  (3,  4)  through  the  transfer  ports  (21, 
24)  as  the  pumping  piston  (16)  moves  towards 
its  top  dead  centre  position,  said  pumping  pis- 
ton  (16)  leading  to  the  top  dead  centre  position 
the  power  piston  (13,  14)  of  the  cylinder  to 
which  the  charge  is  transferred,  characterised 
in  that: 
the  flow  of  the  exhaust  gases  through  the 
exhaust  ports  (23,  26)  is  controlled  by  exhaust 
poppet  valves  (9,  11); 
the  exhaust  ports  (23,  26)  extend  through  said 
head; 
the  exhaust  valves  (9,  11)  begin  to  open  when 
the  power  piston  (13,  14)  is  positioned  be- 
tween  90  degrees  after  top  dead  centre  and 
198  degrees  after  top  dead  centre  and  close 
when  the  power  piston  (13,  14)  is  positioned 
between  162  degrees  before  top  dead  centre 
and  10.8  degrees  before  top  dead  centre; 
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the  transfer  valves  (8,  10)  are  poppet  valves; 
the  transfer  valves  (8,  10)  begin  to  open  when 
the  pumping  piston  (16)  is  positioned  between 
72  degrees  after  top  dead  centre  and  288 
degrees  after  top  dead  centre  and  close  when 
the  pumping  piston  (16)  is  positioned  between 
72  degrees  before  top  dead  centre  and  72 
degrees  after  top  dead  centre; 
each  exhaust  valve  (9,  11)  closes  before  the 
associated  transfer  valve  (8,  10)  closes; 
the  intake  valve  means  begin  to  open  when  the 
pumping  piston  (16)  is  positioned  between  top 
dead  centre  and  144  degrees  after  top  dead 
centre  and  close  when  the  pumping  piston 
(16)  is  positioned  between  216  degrees  before 
top  dead  centre  and  14.4  degrees  before  top 
dead  centre;  and 
the  pumping  piston  (16)  leads  the  power  piston 
(13,  14)  to  which  the  intake  charge  is  to  be 
transferred  to  the  top  dead  centre  position  by 
less  than  108  power  piston  (13,  14)  degrees 
before  top  dead  centre. 

2.  The  engine  of  claim  1  wherein  said  power 
pistons  (13,  14)  are  reciprocated  by  a  main- 
shaft,  said  mainshaft  causes  reciprocation  of 
said  pumping  piston  (16),  and  the  pumping 
cylinder  (5)  is  spaced  substantially  equal  dis- 
tances  from  each  said  power  cylinder  (3,  4). 

3.  The  engine  of  claim  2  wherein  the  combustion 
chambers  (22,  25)  are  in  constant  communica- 
tion  with  their  respective  said  power  cylinders 
(3,  4). 

4.  The  engine  of  claim  2  including  a  respective 
secondary  valve  (27,  28)  defining  a  constant 
volume  combustion  chamber  (22,  25)  between 
it  and  the  associated  said  transfer  valve  (8, 

40  10),  said  secondary  valves  (27,  28)  time  com- 
munication  between  the  combustion  chambers 
and  the  power  cylinders  (3,  4),  the  secondary 
valve  (27,  28)  of  an  associated  power  piston 
(13,  14)  begins  to  open  when  said  power  pis- 

45  ton  (13,  14)  is  between  86  degrees  before  its 
top  dead  centre  position  and  94  degrees  after 
its  top  dead  centre  position  and  closes  when 
the  pumping  piston  (16)  is  positioned  between 
288  degrees  before  top  dead  centre  and  its 

50  top  dead  centre  position. 

5.  The  engine  of  claim  4,  wherein  said  pumping 
piston  (16)  performs  substantially  all  of  the 
compressive  work,  said  transfer  valve  (8,  10) 

55  and  the  associated  said  secondary  valve  (27, 
28)  close  about  when  combustion  commences 
and  the  secondary  valve  (27,  28)  closes  about 
when  the  associated  said  transfer  valve  (8,  1  0) 
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opens. 

6.  The  engine  of  claim  3  wherein  said  transfer 
and  exhaust  valves  have  a  valve  head,  said 
valve  heads  of  the  transfer  and  the  exhaust 
valves  being  located  at  least  substantially  ax- 
ially  above  the  associated  power  cylinder  (3,  4) 
and  to  one  side  thereof,  said  heads  of  the 
transfer  valves  (8,  10)  being  located  higher  in 
the  cylinder  head  (19)  than  the  heads  of  the 
exhaust  valves,  walls  of  the  combustion  cham- 
ber  (22,  25)  from  around  the  transfer  valves  (8, 
10)  extending  substantially  towards  the  main- 
shaft  so  that  the  walls  act  to  direct  the  charge 
from  the  chamber  in  a  downward  direction  and 
said  pumping  piston  (16)  performs  only  part  of 
the  compressive  work  on  the  charge. 

7.  The  engine  of  claim  2  wherein  the  pumping 
piston  (16)  is  reciprocated  by  a  shaft  (2)  driven 
from  the  mainshaft  (1)  and  the  pumping  piston 
shaft  (2)  has  a  longitudinal  axis  located  above 
a  longitudinal  axis  of  the  mainshaft  (1),  said 
cylinders  (3,  4,  5)  have  longitudinal  axes  par- 
allel  to  one  another. 

8.  The  engine  of  claim  2  wherein  the  pumping 
piston  (16)  is  reciprocated  by  a  shaft  (2)  driven 
from  the  mainshaft  (1),  said  pumping  piston 
shaft  (2)  including  drive  means  (46)  for  operat- 
ing  said  valves  or  other  engine  auxiliary  de- 
vice. 

9.  The  engine  of  claim  2  wherein  that  portion  of 
the  mainshaft  between  said  power  cylinders 
(13,  14)  includes  means  for  driving  valves  or 
other  engine  auxiliary  device. 

10.  The  engine  of  claim  1  wherein  said  pumping 
cylinder  (5)  is  located  within  the  engine  at  a 
higher  location  than  said  power  cylinders  (3, 
4). 

11.  The  engine  of  claim  1  including  two  or  more 
said  units  arranged  in  a  V  configuration  with  all 
said  power  pistons  (13,  14)  being  reciprocated 
by  a  common  said  mainshaft  (1)  and  said 
pumping  piston  (16)  being  reciprocated  by  a 
separate  shaft  (2). 

12.  The  engine  of  claim  1  including  a  crankcase 
(47),  transfer  ports  (34)  in  a  lower  portion  of 
the  pumping  cylinder  (5)  for  communicating 
with  the  crankcase  (47),  said  transfer  ports  (34) 
in  said  pumping  cylinder  (5)  being  uncovered 
when  said  pumping  piston  (16)  is  near  its 
bottom  dead  centre  position  and  crankcase 
intake  valve  means  (32)  timing  the  communica- 

tion  between  a  crankcase  intake  port  (33)  and 
said  crankcase  (47)  so  that  a  charge  is  in- 
duced  while  the  pumping  piston  (16)  is  moving 
towards  its  top  dead  centre  position. 

5 
13.  The  engine  of  claim  2  wherein  the  pumping 

cylinder  (5)  is  positioned  between  the  power 
cylinders  (3,  4)  and  the  distance  between  said 
power  cylinders  (3,  4)  is  less  than  the  sum  of 

io  the  pumping  cylinder  (5)  bore  and  two  wall 
thicknesses  separating  the  pumping  cylinder 
(5)  and  one  said  power  cylinder  (3,  4),  the 
engine  further  including  a  turbocharger  (41) 
coupled  to  an  exhaust  manifold  (23)  of  each 

is  said  power  cylinder  (3,  4). 

14.  The  engine  of  claim  13  including  a  pressurised 
intake  manifold  (42)  leading  from  the  tur- 
bocharger  (41)  and  communicating  with  the 

20  pumping  cylinder  intake  port  (20)  and  wherein 
said  crankcase  intake  port  (33)  is  naturally 
aspirated. 

15.  The  engine  of  claim  2  wherein  said  intake 
25  valve  means  (12)  closes  when  said  pumping 

piston  (16)  is  positioned  between  108  degrees 
before  top  dead  centre  and  72  degrees  before 
top  dead  centre  and  said  transfer  valves  (8,  1  0) 
open  when  the  pumping  piston  (16)  is  posi- 

30  tioned  between  108  degrees  after  top  dead 
centre  and  288  degrees  after  top  dead  centre. 

16.  The  engine  of  claim  2  including  a  variable 
valve  timing  mechanism. 

35 
17.  The  engine  of  claim  6  wherein  the  walls  of  the 

combustion  chamber  (22,  25)  which  direct  the 
charge  downwardly  define  a  major  portion  of 
the  volume  of  the  combustion  chamber  (22, 

40  25). 

Patentanspruche 

1.  Zweitaktverbrennungsmotor,  enthaltend  wenig- 
45  stens  eine  Einheit  mit  einem  Pumpzylinder  (5), 

einen  Pumpkolben  (16),  der  in  dem  Pumpzylin- 
der  (5)  auf-  und  abbeweglich  ist,  zwei  Arbeits- 
zylinder  (3,  4),  in  jedem  der  Arbeitszylinder  (3, 
4)  jeweils  einen  auf-  und  abbeweglichen  Ar- 

50  beitskolben  (13,  14),  wobei  jeder  Arbeitszylin- 
der  (3,  4)  eine  zugehorige  Verbrennungskam- 
mer  (22,  25)  aufweist,  wobei  der  Pumpkolben 
(16)  sich  doppelt  so  schnell  wie  die  Arbeitskol- 
ben  (13,  14)  auf-  und  abbewegt  und  wobei  die 

55  Arbeitskolben  (13,  14)  zueinander  urn  einen 
Takt  phasenverschoben  sind,  einem  Zylinder- 
kopf  (19),  der  die  oberen  Enden  aller  Zylinder 
(3,  4,  5)  verschlieBt,  wobei  der  Zylinderkopf 
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(19)  zwei  Uberstromschlitze  (21,  24)  aufweist, 
die  den  Pumpzylinder  (5)  mit  den  Arbeitszylin- 
dern  (3,  4)  verbinden,  wobei  Uberstromventile 
(8,  10)  die  Verbindung  zwischen  dem  Pumpzy- 
linder  (5)  und  den  Arbeitszylindern  (3,  4)  steu- 
ert,  wenigstens  zwei  AuslaBschlitze  (23,  26), 
die  das  Ausstromen  der  Abgase  aus  den  Ar- 
beitszylindern  (3,  4)  ermoglichen,  wenn  der 
zugehorige  Arbeitkolben  (13,  14)  seinen  unter- 
en  Totpunkt  in  etwa  erreicht  hat  oder  kurz 
davor  steht,  wenigstens  einen  EinlaBschlitz  (20) 
durch  den  Zylinderkopf  (19)  zum  Pumpzylin- 
der,  eine  EinlaBventileinrichtung  (12),  die  mit 
dem  EinlaBschlitz  (20)  in  Verbindung  steht  und 
die  es  gestattet,  den  Hauptteil  einer  EinlaBla- 
dung  in  den  Pumpzylinder  (5)  einzubringen, 
wenn  sich  der  Pumpkolben  (16)  von  seinem 
oberen  Totpunkt  wegbewegt,  und  wobei  der 
Pumpkolben  (16)  die  EinlaBladung  durch  die 
Uberstromschlitze  (21,  24)  abwechselnd  in  die 
Arbeitszylinder  (3,  4)  pumpt,  wahrend  sich  der 
Pumpkolben  (16)  in  Richtung  auf  seinen  obe- 
ren  Totpunkt  bewegt,  wobei  der  Pumpkolben 
(16)  auf  seinem  Weg  zum  oberen  Totpunkt 
gegenuber  dem  Arbeitskolben  (13,  14)  des  Zy- 
linders,  in  den  die  Ladung  gepumpt  wird,  einen 
zeitlichen  Vorsprung  aufweist,  dadurch  gekenn- 
zeichnet,  dal3: 
das  Ausstromen  der  Abgase  durch  die  AuslaB- 
schlitze  (23,  26)  durch  Abgas-Ringventile  (9, 
11)  gesteuert  wird; 
sich  die  AuslaBschlitze  (23,  26)  durch  den  Zy- 
linderkopf  erstrecken; 
sich  die  AuslaBventile  (9,  11)  zu  offenen  begin- 
nen,  wenn  der  Arbeitskolben  (13,  14)  zwischen 
90°  und  198°  nach  dem  oberen  Totpunkt 
positioniert  ist,  und  sich  zu  schlieBen  beginnt, 
wenn  der  Arbeitskolben  (13,  14)  zwischen 
162°  und  10,8°  vor  dem  oberen  Totpunkt 
positioniert  ist; 
die  Uberstromventile  (8,  10)  Ringventile  sind; 
die  Uberstromventile  (8,  10)  sich  zu  offnen 
beginnen,  wenn  der  Pumpkolben  zwischen 
72°  und  288°  nach  dem  oberen  Totpunkt 
positioniert  ist,  und  sich  zu  schlieBen  beginnen, 
wenn  der  Pumpkolben  (16)  zwischen  72°  vor 
dem  oberen  Totpunkt  und  72  °  nach  dem  obe- 
ren  Totpunkt  positioniert  ist; 
sich  jedes  Abgasventil  (9,  11)  schlieBt,  bevor 
sich  das  zugehorige  Uberstromventil  (8,  10) 
schlieBt; 
sich  die  EinlaBventileinrichtung  zu  offnen  be- 
ginnt,  wenn  der  Pumpkolben  (16)  zwischen 
dem  oberen  Totpunkt  und  144°  nach  dem 
oberen  Totpunkt  positioniert  ist,  und  sich  zu 
schlieBen  beginnt,  wenn  der  Pumpkolben  (16) 
zwischen  216°  und  14,4°  vor  dem  oberen 
Totpunkt  positioniert  ist;  und 

der  Pumpkolben  (16)  gegenuber  dem  Arbeits- 
kolben  (13,  14)  ,in  den  die  EinlaBladung  einge- 
pumpt  werden  soil,  auf  dem  Weg  zum  oberen 
Totpunkt  einen  Vorsprung  von  108°  des  Ar- 

5  beitskolbens  vor  dem  oberen  Totpunkt  auf- 
weist. 

2.  Motor  nach  Anspruch  1,  wobei  die  Arbeitskol- 
ben  (13,  14)  von  einer  Hauptwelle  auf-  und 

io  abbewegt  werden,  wobei  die  Hauptwelle  die 
Auf-  und  Abbewegung  des  Pumpkolbens  (16) 
bewirkt  und  wobei  der  Pumpzylinder  (5)  mit  im 
wesentlichen  gleichem  Abstand  gegenuber  je- 
dem  der  Arbeitszylinder  (3,  4)  angeordnet  ist. 

15 
3.  Motor  nach  Anspruch  2,  wobei  die  Verbren- 

nungskammern  (22,  25)  standig  in  Verbindung 
mit  ihrem  jeweiligen  Arbeitszylinder  (3,  4)  ste- 
hen. 

20 
4.  Motor  nach  Anspruch  2,  enthaltend  jeweils  ein 

Sekundarventil  (27,  28),  das  eine  im  Volumen 
konstante  Verbrennungskammer  (22,  25)  zwi- 
schen  sich  und  dem  jeweiligen  Uberstromven- 

25  til  (8,  10)  ausbildet,  wobei  die  Sekundarventile 
(27,  28)  die  Verbindung  zwischen  den  Verbren- 
nungskammern  und  den  Arbeitszylindern  (3,  4) 
zeitlich  steuern,  wobei  das  Sekundarventil  (27, 
28)  eines  zugehorigen  Arbeitskolbens  (13,  14) 

30  sich  zu  offnen  beginnt,  wenn  der  Arbeitskolben 
(13,  14)  zwischen  86°  vor  und  94°  nach  sei- 
nem  oberen  Totpunkt  positioniert  ist,  und  sich 
zu  schlieBen  beginnt,  wenn  der  Pumpkolben 
(16)  zwischen  288°  vor  seinem  oberen  Tot- 

35  punkt  und  seinem  oberen  Totpunkt  positioniert 
ist. 

5.  Motor  nach  Anspruch  4,  wobei  der  Pumpkol- 
ben  (16)  im  wesentlichen  die  gesamte  Verdich- 

40  tungsarbeit  leistet,  wobei  sich  das  Uberstrom- 
ventil  (8,  10)  und  das  zugehorige  Sekundar- 
ventil  (27,  28)  in  etwa  dann  schlieBen,  wenn 
die  Verbrennung  beginnt,  und  wobei  sich  das 
Sekundarventil  (27,  28)  in  etwa  dann  schlieBt, 

45  wenn  sich  das  zugehorige  Uberstromventil  (8, 
10)  off  net. 

6.  Motor  nach  Anspruch  3,  wobei  die  Uberstrom- 
und  Abgasventile  einen  Ventilkopf  aufweisen, 

50  wobei  die  Ventilkopfe  der  Uberstrom-  und  Ab- 
gasventile  wenigstens  im  wesentlichen  axial 
oberhalb  des  zugehorigen  Arbeitszylinders  (3, 
4)  und  auf  einer  von  dessen  Seiten  angeordnet 
sind,  wobei  die  Kopfe  der  Uberstromventile  (8, 

55  10)  im  Zylinderkopf  (19)  oberhalb  der  Abgas- 
ventilkopfe  angeordnet  sind,  wobei  sich  Wan- 
de  der  Verbrennungskammer  (22,  25)  urn  die 
Uberstromventile  (8,  10)  herum  im  wesentli- 

9 
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chen  von  diesen  weg  auf  die  Hauptwelle  zu 
erstrecken,  so  dal3  die  Wande  dazu  dienen,  die 
Ladung  von  der  Kammer  in  eine  nach  unten 
weisende  Richtung  zu  fuhren  und  daher  der 
Pumpkorper  (16)  lediglich  einen  Teil  der  Ver- 
dichtungsarbeit  an  der  Ladung  leistet. 

7.  Motor  nach  Anspruch  2,  wobei  der  Pumpkol- 
ben  (16)  von  einer  Welle  (2)  auf-  und  ab  be- 
wegt  wird,  die  von  der  Hauptwelle  (1)  angetrie- 
ben  wird,  und  wobei  die  Pumpkolbenwelle  (2) 
eine  Langsachse  aufweist,  die  oberhalb  einer 
Langsachse  der  Hauptwelle  (1)  angeordnet  ist, 
wobei  die  Zylinder  (3,  4,  5)  parallel  zueinander 
verlaufende  Langsachsen  aufweisen. 

8.  Motor  nach  Anspruch  2,  wobei  der  Pumpkol- 
ben  (16)  von  einer  Welle  (2)  auf-  und  ab  be- 
wegt  wird,  die  von  der  Hauptwelle  (1)  angetrie- 
ben  wird,  wobei  die  Pumpkolbenwelle  (2)  fur 
die  Betatigung  der  Ventile  oder  anderer  Motor- 
hilfsvorrichtungen  eine  Antriebsvorrichtung  (46) 
enthalt. 

9.  Motor  nach  Anspruch  2,  wobei  der  Abschnitt 
der  Hauptwelle  zwischen  den  Arbeitszylindern 
(13,  14)  Einrichtungen  zum  Bewegen  von  Ven- 
tilen  oder  anderen  Motorhilfsvorrichtungen  ent- 
halt. 

10.  Motor  nach  Anspruch  1,  wobei  der  Pumpzylin- 
der  (5)  innerhalb  des  Motors  oberhalb  der  Ar- 
beitszylinder  (3,  4)  angeordnet  ist. 

11.  Motor  nach  Anspruch  1,  enthaltend  zwei  oder 
mehrere  der  genannten  Einheiten  in  V-formiger 
Anordnung,  wobei  alle  Arbeitskolben  (13,  14) 
von  einer  gemeinsamen  Hauptwelle  (19)  auf- 
und  ab  bewegt  werden  und  wobei  der  Pump- 
kolben  (16)  von  einer  gesonderten  Welle  (2) 
auf-  und  ab  bewegt  wird. 

12.  Motor  nach  Anspruch  1,  enthaltend  ein  Kurbel- 
gehause  (47),  Uberstromschlitze  (34)  in  einem 
unteren  Bereich  des  Pumpzylinders  (5)  zu  des- 
sen  Verbindung  mit  dem  Kurbelgehause  (57), 
wobei  die  Uberstromschlitze  (34)  im  Pumpzy- 
linder  (5)  geoffnet  werden,  wenn  der  Pumpkol- 
ben  (16)  nahe  seinem  unteren  Totpunkt  ist, 
und  eine  Kurbelgehause-EinlaBventileinrichtung 
(32),  die  die  Verbindung  zwischen  einem  Kur- 
belgehause-EinlaBschlitz  (33)  und  dem  Kurbel- 
gehause  (47)  zeitlich  steuert,  so  dal3  ein  La- 
dung  eingepumpt  wird,  wahrend  sich  der 
Pumpkolben  (16)  in  Richtung  auf  seinen  obe- 
ren  Totpunkt  bewegt. 

13.  Motor  nach  Anspruch  2,  wobei  der  Pumpzylin- 
der  (5)  zwischen  den  Arbeitszylindern  (3,  4) 
angeordnet  ist  und  die  Entfernung  zwischen 
den  Kraftzylindern  (3,  4)  weniger  als  die  Sum- 

5  me  der  Bohrung  des  Pumpzylinders  (5)  und 
zwei  Wandstarken  betragt,  die  den  Pumpzylin- 
der  (5)  und  die  Arbeitszylinder  (3,  4)  trennen, 
wobei  der  Motor  daruber  hinaus  einen  Turbola- 
der  (41)  enthalt,  der  mit  dem  Auspuffrohr  (23) 

io  eines  jeden  Arbeitszylinders  (3,  4)  verbunden 
ist. 

14.  Motor  nach  Anspruch  13,  enthaltend  eine  unter 
Druck  stehende  EinlaBleitung  (42),  die  vom 

is  Turbolader  (41)  herkommt  und  die  in  Verbin- 
dung  mit  dem  PumpzylindereinlaBschlitz  (20) 
steht,  wobei  der  Kurbelgehause-EinlaBschlitz 
(33)  auf  ubliche  Weise  beschickt  wird. 

20  15.  Motor  nach  Anspruch  2,  wobei  sich  die  EinlaB- 
ventileinrichtung  (12)  schlieBt,  wenn  der  Pump- 
kolben  (16)  zwischen  108°  und  72°  vor  dem 
oberen  Totpunkt  positioniert  ist,  und  wobei  sich 
die  Uberstromventile  (8,  10)  offnen,  wenn  der 

25  Pumpkolben  (16)  zwischen  108°  und  288° 
nach  dem  oberen  Totpunkt  positioniert  ist. 

16.  Motor  nach  Anspruch  2,  enthaltend  einen  vari- 
ablen  Mechanismus  zur  zeitlichen  Ventilsteue- 

30  rung. 

17.  Motor  nach  Anspruch  6,  wobei  die  Wande  der 
Verbrennungskammer  (22,  25),  die  die  Ladung 
nach  unten  fuhren,  einen  Hauptteil  des  Volu- 

35  mens  der  Verbrennungskammer  (22,  25)  aus- 
bilden. 

Revendicatlons 

40  1.  Moteur  a  combustion  interne  a  deux  temps  qui 
comprend  au  moins  une  unite  ayant  un  cylin- 
dre  de  pompage  (5),  un  piston  de  pompage 
(16)  mobile  en  va-et-vient  dans  ledit  cylindre 
de  pompage  (5),  deux  cylindres  de  puissance 

45  (3,4),  un  piston  de  puissance  respectif  (13,14) 
mobile  en  va-et-vient  dans  chaque  dit  cylindre 
de  puissance  (3,4),  chaque  dit  cylindre  de 
puissance  (3,4)  comportant  une  chambre  de 
combustion  associee  (22,25),  le  piston  de 

50  pompage  (16)  ayant  un  mouvement  alternatif  a 
une  vitesse  de  cycle  double  de  celle  des  pis- 
tons  de  puissance  (13,14)  et  les  dits  pistons  de 
puissance  (13,14)  etant  mutuellement  depha- 
ses  d'environ  une  course,  une  culasse  (19) 

55  fermant  les  extremites  superieures  de  tous  les- 
dits  cylindres  (3,4,5),  ladite  culasse  (19)  etant 
traversee  par  deux  tubulures  de  transfert 
(21,24)  qui  permettent  audit  cylindre  de  pom- 
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page  (5)  de  communiquer  avec  lesdits  cylin- 
dres  de  puissance  (3,4),  des  soupapes  de 
transfert  (8,10)  commandant  la  communication 
entre  le  cylindre  de  pompage  (5)  et  les  cylin- 
dres  de  puissance  (3,4),  au  moins  deux  tubulu-  5 
res  d'echappement  (23,26)  permettant  aux  gaz 
d'echappement  de  sortir  des  cylindres  de  puis- 
sance  (3,4)  lorsque  le  piston  de  puissance 
associe  (13,14)  est  au  voisinage  ou  en  avant 
de  sa  position  de  point  mort  bas,  au  moins  une  10 
tubulure  d'admission  (20)  traversant  la  culasse 
(19)  et  communiquant  avec  le  cylindre  de 
pompage  (5),  un  dispositif  de  soupapes  d'ad- 
mission  (12)  associe  a  la  tubulure  d'admission 
(20)  et  permettant  a  une  majeure  partie  d'une  is 
charge  d'admission  d'etre  aspiree  dans  le  cy- 
lindre  de  pompage  (5)  lorsque  le  piston  de 
pompage  (16)  s'eloigne  de  sa  position  de  point 
mort  haut,  et  ledit  piston  de  pompage  (16) 
transferant  alternativement  la  charge  d'admis-  20 
sion  dans  les  cylindres  de  puissance  (3,4)  par 
I'intermediaire  des  tubulures  de  transfert 
(21,24)  lorsque  le  piston  de  pompage  (16)  se 
rapproche  de  sa  position  de  point  mort  haut, 
ledit  piston  de  pompage  (16)  precedant  a  la  25 
position  de  point  mort  haut  le  piston  de  puis- 
sance  (13,4)  du  cylindre  auquel  la  charge  est 
transferee  ,  caracterise  en  ce  que  : 

I'ecoulement  des  gaz  d'echappement  dans 
les  tubulures  d'echappement  (23,26)  est  com-  30 
mande  par  des  soupapes  d'echappement  a 
soulevement  en  champignon  (9,11)  ; 

les  tubulures  d'  echappement  (23,26) 
s'etendent  a  travers  ladite  culasse  ; 

les  soupapes  d'echappement  (9,11)  com-  35 
mencent  a  s'ouvrir  lorsque  le  piston  de  puis- 
sance  (13,14)  se  trouve  entre  90  degres  apres 
le  point  mort  haut  et  198  degres  apres  le  point 
mort  haut,  et  elles  se  ferment  lorsque  le  piston 
de  puissance  (13,14)  se  trouve  entre  162  de-  40 
gres  avant  le  point  mort  haut  et  10,8  degres 
avant  le  point  mort  haut  ; 

les  soupapes  de  transfert  (8,10)  sont  des 
soupapes  a  soulevement  en  champignon  ; 

les  soupapes  de  transfert  (8,10)  commen-  45 
cent  a  s'ouvrir  lorsque  le  piston  de  pompage 
(16)  se  trouve  entre  72  degres  apres  le  point 
mort  haut  et  288  degres  apres  le  point  mort 
haut,  et  elles  se  ferment  lorsque  le  piston  de 
pompage  (16)  se  trouve  entre  72  degres  avant  so 
le  point  mort  haut  et  72  degres  apres  le  point 
mort  haut  ; 

chaque  soupape  d'echappement  (9,11)  se 
ferme  avant  la  fermeture  de  la  soupape  de 
transfert  associee  (8,10)  ;  55 

le  dispositif  de  soupapes  d'admission 
commence  a  s'ouvrir  lorsque  le  piston  de 
pompage  (16)  se  trouve  entre  le  point  mort 

haut  et  144  degres  apres  le  point  mort  haut,  et 
il  se  ferme  lorsque  le  piston  de  pompage  (16) 
se  trouve  entre  216  degres  avant  le  point  mort 
haut  et  14,4  degres  avant  le  point  mort  haut  ; 
et 

le  piston  de  pompage  (16)  precede  le  pis- 
ton  de  puissance  (13,14),  auquel  la  charge 
d'admission  doit  etre  transferee,  a  la  position 
de  point  mort  haut  de  moins  de  108  degres 
des  pistons  de  puissance  (13,14)  avant  le  point 
mort  haut. 

2.  Moteur  suivant  la  revendication  1,  dans  lequel 
lesdits  pistons  de  puissance  (13,14)  sont  mis 
en  mouvement  alternatif  par  un  vilebrequin 
principal,  ledit  vilebrequin  principal  engendrant 
un  mouvement  alternatif  dudit  piston  de  pom- 
page  (16),  et  le  cylindre  de  pompage  (5)  est 
sensiblement  a  la  meme  distance  de  chaque 
dit  cylindre  de  puissance  (3,4). 

3.  Moteur  suivant  la  revendication  2,  dans  lequel 
les  chambres  de  combustion  (22,25)  sont  en 
communication  constante  avec  leurs  dits  cylin- 
dres  de  puissance  respectifs  (3,4). 

4.  Moteur  suivant  la  revendication  2,  comprenant 
une  soupape  secondaire  respective  (27,28)  qui 
definit  une  chambre  de  combustion  de  volume 
constant  (22,25)  entre  elle  et  ladite  soupape  de 
transfert  associee  (8,10),  lesdites  soupapes  se- 
condares  (27,28)  determinent  la  periode  de 
communication  entre  les  chambres  de  com- 
bustion  et  les  cylindres  de  puissance  (3,4),  la 
soupape  secondaire  (27,28)  d'un  piston  de 
puissance  associe  (13,14)  commence  a  s'ou- 
vrir  lorsque  ledit  piston  de  puissance  (13,14) 
se  trouve  entre  86  degres  avant  sa  position  de 
point  mort  haut  et  94  degres  apres  sa  position 
de  point  mort  haut  et  elle  se  ferme  lorsque  le 
piston  de  pompage  (16)  se  trouve  entre  288 
degres  avant  le  point  mort  haut  et  sa  position 
de  point  mort  haut. 

5.  Moteur  suivant  la  revendication  4,  dans  lequel 
ledit  piston  de  pompage  (16)  effectue  sensible- 
ment  la  totalite  du  travail  de  compression,  ladi- 
te  soupape  de  transfert  (8,10)  et  ladite  soupa- 
pe  secondaire  associee  (27,28)  se  ferment 
sensiblement  lorsque  la  combustion  commen- 
ce  et  la  soupape  secondaire  (27,28)  se  ferme 
sensiblement  lorsque  ladite  soupape  de  trans- 
fert  associee  (8,10)  s'ouvre. 

6.  Moteur  suivant  la  revendication  3,  dans  lequel 
lesdites  soupapes  de  transfert  et  d'echappe- 
ment  comportent  une  tete  de  soupape,  lesdites 
tetes  de  soupape  des  soupapes  de  transfert  et 
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d'echappement  etant  situees  au  moins  sensi- 
blement  axialement  au-dessus  du  cylindre  de 
puissance  associe  (3,4)  et  vers  un  cote  de 
celui-ci,  lesdites  tetes  des  soupapes  de  trans- 
fert  (8,10)  etant  situees  plus  haut  dans  la 
culasse  (19)  que  les  tetes  des  soupapes 
d'echappement,  les  parois  de  la  chambre  de 
combustion  (22,25)  a  partir  du  voisinage  des 
soupapes  de  transfert  (8,10)  s'etendant  sensi- 
blement  vers  le  vilebrequin  principal  de  sorte 
que  les  parois  agissent  pour  diriger  la  charge 
vers  le  bas  a  partir  de  la  chambre  et  ledit 
piston  de  pompage  (16)  effectue  seulement 
une  partie  du  travail  de  compression  de  la 
charge. 

7.  Moteur  suivant  la  revendication  2,  dans  lequel 
le  piston  de  pompage  (16)  est  deplace  en 
mouvement  alternatif  par  un  arbre  (2)  entraTne 
a  partir  du  vilebrequin  principal  (1),  ledit  arbre 
(2)  du  piston  de  pompage  a  un  axe  longitudinal 
situe  au-dessus  d'un  axe  longitudinal  du  vile- 
brequin  principal  (1),  et  lesdits  cylindres  (3,4,5) 
ont  des  axes  longitudinaux  mutuellement  paral- 
lels. 

8.  Moteur  suivant  la  revendication  2,  dans  lequel 
le  piston  de  pompage  (16)  est  deplace  en 
mouvement  alternatif  par  un  arbre  (2)  entraTne 
a  partir  du  vilebrequin  principal  (1),  ledit  arbre 
(2)  du  piston  de  pompage  comportant  des 
moyens  d'entraTnement  (46)  pour  actionner 
lesdites  soupapes  ou  un  autre  dispositif  auxi- 
liaire  du  moteur. 

9.  Moteur  suivant  la  revendication  2,  dans  lequel 
la  partie  du  vilebrequin  principal  situee  entre 
lesdits  cylindres  de  puissance  (13,14)  com- 
prend  des  moyens  d'entraTnement  des  soupa- 
pes  ou  d'un  autre  dispositif  auxiliaire  du  mo- 
teur. 

10.  Moteur  suivant  la  revendication  1,  dans  lequel 
ledit  cylindre  de  pompage  (5)  est  situe,  a 
I'interieur  du  moteur,  a  un  endroit  plus  haut 
que  lesdits  cylindres  de  puissance  (3,4). 

11.  Moteur  suivant  la  revendication  1,  comprenant 
deux  dites  unites  ou  plus  ,  agencees  en  une 
configuration  en  V,  tous  lesdits  pistons  de 
puissance  (13,14)  etant  deplaces  en  mouve- 
ment  alternatif  par  undit  vilebrequin  principal 
commun  (1)  et  ledit  piston  de  pompage  (16) 
etant  deplace  en  mouvement  alternatif  par  un 
arbre  separe  (2). 

12.  Moteur  suivant  la  revendication  1,  comprenant 
un  carter  (47),des  tubulures  de  transfert  (34) 

disposees  dans  une  partie  inferieure  du  cylin- 
dre  de  pompage  (5)  pour  communication  avec 
le  carter  (47),  lesdites  tubulures  de  transfert 
(34)  dans  ledit  cylindre  de  pompage  (5)  etant 

5  decouvertes  lorsque  ledit  piston  de  pompage 
(16)  est  proche  de  sa  position  de  point  mort 
bas,  et  un  dispositif  de  soupape  d'admission 
de  carter  (32)  determinant  la  communication 
entre  une  tubulure  d'admission  de  carter  (33) 

io  et  le  dit  carter  (47)  de  sorte  qu'une  charge  est 
aspiree  pendant  que  le  piston  de  pompage 
(16)  se  deplace  vers  sa  position  de  point  mort 
haut. 

75  13.  Moteur  suivant  la  revendication  2,  dans  lequel 
le  cylindre  de  pompage  (5)  est  place  entre  les 
cylindres  de  puissance  (3,4)  et  la  distance 
entre  les  dits  cylindres  de  puissance  (3,4)  est 
inferieure  a  la  somme  de  I'alesage  du  cylindre 

20  de  pompage  (5)  et  de  deux  epaisseurs  de  la 
paroi  separant  le  cylindre  de  pompage  (5)  et 
undit  cylindre  de  puissance  (3,4),  le  moteur 
comprenant  en  outre  un  turbo-compresseur 
(41)  raccorde  a  un  collecteur  d'echappement 

25  (23)  de  chaquedit  cylindre  de  puissance  (3,4). 

14.  Moteur  suivant  la  revendication  13,  compre- 
nant  un  collecteur  d'admission  sous  pression 
(42)  qui  part  du  turbo-compresseur  (41)  et 

30  communique  avec  la  tubulure  d'admission  (20) 
du  cylindre  de  pompage,  et  dans  lequel  ladite 
tubulure  d'admission  (33)  du  carter  est  a  aspi- 
ration  naturelle. 

35  15.  Moteur  suivant  la  revendication  2,  dans  lequel 
ledit  dispositif  de  soupapes  d'admission  (12) 
se  ferme  lorsque  ledit  piston  de  pompage  (16) 
se  trouve  entre  108  degres  avant  le  point  mort 
haut  et  72  degres  avant  le  point  mort  haut,  et 

40  lesdites  soupapes  de  transfert  (8,  10)  s'ouvrent 
lorsque  le  piston  de  pompage  (16)  se  trouve 
entre  108  degres  apres  le  point  mort  haut  et 
288  degres  apres  le  point  mort  haut. 

45  16.  Moteur  suivant  la  revendication  2,  comprenant 
un  mecanisme  de  sequencement  variable  des 
soupapes. 

17.  Moteur  suivant  la  revendication  6,  dans  lequel 
50  les  parois  de  la  chambre  de  combustion 

(22,25)  qui  dirigent  la  charge  vers  le  bas  defi- 
nissent  une  majeure  partie  du  volume  de  la 
chambre  de  combustion  (22,25). 
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