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(escription 

The  present  invention  provides  a  simple  and 
iractical  method  to  greatly  reduce  the  size  and 
veight  of  a  single-acting  two  piston  Stirling 
ingine  without  at  the  same  time  increasing  its 
lomplexity  or  decreasing  its  mechanical  effi- 
:iency. 

It  is  generally  agreed  that  the  single-acting  two 
)iston  Stirling  engine  is  one  of  the  most  desirable 
orms  of  Stirling  for  small  power  applications, 
laving  demonstrated  both  simplicity  and  good 
)erformance.  Such  engines  may  be  designed  in  a 
variety  of  forms;  for  example,  cylinders  may  be  in 
3  V,  in-line,  or  horizontally  opposed  arrangement. 

A  connecting  rod  device  for  internal  combus- 
ion  engines  is  disclosed  in  FR-A-6224259  which  is 
substantially  characterized  in  that  the  cylinders 
are  disposed  symmetrically  with  respect  to  the 
crankshaft,  two  auxiliary  connecting  rods  are 
connected  to  the  free  end  of  the  regular  connect- 
ng  rod  of  each  cylinder,  one  of  these  auxiliary 
connecting  rods  is  connected  to  the  corre- 
sponding  connecting  rod  of  the  symmetrical 
cylinder  on  the  crank  pin  and  the  other  is  pivotally 
connected  to  the  corresponding  symmetrical  con- 
necting  rod  at  a  fixed  point  situated  below  the 
[crankshaft  and  in  the  vertical  plane  of  this  shaft. 

A  Stirling  engine  is  disclosed  in  GB-A-1  394033 
which  has  a  combustion  chamber  located 
between  cylinders  and  regenerator-cooler  units 
and  a  single  crankshaft  located  below  said  com- 
bustion  chamber,  cylinders  and  regenerator- 
cooler  units,  said  crankshaft  being  activated 
through  piston  rods  carrying  cross-heads,  charac- 
terized  in  that  each  of  said  piston  rods  is  con- 
nected  to  a  respective  connecting  rod  via  a 
respective  lever  pivotally  mounted  on  a  stationary 
part  of  the  engine  below  the  crankshaft,  said  lever 
being  actuated  from  said  piston  rod  through  a  rod 
pivotally  connected  at  one  end  to  said  crosshead 
and  at  the  other  end  to  said  lever. 

One  of  the  most  desirable  arrangements  is  the 
yoke  drive  described  by  Ross  in  U.S.  Patent 
4,138,897.  In  this  design  the  lower  apex  of  a 
triangular  yoke  is  attached  to  a  single-throw 
crankshaft  located  beneath  twin  parallel  cylin- 
ders.  The  upper  portion  of  the  yoke  is  constrained 
by  a  rocking  lever.  The  upper  apexes  of  the  yoke 
are  attached  by  connecting  rods  to  the  respective 
pistons.  Practically  all  of  the  side  loads  encoun- 
tered  in  this  mechanism  are  absorbed  by  the 
rocking  lever  bearings.  The  pistons  themselves 
see  very  low  side  loads  and  therefore  they  may  be 
run  without  liquid  lubrication,  yet  still  give  long 
life  with  low  friction  losses.  The  ability  to  run  well 
without  liquid  lubrication  is  an  important  advan- 
tage  in  a  Stirling  engine. 

Yoke  drive  Stirling  engines  have  in  fact  demon- 
strated  excellent  mechanical  efficiency  and  they 
are  relatively  simple  and  inexpensive.  Their  over- 
all  size  and  weight  are  comparable  to  two  piston 
engines  of  other  configurations  for  a  given 
pressure  level  and  power. 

An  object  of  this  invention  is  to  provide  a  new 

form  ot  yoke-based  crankarive  mecnanism  rarxne 
two-piston  Stirling  engine  which  offers  a  very 
considerable  reduction  of  size  and  weight  in  a 
given  engine  and  yet  retains  all  the  known  advan- 

j  tages  of  the  previous  yoke  drive  mechanism. 
According  to  the  present  invention  a  crankdrive 

mechanism  for  drivingly  linking  a  crankshaft  to 
two  pistons  which  reciprocate  with  a  desired 
phase  difference  in  two  adjacent  cylinders  in  a 

o  housing,  the  mechanism  having  the  crankshaft 
journalled  in  the  housing  and  transverse  to  the 
plane  of  the  axes  of  the  cylinders,  a  yoke  with  four 
pivot  axes,  the  yoke  being  rotatably  attached  to 
the  throw  of  the  crankshaft  at  a  first  one  of  the 

'5  yoke  pivot  axes,  a  pair  of  connecting  rods  each  of 
which  is  pivotally  connected  at  one  end  to  the 
yoke  at  second  and  third  yoke  pivot  axes  respec- 
tively  and  pivotally  connected  at  its  opposite  end 
to  a  different  one  of  the  two  pistons  and  a  rocking 

?o  lever  pivotally  attached  at  one  end  to  the  housing 
laterally  of  the  yoke  and  pivotally  attached  to  the 
yoke  at  a  fourth  yoke  pivot  axis,  is  characterized  in 
that  the  axis  of  the  crankshaft  is  located  between 
the  cylinders,  within  the  limits  of  reciprocation  of 

?5  at  least  one  of  its  pistons,  a  passageway  is  formed 
in  the  housing  extending  between  the  cylinders 
with  a  portion  of  the  pistons  which  registers  with 
the  passageway,  being  relieved  to  provide  run- 
ning  clearance  for  the  yoke  and  the  crankshaft. 

30  The  yoke  in  this  example  has  the  form  of  an 
inverted  "T",  two  of  its  three  arms  extending 
opposite  each  other  horizontally,  and  the  other 
arm  extending  vertically  upward.  The  vertical  arm 
contains  the  crankpin  bearing,  while  the  horizon- 

35  tal  arms  contain  the  connecting  rod  bearings.  At 
the  junction  of  the  three  arms,  and  in  this  example 
equi-distant  from  the  axes  of  their  respective 
bearings,  is  a  fourth  bearing  for  the  rocking  lever. 

In  assembly,  the  yoke,  with  the  rocking  lever 
40  attached,  is  inserted  into  the  bottom  of  the 

cylinder  housing  through  the  relieved  portion 
between  the  cylinders  and  into  the  crankshaft 
bore.  The  crankshaft  is  then  inserted  in  the 
crankshaft  bore  and  through  the  crankpin  bearing 

45  in  the  yoke.  The  free  end  of  the  rocking  lever  is 
then  engaged  with  a  shaft  inserted  transversely 
through  the  bottom  of  the  cylinder  housing. 

It  is  well  known  in  the  art  how  changing  the 
relative  length  of  the  yoke  arms  will  change  the 

50  phasing  of  the  two  pistons,  so  that  a  wide  range 
of  piston  phases  may  be  chosen  with  only  a  slight 
modification  of  the  yoke  geometry.  These  general 
considerations  are  equally  applicable  to  the 
inverted  yoke  used  in  this  invention.  It  is  less  well 

55  known,  however,  that  all  of  these  yoke  drive 
engines  give  a  slightly  different  phase  for  the 
pistons  at  top  dead  center  than  at  bottom  dead 
centre.  The  reason  for  this  difference  is  the  angu- 
arity  of  the  yoke  in  relation  to  the  crankpin.  The 

60  crank,  yoke,  and  rocking  lever  arrangement  is 
similar  to  a  conventional  crank,  connecting  rod, 
and  slider  arrangement.  Even  as  connecting  rod 
angularity  introduces  "dwell"  in  the  slider  when  it 
is  nearest  the  crank,  and  "snap"  when  it  is 

65  farthest  from  the  crank,  so  does,  yoke  angularity 
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ltroduce  rocking  lever  dwell  when  the  lever  is 
earest  the  crank  and  snap  when  its  farthest  from 
le  crank.  Thus,  a  yoke  with  equidistant  arms, 
/hich  with  an  infinitesimally  small  crank  would 
ive  a  90°  piston  phase  top  and  bottom,  may  in  a 
ractical  design  with  a  longer  crankthrow  give  a 
8°  phase  at  one  end  of  its  stroke  and  a  82°  phase 
t  the  other.  With  the  yoke  inverted,  as  in  this 
wention,  the  larger  phase  will  occur  between  the 
istons'  top  dead  center  positions,  and  the 
mailer  phase  will  occur  between  their  bottom 
ead  center  position.  This  situation  is  desirable,  in 
nat  it  gives  a  more  nearly  uniform  gas  transfer 
low  rate  than  does  the  conventional  yoke  design, 
\ihere  the  smaller  phase  and  small  cylinder 
olumes  at  top  center  give  faster  gas  transfer,  and 
he  larger  phase  and  large  cylinder  volumes  at 
lottom  center  give  slower  gas  transfer. 
The  pistons  in  the  example  of  the  invention 

leing  described  are  spool  shaped  in  appearance, 
"hey  have  an  upper  and  lower  flange  for 
luidance  in  the  cylinder,  and  a  smaller  connect- 
ng  column,  to  reduce  weight  and  increase  clear- 
ince  for  the  rotating  yoke  arm  in  the  waist.  The 
jistons'  lower  guide  flanges  are  spoked,  so  as  to 
:eep  windage  losses  low.  The  portions  of  these 
ower  guide  flanges  that  register  with  the  relieved 
>ortions  of  the  lower  cylinders  are  also  relieved, 
o  provide  clearance  for  the  yoke  arms. 

In  two  piston  Stirling  engines,  one  piston 
jsually  includes  an  insulating  dome  which  may 
ixtend  some  distance  beyond  the  guided  portion 
)f  the  piston  and  into  the  engine's  hot  volume, 
["he  guiding  flanges  on  this  piston  should  be 
elativelyfar  apart  for  good  mechanical  efficiency, 
rhe  other  piston  has  no  such  cantilevered  appen- 
dage,  and  therefore  may  have  the  guiding  flanges 
closer  together  (i.e.  it  may  be  shorter).  By  pivoting 
:he  rocking  lever  to  the  frame  on  the  side  of  the 
shorter  piston,  the  engine's  block  height  may  be 
<ept  as  short  as  the  limits  of  reciprocation  of  the 
onger  piston. 

Connecting  rods  may  be  relatively  long,  with- 
DUt  adding  to  the  engine's  height,  due  to  the 
inversion  of  the  yoke  with  respect  to  the  operating 
Faces  of  the  pistons.  Once  the  connecting  rods  are 
inserted  into  the  pistons,  the  piston/rod  assemb- 
lies  may  be  inserted  in  the  tops  of  the  cylinders, 
and  attached  to  their  respective  yoke  bearings. 
This  operation  completes  the  basic  crank  drive 
assembly.  The  addition  of  a  heater,  regenerator 
and  cooler  will  make  this  machine  a  Stirling 
engine. 

The  invention  will  now  be  described  further,  by 
way  of  example,  with  reference  to  the  accom- 
panying  drawings,  in  which  :- 

Fig.  1  is  a  schematic  side  view  of  the  crankdrive 
mechanism  constructed  in  accordance  with  this 
invention  with  the  crankpin  at  its  top  position; 

Fig.  2  is  the  same  view  of  the  engine  in  Fig.  1 
with  the  crankshaft  advanced  90°; 

Fig.  3  is  the  same  view  of  the  engine  in  Fig.  1 
with  the  crankshaft  advanced  180°; 

Fig.  4  is  the  same  view  of  the  engine  in  Fig.  1 
with  the  crankshaft  advanced  270°; 

rig.  O  IS  a  DOIIOm  View  ui  uie  Giiymo  ao  omuvvii 
in  Fig.  3; 

Fig.  6  is  a  bottom  sectional  view  of  the  engine 
as  shown  in  Fig.  4,  through  section  A-A,,  with  the 
pistons  and  yoke  removed; 

A  hot  piston  1  operates  in  a  hot  cylinder,  and  is 
connected  by  a  connecting  rod  2  to  a  yoke  3  at  a 
wrist  pin  4.  A  cool  piston  5  operates  in  a  cool 
cylinder  and  is  connected  by  a  connecting  rod  6  to 

o  the  yoke  3  at  a  wrist  pin  7.  One  end  of  a  rocking 
lever  8  is  connected  to  the  yoke  3  at  a  point  9 
midway  between  the  wrist  pins  4  and  7.  The  other 
end  of  lever  8  is  pivoted  on  a  pin  10  fixed  to  a 
cylinder  housing  11.  A  crankshaft  (13)  is  located 

5  between  the  pistons  1  and  5  within  the  limits  of 
their  reciprocation  and  it  is  connected  to  the  yoke 
3  at  a  crankpin  12.  The  pistons  1  and  5  and  the 
cylinder  housing  11  are  specifically  designed  so 
as  to  provide  running  clearance  for  the  yoke  3,  the 

o  lever  8  and  the  crankpin  12. 
Fig.  2  shows  the  same  mechanism  during  the 

power  stroke,  after  the  crankshaft  13  has  moved 
90°  in  its  direction  of  travel.  It  is  worth  noting  that 
the  inverted  yoke  3  produces  a  direction  of  rota- 

5  tion  opposite  that  of  a  conventional  yoke  drive 
mechanism.  The  hot  piston  1  is  about  halfway 
along  its  expansion  stroke,  while  the  cool  piston  5 
is  at  nearly  the  same  position  as  in  Fig.  1.  Relieved 
portions  of  a  waist  14  and  bottom  guide  flange  15 

to  of  the  hot  piston  1  provide  running  clearance  for 
the  yoke  3  and  crankpin  12.  The  hot  piston  1  is 
longer  than  the  cool  piston  5  because  in  an  actual 
engine  the  hot  piston  would  carry  a  cantilevered 
insulation  dome  above  it  and  therefore  requires 

is  guide  flanges  15  and  16,  that  are  spaced  farther 
apart  than  those  of  the  cool  piston  for  good 
mechanical  efficiency. 

Fig.  3  shows  the  mechanism  at  its  point  of 
maximum  volume,  with  the  crankshaft  advanced 

to  180°  from  Fig.  1.  While  pistons  1  and  5  appear  to 
be  in  the  same  postion,  cool  piston  5  is  actually 
moving  up  while  hot  piston  1  is  continuing  down 
to  complete  its  expansion  stroke. 

Fig.  4  shows  the  mechanism  during  its  com- 
ts  pression  stroke  with  the  crankshaft  advanced  270° 

from  its  Fig.  1  position.  In  this  position,  it  is  the 
relieved  portions  of  waist  17  and  bottom  guide 
flange  18  of  cool  piston  5  that  provide  the  running 
clearance  for  the  yoke  3  and  crankpin  12. 

50  Fig.  5  shows  the  bottom  view  of  the  mechanism 
shown  in  Fig.  3.  The  crankshaft  13  is  seen  extend- 
ing  on  either  side  of  cylinder  housing  11  and 
suitable  counter-balance  weights  may  be 
attached  on  both  sides  as  desired.  The  yoke  3  is 

55  guided  by  the  lever  8  which  in  this  case  is  a  split 
lever  extending  on  both  sides  of  the  yoke  3.  The 
bottom  guide  flanges  15  and  18  of  both  pistons  1 
and  5  respectively,  are  spoked  to  reduce  weight 
and  windage  loss  and  relieved  to  provide  running 

60  clearance  for  the  yoke. 
As  shown  in  Fig.  6  the  crankshaft  13  is  located 

in  a  crankshaft  bore  22  of  the  cylinder  housing  1  1  . 
The  crankshaft  13  is  journalled  in  bearings  19  and 
20  and  has  a  front  bearing  case  21  .  The  crankshaft 

65  13  is  designed  so  that  it  may  easily  be  inserted 
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through  the  crankpin  bearing  of  the  yoke  3  even 
though  it  is  of  one  piece.  The  removable  bearing 
case  21  provides  adequate  clearance  for 
assembly  of  crankshaft  13  into  housing  11. 

Claims 

1  .  A  crank  drive  mechanism  fcr  drivingly  linking 
a  crankshaft  (13)  to  two  pistons  (1,  5)  which 
reciprocate  with  a  desired  phase  difference  in  two 
adjacent  cylinders  in  a  housing  (11),  the 
mechanism  having  the  crankshaft  (13)  journalled 
in  the  housing  (11)  and  transverse  to  the  plane  of 
the  axes  of  the  cylinders,  a  yoke  (3)  with  four  pivot 
axes,  the  yoke  (3)  being  rotatably  attached  to  the 
throw  of  the  crankshaft  (13)  at  a  first  one  (12)  of 
the  yoke  pivot  (3)  axes,  a  pair  of  connecting  rods 
(2,  6)  each  of  which  is  pivotally  connected  at  one 
end  to  the  yoke  (3)  at  second  (4)  and  third  (7)  yoke 
pivot  axes  respectively  and  pivotally  connected  at 
its  opposite  end  to  a  different  one  of  the  two 
pistons  and  a  rocking  lever  (8)  pivotally  attached 
atone  end  to  the  housing  (11)  laterally  of  the  yoke 
(3)  and  pivotally  attached  to  the  yoke  (3)  at  a 
fourth  (9)  yoke  pivot  axis,  characterized  in  that  the 
axis  of  the  crankshaft  (13)  is  located  between  the 
cylinders,  within  the  limits  of  reciprocation  of  at 
least  one  of  its  pistons,  a  passageway  is  formed  in 
the  housing  (11)  extending  between  the  cylinders 
with  a  portion  of  the  pistons  (1,  5)  which  registers 
with  the  passageway,  being  relieved  to  provide 
running  clearance  for  the  yoke  (3)  and  the 
crankshaft  (13). 

2.  A  crank  drive  mechanism  according  to  claim 
1,  characterized  in  that  the  connecting  rod  pivot 
axes  on  the  yoke  (3)  are  equidistant  from  the 
rotation  axis  of  the  throw  and  the  rocking  lever 
pivot  axis  on  the  yoke  (3)  is  centered  between  the 
connecting  rod  pivot  axes. 

Patentanspruche 

1.  Kurbelantriebsmechanismus  zur  Wirkverbin- 
dung  einer  Kurbelwelle  (13)  mitzwei  Kolben  (1,5), 
die  mit  einem  gewunschten  Phasenunterschied  in 
zwei  benachbarten  Zylindern  in  einem  Gehause 
(11)  hin-  und  hergehen,  wobei  der  Mechanismus 
eine  im  Gehause  (11)  quer  zur  Ebene  der  Zylinde- 
rachsen  gelagerte  Kurbelwelle  (13);  und  ein  Joch 
(3)  mitvierDrehachsen  aufweist,  welches  drehbar 
an  der  Kurbel  der  Kurbelwelle  (13)  mit  einer 
ersten  (12)  Drehachse  des  Joches  (3)  angebracht 
ist;  mit  einem  Paar  von  Verbindungsstaben  (2,  6), 
die  jeweils  an  einem  Ende  des  Joches  (3)  mit 
einer  zweiten  (4)  und  dritten  (7)  Drehachse  des 
Joches  drehbar  verbunden  und  an  ihren  gegen- 
uberliegenden  Enden  jeweils  mit  einem  anderen 
der  beiden  Kolben  schwenkbar  befestigtsind,  und 

mit  einem  Schwinghebel  (8),  der  mit  einem  Ende 
seitlich  zum  Joch  (3)  am  Gehause  (11)  drehbar 
befestigt  und  am  Joch  mit  einer  vierten  (9)  Joch- 
drehachse  drehbar  angebracht  ist,  da  durch 

5  gekennzeichnet,  dass  die  Achse  der  Kurbelwelle 
(13)  zwischen  den  Zylindern  liegt,  und  zwar  inner- 
halb  der  Grenzen  des  Hubs  mindestens  eines 
ihrer  Kolben,  dass  im  Gehause  (11)  zwischen  den 
Zylindern  ein  Durchgang  vorgesehen  ist,  und 

10  dass  ein  Bereich  der  Kolben  (1,  5),  der  genau  dem 
Durchgang  entspricht,  ausgespart  ist,  um  Platzfur 
die  Bewegungen  des  Joches  (3)  und  der  Kurbel- 
welle  (13)  zu  schaffen. 

2.  Kurbelantriebsmechanismus  nach  Anspruch 
15  1,  dadurch  gekennzeichnet,  dass  die  Drehachsen 

des  Joches  (3)  fur  die  Verbindungsstabe  gleichen 
Abstand  von  der  Drehachse  der  Kurbel  haben, 
und  dass  die  Drehachse  des  Joches  (3)  fur  den 
Schwinghebel  zwischen  den  Achsen  fur  die  Ver- 

20  bindungsstabe  zentriert  ist. 

Revendications 

1.  Mecanisme  d'entramement  a  manivelle  pour 
25  relier  activement  un  vilebrequin  (13)  avec  deux 

pistons  (1,  5)  qui  ont  un  mouvement  de  va  et  vient 
avec  une  difference  de  phase  desiree  dans  deux 
cyiindres  adjacents  dans  un  boitier  (11),  le  meca- 
nisme  comprenant  le  vilebrequin  (13)  supporte 

30  dans  le  boitier  (11)  transversalement  au  plan  des 
aces  des  cyiindres,  un  joug  (3)  avec  quatre  axes 
de  pivotement,  le  joug  (3)  etant  fixe  rotativement 
au  maneton  du  vilebrequin  (13)  a  un  premier  (12) 
des  axes  de  pivotement  du  joug  (3),  un  paire  de 

35  tiges  de  connexion  (2,  6),  chacune  d'elles  etant 
reliee  rotativement  a  une  extremite  du  joug  (3) 
respectivement  a  un  deuxieme  (4)  ettroisieme  (7) 
axe  de  pivotement  du  joug  et  rotativement  par 
son  extremite  opposee  a  un  autre  des  deux 

40  pistons,  et  un  levier  oscillant  fixe  rotativement  a 
une  extremite  au  bo'itier  (11)  a  cote  du  joug  (3)  et 
fixe  rotativement  au  joug  (3)  a  un  quatrieme  (9) 
axe  de  pivotement,  caracterise  en  ce  que  I'axe  du 
vilebrequin  (13)  est  situe  entre  les  cyiindres,  dans 

45  les  limites  de  va  et  vient  d'au  moins  I'un  de  ses 
pistons,  un  passage  etant  prevu  dans  le  boitier 
(11)  s'etendant  entre  les  cyiindres,  une  partie  des 
pistons  (1,  5)  qui  correspond  exactement  au 
passage  etant  degagee  pour  donner  lieu  a  un  jeu 

so  de  fonctionnement  pour  le  joug  (3)  et  le  vilebre- 
quin  (13). 

2.  Mecanisme  d'entra'inement  a  manivelle  selon 
la  revendication  1,  caracterise  en  ce  que  les  axes 
de  pivotement  des  tiges  de  connexion  sur  le  joug 

55  (3)  sont  equidistants  de  I'axe  de  rotation  du 
maneton  et  I'axe  de  pivotement  du  levier  oscillant 
sur  le  joug  (3)  est  centre  entre  les  axes  de 
pivotement  des  tiges  de  connexion. 
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