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©  Orbiting  member  fluid  displacement  apparatus  with  rotation  preventing  mechanism. 

©  The  present  invention  discloses  a  reliable  rota- 
tion  preventing/thrust  bearing  device  for  use  in  an 
orbiting  member  fluid  displacement  apparatus.  The 
rotation  preventing/thrust  bearing  device  includes  a 
discrete  fixed  portion,  a  discrete  orbital  portion,  and 
bearing  elements.  The  fixed  portion  includes  a  first 

N  annular  race  and  a  first  ring,  both  of  which  are 
^   formed  separately.  The  first  annular  race  is  placed  in 

a  loose  fit  surrounding  a  first  annular  step  in  an  inner 
TO  surface  of  the  housing  and  the  first  ring  is  attached 
^1  to  the  housing.  The  orbital  portion  includes  a  second 
OJ  annular  race  and  a  second  ring,  both  of  which  are 
00  formed  separately.  The  second  annular  race  is 
^   placed  in  a  loose  fit  surrounding  a  second  annular 
O  step  in  an  end  plate  of  the  orbiting  member  and  the 

Q_ 
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second  ring  is  attached  to  the  end  plate  of  the 
orbiting  member.  A  plurality  of  pockets  of  the  rings 
face  one  another  in  generally  aligned  pairs.  A  bear- 
ing  element  is  received  in  each  aligned  pair  of 
pockets  to  prevent  the  rotation  of  the  orbiting  mem- 
ber  by  the  bearing  elements  interacting  with  the  first 
and  second  rings  and  to  carry  the  axial  thrust  load 
from  the  orbiting  member.  The  first  and  second 
annular  anti-wear  plates  are  overlaid  surrounding  the 
first  and  second  annular  races,  respectively.  The  first 
and  second  annular  anti-wear  plates  are  fixedly 
placed  within  the  first  and  second  annular  steps 
respectively  in  order  to  prevent  the  circumferential 
and  radial  movement  thereof. 
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This  invention  relates  to  a  rotary  fluid  displace- 
ment  apparatus,  and  more  particularly,  to  an  im- 
provement  in  a  rotation  preventing/thrust  bearing 
device  for  an  orbiting  member  fluid  displacement 
apparatus. 

There  are  several  types  of  fluid  apparatus 
which  utilize  an  orbiting  piston  or  fluid  displacing 
member,  such  as  a  scroll  type  fluid  displacement 
apparatus  disclosed  in  U.S.  Patent  No.  801,182  to 
Creux. 

The  scroll  type  fluid  displacement  apparatus 
disclosed  in  this  U.S.  patent  includes  two  scrolls 
each  having  a  circular  end  plate  and  a  spiroidal  or 
involute  spiral  element.  These  scrolls  are  main- 
tained  angularly  and  radially  offset  so  that  both 
spiral  elements  interfit  to  make  a  plurality  of  line 
contacts  between  their  spiral  curved  surfaces  to 
thereby  seal  off  and  define  at  least  one  pair  of  fluid 
pockets.  The  relative  orbital  motion  of  the  two 
scrolls  shifts  the  line  contacts  along  the  spiral 
curved  surfaces  and,  as  a  result,  the  volume  of  the 
fluid  pockets  changes.  Because  the  volume  of  the 
fluid  pockets  increases  or  decreases  dependent  on 
the  direction  of  the  orbital  motion,  the  scroll  type 
fluid  displacement  apparatus  is  capable  of  com- 
pressing,  expanding,  or  pumping  fluids. 

Generally,  in  conventional  scroll  type  fluid  dis- 
placement  apparatus,  one  scroll  is  fixed  to  a  hous- 
ing  and  the  other  scroll,  which  is  the  orbiting  scroll, 
is  eccentrically  supported  on  a  crank  pin  of  a 
rotating  shaft  to  cause  the  orbital  motion.  The  scroll 
type  fluid  displacement  apparatus  also  includes  a 
rotation  preventing  device  which  prevents  the  rota- 
tion  of  the  orbiting  scroll  to  thereby  maintain  both 
scrolls  in  a  predetermined  angular  relationship  dur- 
ing  operation  of  the  apparatus. 

Sealing  along  the  line  contacts  of  the  above 
conventional  scroll  type  apparatus  must  be  main- 
tained  because  the  fluid  pockets  are  defined  by  the 
line  contacts  between  the  two  spiral  elements  and 
as  the  line  contacts  shift  along  the  surface  of  the 
spiral  elements,  the  fluid  pockets  change  volume 
due  to  the  orbital  motion  of  the  orbiting  scroll. 
Because  the  orbiting  scroll  in  such  conventional 
scroll  type  apparatus  is  supported  in  a  cantilever 
manner,  an  axial  slant  of  the  orbiting  scroll  occurs. 
Axial  slant  also  occurs  because  the  movement  of 
the  orbiting  scroll  is  not  rotary  motion  around  the 
center  of  the  orbiting  scroll,  but  is  orbiting  motion 
caused  by  eccentric  movement  of  a  crank  pin 
driven  by  the  rotation  of  a  drive  shaft.  Several 
problems  result  from  the  axial  slant;  such  as,  loss 
of  sealing  of  the  line  contact,  vibration  of  the  ap- 
paratus  during  operation,  and  noise  caused  by 
physical  striking  of  the  spiral  elements. 

One  simple  and  direct  solution  to  this  problem 
is  the  use  of  a  thrust  bearing  device  for  carrying 
the  axial  thrust  load.  Thus,  scroll  type  fluid  dis- 

placement  apparatus  have  been  provided  with  rota- 
tion  preventing  and  thrust  bearing  devices  within 
their  housings. 

One  recent  attempt  to  improve  rotation  pre- 
5  venting  and  thrust  bearing  devices  for  scroll  type 

fluid  displacement  apparatus  is  described  in  U.S. 
Patent  Nos.  4,160,629  to  Hidden  et  al.  and 
4,259,043  to  Hidden  et  al.  The  rotation  preventing 
and  thrust  bearing  devices  in  these  U.S.  patents 

io  are  integral  with  one  another.  The  rotation  prevent- 
ing/thrust  bearing  device  described  in  these  U.S. 
patents  (see,  e.g.,  Figure  7  of  U.S.  Patent  No. 
4,259,043  to  Hidden  et  al.),  comprises  one  set  of 
indentations  formed  on  the  end  surface  of  the 

75  circular  plate  of  the  orbiting  scroll  and  a  second  set 
of  indentations  formed  on  an  end  surface  of  a  fixed 
plate  attached  to  the  housing.  A  plurality  of  spheres 
are  placed  between  facing  indentations.  Neverthe- 
less,  the  indentations  are  formed  directly  on  the 

20  end  surface  of  orbiting  scroll  or  the  fixed  plate.  The 
production  of  this  type  of  mechanism  is,  therefore, 
very  intricate. 

Referring  to  Figures  1  ,  2,  and  3,  one  solution  to 
the  above  disadvantage  will  be  described.  Figure  1 

25  is  an  enlarged  vertical  section  view  of  a  part  of  a 
compressor  and  Figure  2  is  an  exploded  perspec- 
tive  view  of  a  rotation  preventing/thrust  bearing 
device  37'.  Rotation  preventing/thrust  bearing  de- 
vice  37'  surrounds  boss  273  of  orbiting  scroll  27. 

30  Annular  steps  274',  275,  and  276,  which  are  con- 
centrically  surrounding  boss  273,  are  formed  at  the 
end  surface  of  circular  end  plate  271  opposite  to 
spiral  element  272.  Annular  step  274'  is  radially 
largest  and  closest  to  spiral  element  272.  Annular 

35  step  276  is  radially  smallest  and  furthest  from 
spiral  element  272.  Annular  step  275  is  located 
between  annular  steps  274'  and  276.  Similarly, 
annular  steps  113'  and  115  are  formed  at  the  end 
surface  of  annular  projection  112  of  front  end  plate 

40  11,  which  rotatably  supports  a  drive  shaft  (not 
shown)  and  is  fixedly  attached  to  an  opening  end 
of  casing  12.  Annular  steps  113'  and  115  are 
concentric  with  annular  projection  112,  and  annular 
step  113'  is  radially  smallest  and  furthest  from 

45  spiral  element  272. 
Rotation  preventing/thrust  bearing  device  37' 

includes  an  orbital  portion,  a  fixed  portion  and 
bearings,  such  as  a  plurality  of  balls  or  spheres. 
The  fixed  portion  includes  (1)  first  annular  race  371 

50  which  is  disposed  surrounding  annular  step  113'  by 
a  later-mentioned  manner  and  (2)  first  ring  372 
fitted  against  the  axial  end  surface  of  annular  pro- 
jection  112  of  front  end  plate  11  to  cover  the  end 
surface  of  first  annular  race  371  .  First  annular  race 

55  371  is  loosely  fitted  within  annular  step  113'  be- 
cause  the  outer  diameter  of  first  annular  race  371 
is  designed  to  be  slightly  smaller  than  a  diameter 
of  an  annular  side  wall  113'a  of  annular  step  113'. 

3 
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First  ring  372  is  fixedly  attached  to  the  axial  end 
surface  of  annular  projection  112  by  pins  373.  First 
annular  race  371  has  an  axial  end  surface  flush 
with  the  axial  end  surface  of  annular  step  115.  The 
height  differential  between  the  axial  end  surface  of 
annular  step  115  and  the  axial  end  surface  of 
annular  projection  112  of  front  end  plate  11  defines 
a  clearance  "G"  between  first  annular  race  371  and 
first  ring  372. 

The  orbital  portion  includes  (1)  second  annular 
race  374  which  is  disposed  within  annular  step  274' 
by  a  later-mentioned  manner  and  (2)  second  ring 
375  fitted  against  the  axial  end  surface  of  annular 
step  276  to  cover  the  axial  end  surface  of  second 
annular  race  374.  Second  annular  race  374  is 
loosely  fitted  within  annular  step  274'  because  an 
inner  diameter  of  second  annular  race  374  is  de- 
signed  to  be  slightly  greater  than  a  diameter  of  an 
annular  side  wall  274'a  of  annular  step  274'.  Sec- 
ond  ring  375  is  fixedly  attached  to  the  axial  end 
surface  of  annular  step  276  by  pins  376.  Second 
annular  race  374  has  an  axial  end  surface  flush 
with  the  axial  end  surface  of  annular  step  275.  The 
height  differential  between  the  axial  end  surface  of 
annular  step  275  and  the  axial  end  surface  of 
annular  step  276  defines  a  clearance  "G"  between 
the  second  annular  race  374  and  the  second  ring 
375  identical  to  the  clearance  between  the  first 
annular  race  371  and  the  first  ring  372. 

First  ring  372  and  second  ring  375  each  have  a 
plurality  of  holes  or  pockets  372a  and  375a  in  the 
axial  direction,  the  number  of  holes  or  pockets  in 
each  ring  372,  375  being  equal.  The  holes  or 
pockets  372a  of  first  ring  372  correspond  to  or  are 
a  mirror  image  of  the  holes  or  pockets  375a  of  the 
second  ring  375,  Le.,  each  pair  of  pockets  facing 
each  other  have  the  same  size  and  pitch,  and  the 
radial  distance  of  the  pockets  from  the  center  of 
their  respective  rings  372  and  375  is  the  same,  Le., 
the  centers  of  the  pockets  are  located  the  same 
distance  from  the  center  of  the  rings  372  and  375. 
Bearing  elements,  such  as  balls  or  spheres  377, 
are  placed  between  facing,  generally  aligned  pairs 
of  pockets  372a  and  375a. 

Referring  to  Figure  3,  the  operation  of  the 
rotation  preventing/thrust  bearing  device  37'  will  be 
described.  In  Figure  3,  the  center  of  second  ring 
375  is  placed  at  the  right  side  and  the  rotating 
direction  of  the  drive  shaft  is  clockwise,  as  in- 
dicated  by  arrow  "A."  When  orbiting  scroll  27  is 
driven  by  the  rotation  of  the  drive  shaft,  the  center 
of  second  ring  375  orbits  about  a  circle  of  radius 
"R0"  (together  with  orbiting  scroll  27).  Neverthe- 
less,  a  rotating  force,  Le.,  moment,  which  is  caused 
by  the  offset  of  the  acting  point  of  the  reaction 
force  of  compression  and  the  acting  point  of  drive 
force,  acts  on  orbiting  scroll  27.  This  reaction  force 
tends  to  rotate  orbiting  scroll  27  in  a  clockwise 

direction  about  the  center  of  second  ring  375.  As 
shown  in  Figure  3,  however,  eighteen  balls  377  are 
placed  between  the  corresponding  pockets  372a 
and  375a  of  rings  372  and  375.  In  Figure  3,  the 

5  interaction  between  the  nine  balls  377  at  the  top  of 
the  rotation  preventing/thrust  bearing  device  and 
the  edges  of  the  pockets  372a  and  375a  prevents 
the  rotation  of  orbiting  scroll  27.  The  magnitude  of 
the  rotation  preventing  forces  are  shown  as  fci  -te 

io  in  Figure  3.  According  to  the  orbital  motion  of 
orbiting  scroll  27,  the  interaction  between  the  nine 
balls  377  and  the  edges  of  the  pockets  372a  and 
375a  successively  shifts  in  the  rotating  direction  of 
the  drive  shaft. 

is  Not  only  does  the  reaction  force  of  compres- 
sion  tend  to  rotate  orbiting  scroll  in  the  clockwise 
direction,  but  it  tends  to  move  orbiting  scroll  27 
forwardly  (to  the  left  in  Figure  1)  to  thereby  cause 
the  axial  thrust  load  on  an  inner  end  of  the  drive 

20  shaft  through  bushing  34.  This  axial  thrust  load  is 
carried  by  the  front  end  plate  11  through  second 
annular  race  374,  all  eighteen  balls  377  and  first 
annular  race  371  .  Therefore,  each  of  eighteen  balls 
377  comes  in  contact  with  the  end  surface  of  both 

25  first  and  second  annular  races  371  and  374,  and 
rolls  thereon  within  the  corresponding  pockets  372a 
and  375a  during  the  orbital  motion  of  orbiting  scroll 
27.  As  balls  377  roll  on  the  axial  end  surface  of  first 
annular  race  371,  the  first  annular  race  371  freely 

30  rotates  on  the  axial  end  surface  of  the  annular  step 
113'  because  of  a  frictional  contact  between  balls 
377  and  race  371  .  As  a  result,  the  circular  trace  of 
the  balls  377  on  the  axial  end  surface  of  first 
annular  race  371  is  sufficiently  dissolved  so  that 

35  the  exfoliation  of  the  axial  end  surface  of  first 
annular  race  371  is  effectively  prevented.  Similarly, 
the  second  annular  race  374  freely  rotates  on  the 
axial  end  surface  of  annular  step  274'  in  the  same 
rotational  direction,  so  that  a  similar  advantage  to 

40  that  described  above  is  also  obtained. 
In  the  construction,  as  described  above,  the 

rotation  preventing/thrust  bearing  device  37'  is 
made  up  of  a  pair  of  races  and  a  pair  of  rings,  with 
each  race  and  ring  formed  separately.  Therefore, 

45  the  parts  of  the  rotation/thrust  bearing  device  are 
easy  to  construct  and  the  most  suitable  material  for 
each  part  can  be  selected.  In  general,  in  order  to 
be  able  to  sufficiently  bear  the  axial  thrust  load  and 
the  interacting  stress,  balls  377,  first  and  second 

50  rings  372  and  375,  and  first  and  second  annular 
races  371  and  374  are  made  of  stiff  and  hard 
material,  for  example,  steel;  while  in  order  to  re- 
duce  the  weight  of  the  compressor,  front  end  plate 
11,  casing  12,  and  the  two  scroll  members  are 

55  made  of  light  weight  material,  for  example,  alu- 
minum  alloy,  which  is  relatively  softer  than  steel. 

Accordingly,  as  first  annular  race  371  freely 
rotates  on  the  axial  end  surface  of  the  annular  step 

4 
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113'  of  front  end  plate  11  during  operation  of  the 
compressor,  the  axial  end  surface  of  first  annular 
race  371  and  the  axial  end  surface  of  annular  step 
113'  become  in  a  frictional  contact  between  hard 
and  soft  metals.  This  frictional  contact  causes  an 
abnormal  abrasion  at  the  axial  end  surface  of  an- 
nular  step  113'.  Therefore,  the  clearance  "G"  be- 
tween  first  annular  race  371  and  first  ring  372 
becomes  sufficiently  greater  than  that  allowable  in 
a  short  time  period  during  operation  of  the  com- 
pressor,  and  a  similar  defective  operational  manner 
also  occurs  between  the  second  annular  race  374 
and  second  ring  375.  As  a  result,  the  compressor 
begins  to  defectively  operate  in  a  short  time  period. 

Accordingly,  it  is  an  object  of  this  invention  to 
provide  a  reliable  rotation  preventing/thrust  bearing 
device  for  an  orbiting  member  fluid  displacement 
apparatus. 

It  is  a  further  object  of  this  invention  to  provide 
a  reliable  rotation  preventing/thrust  bearing  device 
that  is  relatively  lightweight. 

It  is  yet  a  further  object  of  this  invention  to 
provide  a  reliable  rotation  preventing/thrust  bearing 
device  that  is  relatively  simple  in  design  and  manu- 
facture. 

An  orbiting  member  fluid  displacement  appara- 
tus  according  to  this  invention  includes  a  housing. 
A  fixed  member  is  attached  to  the  housing  and  has 
a  first  end  plate  from  which  a  first  spiral  element 
extends  into  the  interior  of  the  housing.  An  orbiting 
member  has  a  second  end  plate  from  which  a 
second  spiral  element  extends.  The  first  and  sec- 
ond  spiral  elements  interfit  at  an  angular  and  radial 
offset  to  make  a  line  contact  to  separate  a  fluid 
inlet  from  a  fluid  outlet.  A  driving  mechanism  in- 
cludes  a  drive  shaft,  which  is  rotatably  supported 
by  the  housing  and  is  operatively  connected  to  the 
orbiting  member  to  effect  the  orbital  motion  of  the 
orbiting  member. 

A  rotation  preventing/thrust  bearing  device  is 
disposed  between  the  housing  and  the  orbiting 
member  for  preventing  the  rotation  of  the  orbiting 
member  during  orbital  motion,  so  that  the  fluid 
pocket  changes  volume  during  the  orbital  motion  of 
the  orbiting  member. 

The  rotation  preventing/thrust  bearing  device 
comprises  an  orbital  portion,  a  fixed  portion  and  a 
plurality  of  bearings  such  as  balls  or  spheres.  The 
fixed  portion  includes  a  first  annular  race  and  a  first 
ring,  both  of  which  are  formed  separately.  The  first 
annular  race  is  placed  in  a  loose  fit  within  a  first 
annular  step  formed  on  an  inner  surface  of  the 
housing.  The  first  ring  is  attached  to  the  inner 
surface  of  the  housing  to  cover  the  first  annular 
race  and  has  a  plurality  of  first  pockets  formed  in 
an  axial  direction  toward  the  first  annular  race.  The 
orbital  portion  includes  a  second  annular  race  and 
a  second  ring,  both  of  which  are  formed  separately. 

The  second  annular  race  is  placed  in  a  loose  fit 
within  a  second  annular  step  formed  on  an  end 
surface  of  the  second  end  plate  opposite  to  the 
side  from  which  the  second  spiral  element  extends. 

5  The  second  ring  is  attached  to  the  end  surface  of 
the  second  end  plate  to  cover  the  second  race  and 
has  a  plurality  of  second  pockets  formed  in  an  axial 
direction  toward  the  second  race.  A  clearance  is 
maintained  between  the  second  ring  of  the  orbital 

io  portion  and  the  first  ring  of  the  fixed  portion.  The 
bearings  are  placed  between  facing  and  generally 
aligned  first  and  second  pockets  of  the  rings.  The 
rotation  of  the  orbiting  member  is  thus  prevented 
by  the  bearings  which  are  placed  in  the  pockets  of 

is  both  rings.  Further,  thrust  load  from  the  orbiting 
member  is  supported  by  the  first  race  of  the  fixed 
portion  through  the  bearings. 

The  fixed  portion  further  includes  a  first  annular 
plate  which  is  fixedly  placed  surrounding  the  first 

20  annular  step  and  is  overlaid  on  the  first  annular 
race.  The  first  annular  plate  has  a  hardness  which 
is  substantially  equal  to  hardness  of  the  first  an- 
nular  race.  The  orbital  portion  includes  a  second 
annular  plate  which  is  fixedly  placed  surrounding 

25  the  second  annular  step  and  is  overlaid  on  the 
second  annular  race.  The  second  annular  plate  has 
a  hardness  which  is  substantially  equal  to  hardness 
of  the  second  annular  race. 

Other  objects,  features,  and  advantages  of  this 
30  invention  will  be  understood  from  the  following  de- 

tailed  description  of  the  preferred  embodiment  of 
this  invention  and  the  drawings. 

Figure  1  is  an  enlarged  longitudinal  vertical 
sectional  view  of  a  portion  of  a  scroll  compressor 

35  unit  illustrating  a  prior  art  construction  of  the  rota- 
tion  preventing/thrust  bearing  device. 

Figure  2  is  an  exploded  perspective  view  of  the 
rotation  preventing/thrust  bearing  device  shown  in 
Figure  1  . 

40  Figure  3  is  a  diagrammatic  plan  view  of  the 
rotation  preventing/thrust  bearing  device  of  Figure 
1  illustrating  the  manner  by  which  rotation  is  pre- 
vented. 

Figure  4  is  a  longitudinal  vertical  sectional  view 
45  of  a  compressor  unit  according  to  one  embodiment 

of  the  present  invention. 
Figure  5  is  a  diagrammatic  sectional  view  illus- 

trating  the  spiral  elements  of  the  fixed  and  orbiting 
scroll  members. 

50  Figure  6  is  an  exploded  perspective  view  of  the 
driving  mechanism  in  the  embodiment  of  Figure  4. 

Figure  7  is  an  enlarged  longitudinal  vertical 
sectional  view  of  a  portion  of  the  compressor 
shown  in  Figure  4. 

55  Figure  8  is  an  exploded  perspective  view  of  the 
rotation  preventing/thrust  bearing  device  shown  in 
Figure  4. 

5 
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In  Figures  4-8,  identical  reference  numerals  are 
used  to  denote  elements  which  are  identical  to  the 
similarly  numbered  elements  shown  in  prior  art 
Figures  1,  2  and  3.  Further,  in  the  following  de- 
scription,  the  left  side  of  Figures  4  and  7  will  be 
referred  to  as  the  front  or  forward  side  and  the  right 
side  will  be  referred  to  as  the  rear  side. 

Referring  to  Figures  4-8,  a  fluid  displacement 
apparatus  in  accordance  with  one  embodiment  of 
the  present  invention,  in  particular  a  scroll  type 
refrigerant  compressor  unit  1,  is  shown.  The  com- 
pressor  unit  1  includes  a  compressor  housing  10 
having  a  front  end  plate  11  and  a  cup-shaped 
casing  12  which  is  attached  to  an  end  surface  of 
front  end  plate  1  1  .  An  opening  1  1  1  is  formed  in  the 
center  of  front  end  plate  11  for  penetration  or 
passage  of  a  drive  shaft  13.  An  annular  projection 
112  is  formed  in  a  rear  end  surface  of  front  end 
plate  11.  Annular  projection  112  faces  cup-shaped 
casing  12  and  is  concentric  with  opening  111.  An 
outer  peripheral  surface  of  annular  projection  112 
extends  into  an  inner  wall  of  the  opening  of  cup- 
shaped  casing  12.  Cup-shaped  casing  12  is  fixed 
on  the  rear  end  surface  of  front  end  plate  1  1  by  a 
fastening  device,  for  example,  screws.  The  opening 
portion  of  cup-shaped  casing  12  is  thus  covered  by 
front  end  plate  11.  An  O-ring  14  is  placed  between 
the  outer  peripheral  surface  of  annular  projection 
112  and  the  inner  wall  of  the  opening  of  cup- 
shaped  casing  12,  to  seal  the  mating  surfaces  of 
front  end  plate  11  and  cup-shaped  casing  12.  Front 
end  plate  11  has  an  annular  sleeve  15  projecting 
from  the  front  end  surface  thereof  which  surrounds 
drive  shaft  13  and  defines  a  shaft  cavity.  In  the 
embodiment  shown  in  Figure  4,  sleeve  15  is  sepa- 
rate  from  end  plate  11.  Therefore,  sleeve  15  is 
fixed  to  the  front  end  surface  of  front  end  plate  1  1 
by  screws  (not  shown).  An  O-ring  16  is  placed 
between  the  end  surface  of  front  end  plate  1  1  and 
an  end  surface  of  sleeve  15  to  seal  fitting  surface 
of  front  end  plate  11  and  sleeve  15.  Alternatively, 
sleeve  15  may  be  integral  with  end  plate  11. 

Drive  shaft  13  is  rotatably  supported  by  sleeve 
15  through  a  bearing  device  17  located  within  the 
front  end  of  sleeve  15.  Drive  shaft  13  has  a  disk  18 
at  its  inner  end  which  is  rotatably  supported  by 
front  end  plate  11  through  a  bearing  device  19 
located  within  opening  1  1  1  of  front  end  plate  1  1  .  A 
shaft  seal  assembly  20  is  coupled  to  drive  shaft  13 
within  the  shaft  seal  cavity  of  sleeve  15. 

A  pulley  21  is  rotatably  supported  by  a  bearing 
assembly  22  which  is  carried  out  on  the  outer 
surface  of  sleeve  15.  An  electromagnetic  coil  23  is 
fixed  about  the  outer  surface  of  sleeve  15  by  a 
support  plate  24  and  is  received  in  annular  cavity 
of  pulley  21.  Armature  plate  25  is  elastically  sup- 
ported  on  the  outer  end  of  drive  shaft  13  which 
extends  from  sleeve  15.  An  electromagnetic  clutch 

thus  includes  pulley  21,  electromagnetic  coil  23 
and  armature  plate  25.  In  operation,  drive  shaft  13 
is  driven  by  an  external  drive  power  source,  for 
example,  a  vehicle  engine,  through  a  rotation  force 

5  transmitting  device  such  as  the  above-described 
electromagnetic  clutch. 

A  fixed  scroll  (fixed  member)  26,  an  orbiting 
scroll  (orbiting  member)  27,  a  driving  mechanism 
for  orbiting  scroll  27,  and  a  rotation  prevent- 

io  ing/thrust  bearing  device  for  orbiting  scroll  27  are 
located  within  an  inner  chamber  of  cup-shaped 
casing  12.  The  inner  chamber  is  formed  between 
the  inner  wall  of  cup-shaped  casing  12  and  front 
end  plate  1  1  . 

is  Fixed  scroll  26  includes  a  circular  end  plate 
261  ,  a  wrap  or  spiral  element  (fixed  fluid  displace- 
ment  member)  262  affixed  to  or  extending  from 
one  side  surface  of  circular  end  plate  261,  and  a 
plurality  of  internally  threaded  bosses  263  axially 

20  projecting  from  the  other  end  surface  of  circular 
plate  261.  An  end  surface  of  each  boss  263  is 
seated  on  the  inner  surface  of  an  end  plate  121  of 
cup-shaped  casing  12  and  is  fixed  to  end  plate  121 
by  screws  28.  Fixed  scroll  26  is  thus  fixed  within 

25  cup-shaped  casing  12.  Circular  end  plate  261  of 
fixed  scroll  26  divides  the  inner  chamber  of  cup- 
shaped  casing  12  into  a  discharge  chamber  30  and 
a  suction  chamber  29  with  a  seal  ring  31  placed 
between  the  outer  peripheral  surface  of  circular 

30  plate  261  and  the  inner  wall  of  cup-shaped  casing 
12.  A  hole  or  discharge  port  264  is  formed  through 
circular  plate  261  at  a  position  near  the  center  of 
spiral  element  262;  discharge  port  264  is  con- 
nected  between  the  centrally  located  fluid  pocket  of 

35  the  spiral  element  262  and  discharge  chamber  30. 
Orbiting  scroll  27  also  includes  a  circular  end 

plate  271  and  a  wrap  or  spiral  element  (orbiting 
fluid  displacement  member)  272  affixed  to  or  ex- 
tending  from  one  side  surface  or  circular  end  plate 

40  271  .  Spiral  element  272  and  spiral  element  262  of 
fixed  scroll  26  interfit  at  angular  offset  of  180°  and 
a  predetermined  radial  offset.  At  least  a  pair  of  fluid 
pockets  are  thereby  defined  between  spiral  ele- 
ments  262  and  272.  Orbiting  scroll  27  which  is 

45  connected  to  the  driving  mechanism  and  to  the 
rotation  preventing/thrust  bearing  device  is  driven 
in  an  orbital  motion  at  a  circular  radius  "R0"  by 
rotation  of  drive  shaft  13  to  thereby  compress  fluid 
passing  through  the  compressor  unit.  Generally, 

50  radius  R0  of  orbital  motion  is  given  by  the  following 
formula: 

R0  =  (pitch  of  spiral  element)/2  -  (wall  thickness  of 
spiral  element) 

55 
As  shown  in  Figure  5,  the  pitch  (P)  of  the  spiral 

elements  can  be  defined  by  "2?rrg",  where  "rg"  is 
the  involute  generating  circle  radius.  The  radius  of 

6 
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orbital  motion  "R0"  is  also  illustrated  in  Figure  5  as 
the  locus  of  an  arbitrary  point  "Q"  on  wrap  272  of 
orbiting  scroll  27.  A  point  "0"'  is  the  center  of 
spiral  element  272  of  orbiting  scroll  27,  and  a  point 
"0"  is  the  center  of  spiral  element  262  of  fixed 
scroll  26.  The  center  "0"'  of  spiral  element  272  is 
radially  offset  from  the  center  "0"  of  spiral  element 
262  of  fixed  scroll  26  by  the  distance  "R0".  Thus, 
orbiting  scroll  27  undergoes  orbital  motion  of  a 
radius  "R0"  upon  rotation  of  drive  shaft  13.  As  the 
orbiting  scroll  27  orbits,  the  line  contacts  between 
spiral  elements  262  and  272  move  toward  the 
center  of  the  spiral  elements  along  the  surfaces  of 
the  spiral  elements.  Fluid  pockets,  which  are  de- 
fined  between  spiral  elements  262  and  272,  also 
move  to  the  center  with  a  consequent  reduction  in 
volume  and  compression  of  the  fluid  in  the  fluid 
pockets.  The  fluid  of  refrigerant  gas,  which  is  intro- 
duced  into  suction  chamber  29  from  an  external 
fluid  circuit  through  an  inlet  port  31,  is  taken  into 
fluid  pockets  formed  between  spiral  elements  262 
and  272  from  the  outer  end  portions  of  the  spiral 
elements.  As  orbiting  scroll  27  orbits,  fluid  in  the 
fluid  pockets  is  compressed  and  the  compressed 
fluid  is  discharged  into  discharge  chamber  30  from 
the  central  fluid  pocket  of  the  spiral  elements 
through  discharge  port  264.  The  discharged  fluid 
then  flows  to  the  external  fluid  circuit  through  an 
outlet  port  32. 

Referring  again  to  Figures  4  and  6,  the  driving 
mechanism  of  orbiting  scroll  27  will  be  described  in 
greater  detail.  Drive  shaft  13,  which  is  rotatably 
supported  by  sleeve  15  through  bearing  device  17, 
includes  disk  18  which  is  integrally  formed  at  the 
inner  end  of  drive  shaft  13.  Disk  18  is  rotatably 
supported  by  front  end  plate  11  through  bearing 
device  19  located  within  opening  111  of  front  end 
plate  11.  Disk  18  includes  an  annular  flange  181 
radially  extending  from  a  periphery  of  a  rear  end 
surface  thereof.  Annular  flange  181  of  disk  18  is  in 
contact  with  an  annular  inner  race  191  of  bearing 
device  19,  so  that  the  forward  motion  of  drive  shaft 
13  is  prevented.  A  crank  or  drive  pin  33  projects 
axially  from  an  axial  end  surface  of  disk  18  at  a 
position  which  is  radially  offset  from  the  center  of 
drive  shaft  13.  Circular  end  plate  271  of  orbiting 
scroll  27  has  a  tubular  boss  273  axially  projecting 
from  the  end  surface  opposite  the  surface  from 
which  spiral  element  272  extends.  A  discoid  or 
short  axial  bushing  34  fits  into  boss  273  and  is 
rotatably  supported  therein  by  a  bearing  such  as  a 
needle  bearing  35.  Bushing  34  has  a  balance 
weight  341,  which  has  the  shape  of  a  portion  of  a 
disk  or  ring  and  extends  radially  from  bushing  34 
along  a  front  surface  thereof.  An  eccentric  hole  342 
is  formed  in  bushing  34  at  a  position  radially  offset 
from  center  of  bushing  34.  Drive  pin  33  fits  into  the 
eccentrically  disposed  hole  342  together  with  a 

bearing  36.  Bushing  34  is  therefore  driven  in  an 
orbital  path  by  the  revolution  of  drive  pin  33  and 
rotates  within  needle  bearing  35. 

Now,  the  rotation  of  orbiting  scroll  27  is  pre- 
5  vented  by  a  rotation  preventing/thrust  bearing  de- 

vice  37  which  is  located  between  the  inner  surface 
of  front  end  plate  1  1  and  circular  end  plate  271  of 
orbiting  scroll  27.  As  a  result,  orbiting  scroll  27 
orbits  while  maintaining  its  angular  orientation  rela- 

io  tive  to  the  fixed  scroll  26. 
Referring  to  Figures  7  and  8,  in  addition  to 

Figure  4,  rotation  preventing/thrust  bearing  device 
37  surrounds  boss  273  of  orbiting  scroll  27.  An- 
nular  steps  274,  275,  and  276,  which  concentrically 

is  surround  boss  273,  are  formed  at  the  end  surface 
of  circular  end  plate  271  opposite  to  spiral  element 
272.  Annular  step  274  is  radially  largest  and  clos- 
est  to  spiral  element  272.  Annular  step  276  is 
radially  smallest  and  furthest  from  spiral  element 

20  272.  Annular  step  275  is  located  between  annular 
steps  274  and  276.  Similarly,  annular  steps  113 
and  115  are  formed  at  the  end  surface  of  annular 
projection  112  of  front  end  plate  11  which  rotatably 
supports  disk  18  of  drive  shaft  13  through  bearing 

25  device  19  and  is  fixedly  attached  to  the  opening 
end  of  casing  12.  Annular  steps  113  and  115  are 
concentric  with  annular  projection  112,  and  annular 
step  113  is  radially  smallest  and  furthest  from 
spiral  element  272. 

30  Rotation  preventing/thrust  bearing  device  37  in- 
cludes  an  orbital  portion,  a  fixed  portion  and  bear- 
ings,  such  as  a  plurality  of  balls  or  spheres.  The 
fixed  portion  includes  (1)  first  annular  anti-wear 
plate  378  which  is  disposed  surrounding  annular 

35  step  113  by  a  later-mentioned  manner,  (2)  first 
annular  race  371  with  which  the  first  annular  anti- 
wear  plate  378  is  overlaid  within  annular  step  113, 
and  (3)  first  ring  372  fitted  against  the  axial  end 
surface  of  annular  projection  112  of  front  end  plate 

40  11  to  cover  the  end  surface  of  first  annular  race 
371.  First  annular  anti-wear  plate  378  is  loosely 
fitted  surrounding  annular  step  113  because  the 
outer  diameter  of  first  annular  anti-wear  plate  378  is 
designed  to  be  slightly  smaller  than  a  diameter  of 

45  an  annular  side  wall  113a  of  annular  step  113. 
At  least  one  truncated  fan-shaped  cut-out  por- 

tion  (not  shown)  is  radially  outwardly  cut  out  from 
the  annular  side  wall  113a  of  annular  step  113.  In 
this  embodiment,  a  pair  of  cut-out  portions  are 

50  diametrically  opposed  from  each  other.  At  least 
one  truncated  fan-shaped  projection  378a  is  radi- 
ally  outwardly  projected  from  an  outer  peripheral 
surface  of  first  annular  anti-wear  plate  378.  In  this 
embodiment,  a  pair  of  projections  378a  are  diamet- 

55  rically  opposed  from  each  other  in  order  to  fit 
within  the  pair  of  cut-out  portions.  The  length  and 
width  of  projections  378a  are  designed  to  be  equal 
to  the  depth  and  width  of  cut-out  portions,  respec- 

7 
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tively.  Thus,  both  the  circumferential  and  radial 
movements  of  first  annular  anti-wear  plate  378  are 
prevented  during  operation  of  the  compressor.  First 
annular  race  371  is  also  loosely  fitted  surrounding 
annular  step  113  because  the  outer  diameter  of 
first  annular  race  371  is  also  designed  to  be  slight- 
ly  smaller  than  the  diameter  of  the  annular  side 
wall  113a  of  annular  step  113.  First  ring  372  is 
fixedly  attached  to  the  axial  end  surface  of  annular 
projection  112  by  pins  373.  First  annular  race  371 
has  an  axial  end  surface  flush  with  the  axial  end 
surface  of  annular  step  115.  The  height  differential 
between  the  axial  end  surface  of  annular  step  115 
and  the  axial  end  surface  of  annular  projection  112 
of  front  end  plate  11  defines  a  clearance  "G" 
between  first  annular  race  371  and  first  ring  372. 

The  orbital  portion  includes  (1)  second  annular 
anti-wear  plate  379  which  is  disposed  surrounding 
annular  step  274  by  a  later-mentioned  manner,  (2) 
second  annular  race  374  on  which  second  annular 
anti-wear  plate  379  is  overlaid  surrounding  annular 
step  274,  and  (3)  second  ring  375  fitted  against  the 
axial  end  surface  of  annular  step  276  to  cover  the 
axial  end  surface  of  second  annular  race  374.  Sec- 
ond  annular  anti-wear  plate  379  is  designed  to  be 
slightly  greater  in  diameter  than  that  of  the  annular 
side  wall  274a  of  annular  step  274.  At  least  one 
truncated  fan-shaped  cut-out  portion  274b  is  radi- 
ally  inwardly  cut  out  from  the  annular  side  wall 
274a  of  annular  step  274.  In  this  embodiment,  a 
pair  of  cut-out  portions  274b  are  diametrically  op- 
posed  from  each  other.  At  least  one  truncated  fan- 
shaped  projection  379a  is  radially  inwardly  projec- 
ted  from  an  inner  peripheral  surface  of  second 
annular  anti-wear  plate  379.  In  this  embodiment,  a 
pair  of  projections  379a  are  diametrically  opposed 
from  each  other  in  order  to  fit  within  the  pair  of  cut- 
out  portions  274b.  The  length  and  width  of  projec- 
tions  379a  are  designed  to  be  equal  to  the  depth 
and  width  of  cut-out  portions  274b,  respectively. 
Thus,  both  the  circumferential  and  radial  move- 
ments  of  second  annular  anti-wear  plate  379  are 
prevented  during  operation  of  the  compressor. 
Second  annular  race  374  is  also  loosely  fitted  sur- 
rounding  annular  step  274  because  the  inner  diam- 
eter  of  second  annular  race  374  is  also  designed  to 
be  slightly  greater  in  diameter  than  that  of  the 
annular  side  wall  274a  of  annular  step  274.  Second 
ring  375  is  fixedly  attached  to  the  axial  end  surface 
of  annular  step  276  by  pins  376.  Second  annular 
race  374  has  an  axial  end  surface  flush  with  the 
axial  end  surface  of  annular  step  275.  The  height 
differential  between  the  axial  end  surface  of  annular 
step  275  and  the  axial  end  surface  of  annular  step 
276  defines  a  clearance  "G"  between  the  second 
annular  race  374  and  the  second  ring  375  identical 
to  the  clearance  between  the  first  annular  race  371 
and  the  first  ring  372. 

First  ring  372  and  second  ring  375  each  have  a 
plurality  of  holes  or  pockets  372a  and  375a  in  the 
axial  direction,  the  number  of  holes  or  pockets  in 
each  ring  372,  375  being  equal.  The  holes  or 

5  pockets  372a  of  first  ring  372  correspond  to  or  are 
a  mirror  image  of  the  holes  or  pockets  375a  of  the 
second  ring  375  Le.,  each  pair  of  pockets  facing 
each  other  have  the  same  size  and  pitch,  and  the 
radial  distance  of  the  pockets  from  the  center  of 

io  their  respective  rings  372  and  375  is  the  same,  Le., 
the  centers  of  the  pockets  are  located  the  same 
distance  from  the  center  of  the  rings  372  and  375. 

In  this  embodiment,  in  order  to  be  able  to 
sufficiently  bear  the  axial  thrust  load  and  the  inter- 

15  acting  stress,  balls  377,  first  and  second  rings  372 
and  375,  and  first  and  second  annular  races  371 
and  374  are  made  of  stiff  and  hard  material,  for 
example,  steel,  as  in  the  aforementioned  prior  art 
embodiment,  while,  in  order  to  reduce  the  weight  of 

20  the  compressor,  front  end  plate  11,  casing  12,  and 
the  two  scroll  members  26  and  27  are  made  of 
light  weight  material,  for  example,  aluminum  alloy, 
also  as  in  the  aforementioned  prior  art  embodi- 
ment.  In  addition,  first  and  second  annular  anti- 

25  wear  plates  378  and  379  are  made  of  similar  ma- 
terial  to  that  of  first  and  second  annular  races  371 
and  374,  Le.,  steel,  so  that  hardness  of  first  and 
second  annular  anti-wear  plates  378  and  379  is 
equal  to  that  of  first  and  second  annular  races  371 

30  and  374. 
Accordingly,  as  the  first  annular  race  371  freely 

rotates  on  the  axial  end  surface  of  first  annular  anti- 
wear  plate  378  during  operation  of  the  compressor, 
the  axial  end  surface  of  first  annular  race  371  and 

35  the  axial  end  surface  of  first  annular  anti-wear  plate 
378  become  in  frictional  contact  between  two  hard 
metal  surfaces,  while  the  opposite  axial  end  surface 
of  first  annular  anti-wear  plate  378  does  not  come 
in  a  frictional  contact  with  the  axial  end  surface  of 

40  annular  step  113  of  front  end  plate  11  because 
both  the  circumferential  and  radial  movements  of 
first  annular  anti-wear  plate  378  are  prevented. 
Because  the  axial  end  surface  of  first  annular  race 
371  and  the  axial  end  surface  of  first  annular  anti- 

45  wear  plate  378  are  in  frictional  contact  between  two 
hard  metal  surfaces,  abrasion  of  the  mating  sur- 
faces  of  first  annular  race  371  and  first  annular  anti- 
wear  plate  378  is  sufficiently  reduced.  Therefore, 
the  clearance  "G"  between  first  annular  race  371 

50  and  first  ring  372  is  maintained  at  the  allowable 
value  during  an  extended  operation  period  of  the 
compressor.  A  similar  operation  is  carried  out  be- 
tween  second  annular  race  374  and  second  ring 
375.  Accordingly,  effective  operation  of  the  com- 

55  pressor  is  maintained  for  a  greatly  increased  pe- 
riod. 

Furthermore,  the  mating  surfaces  of  first  an- 
nular  race  371  and  first  annular  anti-wear  plate  378 

8 



13 EP  0  589  236  A2 14 

are  formed  to  be  a  fine  surface,  so  that  first  annular 
race  371  rotates  smoothly  on  the  axial  end  surface 
of  first  annular  anti-wear  plate  378.  For  example, 
the  mating  surfaces  of  first  annular  race  371  and 
first  annular  anti-wear  plate  378  can  be  formed  by  5 
grinding  to  a  fine  surface  wherein  surface  rough- 
ness  is  defined  to  be  Ra  =  0.25a  (ANSI  B46.1- 
1978).  Therefore,  abrasion  of  the  mating  surfaces 
of  first  annular  race  371  and  first  annular  anti-wear 
plate  378  is  further  reduced.  In  a  similar  manner,  10 
abrasion  of  the  mating  surfaces  of  second  annular 
race  374  and  second  annular  anti-wear  plate  379  is 
also  further  reduced  by  forming  their  mating  sur- 
faces  as  a  fine  surface.  Accordingly,  effective  op- 
eration  of  the  compressor  is  maintained  for  an  is 
extended  time  period. 

In  this  embodiment,  both  the  circumferential 
and  radial  movements  of  first  and  second  annular 
anti-wear  plates  378  and  379  are  prevented  by 
providing  the  fan-shaped  projections  378a  and  20 
379a  and  the  corresponding  fan-shaped  cut-out 
portions.  Nevertheless,  both  the  circumferential  and 
radial  movements  of  first  and  second  annular  anti- 
wear  plates  378  and  379  can  be  prevented  without 
providing  the  fan-shaped  projections  378a  and  25 
379a  and  the  corresponding  cut-out  portions  if  the 
annular  anti-wear  plates  378  and  379  are  fixedly 
disposed  within  the  annular  steps  113  and  274,  for 
example,  by  forcible  insertion  respectively. 

This  invention  has  been  described  in  detail  in  30 
connection  with  the  preferred  embodiment.  This 
embodiment,  however,  is  merely  an  example,  and 
the  invention  is  not  restricted  thereto.  It  will  be 
understood  by  those  skilled  in  the  art  that  other 
variations  and  modifications  can  be  easily  made  35 
within  the  scope  of  this  invention  as  defined  by  the 
appended  claims. 

Claims 
40 

1.  In  a  scroll  type  fluid  displacement  apparatus 
including  a  housing,  a  fixed  scroll  attached  to 
said  housing  and  having  a  first  end  plate  from 
which  a  first  wrap  extends  into  said  housing, 
an  orbiting  scroll  having  a  second  end  plate  45 
from  which  a  second  wrap  extends,  said  first 
and  second  wraps  interfitting  at  an  angular  and 
radial  offset  to  make  a  plurality  of  line  contacts 
to  define  at  least  one  pair  of  sealed  off  fluid 
pockets  and  a  driving  mechanism  operatively  so 
connected  to  said  orbiting  scroll  to  effect  the 
orbital  motion  of  said  orbiting  scroll,  rotation 
preventing  means  for  preventing  the  rotation  of 
said  orbiting  scroll  and  for  carrying  axial  thrust 
load  from  said  orbital  scroll  during  orbital  mo-  55 
tion  so  that  the  volume  of  said  fluid  pockets 
changes,  said  rotation  preventing/thrust  bear- 
ing  means  being  disposed  between  said  sec- 

ond  end  plate  and  said  housing  and  being 
comprised  of  a  discrete  orbital  portion,  a  dis- 
crete  fixed  portion  and  bearing  elements  coup- 
led  between  said  portions,  said  fixed  portion 
including  a  first  annular  race  and  a  first  ring,  a 
first  annular  step  formed  in  said  housing,  said 
first  ring  being  attached  to  said  housing  to 
cover  said  first  annular  race,  said  first  ring 
having  a  plurality  of  first  pockets  extending 
axially  toward  said  first  annular  race  and 
formed  separately  from  said  first  annular  race, 
said  orbital  portion  including  a  second  annular 
race  and  a  second  ring,  said  second  annular 
race  being  placed  in  a  loose  fit  within  a  second 
annular  step  formed  in  said  second  end  plate, 
said  second  ring  being  attached  to  said  sec- 
ond  end  plate  to  cover  said  second  annular 
race  and  facing  said  first  ring,  said  second  ring 
having  a  plurality  of  second  pockets  extending 
axially  toward  said  second  annular  race  and 
formed  separately  from  said  second  annular 
race,  a  clearance  being  maintained  between 
said  first  ring  of  said  fixed  portion  and  said 
second  ring  of  said  orbital  portion,  said  bearing 
elements  each  being  carried  within  a  generally 
aligned  pair  of  said  first  and  second  pockets 
and  contacting  said  second  and  first  annular 
races  to  prevent  the  rotation  of  said  orbiting 
scroll  by  said  bearing  elements  interacting  with 
said  second  and  first  rings  and  to  carry  the 
axial  thrust  load  from  said  orbiting  scroll  on 
said  first  race  through  said  bearing  elements, 
the  improvement  comprising: 

said  fixed  portion  including  a  first  annular 
plate  which  is  fixedly  placed  surrounding  said 
first  annular  step  and  is  overlaid  with  said  first 
annular  race,  said  first  annular  plate  having 
hardness  which  is  substantially  equal  to  hard- 
ness  of  said  first  annular  race. 

2.  In  a  scroll  type  fluid  displacement  apparatus 
including  a  housing,  a  fixed  scroll  attached  to 
said  housing  and  having  a  first  end  plate  from 
which  a  first  wrap  extends  into  said  housing, 
an  orbiting  scroll  having  a  second  end  plate 
from  which  a  second  wrap  extends,  said  first 
and  second  wraps  interfitting  at  an  angular  and 
radial  offset  to  make  a  plurality  of  line  contacts 
to  define  at  least  one  pair  of  sealed  off  fluid 
pockets  and  a  driving  mechanism  operatively 
connected  to  said  orbiting  scroll  to  effect  the 
orbital  motion  of  said  orbiting  scroll,  rotation 
preventing  means  for  preventing  the  rotation  of 
said  orbiting  scroll  and  for  carrying  axial  thrust 
load  from  said  orbital  scroll  during  orbital  mo- 
tion  so  that  the  volume  of  said  fluid  pockets 
changes,  said  rotation  preventing/thrust  bear- 
ing  means  being  disposed  between  said  sec- 
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ond  end  plate  and  said  housing  and  being 
comprised  of  a  discrete  orbital  portion,  a  dis- 
crete  fixed  portion  and  bearing  elements  coup- 
led  between  said  portions,  said  fixed  portion 
including  a  first  annular  race  and  a  first  ring,  a  5 
first  annular  step  formed  in  said  housing,  said 
first  ring  being  attached  to  said  housing  to 
cover  said  first  annular  race,  said  first  ring 
having  a  plurality  of  first  pockets  extending 
axially  toward  said  first  annular  race  and  10 
formed  separately  from  said  first  annular  race, 
said  orbital  portion  including  a  second  annular 
race  and  a  second  ring,  said  second  annular 
race  being  placed  in  a  loose  fit  within  a  second 
annular  step  formed  in  said  second  end  plate,  is 
said  second  ring  being  attached  to  said  sec- 
ond  end  plate  to  cover  said  second  annular 
race  and  facing  said  first  ring,  said  second  ring 
having  a  plurality  of  second  pockets  extending 
axially  toward  said  second  annular  race  and  20 
formed  separately  from  said  second  annular 
race,  a  clearance  being  maintained  between 
said  first  ring  of  said  fixed  portion  and  said 
second  ring  of  said  orbital  portion,  said  bearing 
elements  each  being  carried  within  a  generally  25 
aligned  pair  of  said  first  and  second  pockets 
and  contacting  said  second  and  first  annular 
races  to  prevent  the  rotation  of  said  orbiting 
scroll  by  said  bearing  elements  interacting  with 
said  second  and  first  rings  and  to  carry  the  30 
axial  thrust  load  from  said  orbiting  scroll  on 
said  first  race  through  said  bearing  elements, 
the  improvement  comprising: 

said  orbital  portion  including  a  second  an- 
nular  plate  which  is  fixedly  placed  surrounding  35 
said  second  annular  step  and  is  overlaid  with 
said  second  annular  race,  said  second  annular 
plate  having  hardness  which  is  substantially 
equal  to  hardness  of  said  second  annular  race. 

40 
3.  The  fluid  displacement  apparatus  of  claim  1 

wherein  said  orbital  portion  includes  a  second 
annular  plate  which  is  fixedly  placed  surround- 
ing  said  second  annular  step  and  is  overlaid 
with  said  second  annular  race,  said  second  45 
annular  plate  having  hardness  which  is  sub- 
stantially  equal  to  hardness  of  said  second 
annular  race. 

4.  A  scroll  type  fluid  displacement  apparatus  so 
comprising: 

a  housing  having  a  front  end  plate; 
a  fixed  scroll  attached  to  said  housing  and 

having  a  first  end  plate  from  which  a  first  wrap 
extends  into  an  interior  of  said  housing;  55 

an  orbiting  scroll  having  a  second  end 
plate  from  which  a  second  wrap  extends,  said 
first  and  second  wraps  interfitting  at  an  angular 

and  radial  offset  to  make  a  plurality  of  line 
contacts  to  define  at  least  a  pair  of  sealed  off 
fluid  pockets; 

a  driving  mechanism  including  a  rotatable 
drive  shaft  connected  to  said  orbiting  scroll  to 
drive  said  orbiting  scroll  in  an  orbital  motion; 

rotation  preventing/thrust  bearing  means 
connected  to  said  orbiting  scroll  for  preventing 
the  rotation  of  said  orbiting  scroll  and  for  carry- 
ing  the  axial  thrust  of  said  orbiting  scroll  daring 
its  orbital  motion; 

said  rotation  preventing/thrust  bearing 
means  being  comprised  of  a  discrete  orbital 
portion,  a  discrete  fixed  portion  and  bearing 
elements  coupled  between  said  portions,  said 
fixed  portion  including  a  first  annular  race  and 
a  first  ring,  a  first  annular  step  formed  in  said 
housing,  said  first  ring  being  attached  to  said 
housing  to  cover  said  first  annular  race,  said 
first  ring  having  a  plurality  of  first  pockets 
extending  axially  toward  said  first  annular  race 
and  formed  separately  from  said  first  annular 
race,  said  orbital  portion  including  a  second 
annular  race  and  a  second  ring,  said  second 
annular  race  being  placed  in  a  loose  fit  around 
a  second  annular  step  formed  in  said  second 
end  plate,  said  second  ring  being  attached  to 
said  second  end  plate  to  cover  said  second 
annular  race  and  facing  said  first  ring,  said 
second  ring  having  a  plurality  of  second  pock- 
ets  extending  axially  toward  said  second  an- 
nular  race  and  formed  separately  from  said 
second  annular  race,  a  clearance  being  main- 
tained  between  said  first  ring  of  said  fixed 
portion  and  said  second  ring  of  said  orbital 
portion,  said  bearing  elements  each  being  car- 
ried  within  a  generally  aligned  pair  of  said  first 
and  second  pockets  and  contacting  said  sec- 
ond  and  first  annular  races  to  prevent  the 
rotation  of  said  orbiting  scroll  by  said  bearing 
elements  interacting  with  said  second  and  first 
rings  and  to  carry  the  axial  thrust  load  from 
said  orbiting  scroll  on  said  first  race  through 
said  bearing  elements; 

a  first  annular  plate  having  a  hardness 
which  is  substantially  equal  to  a  hardness  of 
said  first  annular  race,  said  annular  plate  posi- 
tioned  surrounding  said  first  annular  step. 

5.  The  scroll  type  fluid  displacement  apparatus  of 
one  of  claims  1  to  4  wherein  said  first  annular 
plate  is  substantially  equal  in  hardness  to  that 
of  said  second  annular  race  and  said  annular 
plate  is  positioned  surrounding  said  second 
annular  step. 

6.  The  scroll  type  fluid  displacement  apparatus  of 
claim  4  further  including  a  second  annular 
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plate,  said  second  annular  plate  being  substan- 
tially  equal  in  hardness  to  said  second  annular 
race  and  said  second  annular  plate  being  posi- 
tioned  surrounding  said  second  annular  step. 

7.  The  scroll  type  fluid  displacement  apparatus  of 
one  of  claims  1  to  6  wherein  said  first  annular 
plate  and/or  second  annular  plate  are  made  of 
steel. 

8.  The  scroll  type  fluid  displacement  apparatus  of 
one  of  claims  1  to  7  wherein  the  hardness  of 
said  first  and/or  second  annular  plates  is  great- 
er  than  the  hardness  of  said  housing. 

9.  The  scroll  type  fluid  displacement  apparatus  of 
one  of  claims  1  to  8  wherein  the  hardness  of 
said  first  and/or  second  annular  plates  is  great- 
er  than  the  hardness  of  said  orbiting  scroll. 

10.  The  scroll  type  fluid  displacement  apparatus  of 
one  of  claims  1  to  9  wherein  said  housing  and 
said  orbiting  scroll  are  made  of  aluminum  al- 
loy. 

10 
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11.  The  scroll  type  fluid  displacement  apparatus  of 

one  of  claims  1  to  10  wherein  the  mating 
surfaces  of  said  first  and/or  second  annular 
plates  and  said  first  and/or  second  annular 
races  are  formed  to  be  fine  surfaces.  30 
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