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©  Variable  displacement  piston  type  compressor. 

©  A  piston  type  compressor  includes  a  compres- 
sor  housing  enclosing  a  crank  chamber,  a  suction 
chamber,  and  a  discharge  chamber  therein.  The 
compressor  housing  comprises  a  cylinder  block  hav- 
ing  a  plurality  of  cylinders.  A  drive  shaft  is  rotatably 
supported  in  the  cylinder  block.  A  plate  is  tiltably 
connected  to  the  drive  shaft  and  is  coupled  to  a 
plurality  of  pistons  which  may  be  driven  in  a  recipro- 
cating  motion  within  the  cylinders  upon  rotation  of 
the  drive  shaft.  Each  of  the  pistons  is  provided  with 

^-  a  rotation  prevention  mechanism  which  may  include 
^   a  first  rotation  prevention  device  formed  on  the  cen- 

ter  of  the  piston  and  second  rotation  prevention 
^   device  disposed  within  the  compressor  housing,  the 
O  first  and  second  rotation  prevention  devices  coop- 
1^  erating  to  prevent  the  piston  from  rotating  about  its 
00 
m  
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own  axis.  The  first  and  second  rotation  prevention 
devices  each  have  at  least  one  sliding  surface 
formed  thereon.  Further,  the  rotation  prevention 
mechanism  may  include  a  rotation  prevention  device 
formed  on  a  center  of  the  piston,  the  rotation  preven- 
tion  device  including  at  least  two  sliding  surfaces 
formed  on  both  radial  sides  of  the  piston,  each 
sliding  surface  smoothly  sliding  on  an  adjacent  slid- 
ing  surface  of  an  adjacent  rotation  prevention  device 
so  that  the  rotation  prevention  device  and  the  adja- 
cent  rotation  prevention  device  cooperate  to  prevent 
the  piston  from  rotating  about  its  own  axis.  The 
sliding  surfaces  of  the  rotation  prevention  mecha- 
nism  may  be  formed  to  be  fine  surfaces  by  machin- 
ing  in  a  finishing  process. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  generally  relates  to  a 
piston  type  refrigerant  compressor  and,  more  par- 
ticularly,  to  a  swash  plate  type  compressor  with  a 
variable  displacement  mechanism  suitable  for  use 
in  an  automotive  air  conditioning  system. 

2.  Description  of  the  Prior  Art 

A  swash  plate  type  refrigerant  compressor  with 
a  variable  displacement  mechanism  suitable  for 
use  in  an  automotive  air  conditioning  system  is 
disclosed  in  Japanese  Patent  Application  Publica- 
tion  No.  63-93480.  Referring  to  Figure  1,  an  outer 
shell  of  the  compressor  is  formed  by  front  housing 
1,  front  valve  plate  9,  cylinder  block  3,  rear  valve 
plate  4,  and  rear  housing  5,  which  are  made  of  an 
aluminum  alloy.  Cylinder  block  3  comprises  front 
cylinder  block  3a  and  rear  cylinder  block  3b  which 
abut  each  other.  Front  housing  1  is  mounted 
through  front  valve  plate  9  on  one  side  of  cylinder 
block  3,  and  rear  housing  5  is  mounted  through 
rear  valve  plate  4  on  the  other  side  of  cylinder 
block  3.  These  shell  components  are  coupled  in  a 
unit  by  a  plurality  of  bolts  6. 

A  plurality  of  cylinders  7,  arranged  in  parallel 
with  each  other,  and  chamber  8  are  formed  by 
front  and  rear  cylinder  blocks  3a  and  3b  within 
cylinder  block  3.  Further,  first  bearing  10  and  sec- 
ond  bearing  11  are  disposed  in  cylinder  block  3 
and  rear  housing  5,  respectively,  to  rotatably  sup- 
port  drive  shaft  12.  Drive  shaft  12  is  arranged 
coaxially  with  the  annular  arrangement  of  cylinders 
7.  One  end  portion  13  of  drive  shaft  12  extends  to 
the  outside  of  front  housing  1  through  drive  shaft 
sealing  bearing  14  mounted  on  front  housing  1. 
Exposed  end  portion  13  is  connected  to  an  elec- 
tromagnetic  clutch  (not  shown),  so  that  the  rota- 
tional  torque  of  an  automotive  vehicle  engine  may 
be  transmitted  to  drive  shaft  12  through  the  elec- 
tromagnetic  clutch. 

Piston  17  defines  a  front  side  working  chamber 
15  and  a  rear  side  working  chamber  16  in  coopera- 
tion  with  an  inner  surface  of  each  cylinder  7  and  is 
reciprocatingly  inserted  into  each  cylinder  7.  Thus, 
each  piston  17  may  be  slidably  reciprocated  by 
swash  plate  18  disposed  within  crank  chamber  8. 

Swash  plate  18  has  a  projection  portion  at  its 
central  region,  and  arm  19  is  formed  in  the  projec- 
tion  portion.  Planar  plate  portion  20  is  formed  in 
drive  shaft  12  at  a  position  corresponding  to  arm 
19  of  swash  plate  18.  Swash  plate  18  is  obliquely 
mounted  on  drive  shaft  12  with  planar  plate  portion 
20  engaged  with  arm  19.  Also,  pin  21  is  fixed  to 
the  projection  portion  of  swash  plate  18.  Fin  21  is 

engaged  through  a  collar  with  elongated  hole  22 
formed  in  planar  plate  portion  20  of  drive  shaft  12. 
In  this  configuration,  swash  plate  18  is  shifted  be- 
tween  a  position  in  which  the  slant  angle  is  large 

5  and  a  position  in  which  the  slant  angle  is  small, 
while  pin  21  of  swash  plate  18  slides  within  elon- 
gated  hole  22.  The  capacity  of  the  compressor  is 
dependent  upon  the  slant  angle  of  swash  plate  18. 
When  the  slant  angle  of  swash  plate  18  is  in- 

io  creased,  the  stroke  length  of  piston  17  in  cylinder  7 
is  maximized,  and  the  capacity  of  the  compressor 
is  decreased.  The  rotational  force  of  drive  shaft  12 
is  transmitted  to  swash  plate  18  through  the  en- 
gagement  between  planar  plate  portion  20  and  arm 

75  19.  Swash  plate  18  is  driven  to  rotate  about  the 
axis  of  drive  shaft  12  together  with  drive  shaft  12 
and  to  move  in  the  axial  direction  of  drive  shaft  12. 
Thus,  swash  plate  18  is  swung  between  a  rightwar- 
dly  upward  inclination  and  a  rightwardly  downward 

20  inclination. 
The  circumferential  peripheral  portion  of  swash 

plate  18  is  connected  to  piston  17  through  a  pair  of 
shoes  23.  Swash  plate  18  is  inserted  slidingly  into 
the  space  between  the  pair  of  shoes  23.  Shoes  23 

25  form  a  single  spherical  shape  when  in  contact  with 
swash  plate  18  and  rotatably  mounted  on  recesses 
formed  in  piston  17  in  a  complementary  manner. 
Accordingly,  the  swing  motion  concomitant  with  the 
rotation  of  swash  plate  18  is  transmitted  to  piston 

30  17  through  shoes  23,  while  the  rotational  motion 
component  of  swash  plate  18  is  released  by  shoes 
23.  Only  the  swing  motion  of  swash  plate  18  is 
converted  into  the  reciprocating  motion  of  piston  17 
which  is  reciprocated  within  cylinder  7,  so  that  the 

35  volume  of  front  side  working  chamber  15  and  rear 
side  working  chamber  16  are  alternately  increased 
and  decreased. 

Front  housing  1  defines  front  suction  chamber 
24  and  front  discharge  chamber  25.  Drive  shaft 

40  sealing  bearing  14  is  provided  between  front  suc- 
tion  chamber  24,  drive  shaft  12,  and  front  housing 
1  to  prevent  the  refrigerant,  ejj.,  a  mixture  of 
refrigerant  and  lubricant,  from  leaking  out.  Front 
suction  chamber  24  is  in  communication  with  crank 

45  chamber  8  through  a  hole  formed  in  front  valve 
plate  9  and  front  passage  26  formed  in  cylinder 
block  3.  Further,  front  suction  chamber  24  is  in 
communication  with  front  side  working  chamber  15 
through  front  suction  hole  27  formed  in  front  valve 

50  plate  9.  Also,  front  discharge  chamber  25  is  in 
communication  with  front  side  working  chamber  15 
through  front  discharge  hole  28  formed  in  front 
valve  plate  9. 

Front  suction  valve  29  in  the  form  of  a  sheet  is 
55  provided  on  the  surface  of  front  valve  plate  9  within 

front  side  working  chamber  15,  so  that  front  suction 
valve  29  is  opened  when  piston  17  is  rightwardly 
moved.  Sheet-like  discharge  valve  30  is  provided 
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on  the  surface  of  front  valve  plate  9  within  dis- 
charge  chamber  25,  so  that  discharge  valve  30  is 
opened  when  piston  17  is  leftwardly  moved.  Dis- 
charge  valve  30  is  converted  by  front  valve  retainer 
31. 

Rear  housing  5  defines  rear  suction  chamber 
32  and  rear  discharge  chamber  33,  Rear  suction 
chamber  32  is  in  communication  with  crank  cham- 
ber  8  through  a  hole  formed  in  rear  valve  plate  4 
and  rear  passage  34  formed  in  cylinder  block  3. 
Further,  rear  suction  chamber  32  is  in  communica- 
tion  with  rear  side  working  chamber  16  through 
rear  suction  hole  35.  Rear  discharge  chamber  33  is 
in  communication  with  rear  side  working  chamber 
16  through  rear  discharge  hole  36  formed  in  rear 
valve  plate  4.  Rear  suction  valve  37,  rear  discharge 
valve  38,  and  rear  valve  retainer  39  are  mounted 
on  rear  valve  plate  4  in  a  similar  manner  to  that 
described  for  the  corresponding  front  elements. 

Switching  valve  40  and  control  chamber  41 
also  are  provided  in  rear  housing  5.  Slider  42  is 
rotatably  mounted  on  drive  shaft  12  to  be  slidable 
in  the  axial  direction  of  drive  shaft  12.  Slider  42  is 
provided  with  spherical  support  portion  43  at  one 
end  thereof  close  to  planar  plate  portion  20  of  drive 
shaft  12.  Spherical  support  portion  43  permits  the 
central  portion  of  swash  plate  1  8  to  rotate  about  the 
axis  of  drive  shaft  12  and  to  move  in  the  axial 
direction.  Slider  42  has  flange  portion  44  which  is 
connected  to  one  end  of  spool  46  through  second 
thrust  bearing  45. 

Spool  46  has  annular  piston  portion  47  which  is 
formed  at  the  outer  end  of  spool  46  and  is  inserted 
into  rear  suction  chamber  32  to  divide  the  chamber 
into  rear  suction  chamber  32  and  control  chamber 
41,  and  cylindrical  portion  48  which  extends  co- 
axially  with  drive  shaft  12  and  slider  42  from  piston 
portion  47  to  the  interior  of  cylinder  block  3.  Cylin- 
drical  portion  48  of  spool  46  is  slidably  inserted 
into  cylindrical  portion  3d  formed  in  rear  cylinder 
block  3b.  Thus.the  motion  of  spool  46  in  the  axial 
direction  is  transmitted  to  slider  42  through  second 
thrust  bearing  45  and  flange  portion  44.  First  thrust 
bearing  49  is  also  provided  on  drive  shaft  12  on  the 
front  side  of  planar  plate  portion  20  and  is  clamped 
between  planar  plate  portion  20  of  drive  shaft  12 
and  retainer  shoulder  3c  provided  in  front  cylinder 
block  3a  to  impart  a  thrust  to  drive  shaft  12. 

Referring  to  Figure  2a,  piston  17  includes  pis- 
ton  head  17b  at  each  end.  Piston  17  is  formed 
such  that  the  middle  portion  of  piston  17,  namely 
coupling  portion  17c  which  is  substantially  semicir- 
cular  in  section  and  through  which  two  piston 
heads  17b  are  coupled  together,  is  operatively  con- 
nected  with  both  sides  of  the  peripheral  portion  of 
swash  plate  18  through  shoes  23.  Supporting  por- 
tion  17d  which  is  formed  inside  of  coupling  portion 
17c  supports  shoes  23. 

The  operation  of  the  compressor  will  now  be 
described.  Referring  to  Figure  1,  when  the  above- 
described  electromagnetic  clutch  is  engaged  to 
transmit  the  drive  torque  from  the  automotive  ve- 

5  hide  engine,  drive  shaft  12  begins  to  rotate  within 
cylinder  block  3.  The  rotation  of  drive  shaft  12  is 
transmitted  to  arm  19  and  swash  plate  18  to  rotate 
the  latter.  Because  swash  plate  18  is  slanted  rela- 
tive  to  drive  shaft  12,  swash  plate  18  is  swung  in 

io  accordance  with  the  rotation  of  drive  shaft  12,  so 
that  piston  17  is  reciprocated  within  cylinder  7  in 
accordance  with  this  swing  motion. 

When  the  discharge  displacement  of  the  com- 
pressor  must  be  kept  at  a  maximum  level,  switch- 

15  ing  valve  40  is  switched  over  to  place  control 
chamber  41  in  communication  with  rear  discharge 
chamber  33.  Then  the  pressure  applied  to  the  right 
side  of  piston  portion  47  of  spool  46  is  higher  than 
the  pressure  applied  to  the  left  side,  so  that  spool 

20  46  moves  leftwardly.  At  the  same  time,  the  central 
position  of  swash  plate  18  and  slider  42  are  moved 
leftwardly,  so  that  the  left  end  of  slider  42  is 
brought  into  contact  with  planar  plate  portion  20  of 
drive  shaft  12.  By  the  leftward  movement  of  swash 

25  plate  18,  the  projection  portion  of  swash  plate  18 
having  pin  21  is  moved  leftwardly  relative  to  planar 
plate  portion  20  of  drive  shaft  12,  so  that  pin  21  is 
moved  along  elongated  hole  22  of  planar  plate 
portion  20  toward  the  left  upward  end.  In  accor- 

30  dance  with  the  left  upward  movement  of  pin  21, 
swash  plate  18  is  rotated  about  the  center  of 
spherical  support  portion  43  of  slider  42  to  create  a 
large  slant  angle. 

Further,  piston  17  is  reciprocated  within  cyl- 
35  inder  7.  As  piston  17  reciprocates,  the  refrigerant  is 

alternately  drawn  into  and  compressed  within  front 
and  rear  side  working  chambers  15  and  16. 

The  refrigerant  is  introduced  to  the  compressor 
from  the  refrigerant  cycle  through  crank  chamber  8 

40  to  front  and  rear  suction  chambers  24  and  32  and 
exits  to  the  refrigerant  cycle  through  front  and  rear 
discharge  chambers  25  and  33.  As  described 
above,  swash  plate  18  is  moved  in  the  axial  direc- 
tion  of  drive  shaft  12,  so  that  the  slant  angle  is 

45  changed  and  the  central  position  is  located  sub- 
stantially  at  the  center  in  the  longitudinal  direction 
of  cylinder  7.  Therefore,  as  piston  17  reciprocates 
through  a  complete  stroke,  a  loss  of  compression 
is  avoided  in  front  and  rear  side  working  chambers 

50  15  and  16.  The  refrigerant  compressed  in  the  same 
manner  is  discharged  from  either  of  front  and  rear 
side  working  chambers  15  and  16.  Accordingly,  the 
flow  refrigerant  is  generated  in  either  of  front  and 
rear  side  working  chamber  15  and  16,  drive  shaft 

55  sealing  bearing  14  is  in  contact  with  that  flow 
refrigerant,  and  the  heat  generated  due  to  the  fric- 
tion  with  drive  shaft  12  is  removed  by  the  refriger- 
ant. 

4 
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When  the  discharge  displacement  of  the  com- 
pressor  must  be  kept  at  a  minimum  level,  the 
switching  over  of  switching  valve  40  places  control 
chamber  41  in  communication  with  rear  suction 
chamber  32.  When  drive  shaft  12  is  rotated  under 
this  condition,  swash  plate  18  causes  piston  17  to 
move  rightwardly.  As  a  result  of  the  reactive  force 
applied  to  piston  17,  a  force  decreasing  the  inclina- 
tion  angle  of  swash  plate  18  is  applied  to  swash 
plate  18.  Namely,  the  force  rotating  swash  plate  18 
in  a  counterclockwise  direction  is  applied  to  swash 
plate  18  by  piston  17. 

The  force  applied  to  swath  plate  18  is  limited 
because  pin  21  is  slidingly  engaged  with  elongated 
hole  22,  and  a  force  pressing  the  central  position  of 
swash  plate  18  to  the  right  in  the  axial  direction  of 
drive  shaft  12  is  created.  The  force  component  is 
transmitted  to  spool  46  through  slider  42.  As  de- 
scribed  above,  because  the  pressure  difference  is 
not  generated  between  both  sides  of  the  piston 
portion  47  of  spool  46,  piston  portion  47  moves 
rightwardly.  Thus,  the  inclination  angle  of  swash 
plate  18  is  decreased  and,  at  the  same  time,  the 
central  portion  of  swash  plate  18  is  moved  toward 
rear  side  working  chamber  16.  The  dead  center 
position  in  rear  side  working  chamber  16  is  kept  at 
substantially  the  same  position  as  in  the  case  of 
the  above-described  maximum  displacement  op- 
eration.  Further,  each  piston  17  includes  inner  sur- 
face  300c  formed  on  the  inside  thereof.  A  clear- 
ance  of  about  2  to  3  mm  exists  between  radial  end 
extremity  18a  of  swash  plate  18  and  each  piston  17 
because  a  swash  plate  compressor  with  variable 
displacement  requires  a  relatively  large  clearance 
to  vary  the  capacity  of  compression  by  changing 
the  piston  stroke. 

Unfortunately,  this  relatively  large  clearance  al- 
lows  piston  17  to  rotate  within  cylinder  7  and 
creates  noise  due  to  collisions  between  inner  sur- 
face  300c  of  piston  17  and  radial  end  extremity  18a 
of  swash  plate  18.  Therefore,  each  piston  17  is 
provided  with  rotation  prevention  means  300  integ- 
rally  formed  on  the  center  portion  of  piston  17  and 
extending  radially  therefrom.  Referring  to  Figures 
2a  and  2b,  rotation  prevention  means  300  includes 
first  surface  300a  formed  on  the  upper  surface 
thereof  and  second  surface  300b  formed  on  the 
radial  end  thereof.  Rotation  prevention  means  300 
is  adapted  to  engage  recess  310  formed  in  the  wall 
of  each  cylinder  7.  It  will  be  seen  that  rotation 
prevention  means  300  and  recess  310  cooperate  to 
prevent  piston  7  from  rotating  about  its  own  axis, 
thereby  suppressing  noise  during  operation  of  the 
compressor. 

In  this  configuration,  however,  both  the  surface 
of  recess  310  of  cylinder  block  3  and  first  surface 
300a  of  rotation  prevention  means  300  are  prefer- 
ably  formed  as  fine  surfaces  by  machining  in  a 

finishing  process  in  order  to  smoothly  slide  against 
each  other,  To  cut  and  grind  the  surface  of  recess 
310  of  cylinder  block  3  with  a  lathe  and  finishing 
tool  consumes  much  time  and  energy  because 

5  recess  310  is  provided  inside  of  cylinder  block  3 
which  includes  various  projections  impeding  mill- 
ing.  Further,  these  above-described  surfaces  are 
relatively  broad.  As  a  result,  this  compressor  has 
reduced  productivity  and  a  high  manufacturing 

io  cost. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  invention  to  provide  a 
is  piston  type  compressor  and,  more  particularly,  a 

variable  displacement  swash  plate  type  compres- 
sor  which  can  be  easily  and  inexpensively  manu- 
factured. 

It  is  a  further  object  of  the  invention  to  provide 
20  a  piston  type  compressor  and,  more  particularly,  a 

variable  displacement  swash  plate  type  compres- 
sor  which  has  a  superior  durability  relating  to  a 
piston  rotation  prevention  mechanism. 

According  the  present  invention,  a  piston  type 
25  compressor  includes  a  compressor  housing  enclos- 

ing  a  crank  chamber,  a  suction  chamber,  and  a 
discharge  chamber  therein.  The  compressor  hous- 
ing  comprises  a  cylinder  block  having  a  plurality  of 
cylinders.  A  drive  shaft  is  rotatably  supported  in  the 

30  cylinder  block  A  plate  is  tiltably  connected  to  the 
drive  shaft.  A  bearing  coupling  the  plate  to  a  plural- 
ity  of  pistons  is  provided  so  that  the  pistons  may 
be  driven  in  a  reciprocating  motion  within  the  cyl- 
inders  upon  the  rotation  of  the  drive  shaft.  Working 

35  chambers  are  formed  between  each  end  of  each 
piston  and  the  adjacent  surfaces  of  each  asso- 
ciated  cylinder.  A  support  portion  is  disposed  co- 
axially  with  the  drive  shaft  and  tiltably  supports  a 
central  portion  of  the  plate.  A  tilt  control  means  is 

40  provided  for  driving  the  support  portion  axially 
along  the  drive  shaft  to  move  the  central  portion  of 
the  plate  axially  along  the  drive  shaft  to  change  the 
angle  of  tilt  of  the  plate.  The  pistons  are,  slidably 
received  in  each  of  the  cylinders  and  are  adapted 

45  to  be  reciprocally  moved  in  the  cylinders  in  accor- 
dance  with  a  tilting  motion  of  the  plate.  Each  piston 
is  prevented  from  rotating  about  its  own  axis  by  a 
rotation  prevention  mechanism 

The  rotation  prevention  mechanism  includes  a 
50  first  rotation  prevention  device  formed  on  a  center 

of  the  piston  and  second  rotation  prevention  device 
disposed  within  the  compressor  housing.  The  first 
rotation  prevention  device  includes  at  least  one 
sliding  surface  formed  thereon  and  formed  to  be  a 

55  fine  surface  by  machining  in  a  finishing  process. 
The  second  rotation  prevention  device  includes  a 
sliding  surface  formed  on  a  peripheral  surface  of 
the  second  rotation  prevention  device.  The  sliding 

5 
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surface  of  the  first  rotation  prevention  device 
smoothly  slides  on  the  sliding  surface  of  the  sec- 
ond  rotation  prevention  device  so  that  the  first 
rotation  prevention  device  and  the  second  rotation 
prevention  device  cooperate  to  prevent  the  piston 
from  rotating  about  its  own  axis. 

Further  objects,  features,  and  advantages  of 
the  present  invention  will  be  understood  from  the 
detailed  description  of  the  preferred  embodiments 
of  the  present  invention  with  reference  to  the  ap- 
propriate  figures. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  longitudinal  cross-sectional  view 
of  a  swash  plate  type  refrigerant  compressor  with  a 
variable  displacement  mechanism  in  accordance 
with  the  prior  art. 

Figure  2a  is  a  perspective  view  of  a  piston  in 
the  compressor  shown  in  Figure  1  . 

Figure  2b  is  a  cross-sectional  view  taken  along 
line  2b-2b  in  Figure  1  . 

Figure  3a  is  a  perspective  view  showing  a 
piston  for  use  in  a  piston  type  compressor  in 
accordance  with  a  first  embodiment  of  the  present 
invention.. 

Figure  3b  is  a  cross-sectional  view  taken  along 
line  2b-2b  in  Figure  1  in  accordance  with  the  first 
embodiment  of  the  present  invention. 

Figure  4a  is  a  perspective  view  showing  a 
piston  for  use  in  a  piston  type  compressor  in 
accordance  with  a  second  embodiment  of  the 
present  invention. 

Figure  4b  is  a  cross-sectional  view  taken  along 
line  2b-2b  in  Figure  1  in  accordance  with  the 
second  embodiment  of  the  present  invention. 

Figure  5a  is  a  perspective  view  showing  a 
piston  for  use  in  a  piston  type  compressor  in 
accordance  with  a  third  embodiment  of  the  present 
invention. 

Figure  5b  is  a  cross-sectional  view  taken  along 
line  2b-2b  in  Figure  1  in  accordance  with  the  third 
embodiment  of  the  present  invention. 

Figure  6a  is  a  perspective  view  showing  a 
piston  for  use  in  a  piston  type  compressor  in 
accordance  with  a  fourth  embodiment  of  the 
present  invention. 

Figure  6b  is  a  cross-sectional  view  taken  along 
line  2b-2b  in  Figure  1  in  accordance  with  the  fourth 
embodiment  of  the  prominent  invention. 

Figure  7a  is  a  perspective  view  showing  a 
piston  for  use  in  a  piston  type  compressor  in 
accordance  with  a  fifth  embodiment  of  the  present 
invention. 

Figure  7b  is  a  cross-sectional  view  taken  along 
line  2b-2b  in  Figure  1  in  accordance  with  the  fifth 
embodiment  of  the  present  invention. 

Figure  8a  is  a  perspective  view  showing  a 
piston  for  use  in  a  piston  type  compressor  in 
accordance  with  a  sixth  embodiment  of  the  present 
invention. 

5  Figure  8b  is  a  cross-sectional  view  taken  along 
line  2b-2b  in  Figure  1  in  accordance  with  the  sixth 
embodiment  of  the  present  invention. 

Figure  9a  is  a  schematic  view  showing  two 
pistons  moving  in  a  reciprocated  compressing  mo- 

io  tion,  the  rotation  prevention  means  of  which  slide 
against  each  other  in  accordance  with  Figures  8a 
and  8b. 

Figure  9b  is  a  graph  showing  the  distance 
changes  between  an  axial  end  of  one  piston  and  an 

is  axial  end  of  the  other  piston  according  to  rotational 
angle  changes  of  a  swash  plate  in  accordance  with 
Figure  8a  and  8b. 

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 
20 

The  preferred  embodiments  of  the  present  in- 
vention  are  similar  to  the  compressor  shown  in 
Figure  1  except  for  the  construction  of  the  rotation 
prevention  mechanism  of  the  pistons  within  the 

25  cylinders.  Therefore,  similar  parts  are  represented 
by  the  same  reference  numerals  as  in  Figure  1, 
and  detailed  descriptions  of  similar  parts  will  be 
omitted  in  order  to  simplify  the  following  descrip- 
tion  of  the  preferred  embodiments.  Moreover,  al- 

30  though  the  following  description  of  the  preferred 
embodiments  will  refer  to  a  swash  plate  type  com- 
pressor,  the  present  invention  is  not  limited  to  a 
swash  plate  type  compressor. 

Referring  to  Figures  3a  and  3b,  piston  17  is 
35  depicted  according  to  the  first  embodiment  of  the 

present  invention.  Piston  17  includes  piston  head 
17b  at  each  end  thereof.  Piston  17  comprises  cou- 
pling  portion  17c  which  is  located  at  the  center  of 
piston  17  between  piston  heads  17b.  Coupling  por- 

40  tion  17c  is  substantially  semicircular  in  section  and 
couples  two  piston  beads  17b  together.  Further, 
coupling  portion  17c  is  operatively  connected  with 
both  sides  of  the  peripheral  portion  of  swash  plate 
18  through  shoes  23.  Supporting  portion  17d  which 

45  is  formed  inside  of  coupling  portion  17c  supports 
shoes  23.  Each  piston  17  is  provided  with  projec- 
tion  301  integrally  formed  on,  and  arching  and 
extending  radially  from,  the  center  of  coupling  por- 
tion  17c  of  piston  17.  Projection  301  includes  radial 

50  end  portions  301a  having  a  tapered  form.  Bolts  6 
are  respectively  arranged  between  each  piston  17 
through  front  housing  1,  cylinder  block  3,  and  rear 
housing  5,  connecting  them  as  one  body  and  are  in 
parallel  with  the  longitudinal  axis  of  drive  shaft  12. 

55  Both  radial  end  portions  301a  of  projection  301  are 
slidably  abutted  to  peripheral  surfaces  6a  of  bolts 
6,  so  that  projection  301  and  bolts  6  cooperate  to 
prevent  piston  17  from  rotating  about  its  own  axis. 

6 
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Referring  to  Figures  4a  and  4b,  piston  17  is 
depicted  according  to  the  second  embodiment  of 
the  present  invention.  Piston  17  may  include  pro- 
jection  302  which  is  rectangular  and  convex  in 
shape  at  the  surface  of  piston  17  and  extends 
outward  rectangularly  from  center  coupling  portion 
17c  of  piston  17.  Projection  302  includes  groove 
302a  which  is  substantially  semicylindrical  in 
shape,  is  parallel  with  piston  17,  and  is  formed  on 
the  end  surface  of  projection  302.  The  peripheral 
surface  6a  of  bolt  6  is  slidably  adapted  to  fit  in 
groove  302a,  so  that  projection  302  and  bolt  6 
cooperate  to  prevent  piston  17  from  rotating  about 
its  own  axis. 

Referring  to  Figures  5a  and  5b,  piston  17  is 
depicted  according  to  the  third  embodiment  of  the 
present  invention.  Piston  17  may  include  a  pair  of 
projections  303  which  are  wing  shaped  and  extend 
from  both  sides  of  the  center  of  coupling  portion 
17c  of  piston  17.  Projections  303  include  grooves 
303a  which  are  substantially  semicylindrical  in 
shape,  are  parallel  with  piston  17,  and  are  formed 
on  the  end  surfaces  of  projections  303.  Peripheral 
surfaces  6a  of  bolts  6  are  slidably  adapted  to  fit  in 
grooves  303a  so  that  projections  303  and  bolts  6 
cooperate  to  prevent  piston  17  from  rotating  about 
its  own  axis. 

Referring  to  Figures  6a  and  6b,  piston  17  is 
depicted  according  to  the  fourth  embodiment  of  the 
present  invention.  Piston  17  includes  projection  304 
which  is  rectangular  and  convex  in  shape  at  the 
surface  of  piston  17  and  extends  outward  rectan- 
gularly  from  the  center  of  coupling  portion  17c  of 
piston  17.  Housing  3  is  provided  with  ring  member 
50  which  is  shaped  like  a  circular  plate  and  is  fixed 
to  the  inside  of  housing  3.  Ring  member  50  in- 
cludes  cutout  portion  50a  which  is  shaped  like  a 
rectangular  notch  and  is  cut  out  from  the  inner 
region  of  ring  member  50.  Outer  peripheral  surface 
304a  of  projection  304  of  piston  17  is  slidably 
adapted  to  fit  into  peripheral  surface  50d  of  cutout 
portion  50a  of  ring  member  50,  so  that  ring  mem- 
ber  50  and  projection  304  of  piston  1  7  cooperate  to 
prevent  piston  17  from  rotating  about  its  own  axis. 

Referring  to  Figures  7a  and  7b,  piston  17  is 
depicted  according  to  the  fifth  embodiment  of  the 
present  invention.  Each  piston  17  may  be  provided 
with  groove  305  which  is  rectangular  and  convex  in 
shape  at  the  surface  of  piston  17  and  is  formed  on 
the  surface  of,  and  extends  axially  along,  coupling 
portion  17c  of  piston  17.  Ring  member  50  may 
include  projections  50b  which  extend  radially  in- 
ward  from  ring  member  50.  Peripheral  surfaces  50c 
of  projections  50b  of  ring  member  50  are  slidably 
adapted  to  fit  in  groove  305  of  piston  17,  so  that 
ring  member  50  and  groove  305  cooperate  to  pre- 
vent  piston  17  from  rotating  about  its  own  axis. 

Referring  to  Figures  8a  and  8b,  piston  17  is 
depicted  according  to  the  sixth  embodiment  of  the 
present  invention.  Each  piston  17  is  provided  with 
projection  306  which  is  integrally  formed  on,  and 

5  arches  and  extends  radially  from,  the  center  of 
coupling  portion  17c  of  piston  17.  Projection  306 
includes  axial  end  surface  306a  formed  on  the 
radial  end  thereof.  Each  axial  end  portion  306a  of 
projection  306  abuts  the  adjacent  axial  end  portion 

io  306a,  so  that  adjacent  end  portions  slide  against 
each  other  as  the  pistons  17  reciprocate. 

The  above-described  surfaces  of  the  rotation 
prevention  means  formed  on  piston  17,  such  as 
radial  end  portion  301a  in  Figures  3a  and  3b, 

is  groove  302a  in  Figures  4a  and  4b,  groove  303a  in 
Figures  5a  and  5b,  outer  peripheral  surface  304a  in 
Figures  6a  and  6b,  groove  305  in  Figures  7a  and 
7b,  and  axial  end  surface  306a  in  Figures  8a  and 
8b  are  machined,  e.g.,  by  milling  or  grinding  during 

20  a  finishing  process,  to  have  fine  surfaces.  The 
surface  roughness  (Rs)  of  these  fine  surfaces  is 
less  than  about  1.6um  (ANSI  B46.1-1978).  Such 
fine  surfaces  improve  the  anti-seizure  and  wear 
resistance  of  the  above-described  rotation  preven- 

25  tion  means  when  sliding  against  peripheral  sur- 
faces  6a  of  bolts  6  as  in  Figures  3a  through  5b, 
peripheral  surfaces  50d  of  cutout  portions  50a  of 
ring  member  50  as  in  Figures  6a  and  6b,  periph- 
eral  surfaces  50c  of  projections  50b  of  ring  mem- 

30  ber  50  as  in  Figures  7a  and  7b,  and  adjacent  axial 
end  surfaces  306a  as  in  Figures  8a  and  8b.  Fur- 
ther,  peripheral  surfaces  6a  of  bolts  6,  peripheral 
surfaces  50d  of  cutout  portions  50a  of  ring  member 
50,  and  peripheral  surfaces  50c  of  projections  50b 

35  of  ring  member  50  are  formed  have  fine  surfaces 
as  described  above.  Moreover,  these  surfaces  may 
be  coated  with  a  surface  treatment,  such  as  a 
PTFE  plating,  a  chromate  treatment,  and  a  ceramic 
coating,  after  machining  in  a  finishing  process  in 

40  order  to  provide  sufficient  slidability,  wear  resis- 
tance,  and  durability. 

Therefore,  in  this  invention,  the  area  of  the 
above-described  slidably  contacting  surfaces  which 
are  machined  to  have  fine  surfaces  is  considerably 

45  less  than  that  of  the  prior  art  because  the  various 
embodiments  of  the  rotation  prevention  means  of 
piston  17  are  designed  to  partly  slide  on  rotation 
prevention  members  fixed  to  the  inside  of  cylinder 
block  3  or  bolts  6.  Further,  it  is  not  necessary  to 

50  finish  the  inside  surface  of  cylinder  block  3  with  a 
finishing  tool  because  other  members,  such  as  ring 
member  50,  are  provided  to  slidably  contact  the 
above-described  rotation  prevention  means  of  pis- 
ton  17  and  to  prevent  piston  17  from  rotating  about 

55  its  own  axis. 
Additionally,  in  relation  to  the  sixth  embodiment 

as  shown  Figures  8a  and  8b  and  referring  to  Fig- 
ures  9a  and  9b,  the  period  during  which  axial  end 

7 
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portion  306a  of  projection  306  smoothly  slides  on 
an  adjacent  axial  end  portion  306a'  is  less  than  the 
period  during  which  contacting  surfaces  slide 
against  each  other  in  the  first  through  fifth  embodi- 
ments.  This  sliding  period  is  shorter  because  pis- 
ton  17  and  adjacent  piston  17'  are  reciprocated 
together  and  maintain  a  constant  distance  A  be- 
tween  the  axial  end  of  piston  17  and  the  axial  end 
of  adjacent  piston  17'  until  arriving  at  bottom  dead 
center  or  top  dead  center  and  because  axial  end 
portion  306a  and  adjacent  axial  end  portion  306a' 
only  smoothly  slide  on  each  other  immediately 
before  and  after  arriving  at  bottom  dead  center  or 
top  dead  center  of  piston  17  or  adjacent  piston  17' 
respectively.  Accordingly,  excessive  wear  of  rota- 
tion  prevention  means  such  as  axial  end  portions 
306a  and  306a'  can  be  effectively  reduced. 

Although  the  present  invention  has  been  de- 
scribed  in  connection  with  the  preferred  embodi- 
ments,  the  invention  is  not  limited  thereto.  It  will  be 
easily  understood  by  those  of  ordinary  skill  in  the 
art  that  variations  and  modifications  can  be  easily 
made  within  the  scope  of  this  invention  as  defined 
by  the  following  claims. 

Claims 

1.  A  piston  type  compressor  comprising: 
a  compressor  housing  enclosing  a  crank 

chamber,  a  suction  chamber,  and  a  discharge 
chamber  therein  said  compressor  housing  in- 
cluding  a  cylinder  block; 

a  plurality  of  cylinders  formed  in  said  cyl- 
inder  block; 

a  plurality  of  pistons  slidably  disposed 
within  each  of  said  cylinders,  each  of  said 
pistons  having  a  corresponding  axis; 

a  drive  shaft  rotatably  supported  in  said 
cylinder  block; 

a  plate  tiltably  connected  to  said  drive 
shaft; 

a  bearing  coupling  said  plate  to  said  pis- 
tons,  so  that  said  pistons  may  be  driven  in  a 
reciprocating  motion  within  said  cylinders  upon 
rotation  of  said  plate; 

at  least  one  working  chamber  defined  by 
an  end  of  each  of  said  pistons  and  an  inner 
surface  of  each  of  said  cylinders; 

a  support  portion  disposed  coaxially  with 
said  drive  shaft  and  tiltably  supporting  a  cen- 
tral  portion  of  said  plate; 

a  tilt  control  device  driving  said  support 
portion  axially  along  said  drive  shaft  to  move  a 
central  portion  of  said  plate  axially  along  said 
drive  shaft  to  change  the  angle  of  tilt  of  said 
plate,  said  pistons  adapted  to  be  reciprocally 
moved  in  said  cylinders  in  accordance  with  a 
tilting  motion  of  said  plate;  and 

a  rotation  prevention  mechanism  prevent- 
ing  each  of  said  pistons  from  rotating  about 
said  corresponding  axis,  said  rotation  preven- 
tion  mechanism  including  a  first  rotation  pre- 

5  vention  device  formed  on  a  center  of  said 
piston  and  a  second  rotation  prevention  device 
disposed  within  said  compressor  housing,  said 
first  rotation  prevention  device  having  at  least 
one  first  sliding  surface  formed  thereon,  said 

io  first  sliding  surface  formed  to  be  a  fine  surface 
said  second  rotation  prevention  device  having 
at  least  one  second  sliding  surface  formed  on 
a  peripheral  surface  thereof,  said  first  sliding 
surface  of  said  first  rotation  prevention  device 

is  smoothly  sliding  on  said  second  sliding  sur- 
face  of  said  second  rotation  prevention  device, 
so  that  said  first  rotation  prevention  device  and 
said  second  rotation  prevention  device  coop- 
erate  to  prevent  each  of  said  pistons  from 

20  rotating  about  said  corresponding  axis. 

2.  The  piston  type  compressor  of  claim  1,  said 
first  rotation  prevention  device  comprising  a 
projection  extending  from  a  center  of  said  pis- 

25  ton  and  said  second  rotation  prevention  device 
comprising  a  rotation  prevention  member  fixed 
to  the  inside  of  said  compressor  housing. 

3.  The  piston  type  compressor  of  claim  1  or  2, 
30  said  first  rotation  prevention  device  comprising 

a  groove  formed  thereon. 

4.  The  piston  type  compressor  of  one  of  claims  1 
to  3,  said  second  rotation  prevention  device 

35  comprising  a  bolt  connecting  said  compressor 
housing  and  said  cylinder  block. 

5.  The  piston  type  compressor  of  one  of  claims  1 
to  4,  said  second  rotation  prevention  device 

40  comprising  a  ring  member  fixed  to  the  inside 
of  said  compressor  housing. 

6.  The  piston  type  compressor  of  claim  5,  said 
second  rotation  prevention  device  further  com- 

45  prising  a  projection  corresponding  to  each  cyl- 
inder,  formed  in  said  ring  member. 

7.  The  piston  type  compressor  of  one  of  claims  1 
to  6,  said  first  rotation  prevention  device  com- 

50  prising  a  groove  formed  on  a  center  of  said 
piston. 

8.  The  piston  type  compressor  of  one  of  claims  5 
to  7,  said  second  rotation  prevention  device 

55  further  comprising  a  notch  corresponding  to 
each  cylinder  formed  in  said  ring  member. 

8 
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9.  The  piston  type  compressor  of  one  of  claims  1 
to  8,  wherein  said  first  sliding  surface  of  said 
first  rotation  prevention  device  is  formed  to  be 
a  fine  surface  having  a  surface  roughness 
which  is  less  than  about  1.6  urn. 

10.  The  piston  type  compressor  of  one  of  claims  1 
to  9,  wherein  said  second  sliding  surface  of 
said  second  rotation  prevention  device  is 
formed  to  be  a  fine  surface  a  having  surface 
roughness  which  is  less  than  about  1.6  urn. 

11.  A  piston  type  compressor  comprising: 
a  compressor  housing  enclosing  a  crank 

chamber,  a  suction  chamber,  and  a  discharge 
chamber  therein,  said  compressor  housing  in- 
cluding  a  cylinder  block; 

a  plurality  of  cylinders  formed  in  said  cyl- 
inder  block; 

a  plurality  of  pistons  slidably  disposed 
within  each  of  said  cylinders,  each  of  said 
pistons  having  a  corresponding  axis; 

a  drive  shaft  rotatably  supported  in  said 
cylinder  block; 

a  plate  tiltably  connected  to  said  drive 
shaft; 

a  bearing  coupling  said  plate  to  said  pis- 
tons  so  that  said  pistons  may  be  driven  in  a 
reciprocating  motion  within  said  cylinders  upon 
rotation  of  said  plate; 

at  least  one  working  chamber  defined  by 
each  end  of  each  of  said  pistons  and  an  inner 
surface  of  each  of  said  cylinders; 

a  support  portion  disposed  coaxially  with 
said  drive  shaft  and  tiltably  supporting  a  cen- 
tral  portion  of  said  plate; 

a  tilt  control  device  driving  said  support 
portion  axially  along  said  drive  shaft  to  move  a 
central  portion  of  said  plate  axially  along  said 
drive  shaft  to  change  the  angle  of  tilt  of  said 
plate,  said  pistons  adapted  to  be  reciprocally 
moved  in  said  cylinders  in  accordance  with  a 
tilting  motion  of  said  plate;  and 

a  rotation  prevention  mechanism  prevent- 
ing  each  of  said  pistons  from  rotating  about 
said  corresponding  axis,  said  rotation  preven- 
tion  mechanism  including  a  rotation  prevention 
device  formed  on  a  center  of  said  piston,  said 
rotation  prevention  device  including  at  least 
two  sliding  surfaces  formed  on  both  radial 
sides  of  said  piston  and  formed  to  be  fine 
surfaces  each  of  said  sliding  surfaces  of  said 
rotation  prevention  device  smoothly  sliding  on 
an  adjacent  sliding  surface  of  an  adjacent  rota- 
tion  prevention  device  of  an  adjacent  piston,  so 
that  said  rotation  prevention  device  and  said 
adjacent  rotation  prevention  device  cooperate 
to  prevent  said  piston  from  rotating  about  said 

corresponding  axis. 

12.  The  piston  type  compressor  of  claim  14, 
wherein  said  sliding  surfaces  of  said  rotation 

5  prevention  device  are  formed  to  be  fine  sur- 
faces  having  a  surface  roughness  which  is  less 
than  about  1  .6u.m. 

13.  A  piston  type  compressor  comprising: 
io  a  compressor  housing  enclosing  a  crank 

chamber,  a  suction  chamber,  and  a  discharge 
chamber  therein,  said  compressor  housing  in- 
cluding  a  cylinder  block; 

a  plurality  of  cylinders  formed  in  said  cyl- 
15  inder  block; 

a  plurality  of  pistons  slidably  disposed 
within  each  of  said  cylinders,  each  of  said 
pistons  having  a  corresponding  axis; 

a  drive  shaft  rotatably  supported  in  said 
20  cylinder  block; 

a  plate  tiltably  connected  to  said  drive 
shaft  and  adapted  to  be  rotated  together  with 
said  drive  shaft; 

a  bearing  coupling  said  plate  to  said  pis- 
25  tons,  so  that  said  pistons  may  be  driven  in  a 

reciprocating  motion  within  said  cylinders  upon 
rotation  of  said  plate; 

at  least  one  pair  of  working  chambers  de- 
fined  by  each  end  of  each  of  said  pistons  and 

30  an  inner  surface  of  each  of  each  of  said  cyl- 
inders; 

a  support  portion  disposed  coaxially  with 
said  drive  shaft  and  ratably  and  tiltably  sup- 
porting  a  central  portion  of  said  plate; 

35  a  tilt  control  device  driving  said  support 
portion  axially  along  said  drive  shaft  to  move  a 
central  portion  of  said  plate  axially  along  said 
drive  shaft  to  change  the  angle  of  tilt  of  said 
plate,  said  pistons  adapted  to  be  reciprocally 

40  moved  in  said  cylinders  in  accordance  with  a 
tilting  motion  of  said  plate;  and 

a  rotation  prevention  mechanism  prevent- 
ing  each  of  said  pistons  from  rotating  about 
said  corresponding  axis,  said  rotation  preven- 

45  tion  mechanism  including  a  first  rotation  pre- 
vention  device  formed  on  a  center  of  said 
piston  and  a  second  rotation  prevention  device 
disposed  within  said  compressor  housing,  said 
first  rotation  prevention  device  having  at  least 

50  one  first  sliding  surface  formed  thereon,  said 
first  sliding  surface  formed  to  be  a  fine  surface, 
said  second  rotation  prevention  device  having 
at  least  one  second  sliding  surface  formed  on 
a  peripheral  surface  thereof,  said  first  sliding 

55  surface  of  said  first  rotation  prevention  device 
smoothly  sliding  on  said  second  sliding  sur- 
face  of  said  second  rotation  prevention  device, 
so  that  said  first  rotation  prevention  device  and 

9 
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said  second  rotation  prevention  device  coop- 
erate  to  prevent  each  of  said  pistons  from 
rotating  about  said  corresponding  axis. 

14.  The  piston  type  compressor  of  one  of  claims  1 
to  13,  wherein  said  compressor  is  a  swash 
plate  type  compressor. 
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