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(54)  Swash  plate  compressor  in  which  pressure  in  a  crank  chamber  can  be  readily  and  rapidly 
adjusted 

(57)  In  a  swash  plate  compressor  in  which  a  com- 
pressor  casing  or  a  cylinder  block  (1  1)  defines  a  crank 
chamber  (16)  and  rotatably  supports  a  drive  shaft  (17), 
pressure  in  the  crank  chamber  being  controlled  by  pas- 
sage  of  refrigerant  gas  through  a  clearance  portion  left 
between  the  drive  shaft  and  the  cylinder  block  and 
through  a  path  portion  communicating  the  crank  cham- 
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ber  with  the  clearance  portion,  the  path  portion  consists 
of  at  least  one  groove  42  that  is  formed  on  the  crank 
chamber-facing  surface  of  the  cylinder  block  to  which  a 
thrust  bearing  36  contacts,  the  groove  42  having  func- 
tion  of  widening  the  communication. 

36  33  28  42  12  II  34  14 

FIG.   I 
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Description 

Background  of  the  Invention: 

[0001  ]  The  present  invention  relates  to  a  swash  plate  s 
compressor  which  is  used  in,  for  example,  an  air  condi- 
tioner  for  a  vehicle,  an  automobile,  or  general  use. 
[0002]  A  conventional  swash  plate  compressor  com- 
prises  a  compressor  casing  defining  a  crank  chamber 
and  including  a  cylinder  block  defining  a  cylinder  bore.  A  10 
drive  shaft  is  rotatably  supported  by  the  compressor 
casing  via  bearings  and  driven  by,  for  example,  an 
engine  of  the  automobile.  The  drive  shaft  has  an  end 
portion  rotatably  supported  by  the  cylinder  block.  A 
swash  plate  is  mounted  on  the  drive  shaft  in  the  crank  is 
chamber  and  has  rotation  caused  by  the  drive  shaft.  In 
accordance  with  the  rotation  of  the  swash  plate,  a  piston 
is  reciprocated  in  the  cylinder  bore  to  cause  compres- 
sion  of  a  gaseous  fluid  such  as  a  refrigerant  gas. 
[0003]  In  the  manner  which  will  presently  be  20 
described,  such  a  swash  plate  compressor  may  be 
divided  into  a  variable  displacement  type  and  a  fixed 
displacement  type. 
[0004]  In  the  variable  displacement  type,  the  swash 
plate  has  an  angle  controlled  under  pressure  in  the  25 
crank  chamber.  In  accordance  with  the  angle  of  the 
swash  plate,  displacement  of  the  swash  plate  compres- 
sor  is  determined.  Therefore,  it  is  necessary  to  control 
pressure  in  the  crank  chamber. 
[0005]  For  controlling  the  pressure  in  the  crank  cham-  30 
ber,  the  conventional  swash  plate  compressor  of  the 
variable  displacement  type  further  comprises  a  pres- 
sure  control  arrangement  which  comprises  a  clearance 
portion  left  between  the  end  portion  of  the  drive  shaft 
and  the  cylinder  block  and  a  path  portion  communicat-  35 
ing  the  crank  chamber  with  the  clearance  portion. 
[0006]  However,  the  pressure  control  arrangement  is 
insufficient  for  rapidly  controlling  the  pressure  in  the 
crank  chamber.  This  is  because  it  is  difficult  to  widely 
make  the  path  portion  in  the  manner  known  in  the  art.  40 
For  example,  the  path  portion  may  be  prevented  by  a 
mechanism  which  is  for  supporting  the  drive  shaft.  This 
results  in  deterioration  of  responsibility  at  a  time  when 
the  displacement  of  the  swash  plate  compressor  is 
changed.  45 
[0007]  Also  in  the  fixed  displacement  type,  it  is  neces- 
sary  to  control  the  pressure  in  the  crank  chamber.  This 
is  because  a  blow-by  gas  increases  the  pressure  in  the 
crank  chamber  in  the  manner  known  in  the  art 

50 
Summary  of  the  Invention: 

[0008]  It  is  therefore  an  object  of  the  present  invention 
to  provide  a  swash  plate  compressor  in  which  pressure 
in  a  crank  chamber  can  be  readily  and  rapidly  adjusted.  55 
[0009]  It  is  another  object  of  the  present  invention  to 
provide  a  swash  plate  compressor  of  a  variable  dis- 
placement  type,  In  which  responsibility  is  improved  as 
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regards  a  change  of  the  displacement  thereof. 
[001  0]  It  is  still  another  object  of  the  present  invention 
to  provide  a  swash  plate  compressor  of  a  fixed  displace- 
ment  type,  in  which  improvement  is  made  about  the  life 
of  a  bearing  supporting  a  drive  shaft. 
[0011]  Other  objects  of  the  present  invention  will 
become  clear  as  the  description  proceeds. 
[001  2]  According  to  an  aspect  of  the  present  inven- 
tion,  there  is  provided  a  swash  plate  compressor  which 
comprises  a  compressor  casing  defining  a  crank  cham- 
ber  and  including  a  cylinder  block  defining  a  cylinder 
bore,  a  drive  shaft  having  an  end  portion  rotatably  sup- 
ported  by  the  cylinder  block,  a  swash  plate  placed  in  the 
crank  chamber  and  having  rotation  caused  by  the  drive 
shaft,  a  piston  inserted  in  the  cylinder  bore  and  recipro- 
cated  in  accordance  with  the  rotation  of  the  swash  plate, 
and  pressure  control  means  for  controlling  pressure  in 
the  crank  chamber.  The  pressure  control  means  com- 
prises  a  clearance  portion  left  between  the  end  portion 
of  the  drive  shaft  and  the  cylinder  block  and  a  path  por- 
tion  communicating  the  crank  chamber  with  the  clear- 
ance  portion.  In  the  swash  plate  compressor,  the 
pressure  control  means  further  comprises  at  least  one 
groove  portion  made  to  the  cylinder  block  to  widen  the 
path  portion. 

Brief  Description  of  the  Drawing: 

[0013] 

Fig.  1  is  a  longitudinal  sectional  view  of  a  swash 
plate  compressor  according  to  a  first  embodiment 
of  the  present  invention; 
Fig.  2  is  a  partial  enlarged  sectional  view  taken 
along  the  line  A-A  in  Fig.  1  ; 
Fig.  3  is  a  sectional  view  taken  along  the  line  B-B  in 
Fig.  2;  and 
Fig.  4  is  a  longitudinal  sectional  view  of  a  swash 
plate  compressor  according  to  a  second  embodi- 
ment  of  the  present  invention. 

Description  of  the  Preferred  Embodiments: 

[0014]  With  reference  to  Fig.  1,  description  will  be 
made  as  regards  a  swash  plate  compressor  according 
to  a  first  embodiment  of  the  present  invention.  The 
swash  plate  compressor  is  of  a  variable  displacement 
type  and  comprises  a  cylinder  block  1  1  having  a  plural- 
ity  of  cylinder  bores  12  each  extending  in  a  predeter- 
mined  direction,  a  cylinder  head  13  fixed  to  an  end  of 
the  cylinder  block  11  in  the  predetermined  direction 
through  a  valve  plate  1  4,  and  a  front  housing  1  5  fixed  to 
the  other  end  of  the  cylinder  block  1  1  in  the  predeter- 
mined  direction.  A  combination  of  the  cylinder  block  1  1 
and  the  front  housing  1  5  is  referred  to  as  a  compressor 
casing  and  defines  a  crank  chamber  16. 
[001  5]  A  drive  shaft  1  7  is  rotatably  supported  by  the 
cylinder  block  11  and  the  front  housing  15  via  a  rear 
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radial  bearing  1  8  and  two  front  radial  bearings  1  9  and 
21.  The  drive  shaft  17  is  driven  by,  for  example,  an 
engine  of  an  automobile.  It  is  to  be  noted  that  the  drive 
shaft  1  7  has  a  rear  end  portion  1  7a  rotatably  supported 
by  the  cylinder  block  1  1  via  the  rear  radial  bearing  1  8.  5 
[001  6]  A  rotor  22  is  fixed  to  the  drive  shaft  1  7  by  a  pin 
member  23  in  the  crank  chamber  16.  A  thrust  bearing 
24  is  interposed  between  the  rotor  22  and  the  front 
housing  15.  A  swash  plate  25  is  placed  in  the  crank 
chamber  1  6  and  coupled  to  the  rotor  22  through  a  plate  10 
boss  26  and  a  hinge  mechanism  27.  The  hinge  mecha- 
nism  27  makes  the  swash  plate  25  have  an  angle  which 
is  variable  in  the  manner  known  in  the  art.  It  is  a  matter 
of  course  that  the  swash  plate  25  is  rotated  together 
with  the  drive  shaft  1  7  and  the  rotor  22.  is 
[001  7]  A  plurality  of  pistons  28  are  slidably  inserted  in 
the  cylinder  bores  12,  respectively.  Each  of  the  pistons 
28  is  engaged  with  a  peripheral  portion  of  the  swash 
plate  25  via  shoes  29  in  the  predetermined  direction.  In 
accordance  with  the  rotation  of  the  swash  plate  25,  a  20 
plurality  of  pistons  28  are  driven  via  the  shoes  29  in  the 
cylinder  bores  12,  respectively.  As  a  result,  each  of  the 
pistons  28  is  reciprocated  to  cause  compression  of  a 
gaseous  fluid  such  as  a  refrigerant  gas.  In  other  words, 
the  gaseous  fluid  is  displaced  from  a  suction  chamber  25 
31  to  a  discharge  chamber  32  through  the  cylinder 
bores  12  in  response  to  reciprocation  of  each  of  the  pis- 
tons  28. 
[0018]  The  cylinder  block  11  has  a  center  bore  33 
penetrating  in  the  predetermined  direction  at  a  central  30 
portion  thereof.  A  flow  control  valve  34  is  placed  in  a 
rear  portion  of  the  center  bore  33  and  is  for  controlling  a 
flow  of  the  gaseous  fluid  between  the  crank  chamber  1  6 
and  the  suction  chamber  31  in  the  manner  known  in  the 
art.  35 
[001  9]  In  a  front  portion  of  the  center  bore  33,  the  rear 
end  portion  1  7a  of  the  drive  shaft  1  7  is  rotatably  sup- 
ported  by  the  rear  radial  bearing  18.  In  the  manner 
known  in  the  art,  the  rear  end  portion  1  7a  and  the  rear 
radial  bearing  18  define  a  clearance  portion  therebe-  40 
tween. 
[0020]  The  drive  shaft  17  has  a  rear  end  surface 
received  by  a  rear  thrust  bearing  35  placed  in  a  middle 
portion  of  the  center  bore  33.  It  is  a  matter  of  course  that 
the  rear  thrust  bearing  35  has  a  communication  space  45 
which  communicates  the  clearance  portion  with  the  flow 
control  valve  34. 
[0021  ]  A  middle  thrust  bearing  36  is  placed  around  the 
drive  shaft  17.  The  middle  thrust  bearing  36  is  engaged 
between  the  drive  shaft  17  and  an  axial  receiving  sur-  so 
face  37  in  the  front  portion  of  the  central  bore  33  to  pre- 
vent  the  drive  shaft  17  from  being  moved  towards  the 
flow  control  valve  34. 
[0022]  Referring  to  Figs.  2  and  3  in  addition,  the 
description  will  be  proceeded.  The  middle  thrust  bear-  ss 
ing  36  comprises  a  rear  race  36a,  a  front  race  36b,  and 
rolling  elements  36c  between  the  rear  and  the  front 
races  36a  and  36b.  The  rear  race  36a  is  in  contact  with 
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the  axial  receiving  surface  37.  A  spring  38  like  a  bel- 
leville  spring  is  interposed  between  the  front  race  36b 
and  a  stopper  ring  39  fixed  to  the  drive  shaft  1  7.  It  is  to 
be  noted  that  a  circular  gap  41  is  left  between  the  mid- 
dle  thrust  bearing  36  and  a  cylindrical  surface  of  the 
center  bore  33. 
[0023]  Four  grooves  42  are  formed  at  the  axial  receiv- 
ing  surface  37  of  the  cylinder  block  1  1  .  The  grooves  42 
extend  in  a  radial  direction  to  make  an  angle  of  45°  with 
one  another.  A  combination  of  the  grooves  42  and  the 
circular  gap  41  is  referred  to  as  a  path  portion  which 
communicates  the  crank  chamber  with  the  above-men- 
tioned  clearance  portion.  It  is  to  be  noted  that  the 
grooves  42  widen  the  path  portion. 
[0024]  In  addition,  four  slits  or  grooves  43  are  formed 
at  a  rear  surface  of  the  rear  race  36a  of  the  middle  thrust 
bearing  36  in  one-to-one  correspondence  of  the 
grooves  42.  The  slits  43  further  widen  the  path  portion 
in  cooperation  with  the  grooves  42.  Therefore,  the  flow 
of  the  gaseous  fluid  with  a  less  loss  can  be  established. 
In  other  words,  the  gaseous  fluid  flows  from  the  crank 
chamber  1  6  to  the  flow  control  valve  34  through  the  path 
portion,  the  clearance  portion,  and  the  above-men- 
tioned  communication  space,  thereby  reducing  the 
pressure  in  the  crank  chamber  16. 
[0025]  The  angle  of  the  swash  plate  25  varies  in 
response  to  a  change  of  the  pressure  in  the  crank 
chamber  1  6.  Each  of  the  pistons  28  has  a  stroke  deter- 
mined  in  accordance  with  the  angle  of  the  swash  plate 
25.  Therefore,  the  swash  plate  compressor  has  a  dis- 
placement  which  is  variable  in  response  to  the  pressure 
in  the  crank  chamber  16. 
[0026]  Since  the  responsibility  is  improved,  so  that  the 
responding  operation  of  the  tilt  angle  of  the  swash  plate 
becomes  rapid,  a  displacement  controllability  is 
improved,  and  a  cooling  performance  is  enhanced. 
[0027]  With  reference  to  Fig.  4,  the  description  will  be 
made  as  regards  a  swash  plate  compressor  according 
to  a  second  embodiment  of  the  present  invention.  The 
swash  plate  compressor  is  of  a  fixed  displacement  type 
and  comprises  similar  parts  designated  by  like  refer- 
ence  numerals. 
[0028]  In  the  swash  plate  compressor,  the  swash  plate 
25  is  fixed  to  the  drive  shaft  17  by  a  pin  member  51  to 
have  an  angle  fixed  relative  to  the  drive  shaft  1  7.  The 
center  bore  33  of  the  cylinder  block  1  1  is  not  provided 
with  the  flow  control  valve  34  and  the  rear  thrust  bearing 
35  that  are  illustrated  in  Fig.  1  . 
[0029]  The  rear  end  portion  1  7a  of  the  drive  shaft  1  7 
is  rotatably  supported  to  the  cylinder  block  11  via  a 
radial  bearing  52.  The  rear  end  portion  17a  and  the 
radial  bearing  52  define  the  clearance  portion  therebe- 
tween. 
[0030]  The  thrust  bearing  36  is  engaged  between  the 
drive  shaft  1  7  and  an  axial  receiving  surface  54  of  the 
cylinder  block  11  to  prevent  the  drive  shaft  17  from 
being  moved  towards  the  discharge  chamber  32. 
[0031  ]  At  least  one  groove  or  notch  55  is  formed  at  the 
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axial  receiving  surface  54  of  the  cylinder  block  11.  The 
groove  55  extends  in  a  radial  direction.  The  groove  55  is 
referred  to  as  the  path  portion.  It  is  to  be  noted  that  the 
groove  55  widens  the  path  portion. 
[0032]  Further,  an  additional  path  portion  56  is  made  s 
in  the  cylinder  block  1  1  .  The  additional  path  portion  56 
is  connected  to  the  center  bore  33  and  the  suction 
chamber  31  .  Therefore,  the  gaseous  fluid  flows  from  the 
crank  chamber  16  towards  the  suction  chamber  31 
through  the  path  portion,  the  clearance  portion,  the  10 
center  bore  33,  and  the  additional  path  portion.  In  this 
event,  the  flow  of  the  gaseous  fluid  with  a  less  loss  can 
be  established.  Since  the  gaseous  fluid  flows  with  lubri- 
cating  oil  through  the  radial  bearing  52,  the  lubrication 
operation  is  favorably  made.  This  results  in  increasing  is 
the  durability  of  the  radial  bearing  52. 
[0033]  Since  the  lubrication  of  the  radial  bearing  52  is 
improved,  the  durability  is  increased.  A  work  for  a  bal- 
ance  hole  which  is  conventionally  provided  and  which 
communicates  between  the  crank  case  and  the  inlet  20 
chamber  becomes  useless,  so  that  a  reduction  of  costs 
can  be  improved.  Further,  such  a  synergistic  effect  as  to 
improve  the  response  speed  and  the  lubrication  can  be 
expected.  The  durability  in  the  radial  bearing  located  in 
the  portion  where  the  oil  passes  upon  communicating  is  25 
also  increased  due  to  the  lubricating  effect. 
[0034]  While  the  present  invention  has  thus  far  been 
described  in  connection  with  a  few  embodiments 
thereof,  it  will  readily  be  possible  for  those  skilled  in  the 
art  to  put  this  invention  into  practice  in  various  other  30 
manners.  For  example,  in  the  swash  plate  compressor 
of  Fig.1  ,  the  grooves  42  may  be  made  to  the  rear  race 
36a  of  the  middle  thrust  bearing  36  in  place  of  the  axial 
receiving  surface  37  of  the  cylinder  block  11.  The 
grooves  42  may  be  made  to  both  of  the  rear  race  36a  35 
and  the  axial  receiving  surface  37.  A  single  groove  may 
be  used  in  place  of  the  grooves  42.  In  the  swash  plate 
compressor  of  Fig.  4,  a  plurality  of  grooves  may  be  used 
in  place  of  the  groove  or  notch  55. 

40 
Claims 

1  .  A  swash  plate  compressor  which  comprises  a  com- 
pressor  casing  defining  a  crank  chamber  (16)  and 
including  a  cylinder  block  (11)  defining  a  cylinder  45 
bore  (12),  a  drive  shaft  (17)  having  an  end  portion 
(17a)  rotatably  supported  by  said  cylinder  block 
(1  1),  a  swash  plate  (25)  placed  in  said  crank  cham- 
ber  (1  6)  and  having  rotation  caused  by  said  drive 
shaft  (17),  a  piston  (28)  inserted  in  said  cylinder  so 
bore  (1  2)  and  reciprocated  in  accordance  with  said 
rotation  of  said  swash  plate  (25),  and  pressure  con- 
trol  means  for  controlling  pressure  in  said  crank 
chamber  (16),  characterized  in  that 

55 
said  pressure  control  means  comprises  a 
clearance  portion  left  between  said  end  portion 
(17a)  of  said  drive  shaft  (17)  and  said  cylinder 

block  (1  1)  and  a  path  portion  (41  ,  42)  commu- 
nicating  said  crank  chamber  (16)  with  said 
clearance  portion. 

2.  The  swash  plate  compressor  as  claimed  in  claim  1  , 
wherein  said  pressure  control  means  further  com- 
prises  at  least  one  groove  portion  (42)  made  to  said 
cylinder  block  (11)  to  widen  said  path  portion  (41, 
42). 

3.  The  swash  plate  compressor  as  claimed  in  claim  2, 
wherein  said  drive  shaft  (17)  extends  in  a  predeter- 
mined  direction,  said  swash  plate  compressor  fur- 
ther  comprising  a  thrust  bearing  (36)  placed  around 
said  drive  shaft  (17),  said  cylinder  block  (11)  having 
a  receiving  surface  (37)  for  receiving  said  thrust 
bearing  (36)  in  said  predetermined  direction,  said  at 
least  one  groove  portion  (42)  being  made  on  said 
receiving  surface  (37). 

4.  The  swash  plate  compressor  as  claimed  in  one  of 
claims  1  to  3,  further  comprising  a  radial  bearing 
(18)  inserted  between  said  cylinder  block  (11)  and 
said  end  portion  of  said  drive  shaft  (17),  said  clear- 
ance  portion  being  defined  between  sai  radial  bear- 
ing  (18)  and  said  end  portion  (17a)  of  said  drive 
shaft  (17). 

5.  The  swash  plate  compressor  as  claimed  in  one  of 
claims  1  to  4,  wherein  said  swash  plate  (25)  has  an 
angle  variable  in  response  to  said  pressure  in  said 
crank  chamber  (16),  said  pressure  control  means 
further  comprising  a  flow  control  valve  (34)  con- 
nected  to  said  clearance  portion  for  controlling  a 
flow  of  a  gas  through  said  clearance  portion. 

6.  The  swash  plate  compressor  as  claimed  in  one  of 
claims  1  to  5,  further  comprising: 

a  rotor  (22)  fixed  to  said  drive  shaft  (1  7)  in  said 
crank  chamber  (16);  and 
a  hinge  mechanism  (27)  coupling  said  swash 
plate  (25)  with  said  rotor  (22)  to  make  the  angle 
of  said  swash  plate  (25)  be  variable. 

7.  The  swash  plate  compressor  as  claimed  in  one  of 
claims  1  to  6,  further  comprising: 

a  cylinder  head  (13)  defining  a  suction  cham- 
ber  (31)  and  a  discharge  chamber  (32)  therein 
which  are  connected  to  said  cylinder  bore  (12); 
and 
an  additional  path  portion  connected  between 
said  clearance  portion  and  said  suction  cham- 
ber  (31), 
wherein  said  swash  plate  (25)  is  fixed  to  said 
drive  shaft  (17). 
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