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(54)  Variable-displacement  swash  plate  compressor  

(57)  In  a  variable-displacement  swash  plate  com- 
pressor,  a  secure  seal  is  provided  between  a  discharge 
chamber  (16)  and  a  suction  chamber  (15)  in  a  cylinder 
head  (14)  to  improve  compression  performance  and 
controllability.  Compressed  fluid  is  introduced  into  a  '?  \  1  '  ^  — 
crank  chamber  (2)  through  a  communication  path  (9)  r e y ^ \ \ \ \ v s S ^ ^  
formed  between  a  silencer  chamber  (43)  and  cylinder  /f  —  \ § 5  
bores  (31)  in  a  cylinder  block  (3),  which  path  makes  the  4i  J/fcdxV^  ^Nx\ 
discharge  chamber  in  the  cylinder  head  and  the  crank  p z z 2 5 o v ^ ^ ^ ^ _  
chamber  in  the  cylinder  block  communicate  with  each  r~tfT~  Tl  I  

'  I  \  4  l other,  and  through  a  pipe-shaped  orifice  (45)  inserted  '  f  liffll'  ji-iL/I'  >>>  ^ F T *  
which  allows  a  predetermined  amount  of  compressed  ^ ^ ^ ^ a X ^ ^ ^ ^ ^   S §  
fluid  to  flow  toward  the  crank  chamber  side  of  the  com-  Va  s ^ ^ ^ ^ ^ ^ n ^ A ~  
munication  path.  The  orifice  can  also  be  directly  formed  y \ ^ ^ ^ V ^ ^ l r  
in  the  cylinder  block.  The  flow  rate  is  adjusted  by  choos- 
ing  one  among  a  plurality  of  orifices  with  different  hole  uajt^sj  66  v6 
diameters  or  lengths. 
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Description 

BACKGROUNG  OF  THE  INVENTION: 

The  present  invention  relates  to  an  arrangement  s 
that  introduces  compressed  fluid  from  a  discharge 
chamber  to  a  crank  chamber  in  a  variable-displacement 
swash  plate  compressor  designed  to  change  the  incli- 
nation  angle  of  the  swash  plate  by  controlling  the  pres- 
sure  in  the  crank  chamber.  10 

Japanese  Patent  Publication  (JP-B)  No. 
32479/1  990  discloses  an  arrangement  that  introduces 
compressed  fluid  from  a  discharge  chamber  to  a  crank 
chamber  in  a  conventional  variable-displacement  swash 
plate  compressor.  is 

The  variable-displacement  swash  plate  compressor 
disclosed  is  outlined  below. 

As  shown  in  Figs.  1  and  2,  a  compressor  housing  1 
with  a  cylindrical  casing  1  1  ,  one  end  of  which  is  closed 
by  a  front  end  plate  12,  defines  a  crank  chamber  2  and  20 
has  a  cylinder  block  3  inside.  A  cylinder  head  14  is 
installed  through  a  valve  plate  1  3  on  the  cylinder  block  3 
to  define  a  suction  chamber  15  and  a  discharge  cham- 
ber  1  6  between  the  cylinder  head  1  4  and  the  valve  plate 
13.  25 

A  main  rotating  shaft  4,  passing  through  the  center 
of  the  crank  chamber  2,  mentioned  above,  is  rotatably 
borne  through  needle  bearings  41  and  42  by  the  front 
end  plate  12  and  the  cylinder  block  13,  respectively. 

A  pin  51  secures  a  rotor  5  to  the  main  rotating  shaft  30 
4,  extending  through  the  crank  chamber  2.  A  bracket  53 
with  a  pin  52  is  formed  on  the  rotor  5,  and  the  pin  52  is 
slidably  fit  into  a  slot  62,  formed  in  an  arm  61  extending 
from  a  swash  plate  6. 

A  wobble  plate  7,  fit  over  a  bearing  unit  63  formed  35 
in  the  swash  plate  6,  is  disposed  over  the  swash  plate  6, 
with  a  bearing  65  between  the  wobble  and  swash 
plates,  so  that  a  rotation  prevention  mechanism  64  pre- 
vents  the  wobble  plate  from  rotating. 

Pivots  71  of  piston  rods  33,  described  later,  and  a  40 
pin  72,  fitting  into  the  rotation  prevention  mechanism  64, 
are  provided  at  the  external  edge  of  the  wobble  plate  7. 
A  plurality  of  cylinder  bores  31  and  a  communication 
path  9,  all  of  which  are  substantially  parallel  with  the 
main  rotating  shaft  4,  and  a  displacement  control  mech-  45 
anism  8  are  formed  in  the  cylinder  block  3.  Pistons  32 
are  disposed  in  the  cylinder  bores  31  ,  each  of  the  pis- 
tons  being  connected  through  a  piston  rod  33  to  the 
wobble  plate  7.  Thus  when  an  external  drive  source 
rotates  the  main  rotating  shaft  4  via  a  pulley  100  and  a  so 
clutch  101,  the  rotor  5  and  swash  plate  6  also  rotate 
together  with  the  main  rotating  shaft  4.  However,  the 
wobble  plate  7  only  wobbles  because  the  rotation  pre- 
vention  mechanism  64  prevents  the  wobble  plate's  rota- 
tion.  Wobbling  motion  of  the  wobble  plate  7  causes  the  55 
pistons  32  to  slide  back  and  forth  in  the  cylinder  bores 
31  by  the  aid  of  the  piston  rods  33. 

Using  reciprocation  of  the  pistons  32,  fluid  is  taken 

93  A1  2 

into  the  cylinder  bores  31  through  suction  holes  34, 
communicating  with  the  suction  chamber  15,  and  check 
valves  (not  shown)  are  operated  to  discharge  com- 
pressed  fluid  through  discharge  holes  35  into  the  dis- 
charge  chamber  16. 

The  displacement  control  mechanism  8  has  a  valve 
81  and  a  bellows  82,  both  of  which  are  disposed  inside 
a  casing  83  in  a  chamber  36,  provided  next  to  the  bear- 
ing  unit  for  the  main  rotating  shaft  4  in  the  cylinder  block 
3.  The  casing  83  is  provided  with  communication  holes 
84  and  85.  The  communication  hole  84  communicates 
with  the  crank  chamber  2,  and  the  communication  hole 
85  communicates  via  a  path  86  with  the  suction  cham- 
ber  15. 

If  the  pressure  in  the  crank  chamber  2  is  above  a 
predetermined  value,  the  crank  chamber  2  and  suction 
chamber  15  are  made  communicate  with  each  other 
using  the  displacement  control  mechanism  8  to  reduce 
the  pressure  in  the  crank  chamber  so  that  the  compres- 
sor  operates  at  its  maximum  compression  displace- 
ment.  If  the  pressure  in  the  crank  chamber  is  below  the 
predetermined  value,  the  communication  of  the  crank 
chamber  2  with  the  suction  chamber  1  5  is  shut  off,  thus 
causing  the  inclination  angle  of  the  swash  plate  6  to 
vary  with  the  pressure  in  the  crank  chamber  2,  so  that 
the  compression  displacement  changes. 

The  communication  path  9  is  formed  in  the  cylinder 
block  3,  the  valve  plate  13,  and  a  valve  retainer  39, 
which  path  connects  the  crank  chamber  2  with  the  dis- 
charge  chamber  1  6  so  that  the  two  chambers  communi- 
cate  with  each  other,  and  a  capillary  tube  91  is  inserted 
into  the  communication  path  9.  A  filter  92  is  attached  to 
the  discharge  chamber  1  6  side  end  of  the  capillary  tube 
91. 

Thus  after  being  reduced  in  pressure  by  the  capil- 
lary  tube  91  ,  compressed  fluid  in  the  discharge  cham- 
ber  16  flows  into  the  crank  chamber  2  and  changes  the 
pressure  in  the  crank  chamber  2  using  the  displacement 
control  mechanism  8,  thereby  varying  the  inclination 
angle  of  the  swash  plate  6  to  control  displacement. 

The  inner  diameter  and  length  of  the  capillary  tube 
91  can  be  adjusted  to  set  the  pressure  and  rate  of  flow 
from  the  discharge  chamber  16  into  the  crank  chamber 
2  for  appropriate  values. 

Although  the  crank  chamber  and  the  discharge 
chamber  of  the  conventional  variable-displacement 
swash  plate  compressor,  described  above,  are 
arranged  to  communicate  with  each  other,  the  commu- 
nication  path  is  formed  between  one  of  the  cylinder 
bores  and  the  other  cylinder  bores  in  the  cylinder  block. 

If  the  communication  path  is  formed  in  such  a  man- 
ner,  the  thickness  of  a  wall  around  the  communication 
path  is  insufficient  to  provide  a  seal  between  a  high 
pressure  side  (the  discharge  chamber)  and  a  low  pres- 
sure  side  (the  suction  chamber),  causing  a  deterioration 
in  compression  performance  or  controllability.  Insuffi- 
cient  wall  thickness  also  causes  a  cylinder  bore  to 
deform. 
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SUMMARY  OF  THE  INVENTION: 

It  is  an  object  of  the  present  invention  to  provide  a 
variable-displacement  swash  plate  compressor  that 
enables  compression  performance  and  controllability  to  s 
be  improved  by  providing  a  secure  seal  between  a  dis- 
charge  chamber  and  a  suction  chamber  in  a  cylinder 
head. 

It  is  another  object  of  the  present  invention  to  pro- 
vide  a  variable-displacement  swash  plate  compressor  w 
that  enables  durability  to  be  enhanced  by  preventing 
cylinder  bore  deformation. 

The  present  invention  provides  a  variable-displace- 
ment  swash  plate  compressor  that  is  arranged  to  intro- 
duce  compressed  fluid  into  a  crank  chamber  through  a  15 
communication  path  formed  between  a  silencer  cham- 
ber  or  a  discharge  hole  and  cylinder  bores  in  a  cylinder 
block.  The  communication  path  makes  a  discharge 
chamber  in  a  cylinder  head  and  the  crank  chamber  in 
the  cylinder  block  communicate  with  each  other,  and  20 
through  an  orifice  allowing  a  predetermined  amount  of 
compressed  fluid  to  flow  toward  the  crank  chamber  side 
of  the  communication  path. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS:  25 

Fig.  1  is  a  cross-sectional  view  of  a  conventional 
variable-displacement  swash  plate  compressor. 

Fig.  2  is  a  front  view  of  part  of  a  cylinder  block  of  a 
conventional  variable-displacement  swash  plate  com-  30 
pressor. 

Fig.  3  is  a  cross-sectional  view  of  an  embodiment  of 
the  present  invention. 

Fig.  4  is  a  front  view  of  main  part  of  a  cylinder  block 
of  an  embodiment  of  the  present  invention.  35 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT: 

Referring  now  to  Figs.  3  and  4,  an  embodiment  of 
the  present  invention  is  described  below.  40 

As  shown  in  Figs.  3  and  4,  a  compressor  housing  1 
with  a  cylindrical  casing  1  1  ,  one  end  of  which  is  closed 
by  a  front  end  plate  12,  defines  a  crank  chamber  2  and 
has  a  cylinder  block  3  inside.  A  cylinder  head  14  is 
installed  on  the  cylinder  block  3  through  a  valve  plate  1  3  45 
to  define  a  suction  chamber  15  and  a  discharge  cham- 
ber  1  6  between  the  cylinder  head  1  4  and  the  valve  plate 
13. 

A  main  rotating  shaft  4,  passing  through  the  center 
of  the  crank  chamber  2,  mentioned  above,  is  rotatably  so 
borne  through  needle  bearings  41  and  42  by  the  front 
end  plate  12  and  the  cylinder  block  3,  respectively. 

A  rotor  5  is  secured  to  the  main  rotating  shaft  4, 
extending  trough  the  crank  chamber  2.  A  bracket  53 
with  a  pin  52  is  formed  on  the  rotor  5,  and  the  pin  52  is  ss 
slidably  fit  into  a  slot  62,  formed  in  an  arm  61  extending 
from  a  swash  plate  6. 

A  plurality  of  cylinder  bores  31  and  a  communica- 

tion  path  9,  all  of  which  are  substantially  parallel  with  the 
main  rotating  shaft  4,  and  a  displacement  control  mech- 
anism  8  are  formed  in  the  cylinder  block  3.  Pistons  32 
are  disposed  in  the  cylinder  bores  31  .  Thus  when  an 
external  drive  source  rotates  the  main  rotating  shaft  4, 
the  rotor  5  and  the  swash  plate  6  also  rotate  together 
with  the  main  rotating  shaft  4.  Rotation  of  the  swash 
plate  6  causes  the  pistons  32  to  slide  back  and  forth  in 
the  cylinder  bores  31  by  the  aid  of  shoes  66. 

Using  reciprocation  of  the  pistons  32,  fluid  is  taken 
into  the  cylinder  bores  31  through  suction  holes  34, 
communicating  with  the  suction  chamber  15,  and  check 
valves  (not  shown)  are  operated  to  discharge  com- 
pressed  fluid  through  discharge  holes  35  into  the  dis- 
charge  chamber  16. 

The  displacement  control  mechanism  8  of  the 
embodiment  is  the  case  with  a  conventional  variable- 
displacement  swash  plate  compressor. 

A  silencer  chamber  43,  which  is  of  expansion  form 
and  has  muffler  function,  is  installed  on  the  cylinder 
block  3.  The  silencer  chamber  43  attenuates  pulsation 
of  compressed  fluid  discharged  which  flows  from  the 
discharge  chamber  16  to  the  silencer  chamber  43 
through  a  communication  path  10  and  the  communica- 
tion  path  9.  The  silencer  chamber  43  is  provided  with  a 
discharge  hole  44  to  allow  compressed  fluid  to  flow  into 
a  refrigerating  circuit. 

The  communication  path  9  and  the  communication 
path  1  0,  making  the  crank  chamber  2  communicate  with 
the  discharge  chamber  16  of  the  cylinder  head  14,  are 
installed  in  the  cylinder  block  3,  the  valve  plate  13,  and 
the  cylinder  head  14.  The  communication  path  9  is 
installed  between  the  silencer  chamber  43  and  the  cyl- 
inder  bores  31  .  A  pipe-shaped  orifice  45  is  inserted  into 
the  communication  path  9  on  the  crank  chamber  2  side. 
The  orifice  45  can  also  be  directly  formed  in  the  cylinder 
block  45.  A  filter  46  is  installed  on  the  discharge  cham- 
ber  16  side  of  the  orifice  45  to  remove  dirt  from  com- 
pressed  fluid. 

The  orifice  45  allows  a  predetermined  amount  of 
compressed  fluid  to  flow  from  the  discharge  chamber  1  6 
to  the  crank  chamber  2.  The  flow  rate  is  adjusted  by 
choosing  one  among  a  plurality  of  orifices  having  differ- 
ent  hole  diameters  or  lengths. 

The  embodiment  of  the  present  invention, 
described  above,  is  a  variable-displacement  swash 
plate  compressor  having  no  wobble  plate,  but  the 
present  invention  can  of  course  apply  to  a  variable-dis- 
placement  swash  plate  compressor  with  a  wobble  plate. 

Claims 

1.  A  variable-displacement  swash  plate  compressor 
that  is  adapted  to  introduce  compressed  fluid  into  a 
crank  chamber  through  a  communication  path 
formed  between  a  silencer  chamber  and  cylinder 
bores  in  a  cylinder  block,  said  communication  path 
making  a  discharge  chamber  in  a  cylinder  head  and 
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said  crank  chamber  in  said  cylinder  block  communi- 
cate  with  each  other,  and  through  an  orifice 
installed  which  allows  a  predetermined  amount  of 
compressed  fluid  to  flow  toward  said  crank  cham- 
ber  side  of  said  communication  path.  5 

A  variable-displacement  swash  plate  compressor 
as  claimed  in  claim  1,  wherein  said  orifice  is 
arranged  by  inserting  a  pipe  into  said  communica- 
tion  path.  10 

A  variable-displacement  swash  plate  compressor 
as  claimed  in  claim  1  or  2,  wherein  a  filter  is 
installed  in  front  of  said  orifice. 

15 
A  variable-displacement  swash  plate  compressor 
that  is  adapted  to  introduce  compressed  fluid  into  a 
crank  chamber  through  a  communication  path 
formed  between  a  discharge  hole  and  cylinder 
bores  in  a  cylinder  block,  said  communication  path  20 
making  a  discharge  chamber  in  a  cylinder  head  and 
said  crank  chamber  in  said  cylinder  block  communi- 
cate  with  each  other,  and  through  an  orifice 
installed  which  allows  a  predetermined  amount  of 
compressed  fluid  to  flow  toward  said  crank  cham-  25 
ber  side  of  said  communication  path. 
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