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©  Reciprocatory  piston  type  compressor  with  a  rotary  valve. 

©  A  reciprocatory  piston  type  compressor  having 
an  axial  cylinder  block  (1)  in  which  a  plurality  of  axial 
cylinder  bores  (1b)  are  formed  for  receiving  pistons 
(15)  therein  to  compress  a  refrigerant  and  to  dis- 
charge  the  compressed  refrigerant,  housings  (2,4) 
air-tightly  connected  to  the  opposite  ends  of  the 
axial  cylinder  block  to  define  a  suction  chamber  (17) 

^-  for  the  refrigerant  before  compression,  a  discharge 
^   chamber  (18)  for  the  refrigerant  after  compression, 

and  a  chamber  (5)  for  receiving  a  swash  plate  ac- 
Ifi  commodated  piston  reciprocating  mechanism  oper- 
OJ  ated  by  a  rotatable  drive  shaft  (6)  axially  extended 
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through  the  chamber  (5),  and  a  rotary  valve  element 
(22)  arranged  so  as  to  be  rotated  together  with  the 
drive  shaft  (6)  and  having  a  fluid  passageway  (25) 
for  controlling  the  supply  of  the  refrigerant  from  the 
suction  chamber  (17)  to  the  respective  cylinder 
bores  (1  b)  in  response  to  rotation  thereof.  The  rotary 
valve  element  (22)  may  also  have  another  fluid  pas- 
sageway  for  controlling  the  discharge  of  the  com- 
pressed  refrigerant  from  the  cylinder  bores  to  the 
discharge  chamber  (18)  in  response  to  rotation 
thereof. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  reciprocatory 
piston  type  multi-cylinder  refrigerant  compressor 
for  a  refrigeration  system,  and  more  particularly,  it 
relates  to  a  reciprocatory  piston  type  compressor 
provided  with  a  rotary  valve  element  for  controlling 
the  suction  of  a  refrigerant  gas  before  compression 
from  a  suction  chamber  into  respective  cylinder 
bores;  the  rotary  valve  may  also  control  discharge 
of  the  refrigerant  gas  after  compression  from  re- 
spective  cylinder  bores  toward  a  discharge  cham- 
ber. 

2.  Description  of  the  Related  Art 

Reciprocatory  piston  type  refrigerant  compres- 
sors  such  as  a  wobble  plate  operated  reciprocatory 
piston  type  variable  displacement  compressor,  and 
a  swash  plate  operated  reciprocatory  piston  type 
fixed  displacement  compressor  are  conventionally 
used  for  compressing  a  refrigerant  circulating 
through  a  refrigeration  system  of  e.g.,  an  auto- 
mobile  air  conditioner.  The  reciprocatory  piston 
type  compressor  is  provided  with  an  axial  cylinder 
block  having  a  plurality  of  cylinder  bores  arranged 
parallel  with  a  drive  shaft  of  the  compressor  and  a 
plurality  of  single  headed  or  double  headed  pistons 
reciprocated  in  the  respective  cylinder  bores  to 
compress  the  refrigerant  in  the  form  of  a  gas.  For 
example,  the  compressor  having  single  headed  pis- 
tons  is  also  provided  with  a  housing  attached  to 
one  of  the  axial  ends  of  the  cylinder  block  via  a 
valve  plate  to  define  a  suction  chamber  therein 
from  which  the  refrigerant  gas  is  supplied  into 
respective  cylinder  bores  so  as  to  be  compressed, 
and  a  discharge  chamber  therein  toward  which  the 
compressed  refrigerant  gas  is  discharged  from  the 
respective  cylinder  bores.  When  the  refrigerant  gas 
is  supplied  from  the  suction  chamber  into  the  re- 
spective  cylinder  bores,  the  gas  passes  through 
suction  ports  formed  in  the  valve  plate  and  closably 
opened  by  suction  valves  arranged  so  as  to  be  in 
contact  with  one  end  face  of  the  valve  plate  on  the 
side  thereof  confronting  respective  cylinder  bores. 
The  suction  valves  are  opened  when  a  pressure 
level  in  each  cylinder  bore  is  lower  than  a  given 
low  pressure  level.  Similarly,  when  the  compressed 
refrigerant  gas  is  discharged  from  the  respective 
cylinder  bores  toward  the  discharge  chamber,  the 
compressed  refrigerant  passes  through  discharge 
ports  formed  in  the  valve  plate  and  closably 
opened  by  discharge  valves  arranged  so  as  to  be 
in  contact  with  the  other  end  face  of  the  valve  plate 
on  the  side  thereof  confronting  the  discharge 
chamber.  The  discharge  valves  are  opened  when 

the  pressure  level  in  each  cylinder  bore  is  higher 
than  a  given  high  pressure  level.  It  should,  how- 
ever,  be  noted  that  these  suction  and  discharge 
valves  arranged  on  opposite  sides  of  the  valve 

5  plate  of  the  conventional  compressor  have  the  form 
of  a  flapper  or  reed  valve,  respectively.  Namely, 
each  of  the  suction  and  discharge  valves  in  the 
flapper  form  is  made  of  a  thin  elastic  plate  material 
so  that  the  valve  is  constantly  elastically  urged 

io  toward  the  closing  position  thereof.  Therefore,  the 
flapper  valve  must  always  be  moved  from  the 
closing  to  opening  position  thereof  against  the  elas- 
tic  force  exerted  by  the  valve  per  se,  and  accord- 
ingly  during  the  opening  of  the  suction  or  dis- 

75  charge  valve  in  the  flapper  form,  a  considerable 
amount  of  refrigerant  pressure  loss  occurs  thereby 
lowering  the  volumetric  efficiency  of  the  compres- 
sor. 

Further,  when  the  suction  or  discharge  valve  in 
20  the  flapper  form  returns  to  the  closing  position 

thereof,  it  strikes  against  the  end  face  of  the  valve 
plate  and  produces  a  loud  noise,  and  may  addition- 
ally  be  apt  to  be  damaged  or  broken. 

U.S.  Patents  Nos.  4,749,340,  4,764,091,  and 
25  4,781,540  disclose  several  constructional  improve- 

ments  of  the  flapper  valve  that  enhance  the  volu- 
metric  efficiency  of  the  reciprocatory  piston  type 
compressor  and  solve  the  noise  problem.  Never- 
theless,  a  further  innovative  improvement  of  the 

30  function  and  performance  of  the  suction  and  dis- 
charge  valves  of  the  reciprocatory  piston  type  com- 
pressor  has  been  requested. 

SUMMARY  OF  THE  INVENTION 
35 

Therefore,  an  object  of  the  present  invention  is 
to  provide  a  reciprocatory  piston  type  refrigerant 
compressor  provided  with  a  novel  valve  element 
accommodated  therein  capable  of  eliminating  the 

40  above-mentioned  problems  encountered  by  the 
conventional  flatter  form  valve. 

Another  object  of  the  present  invention  is  to 
provide  a  reciprocatory  piston  type  multi-cylinder 
refrigerant  compressor  provided  with  a  noise  free 

45  rotary  valve  element  smoothly  rotated  together  with 
a  drive  shaft  of  the  compressor  so  as  to  control  an 
appropriate  supply  of  a  refrigerant  from  a  suction 
chamber  to  respective  cylinder  bores  and  thereby 
prevent  the  loss  of  pressure  during  compression  of 

50  the  refrigerant. 
A  further  object  of  the  present  invention  is  to 

provide  a  reciprocatory  piston  type  multi-cylinder 
refrigerant  compressor  provided  with  a  noise  free 
rotary  valve  element  smoothly  rotated  together  with 

55  a  drive  shaft  of  the  compressor  to  control  not  only 
an  appropriate  supply  of  the  refrigerant  from  a 
suction  chamber  into  respective  cylinder  bores  but 
also  an  appropriate  discharge  of  the  compressed 
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refrigerant  from  respective  cylinder  bores  toward  a 
discharge  chamber  and  thereby  maintain  a  high 
volumetric  compressor  efficiency. 

In  accordance  with  one  aspect  of  the  present 
invention,  there  is  provided  a  reciprocatory  piston 
type  compressor  for  compressing  a  refrigerant  of  a 
refrigeration  system  that  comprises: 

a  cylinder  block  having  a  central  axis  thereof,  a 
cylindrical  central  bore  formed  to  be  coaxial  with 
the  central  axis,  and  a  plurality  of  axial  cylinder 
bores  arranged  around  and  in  parallel  with  the 
central  axis,  each  axial  cylinder  bore  having  at  least 
one  bore  end  through  which  the  refrigerant  enters 
therein,  and  is  discharged  therefrom; 

a  housing  unit  air-tightly  connected  via  a  parti- 
tion  wall  plate  to  opposite  axial  ends  of  the  cylinder 
block  for  defining  therein  a  suction  chamber  for  the 
refrigerant  before  compression  fluidly  communicat- 
ing  with  the  cylindrical  central  bore  of  the  cylinder 
block,  and  a  discharge  chamber  for  the  refrigerant 
after  compression  located  around  and  isolated  from 
the  suction  chamber; 

a  rotatable  drive  shaft  having  axial  ends  thereof 
rotatably  supported  by  bearings  seated  in  the 
housing  unit  and  the  cylinder  block; 

a  plurality  of  reciprocatory  pistons  fitted  in  the 
plurality  of  axial  cylinder  bores  of  the  cylinder 
block;  each  piston  being  reciprocated  in  one  of  the 
plurality  of  cylinder  bores  for  suction,  compression, 
and  discharge  of  the  refrigerant; 

a  swash  plate-operated  piston  drive  mecha- 
nism  arranged  around  the  rotatable  drive  shaft  for 
driving  the  plurality  of  reciprocatory  pistons  in  the 
plurality  of  cylinder  bores  in  cooperation  with  the 
drive  shaft; 

a  constant  fluid  communication  means  formed 
between  each  of  the  plurality  of  cylinder  bores  and 
the  central  bore  of  the  cylinder  block;  and 

a  rotary  valve  means  arranged  in  the  central 
bore  of  the  cylinder  block  and  attached  to  the  drive 
shaft  so  as  to  be  rotated  together  with  the  drive 
shaft;  the  rotary  valve  means  being  provided  with  a 
fluid  passageway  formed  therein  for  controlling  a 
supply  of  the  refrigerant  before  compression  from 
the  suction  chamber  of  the  housing  means  to  at 
least  one  of  the  plurality  of  cylinder  bores  via  the 
constant  fluid  communication  means  while  the  cyl- 
inder  bore  is  in  the  suction  phase  to  draw  therein 
the  refrigerant  before  compression  in  cooperation 
with  the  reciprocatory  pistons  in  response  to  the 
rotation  of  the  drive  shaft  and  the  rotary  valve 
means. 

In  accordance  with  another  aspect  of  the 
present  invention,  there  is  provided  a  reciprocatory 
piston  type  compressor  for  compressing  a  refriger- 
ant  of  a  refrigeration  system  that  comprises: 

a  cylinder  block  having  a  central  axis  thereof,  a 
first  cylindrical  valve  chamber  bored  coaxially  with 

the  central  axis,  and  a  plurality  of  axial  cylinder 
bores  arranged  around  and  in  parallel  with  the 
central  axis;  each  axial  cylinder  bore  having  at  least 
one  bore  end  through  which  the  refrigerant  enters 

5  therein,  and  is  discharged  therefrom; 
a  housing  unit  air-tightly  connected  via  a  parti- 

tion  wall  plate  means  to  opposite  axial  ends  of  the 
cylinder  block  for  defining  therein  a  suction  cham- 
ber  for  the  refrigerant  before  compression  fluidly 

io  communicating  with  the  first  cylindrical  valve  cham- 
ber  of  the  cylinder  block,  and  a  discharge  chamber 
for  the  refrigerant  after  compression  located  around 
and  isolated  from  the  suction  chamber;  the  housing 
unit  further  defining  a  second  cylindrical  valve 

is  chamber  coaxial  with  the  first  cylindrical  valve 
chamber; 

a  rotatable  drive  shaft  having  axial  ends  thereof 
rotatably  supported  by  bearings  seated  in  the 
housing  unit  and  the  cylinder  block; 

20  a  plurality  of  reciprocatory  pistons  fitted  in  the 
plurality  of  axial  cylinder  bores  of  the  cylinder 
block;  each  piston  being  reciprocated  in  one  of  the 
plurality  of  cylinder  bores  for  suction,  compression, 
and  discharge  of  the  refrigerant; 

25  a  swash  plate-operated  piston  drive  mecha- 
nism  arranged  around  the  rotatable  drive  shaft  for 
driving  the  plurality  of  reciprocatory  pistons  in  the 
plurality  of  cylinder  bores  in  cooperation  with  the 
drive  shaft; 

30  a  first  constant  fluid  communication  means 
formed  between  each  of  the  plurality  of  cylinder 
bores  and  the  first  cylindrical  valve  chamber  of  the 
cylinder  block; 

a  second  constant  fluid  communication  means 
35  formed  between  the  discharge  chamber  and  the 

second  cylindrical  valve  chamber  of  the  housing 
unit;  and 

a  rotary  valve  unit  arranged  in  the  first  and 
second  valve  chambers  of  the  cylinder  block  and 

40  the  housing  unit  and  attached  to  the  drive  shaft  so 
as  to  rotate  together  with  the  drive  shaft; 

the  rotary  valve  unit  provided  with  a  first  fluid 
passageway  formed  therein  for  controlling  a  supply 
of  the  refrigerant  before  compression  from  the  suc- 

45  tion  chamber  of  the  housing  means  to  at  least  one 
of  the  plurality  of  cylinder  bores  via  the  first  con- 
stant  fluid  communication  means  while  the  cylinder 
bore  is  in  the  suction  phase  drawing  therein  the 
refrigerant  before  compression  in  cooperation  with 

50  the  reciprocatory  pistons  in  response  to  the  rotation 
of  the  drive  shaft,  and  a  second  fluid  passageway 
formed  therein  for  controlling  a  discharge  of  the 
refrigerant  after  compression  from  at  least  one  of 
the  plurality  of  cylinder  bores  to  the  discharge 

55  chamber  via  the  first  and  second  means  for  for- 
ming  constant  fluid  communication  while  the  cyl- 
inder  bore  is  in  the  discharge  phase  so  as  to 
discharge  the  refrigerant  after  compression  in 
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cooperation  with  the  reciprocatory  pistons  in  re- 
sponse  to  the  rotation  of  the  drive  shaft. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above  and  other  objects,  features  and  ad- 
vantages  of  the  present  invention  will  be  made 
more  apparent  from  the  ensuing  description  of  the 
preferred  embodiments  thereof  in  conjunction  with 
the  accompanying  drawings  wherein: 

Fig.  1  is  a  longitudinal  cross-sectional  view  of  a 
reciprocatory  piston  type  refrigerant  compressor 
provided  with  a  rotary  valve  element  according 
to  a  first  embodiment  of  the  present  invention; 
Fig.  2  is  a  front  view  of  a  partition  wall  plate  of 
the  compressor,  taken  along  the  line  II  -  II  of 
Fig.  1  and  illustrating  an  arrangement  of  radial 
passageways  formed  in  an  end  face  thereof; 
Fig.  3  is  a  perspective  view  of  a  rotary  valve 
element  incorporated  in  the  compressor  of  Fig. 
1: 
Fig.  4  is  a  plan  view  of  the  rotary  valve  element 
of  Fig.  3,  illustrating  an  arrangement  of  a  suction 
refrigerant  passageway  formed  therein; 
Fig.  5  is  a  partial  schematic  and  cross-sectional 
view  of  a  portion  of  a  reciprocatory  piston  type 
multi-cylinder  refrigerant  compressor,  illustrating 
a  constructional  variation  from  the  embodiment 
of  Fig.  1; 
Fig.  6  is  a  view  similar  to  Fig.  5,  illustrating 
another  constructional  variation  from  the  em- 
bodiment  of  Fig.  1  ; 
Fig.  7  is  a  partial  schematic  cross-sectional  view 
of  a  portion  of  a  reciprocatory  piston  type  com- 
pressor,  illustrating  a  further  constructional  vari- 
ation  from  the  embodiment  of  Fig.  1; 
Fig.  8  is  a  partial  schematic  view  of  a  portion  of 
a  reciprocatory  piston  type  compressor,  illustrat- 
ing  a  still  further  constructional  variation  from 
the  embodiment  of  Fig.  1; 
Fig.  9  is  a  partial  schematic  view  of  a  portion  of 
a  reciprocatory  piston  type  compressor,  illustrat- 
ing  a  further  constructional  variation  from  the 
embodiment  of  Fig.  1  ; 
Fig.  10  is  a  longitudinal  cross-sectional  view  of  a 
reciprocatory  piston  type  refrigerant  compressor 
provided  with  a  rotary  valve  element  according 
to  a  second  embodiment  of  the  present  inven- 
tion; 
Fig.  11  is  a  perspective  view  of  a  cylindrical 
valve  retainer  element  incorporated  in  the  com- 
pressor  of  Fig.  10; 
Fig.  12  is  a  longitudinal  cross-sectional  view  of  a 
reciprocatory  piston  type  refrigerant  compressor 
provided  with  a  rotary  valve  element  according 
to  a  third  embodiment  of  the  present  invention; 
Fig.  13  is  a  partial  another  longitudinal  cross- 
sectional  view  of  the  compressor  of  Fig.  12, 

illustrating  the  construction  of  a  rotary  valve 
element  incorporated  in  the  compressor; 
Fig.  14  is  a  front  view  of  a  partition  wall  plate  of 
the  compressor  of  Fig.  12,  illustrating  an  ar- 

5  rangement  of  radial  passageways  formed  in  one 
end  face  thereof; 
Fig.  15  is  a  perspective  view,  in  a  small  scale,  of 
a  rear  housing  of  the  compressor  of  Fig.  12; 
Fig.  16  is  a  perspective  view  of  a  rotary  valve 

io  element  incorporated  in  the  compressor  of  Figs. 
12  and  13; 
Fig.  17  is  a  cross  sectional  view  of  the  rotary 
valve  element  of  Fig.  16,  illustrating  an  arrange- 
ment  of  a  suction  refrigerant  passageway  and  a 

is  discharge  refrigerant  passageway  formed  there- 
in;  and 
Fig.  18  is  a  graphical  view,  illustrating  a  relation- 
ship  between  a  piston  stroke  and  an  pressure  in 
a  cylinder  bore  of  the  compressor  of  Fig.  12. 

20 
DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Referring  to  Figs.  1  through  4,  illustrating  the 
25  first  embodiment  of  the  present  invention,  a  re- 

ciprocatory  piston  type  refrigerant  compressor  in- 
cludes  a  cylinder  block  1  having  a  central  axis.  The 
cylinder  block  1  is  provided  with  axially  opposite 
ends,  a  central  bore  1a  extended  coaxially  with  the 

30  central  axis  and  formed  as  a  valve  chamber  for 
receiving  a  later-described  rotary  valve  element, 
and  a  plurality  of  (  e.g.,  five  in  the  embodiment  ) 
cylinder  bores  1b  arranged  equiangularly  around 
and  in  parallel  with  the  central  axis.  One  of  the 

35  axial  ends,  i.e.,  a  front  end  of  the  cylinder  block  1 
is  air-tightly  closed  by  a  front  housing  2,  and  the 
other  end,  i.e.,  a  rear  end  of  the  cylinder  block  1  is 
air-tightly  closed  by  a  rear  housing  4  via  a  partition 
wall  plate  3.  The  front  housing  2  defines  a  crank 

40  chamber  5  axially  extending  in  front  of  the  front 
end  of  the  cylinder  block  1.  The  rear  housing  4 
defines  therein  a  centrally  arranged  cylindrical  suc- 
tion  chamber  17  for  a  refrigerant  before  compres- 
sion,  and  an  annularly  extending  discharge  cham- 

45  ber  18  for  a  refrigerant  after  compression  arranged 
so  as  to  surround  and  be  isolated  from  the  suction 
chamber  17. 

A  drive  shaft  6  axially  extending  through  the 
crank  chamber  5  is  rotatably  supported  by  bear- 

so  ings  6a  and  6b  seated  in  a  central  bore  of  the  front 
housing  2  and  the  central  bore  1a  of  the  cylinder 
block  1.  The  drive  shaft  6  has  a  rotor  7  fixedly 
mounted  thereon  to  be  rotated  together  and  axially 
supported  by  a  thrust  bearing  6c  arranged  between 

55  an  inner  end  of  the  front  housing  2  and  the  front- 
most  end  of  the  rotor  7.  The  rotor  7  has  a  support 
arm  8  extending  from  a  rear  part  thereof  to  provide 
an  extension  in  which  an  elongated  through-bore 

5 
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8a  is  formed  for  receiving  a  lateral  pin  8b  slidably 
movable  in  the  through-bore  8a.  The  lateral  pin  8b 
is  connected  to  a  swash  plate  9  arranged  around 
the  drive  shaft  and  is  capable  of  changing  an  angle 
of  inclination  thereof  with  respect  to  a  plane  per- 
pendicular  to  the  rotating  axis  of  the  drive  shaft  6. 

A  sleeve  element  10  axially  and  slidably  moun- 
ted  on  the  drive  shaft  6  is  arranged  adjacent  to  the 
rearmost  end  of  the  rotor  7,  and  is  constantly  urged 
toward  the  rearmost  end  of  the  rotor  7  by  a  coil 
spring  11  arranged  around  the  drive  shaft  6  at  a 
rear  portion  thereof.  The  sleeve  element  10  has  a 
pair  of  laterally  extending  trunnion  pins  10a  on 
which  the  swash  plate  9  is  pivoted  so  as  to  be 
inclined  thereabout. 

The  swash  plate  9  has  an  annular  rear  face  and 
a  cylindrical  flange  to  support  thereon  a  non-rotat- 
able  wobble  plate  12  via  a  thrust  bearing  9a.  The 
non-rotatable  wobble  plate  12  has  an  outer  periph- 
ery  provided  with  a  guide  portion  12a  in  which  a 
long  bolt  16  is  fitted  to  prevent  any  rotational  play 
of  the  wobble  plate  12  on  the  swash  plate  9,  and 
the  wobble  plate  12  is  operatively  connected  to 
pistons  15  axially  and  slidably  fitted  in  the  cylinder 
bores  1b,  via  connecting  rods  14.  When  the  drive 
shaft  6  is  rotated  together  with  the  rotor  7  and  the 
swash  plate  9,  the  wobble  plate  12  on  the  swash 
plate  9  is  non-rotatably  wobbled  to  cause  recip- 
rocation  of  respective  pistons  15  in  the  cylinder 
bores  1b.  In  response  to  the  reciprocation  of  the 
pistons  15,  the  refrigerant  is  drawn  from  the  suction 
chamber  17  into  respective  cylinder  bores  1b  and 
compressed  therein.  The  compressed  refrigerant  is 
discharged  from  respective  cylinder  bores  1b  to- 
ward  the  discharge  chamber  18  from  which  the 
refrigerant  after  compression  is  delivered  to  the 
condenser  of  a  refrigeration  system. 

During  the  operation  of  the  compressor,  when 
a  change  in  a  pressure  differential  appears  be- 
tween  a  suction  pressure  in  each  cylinder  bore  1b 
and  a  pressure  prevailing  in  the  crank  chamber  5, 
the  stroke  of  each  piston  15  is  changed,  and  there- 
fore,  the  angle  of  inclination  of  the  swash  plate  9 
and  the  wobble  plate  12  is  changed.  The  pressure 
in  the  crank  chamber  5  is  adjustably  changed  by  a 
conventional  solenoid  control  valve  (  not  shown  in 
Fig.  1  )  housed  in  an  extended  portion  of  the  rear 
housing  4. 

The  afore-mentioned  central  suction  chamber 
17  of  the  rear  housing  4  has  an  opening  formed  in 
an  end  wall  of  the  rear  housing  4  so  that  the 
suction  chamber  17  is  able  to  receive  a  refrigerant 
therein  when  the  refrigerant  returns  from  the  ex- 
terior  of  the  compressor.  The  suction  chamber  17 
is  communicated  with  the  central  bore  1a  of  the 
cylinder  block  1  via  a  central  bore  3a  of  the  parti- 
tion  wall  plate  3  arranged  so  as  to  be  coaxial  with 
and  having  a  bore  diameter  equal  to  the  central 

bore  1a  of  the  cylinder  block.  The  partition  wall 
plate  3  is  provided  with  a  plurality  of  (  five  in  this 
embodiment  )  radial  passageways  21  formed  to 
extend  radially  from  the  central  bore  3a  thereof,  as 

5  best  shown  in  Fig.  2.  An  end  of  each  radial  pas- 
sageway  21  is  located  to  open  toward  the  rearmost 
end  of  one  of  the  axial  cylinder  bores  1b  of  the 
cylinder  block  1  . 

A  cylindrical  rotary  valve  element  22  is 
io  smoothly  and  rotatably  accommodated  in  the  cen- 

tral  bore  1a  of  the  cylinder  block  1  and  the  central 
bore  3a  of  the  partition  wall  plate  3,  and  an  axially 
inner  end  of  the  rotary  valve  element  22  is  fixedly 
attached  by  a  key  23  to  an  end  of  the  drive  shaft  6 

is  extending  into  the  central  bore  1a  of  the  cylinder 
block.  Thus,  the  rotary  valve  element  22  is  rotated 
together  with  the  drive  shaft  6.  The  drive  shaft  6 
and  the  rotary  valve  element  22  of  the  compressor 
according  to  the  present  embodiment  may  be 

20  rotated  in  either  the  CW  direction  or  CCW  direc- 
tion.  A  rear  end  of  the  rotary  valve  element  22,  i.e., 
an  end  opposite  to  the  above-mentioned  inner  end 
is  supported  by  a  thrust  bearing  24  seated  in  an 
annular  step  of  the  suction  chamber  formed  in  the 

25  inner  wall  of  the  rear  housing  4. 
As  best  shown  in  Figs.  3  and  4,  the  cylindrical 

rotary  valve  element  22  is  provided  with  a  fluid 
passageway  25  including  an  axial  blind  bore  25a 
centrally  formed  therein,  a  groove  25b  formed  in 

30  the  cylindrical  surface  thereof  to  circumferentially 
extend  over  approximately  a  half  of  the  circum- 
ference  thereof,  and  a  radial  bore  25c  formed  to 
provide  a  fluid  communication  between  the  central 
bore  25a  and  the  circumferential  groove  25b.  The 

35  fluid  passageway  25  of  the  rotary  valve  element  22 
is  provided  to  control  the  suction  of  the  refrigerant 
from  the  suction  chamber  17  of  the  rear  housing  4 
into  respective  cylinder  bores  1b.  Namely,  during 
the  rotation  of  the  rotary  valve  element  22,  while 

40  the  circumferential  groove  25b  of  the  rotary  valve 
element  22  is  met  with  the  radial  passageways  21 
of  the  cylinder  bores  1b  in  which  the  suction  stroke 
of  the  pistons  15  is  carried  out,  fluid  communica- 
tion  is  provided  between  these  radial  passageways 

45  21  and  the  suction  chamber  17  through  the  fluid 
passageway  25. 

The  discharge  chamber  18  of  the  rear  housing 
4  arranged  radially  outside  the  suction  chamber  17 
can  be  communicated  with  respective  cylinder 

50  bores  1b  via  discharge  ports  18a  formed  in  the 
partition  wall  plate  3  and  discharge  valves  19  in  the 
flapper  form  disposed  in  the  discharge  chamber  18 
to  close  the  discharge  ports  18a.  The  movement  of 
the  discharge  valves  19  are  restricted  by  valve 

55  retainers  19a. 
The  above-described  reciprocatory  piston  type 

compressor  is  incorporated  in  a  refrigeration  sys- 
tem  of  an  air-conditioner  such  as  an  automobile  air- 
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conditioner  to  compress  the  refrigerant  and  deliver 
the  compressed  gas  into  the  refrigeration  system. 

The  operation  of  the  compressor  with  the  ro- 
tary  valve  element  22  will  be  described  hereunder. 

When  the  drive  shaft  6  of  the  compressor  is 
rotated  about  the  rotating  axis  thereof  by  an  exter- 
nal  drive  power,  the  swash  plate  9  is  rotated  to- 
gether  and  wobbled  around  the  drive  shaft  6  due  to 
an  inclination  of  the  swash  plate  9  with  respect  to  a 
plane  perpendicular  to  the  rotating  axis  of  the  drive 
shaft  6.  The  wobbling  motion  of  the  rotating  swash 
plate  9  causes  a  synchronous  wobbling  of  the  non- 
rotatable  wobble  plate  12,  so  that  the  respective 
pistons  15  connected  to  the  wobble  plate  12  via 
the  connecting  rods  14  are  reciprocated  in  the 
respective  cylinder  bores  1b.  During  the  reciproca- 
tion  of  the  pistons  15,  when  each  of  the  pistons  15 
starts  to  slide  in  the  corresponding  cylinder  bore 
1b  from  top  dead  center  (  T.D.C  )  toward  bottom 
dead  center  (  B.D.C  )  thereof  to  conduct  a  suction 
stroke  thereof,  the  rotary  valve  element  22  rotating 
together  with  the  drive  shaft  6  in  e.g.,  the  CCW 
direction  shown  in  Fig.  4  is  brought  into  a  position 
whereat  the  leading  end  of  the  circumferential 
groove  25b  of  the  fluid  passageway  25  thereof  is 
met  with  the  radial  passageway  21  of  the  cylinder 
bore  1  b,  and  accordingly  the  radial  passageway  21 
of  the  cylinder  bore  1b  is  fluidly  communicated 
with  the  suction  chamber  17  via  the  fluid  passage- 
way  25  of  the  rotary  valve  element  22.  Thus,  the 
refrigerant  gas  is  drawn  from  the  suction  chamber 
17  into  the  cylinder  bore  1b  through  the  fluid 
passageway  25  and  the  radial  passageway  21  . 

Subsequently,  when  the  piston  15  is  moved  to 
the  B.D.C  in  the  cylinder  bore  1b,  the  tail  end  of 
the  circumferential  groove  25b  of  the  rotating  rotary 
valve  element  22  passes  the  radial  passageway  21 
of  the  cylinder  bore  1b  in  which  the  piston  15 
arrives  at  the  B.D.C.  Thus,  the  radial  passageway 
21  of  the  cylinder  bore  1b  is  disconnected  from  the 
suction  chamber  17  by  the  rotary  valve  element  22. 
Then,  when  the  piston  15  starts  to  slide  in  the 
cylinder  bore  1b  from  the  B.D.C  toward  the  T.D.C 
thereof,  the  refrigerant  gas  drawn  into  the  cylinder 
bore  1b  is  compressed  by  the  piston  15,  and 
therefore,  a  pressure  prevailing  in  the  cylinder  bore 
1b  is  gradually  increased  to  a  level  capable  of 
urging  the  discharge  valve  19  to  move  from  the 
closing  toward  the  open  position  thereof.  Accord- 
ingly,  the  compressed  refrigerant  is  discharged 
from  the  cylinder  bore  1b  into  the  discharge  cham- 
ber  18  via  the  discharge  port  18a  of  the  partition 
wall  plate  3. 

From  the  foregoing  description,  it  will  be  under- 
stood  that  the  rotary  valve  element  22  rotating 
together  with  the  drive  shaft  6  controls  the  supply 
of  the  refrigerant  from  the  suction  chamber  17  of 
the  rear  housing  4  toward  the  respective  cylinder 

bores  1b  to  thereby  achieve  an  appropriate  com- 
pression  of  the  refrigerant  gas  and  a  discharge  of 
the  compressed  refrigerant  gas. 

According  to  the  present  embodiment  of  Figs. 
5  1  through  4,  since  the  rotary  valve  element  22  is 

constructed  as  a  rotary  suction  control  valve  rotat- 
ing  together  with  the  drive  shaft  6  of  the  compres- 
sor,  it  is  possible  to  obtain  a  wide  opening  area  of 
the  suction  control  valve  compared  with  the  con- 

io  ventional  flapper-form  suction  control  valve.  There- 
fore,  the  volumetric  efficiency  of  the  compressor 
per  se  can  be  raised  due  to  a  lowering  of  pressure 
loss  of  the  refrigerant  in  each  of  the  plurality  of 
cylinder  bores  1b  of  the  compressor. 

is  Further,  the  rotary  suction  valve  element  22 
can  significantly  reduce  noise  during  the  operation 
thereof  compared  with  the  conventional  flapper- 
form  suction  control  valve.  In  addition,  since  the 
rotary  suction  valve  element  22  performs  the  suc- 

20  tion  control  operation  thereof  by  smooth  rotation  in 
the  valve  chamber,  damage  or  breakage  and  abra- 
sion  of  the  rotary  suction  control  valve  do  not 
easily  occur  for  a  long  operation  time  thereof. 
Thus,  an  improvement  of  the  suction  valve  mecha- 

25  nism  of  the  reciprocatory  piston  type  compressor 
over  the  conventional  flapper-form  suction  control 
valve  can  be  achieved. 

Figure  5  illustrates  a  modification  of  the  re- 
ciprocatory  piston  type  compressor  of  Fig.  1. 

30  Namely,  when  the  rotary  valve  element  22  is  incor- 
porated  in  the  compressor  as  a  suction  control 
valve,  the  conventional  flapper-form  suction  control 
valves  are  arranged  so  as  to  be  in  contact  with  the 
partition  wall  plate  3.  Therefore,  the  discharge  ports 

35  18a  of  the  partition  wall  plate  3  through  which  the 
compressed  refrigerant  is  discharged  from  the  re- 
spective  cylinder  bores  1b  toward  the  discharge 
chamber  18  may  be  provided  in  a  position  such 
that  the  center  of  each  discharge  port  18a  is  in 

40  correct  alignment  with  the  central  axis  of  the  cor- 
responding  cylinder  bore  1b.  Thus,  each  reciproca- 
tory  piston  15  may  have  a  projection  15a  at  the 
head  thereof  so  as  to  be  engageable  with  the 
corresponding  discharge  port  18a  in  response  to 

45  the  movement  of  the  piston  15  toward  top  dead 
center  (  T.D.C  )  thereof,  and  accordingly  the  piston 
15  can  always  be  moved  in  the  cylinder  bore  1b  to 
a  position  permitting  a  minimal  gap  between  the 
piston  head  thereof  and  the  inner  end  face  of  the 

50  partition  wall  plate  3.  Therefore,  the  amount  of 
compressed  refrigerant  gas  remaining  in  the  cyl- 
inder  bore  1b  without  being  discharged  therefrom 
is  minimal  so  that  the  volumetric  efficiency  of  the 
compressor  can  be  increased. 

55  Figure  6  illustrates  another  modification  of  the 
reciprocatory  piston  type  compressor  of  Fig.  1. 
Namely,  in  the  construction  of  the  compressor  of 
Fig.  6,  the  radial  passageways  21  are  arranged  in 
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the  cylinder  block  1  instead  of  the  afore-described 
partition  wall  plate  3.  As  a  result,  the  length  of  each 
radial  passageway  21  can  be  made  shorter,  and 
accordingly,  any  compressed  refrigerant  gas  re- 
maining  in  the  radial  passageway  21  at  the  time 
the  piston  15  comes  to  the  end  of  the  discharge 
stroke  thereof  can  be  reduced  to  the  minimal 
amount.  Consequently,  the  volumetric  efficiency  of 
the  compressor  can  be  raised. 

Figure  7  illustrates  a  further  modification  of  the 
reciprocatory  piston  type  compressor  of  Fig.  1. 
Namely,  in  the  construction  of  the  compressor  of 
Fig.  7,  the  drive  shaft  6  is  provided  with  a  flange 
portion  61  to  support  one  end  of  a  coil  spring  26 
the  other  end  of  which  is  in  contact  with  the  rotary 
valve  element  22  to  thereby  always  urge  the  rotary 
valve  element  22  toward  the  thrust  bearing  24 
seated  in  the  rear  housing  4.  Thus,  any  axial  play 
of  the  rotary  valve  element  22  can  be  cancelled  to 
ensure  a  smooth  rotation  of  the  rotary  valve  ele- 
ment  22,  and  accordingly,  abrasion  and  seizure  of 
the  rotary  valve  element  22  can  be  prevented. 
Further,  difficulty  in  controlling  the  dimension  and 
size  of  the  rotary  valve  element  22  during  the 
production  and  assembly  stages  thereof  can  be 
mitigated. 

The  coil  spring  26  of  Fig.  7  may  be  arranged 
between  the  rotary  valve  element  22  and  a  radial 
bearing  63  shown  in  Fig.  8,  which  is  arranged  so  as 
to  rotatably  support  the  drive  shaft  6  instead  of  the 
bearing  6b  of  Fig.  1  or  Fig.  7.  The  bearing  63  is 
provided  with  a  flanged  inner  race  against  which 
the  end  of  the  coil  spring  26  is  bore,  and  therefore 
the  drive  shaft  6  can  be  made  of  a  straight  member 
having  no  flange.  Namely,  the  assembly  of  the 
rotary  valve  element  22  can  be  simplified  com- 
pared  with  the  compressor  of  Fig.  7. 

Figure  9  illustrates  another  modification  in 
which  the  spring  26  urging  the  rotary  valve  element 
22  is  supported  by  a  thrust  bearing  65  seated  on  a 
step  1c  of  the  cylinder  block  1.  Thus,  assembly  of 
the  rotary  valve  element  22  can  be  simple  similarly 
to  the  embodiment  of  Fig.  8. 

Referring  to  Figs.  10  and  11  illustrating  a  sec- 
ond  embodiment  of  the  present  invention,  the  re- 
ciprocatory  piston  type  compressor  is  different 
from  the  compressor  of  the  first  embodiment 
shown  in  Fig.  1  through  4  in  that  a  cylindrical 
hollow  sleeve  element  44  is  fixedly  accommodated 
in  the  central  bore  1a  of  the  cylinder  block  1  and 
the  central  bore  3a  of  the  partition  wall  plate  3  to 
rotatably  receive  the  rotary  valve  element  22  there- 
in,  and  therefore,  the  thrust  bearing  24  used  with 
the  compressor  of  the  first  embodiment  is  elimi- 
nated.  Thus,  the  same  or  like  elements  as  those  of 
the  compressor  of  the  first  embodiment  are  des- 
ignated  by  the  same  reference  numerals  as  those 
of  Fig.  1  through  4. 

As  best  shown  in  Fig.  11,  the  cylindrical  hollow 
sleeve  element  44  is  provided  with  a  plurality  of 
open  windows  44a  radially  formed  in  the  cylindrical 
wall  thereof  and  an  annular  extension  44b  formed 

5  at  an  end  thereof  seated  in  a  shoulder  portion  of 
the  rear  housing  4. 

The  open  windows  44a  of  the  cylindrical  hollow 
sleeve  element  44  are  arranged  in  such  a  manner 
that  when  the  sleeve  element  44  is  assembled  in 

io  the  cylinder  block  1  and  the  rear  housing  4,  the 
plurality  of  open  windows  44a  are  in  correct  reg- 
istration  with  the  respective  radial  passageways  21 
of  the  partition  wall  plate  3.  Therefore,  the  fluid 
passageway  25  of  the  rotary  valve  element  22  can 

is  be  sequentially  communicated  with  the  radial  pas- 
sageways  21  and  the  corresponding  cylinder  bores 
1b  of  the  cylinder  block  1  in  response  to  the 
rotation  of  the  rotary  valve  element  22  within  the 
cylindrical  sleeve  element  44. 

20  The  above-mentioned  annular  extension  44b  of 
the  cylindrical  hollow  sleeve  element  44  is  provided 
for  axially  supporting  the  rotary  valve  element  22. 

The  provision  of  the  cylindrical  hollow  sleeve 
element  44  is  effective  for  allowing  the  rotary  valve 

25  element  22  to  smoothly  rotate  therein  together  with 
the  drive  shaft  6,  because  when  the  hollow  sleeve 
element  44  is  made  of  a  metallic  bearing  material, 
this  hollow  sleeve  element  44  is  able  to  function  as 
a  cylindrical  slide  bearing  for  the  rotary  valve  ele- 

30  ment  22  during  the  rotation  of  the  rotary  valve 
element  22.  Consequently,  any  loss  of  power  for 
driving  the  drive  shaft  6  of  the  compressor  from  an 
external  drive  source  such  as  an  automobile  engine 
can  be  prevented. 

35  Also,  the  occurrence  of  an  unfavorable  problem 
such  as  abrasion  and  seizure  of  the  rotary  valve 
element  22  can  be  avoided. 

The  cylindrical  hollow  sleeve  element  44  is 
assembled  in  a  cylindrical  bore-like  valve  chamber 

40  portion  of  the  compressor  formed  by  the  combina- 
tion  of  the  cylinder  block  1  ,  the  partition  wall  plate 
3  and  the  rear  housing  4,  and  therefore,  it  is  often 
difficult  for  the  rotary  valve  element  22  to  obtain  a 
complete  air-tight  sealing  characteristics.  Neverthe- 

45  less,  because  of  provision  of  the  cylindrical  hollow 
sleeve  element  44  in  which  the  rotary  valve  ele- 
ment  22  is  rotatably  housed,  the  sealing  char- 
acteristics  of  the  rotary  valve  element  22  can  be 
improved  over  the  embodiment  of  the  afore-de- 

50  scribed  first  embodiment  of  Figs.  1  through  4  and 
thus,  good  suction  control  of  the  rotary  valve  ele- 
ment  22  can  be  obtained. 

Moreover,  difficulty  in  controlling  the  dimension 
and  size  of  the  above-mentioned  cylinder  block  1  , 

55  the  partition  wall  plate  3,  the  rear  housing  4,  and 
the  rotary  valve  element  22  during  the  production 
and  assembly  stage  of  the  compressor  can  be 
minimized. 
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Figures  12  through  18  illustrate  a  third  embodi- 
ment  of  the  present  invention,  and  the  same  and 
like  elements  and  portions  as  those  of  the  first 
embodiment  of  Figs.  1  through  4  are  designated  by 
the  same  reference  numerals. 

Referring  to  Figs.  12  through  16,  the  rotary 
valve  element  22  is  arranged  in  the  valve  chamber 
defined  by  the  central  bore  1a  of  the  cylinder  block 
1  ,  the  central  bore  3a  of  the  partition  wall  plate  3, 
and  the  a  portion  of  an  internal  cylindrical  wall  43  ( 
Fig.  15  )  of  the  rear  housing  4.  It  is  to  be  noted  that 
in  the  present  third  embodiment  the  rotary  valve 
element  22  is  provided  as  a  rotating  valve  having 
the  ability  to  control  both  suction  and  discharge  of 
the  refrigerant  with  respect  to  the  plurality  of  cyl- 
inder  bores  1b  of  the  cylinder  block  1.  Therefore, 
the  compressor  has  no  flapper-form  valve.  It 
should,  however,  be  noted  that  the  suction,  com- 
pression,  and  discharge  operations  are  conducted 
by  reciprocation  of  the  pistons  15  in  the  cylinder 
bores  1  b  caused  by  the  swash  and  wobble  plates  8 
and  9  when  driven  by  the  drive  shaft  6  in  the  same 
manner  as  the  compressor  of  the  first  embodiment. 

The  description  of  the  construction  and  opera- 
tion  of  the  rotary  valve  element  22  capable  of 
exhibiting  both  suction  and  discharge  control  per- 
formance  will  be  given  below. 

Referring  to  Figs.  13,  16,  and  17,  the  rotary 
valve  element  22  attached  to  an  end  of  the  drive 
shaft  6  is  provided  with  a  fluid  passageway  25 
including  an  axial  blind  bore  25a  centrally  formed 
therein,  a  circumferential  groove  25b  formed  in  the 
cylindrical  outer  surface  thereof,  and  a  radial  pas- 
sageway  25c  providing  a  connection  between  the 
bore  25a  and  the  groove  25b  for  controlling  the 
supply  of  the  refrigerant  before  compression  from 
the  suction  chamber  17  to  the  respective  cylinder 
bores  1b  while  the  respective  cylinder  bores  1b  are 
in  the  suction  stage. 

The  rotary  valve  element  22  is  also  provided 
with  an  axially  extending  groove-like  passageway 
27  formed  in  the  cylindrical  outer  surface  thereof. 
The  passageway  27  is  located  adjacent  to  but 
spaced  from  one  end,  i.e.,  a  leading  end  of  the 
circumferential  groove  25b  of  the  fluid  passageway 
25  when  considering  a  predetermined  rotating  di- 
rection  of  the  rotary  valve  element  22,  shown  by  an 
arrow  "  A  "  in  Fig.  17.  The  spacing  between  the 
passageway  27  and  the  leading  end  of  the  circum- 
ferential  groove  25b  is  selected  and  designed  in 
the  manner  described  later. 

As  shown  in  Fig.  13,  one  end  of  the  axial 
groove-like  passageway  27  is  disposed  adjacent  to 
the  rearmost  end  of  the  rotary  valve  element  22, 
and  the  other  end  thereof  is  disposed  at  a  position 
whereat  the  passageway  27  is  capable  of  commu- 
nicating  with  the  respective  radial  passageways  21 
of  the  partition  wall  plate  3  (  Fig.  14  )  during  the 

rotation  of  the  rotary  valve  element  22. 
Referring  to  Figs.  13  and  15,  the  cylindrical 

wall  43  of  the  rear  housing  4  is  provided  with  an 
internal  annular  groove  41  at  a  position  capable  of 

5  being  constantly  exposed  to  the  above-mentioned 
axial  groove  27  of  the  rotary  valve  element  22,  and 
an  appropriate  number  of  radial  bores  42  connect- 
ing  between  the  discharge  chamber  18  and  the 
internal  annular  groove  41  of  the  cylindrical  wall  43 

io  of  the  rear  housing  4. 
In  accordance  with  the  above-described  con- 

struction  and  arrangement  of  the  rotary  valve  ele- 
ment  22,  when  the  rotary  valve  element  22  is 
rotated  together  with  the  drive  shaft  6,  and  when 

is  the  axial  passageway  27  comes  to  positions  where- 
at  it  is  met  with  the  radial  passageway  21  of  the 
cylinder  bore  1b  wherein  the  discharge  stroke  of 
the  piston  15  is  proceeded,  the  cylinder  bore  1b  is 
fluidly  communicated  with  the  discharge  chamber 

20  18  of  the  rear  housing  4  via  the  radial  passageway 
21  and  the  axial  passageway  27  of  the  rotary  valve 
element  22.  The  fluid  communication  of  the  axial 
passageway  27  of  the  rotary  valve  element  22  with 
respective  cylinder  bores  1b  sequentially  occurs 

25  thereby  permitting  the  compressed  refrigerant  to 
be  discharged  from  the  cylinder  bores  1b  toward 
the  discharge  chamber  18  in  response  to  the  rota- 
tion  of  the  rotary  valve  element  22.  Namely,  the 
rotary  control  valve  element  22  has  a  function  of 

30  controlling  the  discharge  of  the  compressed  refrig- 
erant  gas  from  the  respective  cylinder  bores  1b 
toward  the  discharge  chamber  18  during  rotation 
thereof  together  with  the  drive  shaft  6  in  addition  to 
the  afore-mentioned  suction  control  function. 

35  When  the  rotary  valve  element  22  is  provided 
with  both  the  fluid  passageway  25  and  the  axial 
passageway  27,  a  predetermined  spatial  relation- 
ship  between  these  two  fluid  passageways  is  es- 
tablished  to  obtain  appropriate  control  of  both  suc- 

40  tion  and  discharge  of  the  refrigerant  with  respect  to 
respective  cylinder  bores  1b.  Namely,  as  best 
shown  in  Figs.  17  and  18,  the  circumferential 
groove  25b  of  the  fluid  passageway  25  is  formed  in 
the  outer  circumference  of  the  rotary  valve  element 

45  22  in  such  a  manner  that  in  response  to  the  rota- 
tion  of  the  element  22  together  with  the  drive  shaft 
6  in  the  direction  shown  by  an  arrow  "  A  ",  the 
leading  end  of  the  circumferential  groove  25b  is 
brought  into  fluid  communication  with  one  of  the 

50  cylinder  bores  1b  via  the  associated  radial  pas- 
sageway  21  when  the  piston  15  in  the  cylinder 
bore  1  b  is  moved  away  from  the  top  dead  center  ( 
T.D.C  )  thereof  by  an  angular  amount  "0"  thereby 
causing  a  delay  of  a  commencement  of  the  suction 

55  stroke  with  respect  to  the  cylinder  bore  1  b. 
At  this  stage,  since  the  axial  passageway  27  of 

the  rotary  valve  element  22  is  arranged  to  be 
circumferentially  spaced  from  the  leading  end  of 

9 
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the  circumferential  passageway  25b,  re-expansion 
of  the  compressed  refrigerant  remaining  in  the  cyl- 
inder  bore  1b  occurs  during  the  time  period  cor- 
responding  to  the  above-mentioned  angular  amount 
"0"  of  the  rotation  of  the  rotary  valve  element  22. 

On  the  other  hand,  the  circumferential  pas- 
sageway  25b  of  the  rotary  valve  element  22  is 
extended  so  that  the  tail  end  thereof  passes  an- 
other  cylinder  bore  1b  wherein  the  piston  15 
reaches  the  bottom  dead  center  (  B.D.C  )  thereof 
when  the  piston  15  is  moved  away  from  the  B.D.C 
by  a  predetermined  amount  corresponding  to  an 
angular  amount  "0"'  of  the  rotation  of  the  rotary 
valve  element  22.  Namely,  commencement  of  the 
compression  stroke  within  the  cylinder  bore  1b  is 
delayed  as  clearly  shown  in  Fig.  18.  Figure  18 
illustrates  that  the  delay  of  the  commencement  of 
the  compression  stroke  with  respect  to  the  cylinder 
bore  1b  can  compensate  for  pressure  loss  in  the 
suction  of  the  refrigerant  caused  by  the  above- 
mentioned  delay  in  the  commencement  of  the  suc- 
tion  stroke  with  respect  to  the  cylinder  bore  1  b. 

In  accordance  with  the  above-mentioned  ar- 
rangement  of  the  fluid  passageway  25  and  the 
circumferential  passageway  27  of  the  rotary  valve 
element  22,  it  is  ensured  that  the  circumferential 
outer  surface  of  the  rotary  valve  element  22  is 
provided  with  a  predetermined  length  of  land  por- 
tion  between  the  axial  passageway  27  and  the 
leading  end  of  the  circumferential  passageway  25b 
as  clearly  shown  in  Fig.  17.  Thus,  each  of  the 
cylinder  bores  1b  does  not  simultaneously  commu- 
nicate  with  both  suction  and  discharge  chambers 
17  and  18  of  the  rear  housing  4  via  the  rotary  valve 
element  22,  and  accordingly,  the  compressed  re- 
frigerant  does  not  directly  leak  from  the  cylinder 
bore  1b  toward  the  suction  chamber  17. 

When  the  rotary  valve  element  22  is  provided 
with  both  suction  and  discharge  control  functions, 
pressure  loss  of  the  refrigerant  gas  during  the 
operation  of  the  reciprocatory  piston  type  compres- 
sor  can  be  significantly  lowered  compared  with  the 
compressor  provided  with  the  conventional  flapper- 
form  suction  and  discharge  valves,  and  accord- 
ingly,  the  volumetric  efficiency  of  the  compressor 
can  be  considerably  enhanced.  Further,  an  elimina- 
tion  of  the  flapper-form  valves  from  the  compressor 
can  significantly  contribute  to  a  reduction  of  noise 
during  the  operation  of  the  compressor  and  to  a 
reduction  in  valve  damage  or  breakage  during  the 
operation  life  of  the  compressor. 

Further,  since  the  single  rotary  valve  element 
22  controls  the  suction  and  discharge  of  the  refrig- 
erant  with  respect  to  the  plurality  of  cylinder  bores 
1b,  it  is  possible  to  reduce  the  number  of  elements 
for  constructing  one  reciprocatory  piston  type  com- 
pressor  while  simplifying  the  construction  of  the 
compressor.  Thus,  the  manufacturing  cost  of  the 

reciprocatory  piston  type  compressor  can  be  lower- 
ed. 

In  the  described  embodiments,  the  reciproca- 
tory  piston  type  compressor  is  provided  with  a 

5  plurality  of  cylinder  bores  in  which  a  plurality  of 
single-headed  pistons  are  reciprocated  to  conduct 
the  suction,  compression,  and  discharge  operation 
under  the  control  of  the  rotary  valve  element.  Nev- 
ertheless,  it  should  be  understood  that  the  rotary 

io  valve  element  formed  as  a  rotary  suction  control 
valve  or  a  rotary  suction  and  discharge  control 
valve  can  equally  be  applicable  to  the  other  re- 
ciprocatory  piston  type  compressor  provided  with  a 
plurality  of  double-headed  reciprocatory  pistons  re- 

15  ciprocated  by  a  swash  plate  mechanism  having  a 
fixed  inclination  angle.  Namely,  in  the  case  of  the 
double  headed  piston  type  compressor,  two  rotary 
valve  elements  are  attached  to  opposite  ends  of  a 
drive  shaft  that  is  rotated  to  thereby  causing  rotat- 

20  ing  and  wobbling  motions  of  the  swash  plate  in  the 
swash  plate  chamber  provided  in  the  center  of  the 
cylinder  block. 

From  the  foregoing  description,  it  will  be  under- 
stood  that  according  to  the  present  invention,  a 

25  reciprocatory  piston  type  refrigerant  compressor 
having  high  volumetric  efficiency  and  capable  of 
exhibiting  a  noise  free  and  a  damage  free  operation 
with  a  long  operation  life  can  be  realized. 

It  should,  however,  be  noted  that  many  vari- 
30  ations  and  modifications  will  occur  to  persons 

skilled  in  the  art  without  departing  from  the  spirit 
and  scope  of  the  present  invention  as  claimed  in 
the  appended  claims. 

35  Claims 

1.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  for  compressing  a  refrigerant  of  a  re- 
frigeration  system  comprising: 

40  a  cylinder  block  having  a  central  axis 
thereof,  a  cylindrical  central  bore  formed  to  be 
coaxial  with  the  central  axis,  and  a  plurality  of 
axial  cylinder  bores  arranged  around  and  par- 
allel  with  the  central  axis,  each  axial  cylinder 

45  bore  having  at  least  one  bore  end  through 
which  the  refrigerant  enters  therein  and  is  dis- 
charged  therefrom; 

housing  means  air-tightly  connected,  via  a 
partition  wall  plate  means,  to  opposite  axial 

50  ends  of  said  cylinder  block  for  defining  therein 
a  suction  chamber  for  the  refrigerant,  before 
compression,  fluidly  communicating  with  said 
cylindrical  central  bore  of  said  cylinder  block, 
and  a  discharge  chamber  for  the  refrigerant, 

55  after  compression,  located  around  and  isolated 
from  said  suction  chamber; 

a  rotatable  drive  shaft  having  axial  ends 
thereof  rotatably  supported  by  bearings  seated 

10 
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in  said  housing  means  and  said  cylinder  block; 
a  plurality  of  reciprocatory  pistons  fitted  in 

said  plurality  of  axial  cylinder  bores  of  said 
cylinder  block;  each  piston  being  reciprocated 
in  one  of  said  plurality  of  cylinder  bores  for  5 
suction,  compression,  and  discharge  of  the  re- 
frigerant; 

a  swash  plate-operated  piston  drive 
mechanism  arranged  around  said  rotatable 
drive  shaft  for  driving  reciprocation  of  said  10 
plurality  of  reciprocatory  pistons  in  said  plural- 
ity  of  cylinder  bores  in  cooperation  with  said 
drive  shaft; 

means  for  forming  a  constant  fluid  commu- 
nication  between  each  of  said  plurality  of  cyl-  is 
inder  bores  and  said  central  bore  of  said  cyl- 
inder  block;  and 

a  rotary  valve  means  arranged  in  said  cen- 
tral  bore  of  said  cylinder  block  and  attached  to 
said  drive  shaft  so  as  to  be  rotated  together  20 
with  said  drive  shaft;  said  rotary  valve  means 
being  provided  with  a  fluid  passageway  formed 
therein  for  controlling  a  supply  of  the  refriger- 
ant  before  compression  from  said  suction 
chamber  of  said  housing  means  to  at  least  one  25 
of  said  plurality  of  cylinder  bores  via  said 
means  for  forming  a  constant  fluid  communica- 
tion  while  said  at  least  one  cylinder  bore  is  in 
the  suction  phase  to  draw  therein  the  refriger- 
ant  before  compression  in  cooperation  with  30 
said  reciprocatory  pistons,  in  response  to  the 
rotation  of  said  drive  shaft  and  said  rotary 
valve  means. 

2.  A  reciprocatory  piston  type  refrigerant  com-  35 
pressor  according  to  claim  1,  wherein  said 
means  for  forming  a  constant  fluid  communica- 
tion  between  each  of  said  plurality  of  cylinder 
bores  and  said  central  bore  of  said  cylinder 
block  comprises  a  plurality  of  radial  passage-  40 
ways  formed  in  said  partition  wall  plate  means; 
each  of  said  radial  passageways  having  radi- 
ally  opposite  first  and  second  ends;  said  first 
end  constantly  communicating  with  said  cen- 
tral  bore  of  said  cylinder  block,  and  said  sec-  45 
ond  end  constantly  communicating  with  said 
bore  end  of  one  of  said  plurality  of  cylinder 
bores. 

3.  A  reciprocatory  piston  type  refrigerant  com-  so 
pressor  according  to  claim  1,  wherein  said 
means  for  forming  a  constant  fluid  communica- 
tion  between  each  of  said  plurality  of  cylinder 
bores  and  said  central  bore  of  said  cylinder 
block  comprises  a  plurality  of  radial  bores  55 
formed  in  said  cylinder  block;  each  of  said 
radial  bores  having  radially  opposite  first  and 
second  ends;  said  first  end  constantly  commu- 

nicating  with  said  central  bore  of  said  cylinder 
block,  and  said  second  end  constantly  commu- 
nicating  with  said  bore  end  of  one  of  said 
plurality  of  cylinder  bores. 

4.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  1,  wherein  said 
rotary  valve  means  comprises  a  cylindrical  ele- 
ment  keyed  to  one  of  said  axial  ends  of  said 
drive  shaft,  and  having  a  cylindrical  outer  sur- 
face  thereof  slidably  fitted  in  said  cylindrical 
central  bore  of  said  cylinder  block,  and 

wherein  said  fluid  passageway  of  said  ro- 
tary  valve  means  comprises  an  axial  blind  bore 
centrally  formed  in  said  cylindrical  element 
and  communicating  with  said  suction  chamber 
of  said  housing  menas;  a  circumferential 
groove  formed  in  said  cylindrical  outer  surface 
of  said  cylindrical  element  capable  of  commu- 
nicating  with  said  plurality  of  cylinder  bores  via 
said  means  for  forming  a  constant  fluid  com- 
munication  between  each  of  said  plurality  of 
cylinder  bores  and  said  central  bore  of  said 
cylinder  block  and  having  a  predetermined  cir- 
cumferential  length  thereof,  and  a  radial  bore 
formed  therein  to  fluidly  connect  said  axial 
blind  bore  to  said  circumferential  groove. 

5.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  4,  wherein  said 
cylindrical  element  of  said  rotary  valve  means 
is  axially  supported  by  a  thrust  bearing  held  in 
a  bearing  seat  formed  in  said  suction  chamber 
of  said  housing  means. 

6.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  5,  wherein  said 
cylindrical  element  of  said  rotary  valve  means 
is  constantly  axially  urged  toward  said  thrust 
bearing  means  by  an  elastic  means,  so  that 
any  axial  play  of  said  cylindrical  element  is 
prevented  during  rotation  thereof  together  with 
said  drive  shaft. 

7.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  4,  wherein  said 
predetermined  circumferential  length  of  said 
circumferential  groove  of  said  rotary  valve 
means  is  determined  so  that  said  each  cyl- 
inder  bore  of  said  cylinder  block  is  brought 
into  communication  with  said  suction  chamber 
after  a  selected  short  time  period  during  which 
the  refrigerant  gas  after  compression  remain- 
ing  in  said  bore  end  of  said  cylinder  bore  is 
permitted  to  expand. 

8.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  7,  wherein  said 

11 
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predetermined  circumferential  length  of  said 
circumferential  groove  of  said  rotary  valve 
means  is  further  determined  so  that  each  cyl- 
inder  bore  of  said  cylinder  block  is  discon- 
nected  from  said  suction  chamber  after  an- 
other  selected  short  time  period  during  which 
the  refrigerant  before  compression  supplied 
into  said  cylinder  bore  begins  to  be  com- 
pressed. 

9.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  1,  wherein  said 
rotary  valve  means  comprises: 

a  cylindrical  element  keyed  to  one  of  said 
axial  ends  of  said  drive  shaft,  and  having  a 
cylindrical  outer  surface  thereof;  and 

a  cylindrical  hollow  sleeve  element  fixedly 
fitted  in  said  cylindrical  central  bore  of  said 
cylinder  block;  said  cylindrical  hollow  sleeve 
element  being  provided  with  a  cylindrical  wall 
defining  an  axial  bore  therein  rotatably  receiv- 
ing  said  cylindrical  element,  and  a  plurality  of 
windows  formed  in  said  cylindrical  wall  to  con- 
stantly  communicate  with  said  means  for  for- 
ming  a  constant  fluid  communication  between 
each  of  said  plurality  of  cylinder  bores  and 
said  central  bore  of  said  cylinder  block,  and 

wherein  said  fluid  passageway  of  said  ro- 
tary  valve  means  comprises: 

an  axial  blind  bore  centrally  formed  in  said 
cylindrical  element  and  communicated  with 
said  suction  chamber  of  said  housing  menas,  a 
circumferential  groove  formed  in  said  cylin- 
drical  outer  surface  of  said  cylindrical  element 
to  be  communicable  with  said  plurality  of  cyl- 
inder  bores  via  said  plurality  of  windows  of 
said  cylindrical  hollow  sleeve  element  and  said 
means  for  forming  a  constant  fluid  communica- 
tion  between  each  of  said  plurality  of  cylinder 
bores  and  said  central  bore  of  said  cylinder 
block;  said  circumferential  groove  having  a 
predetermined  circumferential  length  thereof; 
and 

a  radial  bore  formed  therein  to  fluidly  con- 
nect  said  axial  blind  bore  to  said  circumferen- 
tial  groove. 

10.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  9,  wherein  said 
cylindrical  hollow  sleeve  element  is  seated 
against  an  annular  step  formed  in  said  housing 
means  so  as  to  surround  said  suction  chamber 
whereby  said  axial  bore  of  said  cylindrical  hol- 
low  sleeve  element  is  constantly  communicat- 
ing  with  said  suction  chamber. 

11.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  1,  wherein  said 

housing  means  is  provided  with  a  cylindrical 
partition  wall  formed  therein  to  have  a  cylin- 
drical  wall  surface  enclosing  said  suction 
chamber  to  thereby  separate  said  suction 

5  chamber  from  said  discharge  chamber,  and 

wherein  said  rotary  valve  means  is  further 
provided  with  a  portion  thereof  rotatably  en- 
gaged  in  said  cylindrical  wall  surface  of  said 

io  cylindrical  partition  wall  of  said  housing  means, 
and  an  additional  fluid  passageway  formed 
therein  for  controlling  a  discharge  of  the  refrig- 
erant  after  compression  from  at  least  one  of 
said  plurality  of  cylinder  bores  to  said  dis- 

15  charge  chamber  of  said  housing  means  via 
said  means  for  forming  a  constant  fluid  com- 
munication  between  each  of  said  plurality  of 
cylinder  bores  and  said  central  bore  of  said 
cylinder  block  and  a  plurality  of  discharge 

20  bores  formed  in  said  cylindrical  partition  wall  of 
said  housing  means  to  open  said  discharge 
chamber  while  at  least  one  cylinder  bore  is 
carrying  out  a  discharge  stroke  discharging 
therefrom  the  refrigerant  after  compression  in 

25  cooperation  with  said  reciprocatory  pistons,  in 
response  to  the  rotation  of  said  drive  shaft  and 
said  rotary  valve  means. 

12.  A  reciprocatory  piston  type  refrigerant  com- 
30  pressor  according  to  claim  11,  wherein  said 

additional  fluid  passageway  of  said  rotary  valve 
means  comprises  an  axial  groove  formed 
therein  so  as  to  be  capable  of  communicating 
said  means  for  forming  a  constant  fluid  com- 

35  munication  between  each  of  said  plurality  of 
cylinder  bores  and  said  central  bore  of  said 
cylinder  block  with  one  of  said  plurality  of 
discharge  bores  of  said  housing  means  in  se- 
quence  in  response  to  the  rotation  of  said 

40  rotary  valve  means. 

13.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  11,  wherein  said 
means  for  forming  a  constant  fluid  communica- 

45  tion  between  each  of  said  plurality  of  cylinder 
bores  and  said  central  bore  of  said  cylinder 
block  comprises  a  plurality  of  radial  passage- 
ways  formed  in  said  partition  wall  plate  means, 
and 

50  wherein  said  additional  fluid  passageway 
of  said  rotary  valve  means  comprises  an  axial 
groove  formed  therein  so  as  to  be  capable  of 
communicating  each  of  said  plurality  of  radial 
passageways  of  said  partition  wall  plate  means 

55  with  one  of  said  plurality  of  discharge  bores  of 
said  housing  means  in  sequence  in  response 
to  the  rotation  of  said  rotary  valve  means. 
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14.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  for  compressing  a  refrigerant  of  a  re- 
frigeration  system  comprising: 

a  cylinder  block  having  a  central  axis 
thereof,  a  first  cylindrical  valve  chamber  bored 
coaxially  with  the  central  axis,  and  a  plurality  of 
axial  cylinder  bores  arranged  around  and  in 
parallel  with  the  central  axis,  each  axial  cyl- 
inder  bore  having  at  least  one  bore  end 
through  which  the  refrigerant  enters  therein, 
and  is  discharged  therefrom; 

housing  means  air-tightly  connected,  via  a 
partition  wall  plate  means,  to  opposite  axial 
ends  of  said  cylinder  block  for  defining  therein 
a  suction  chamber  for  the  refrigerant  before 
compression  fluidly  communicating  with  said 
first  cylindrical  valve  chamber  of  said  cylinder 
block,  and  a  discharge  chamber  for  the  refrig- 
erant  after  compression  located  around  and 
isolated  from  said  suction  chamber;  said  hous- 
ing  means  further  defining  a  second  cylindrical 
valve  chamber  coaxial  with  said  first  cylindrical 
valve  chamber; 

a  rotatable  drive  shaft  having  axial  ends 
thereof  rotatably  supported  by  bearings  seated 
in  said  housing  means  and  said  cylinder  block; 

a  plurality  of  reciprocatory  pistons  fitted  in 
said  plurality  of  axial  cylinder  bores  of  said 
cylinder  block;  each  piston  being  reciprocated 
in  one  of  said  plurality  of  cylinder  bores  for 
suction,  compression,  and  discharge  of  the  re- 
frigerant; 

a  swash  plate-operated  piston  drive 
mechanism  arranged  around  said  rotatable 
drive  shaft  for  driving  reciprocation  of  said 
plurality  of  reciprocatory  pistons  in  said  plural- 
ity  of  cylinder  bores  in  cooperation  with  said 
drive  shaft; 

first  means  for  forming  a  constant  fluid 
communication  between  each  of  said  plurality 
of  cylinder  bores  and  said  first  cylindrical  valve 
chamber  of  said  cylinder  block; 

second  means  for  forming  constant  fluid 
communication  between  said  discharge  cham- 
ber  and  said  second  cylindrical  valve  chamber 
of  said  housing  means;  and 

a  rotary  valve  means  arranged  in  said  first 
and  second  valve  chambers  of  said  cylinder 
block  and  said  housing  means,  and  attached  to 
said  drive  shaft  so  as  to  be  rotated  together 
with  said  drive  shaft; 

said  rotary  valve  means  being  provided 
with  a  first  fluid  passageway  formed  therein  for 
controlling  a  supply  of  the  refrigerant  before 
compression  from  said  suction  chamber  of 
said  housing  means  to  at  least  one  of  said 
plurality  of  cylinder  bores  via  said  first  means 
for  forming  constant  fluid  communication  while 

at  least  one  cylinder  bore  is  in  the  suction 
phase  drawing  therein  the  refrigerant  before 
compression  in  cooperation  with  said  re- 
ciprocatory  pistons,  in  response  to  the  rotation 

5  of  said  drive  shaft,  and  a  second  fluid  pas- 
sageway  formed  therein  for  controlling  a  dis- 
charge  of  the  refrigerant  after  compression 
from  at  least  one  of  said  plurality  of  cylinder 
bores  to  said  discharge  chamber  via  said  first 

io  and  second  means  for  forming  constant  fluid 
communication  while  at  least  one  cylinder  bore 
is  in  the  discharge  phase  so  as  to  discharge 
the  refrigerant  after  compression  in  coopera- 
tion  with  said  reciprocatory  pistons,  in  re- 

15  sponse  to  the  rotation  of  said  drive  shaft. 

15.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  14,  wherein  said 
second  fluid  passageway  of  said  rotary  valve 

20  means  comprises  an  axial  groove  formed  in 
said  cylindrical  outer  surface  of  said  cylindrical 
element. 

16.  A  reciprocatory  piston  type  refrigerant  com- 
25  pressor  according  to  claim  14,  wherein  said 

rotary  valve  means  comprises  a  cylindrical  ele- 
ment  keyed  to  one  of  said  axial  ends  of  said 
drive  shaft,  and  having  a  cylindrical  outer  sur- 
face  thereof  to  be  slidably  fitted  in  said  first 

30  and  second  valve  chambers,  and 
wherein  said  first  fluid  passageway  of  said 

rotary  valve  means  comprises  an  axial  blind 
bore  centrally  formed  in  said  cylindrical  ele- 
ment  and  communicating  with  said  suction 

35  chamber  of  said  housing  means;  a  circum- 
ferential  groove  formed  in  said  cylindrical  outer 
surface  of  said  cylindrical  element  so  as  to  be 
capable  of  communicating  with  said  plurality  of 
cylinder  bores  via  said  first  means  for  forming 

40  a  constant  fluid  communication  between  each 
of  said  plurality  of  cylinder  bores  and  said  first 
cylindrical  valve  chamber  of  said  cylinder 
block  and  having  a  predetermined  circumfer- 
ential  length  thereof,  and  a  radial  bore  formed 

45  therein  to  fluidly  connect  said  axial  blind  bore 
to  said  circumferential  groove. 

17.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  16,  wherein  said 

50  predetermined  circumferential  length  of  said 
circumferential  groove  of  said  rotary  valve 
means  is  determined  so  that  said  each  cyl- 
inder  bore  of  said  cylinder  block  is  brought 
into  communication  with  said  suction  chamber 

55  after  a  selected  short  time  period  during  which 
the  refrigerant  gas  after  compression  remain- 
ing  in  said  bore  end  of  said  cylinder  bore  is 
permitted  to  expand. 
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18.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  17,  wherein  said 
predetermined  circumferential  length  of  said 
circumferential  groove  of  said  rotary  valve 
means  is  further  determined  so  that  each  cyl-  5 
inder  bore  of  said  cylinder  block  is  discon- 
nected  from  said  suction  chamber  after  an- 
other  selected  short  time  period  during  which 
the  refrigerant  before  compression  supplied 
into  said  cylinder  bore  begins  to  be  com-  10 
pressed. 

19.  A  reciprocatory  piston  type  refrigerant  com- 
pressor  according  to  claim  14,  wherein  said 
housing  means  is  provided  with  a  cylindrical  is 
partition  wall  formed  therein  enclosing  said 
suction  and  second  valve  chambers  to  thereby 
isolate  said  suction  chamber  from  said  dis- 
charge  chamber,  and 

wherein  said  second  means  for  forming  20 
constant  fluid  communication  between  said 
discharge  chamber  and  said  second  cylindrical 
valve  chamber  of  said  housing  means  com- 
prises  a  plurality  of  radial  bores  formed  in  said 
cylindrical  partition  wall  to  provide  fluid  com-  25 
munication  between  said  discharge  chamber 
and  said  second  valve  chamber. 
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