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(54)  Thermal  type  expansion  valve 

(57)  An  expansion  valve  (40)  includes  a  valve  body 
(41)  ,  an  adjusting  mechanism  (46)  for  adjusting  a  flow 
rate  of  a  refrigerant  supplied  to  an  evaporator  (5)  and  a 
control  mechanism  (54)  for  controlling  the  adjusting 
mechanism  (46)  in  accordance  with  a  temperature  of 
the  refrigerant  supplied  to  a  compressor  (1)  from  the 
evaporator  (5).  The  body  (41)  has  a  first  passage  (42) 
for  introducing  the  refrigerant  to  the  body  (41),  a  second 
passage  (43)  for  supplying  the  refrigerant  from  the  first 
passage  (42)  to  the  evaporator  (5)  and  a  third  passage 
(44)  for  transferring  the  refrigerant  to  the  compressor  (1) 
from  the  evaporator  (5).  The  adjusting  mechanism  (46) 
has  a  restriction  (47a)  for  connecting  the  first  passage 
(42)  with  the  second  passage  (43)  and  a  valve  member 
(48)  for  adjusting  a  degree  of  the  restriction  (47a).  The 
control  mechanism  (54)  has  a  heat  sensitive  chamber 
(61)  filled  with  the  gas  in  a  sealing  manner  and  a  dia- 
phragm  (57)  movable  in  accordance  with  pressure  in 
the  sensitive  chamber  (61).  A  transmitting  member  (65) 
transmits  the  temperature  of  the  refrigerant  flowing  in 
the  third  passage  (44)  to  the  gas  in  the  sensitive  cham- 
ber  (61)  and  the  movement  of  the  diaphragm  (57)  to  the 
valve  member  (48).  The  body  (41)  is  made  of  a  syn- 
thetic  resin.  A  metal  member  (47)  is  disposed  in  the 
body  (41)  between  the  first  passage  (42)  and  the  sec- 
ond  passage  (43).  The  metal  member  (47)  has  the 
restriction  (47a)  and  a  valve  seat  (50)  for  contacting  the 
valve  member  (48). 
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Description 

TECHNICAL  FIELD  TO  WHICH  THE  INVENTION 
BELONGS 

The  present  invention  relates  to  a  thermal  type 
expansion  valve  for  a  refrigerating  circuit  of  an  air-condi- 
tioning  apparatus,  and  more  particularly,  to  a  thermal 
type  expansion  valve  that  adjusts  the  flow  rate  of  refrig- 
erant  conveyed  to  an  evaporator  in  accordance  with  the 
temperature  of  the  refrigerant  discharged  from  the 
evaporator  toward  a  compressor. 

RELATED  BACKGROUND  ART 

A  cross-sectional  view  of  a  prior  art  thermal  type 
expansion  valve  4,  which  is  installed  in  a  refrigerating 
circuit  of  an  automobile  air-conditioning  apparatus,  is 
illustrated  in  Fig.  4.  The  air-conditioning  apparatus 
includes  a  compressor  1  ,  a  condenser  2,  a  receiver  3, 
the  expansion  valve  4,  and  an  evaporator  5. 

The  compressor  1  is  operably  connected  to  an 
engine  by  an  electromagnetic  clutch  (not  shown)  and 
driven  by  the  rotational  force  of  the  engine.  The  com- 
pressor  1  compresses  gasified  refrigerant  sent  from  the 
evaporator  5.  The  condenser  2  then  condenses  the  high 
temperature,  high  pressure  refrigerant  gas  through  heat 
exchange  with  air  from  outside  the  automobile  and  liq- 
uefies  the  refrigerant.  The  receiver  3  receives  and  tem- 
porarily  reserves  the  liquefied  refrigerant  cooled  by  the 
condenser  2.  The  receiver  3  incorporates  a  drier  (not 
shown)  to  remove  moisture  and  particulate  matter  from 
the  refrigerant.  The  expansion  valve  4  expands  the  liq- 
uefied  refrigerant  sent  from  the  receiver  3.  This  lowers 
the  temperature  and  pressure  of  the  refrigerant  and 
atomizes  the  refrigerant.  The  atomized  refrigerant  from 
the  expansion  valve  is  vaporized  by  the  evaporator  5 
through  heat  exchange  with  air  sent  into  a  passenger 
compartment  of  the  automobile. 

As  shown  in  Fig.  4,  the  prior  art  expansion  valve  4 
includes  a  metal  main  body  6  having  a  rectangular  par- 
alleopiped  shape.  The  main  body  6  is  provided  with  a 
first  passage  7,  which  is  connected  with  the  outlet  of  the 
condenser  2  via  the  receiver  3,  a  second  passage  8, 
which  is  connected  to  the  inlet  of  the  evaporator  5,  and 
a  third  passage  9,  which  connects  the  outlet  of  the  evap- 
orator  5  with  the  inlet  of  the  compressor  1  .  A  restricting 
mechanism  13  is  arranged  inside  the  first  passage  7. 

The  restricting  mechanism  13  includes  an  orifice 
25,  a  valve  member  27,  and  a  coil  spring  29.  The  orifice 
25  is  formed  in  the  main  body  6  to  connect  the  first  pas- 
sage  7  with  the  second  passage  8.  The  inlet  of  the  ori- 
fice  25  is  located  in  the  first  passage  7.  A  valve  seat  26 
is  defined  on  the  area  surrounding  the  inlet.  The  valve 
member  27  is  urged  toward  the  valve  seat  26  by  the  coil 
spring  29.  The  valve  member  27  closes  the  orifice  25 
when  it  abuts  against  the  valve  seat  26  and  opens  the 
orifice  25  when  it  is  separated  from  the  seat  26. 

A  controlling  mechanism  14  is  attached  to  the 
upper  section  of  the  main  body  6.  The  controlling  mech- 
anism  14  is  provided  with  an  upper  lid  16,  a  lower  lid  18, 
and  a  film-like  diaphragm  17  made  of  stainless  steel 
and  retained  between  the  upper  and  lower  lids  16,  18.  A 
cylindrical  coupling  tube  18a  is  formed  integrally  with 
the  lower  lid  1  8  and  is  provided  with  a  threaded  outer 
surface  1  8b.  A  pressure  chamber  1  1  is  defined  in  the 
upper  section  of  the  main  body  6  and  connected  with 
the  third  passage  9.  The  pressure  chamber  1  1  opens  at 
the  upper  surface  of  the  main  body  6  and  has  a 
threaded  inner  surface.  The  controlling  mechanism  14 
is  attached  to  the  upper  section  of  the  main  body  6  by 
screwing  the  coupling  tube  1  8a  into  the  pressure  cham- 
ber  1  1  .  An  adhesive  agent  is  applied  to  the  coupled  sec- 
tion  to  prevent  the  loosening  of  the  coupling  tube  18a. 

A  heat  detecting  chamber  10,  in  which  saturated 
gas  is  sealed,  is  defined  between  the  upper  lid  16  and 
the  diaphragm  1  7.  A  pipe  33  is  brazed  to  the  upper  lid 
1  6  to  permit  saturated  gas  to  be  charged  into  the  detect- 
ing  chamber  10.  After  charging  the  saturated  gas,  the 
distal  end  of  the  pipe  is  flattened  to  seal  the  detecting 
chamber  10.  The  pipe  33  is  then  permanently  closed  by 
soldering  or  the  like  to  maintain  the  detecting  chamber 
1  0  in  a  sealed  state. 

A  support  hole  32  is  formed  in  the  generally  center 
section  of  the  main  body  6  and  is  connected  to  the  third 
passage  9.  An  elongated  heat  detecting  rod  21  ,  pro- 
vided  with  an  integrally  formed  flange  22  at  its  upper 
end,  is  supported  by  the  inner  surface  of  the  coupling 
tube  18a  at  the  flange  22  and  slides  in  the  longitudinal 
direction.  The  upper  surface  of  the  flange  22  is  adhered 
to  the  diaphragm  17.  The  detecting  rod  21  extends 
downward  through  the  third  passage  9  from  inside  the 
pressure  chamber  1  1  .  The  lower  end  of  the  detecting 
rod  21  is  slidably  supported  by  the  support  hole  32.  An 
elongated  actuating  rod  24  is  supported  by  the  main 
body  6  and  is  movable  in  the  longitudinal  direction.  The 
upper  end  of  the  actuating  rod  24  abuts  against  the 
lower  end  surface  of  the  detecting  rod  21  and  the  lower 
end  of  the  actuating  rod  24  abuts  against  the  valve 
member  27  through  the  orifice  25. 

The  liquefied  refrigerant  drawn  into  the  first  pas- 
sage  7  from  the  condenser  2  via  the  receiver  3  expands 
as  it  passes  through  the  orifice  25  and  is  thus  converted 
into  a  low  temperature,  low  pressure  refrigerant  mist. 
The  refrigerant  mist  enters  the  second  passage  8  and  is 
then  sent  to  the  evaporator  5  to  be  gasified  by  the  evap- 
orator  5.  The  refrigerant  gas  is  then  sent  to  the  com- 
pressor  1  via  the  third  passage  9  of  the  expansion  valve 
4. 

The  refrigerant  gas  that  passes  through  the  third 
passage  9  flows  into  the  pressure  chamber  1  1  .  The 
temperature  of  the  refrigerant  gas  in  the  third  passage  9 
and  the  pressure  chamber  1  1  is  transmitted  to  the  satu- 
rated  gas  in  the  detecting  chamber  10  through  the 
detecting  rod  21,  the  flange  22,  and  the  diaphragm  17. 
Therefore,  the  saturated  gas  in  the  detecting  chamber 
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10  expands  or  contracts  in  accordance  with  the  temper- 
ature  of  the  refrigerant  gas  passing  through  the  third 
passage.  The  pressure  inside  the  detecting  chamber  10 
is  fluctuated  by  the  expansion  or  contraction  of  the  sat- 
urated  gas.  The  diaphragm  1  7  is  displaced  upwards  or 
downwards  by  the  pressure  fluctuation  in  the  detecting 
chamber  10.  The  movement  of  the  diaphragm  17  is 
transmitted  to  the  valve  member  27  through  the  detect- 
ing  rod  21  and  the  actuating  rod  24.  As  a  result,  the  flow 
rate  of  the  refrigerant  mist  drawn  into  the  evaporator  5  is 
adjusted  by  controlling  the  area  of  the  orifice  25  opened 
by  the  valve  member  27  in  accordance  with  the  temper- 
ature  of  the  refrigerant  gas  discharged  from  the  evapo- 
rator  5  toward  the  compressor  1  . 

However,  the  expansion  valve  4  of  the  prior  art  hav- 
ing  the  above-described  structure  has  the  following 
problems: 

(1)  Since  the  main  body  6  of  the  expansion  valve  4 
in  the  prior  art  is  made  of  metal,  the  thermal  con- 
ductivity  of  the  body  6  is  high.  Thus,  the  ambient 
temperature  of  the  expansion  valve  4  is  apt  to  affect 
the  temperature  of  the  refrigerant  gas  in  the  pres- 
sure  chamber  11  through  the  main  body  6.  An 
expansion  valve  is  generally  arranged  inside  an 
engine  compartment,  where  the  heat  of  the  engine 
and  other  parts  raises  the  temperature  therein. 
Hence,  when  heat  is  transferred  between  the  refrig- 
erant  inside  the  pressure  chamber  1  1  and  the  satu- 
rated  gas  in  the  detecting  chamber  10,  the 
temperature  of  the  saturated  gas  in  the  detecting 
chamber  10  may  become  greater  than  that  of  the 
refrigerant  passing  through  the  third  passage  9. 
This  results  in  inaccurate  control  of  the  area  of  the 
orifice  25  opened  by  the  valve  member  27  and  thus 
hinders  accurate  adjustment  of  the  flow  rate  of  the 
refrigerant  drawn  into  the  evaporator  5.  In  addition, 
this  may  cause  the  valve  member  27  to  frequently 
open  and  close  the  orifice  25  resulting  in  frequent 
temperature  fluctuation  of  the  air  in  the  passenger 
compartment. 

(2)  The  high  temperature,  high  pressure  liquefied 
refrigerant  drawn  into  first  passage  7  is  converted 
into  low  temperature,  low  pressure  atomized  refrig- 
erant  when  it  passes  through  the  orifice  25  and 
flows  into  the  second  passage  8.  However,  the  high 
thermal  conductivity  of  the  metal  main  body  6  per- 
mits  a  relatively  high  amount  of  heat  transfer 
between  the  high  temperature  liquefied  refrigerant 
in  the  first  passage  7  and  the  low  temperature 
atomized  refrigerant  in  the  second  passage  8.  This 
causes  a  loss  of  heat  energy  and  degrades  the 
cooling  efficiency  of  the  air-conditioning  apparatus. 

(3)  The  metal  main  body  6  is  heavy.  The  expansion 
valve  4  is  generally  supported  by  pipes  that  are 
connected  to  the  first,  second,  and  third  passages 

7,  8,  9.  However,  the  heavy  weight  of  the  expansion 
valve  4  causes  vibration  to  apply  a  large  load  on  the 
pipes  and  raises  the  possibility  of  damages  inflicted 
on  the  pipes.  In  addition,  manufacturing  the  main 

5  body  6  requires  metal  machining. 
If  the  main  body  6  were  to  be  made  of  a  syn- 

thetic  resin  material,  the  above  problems  (1) 
through  (3)  may  be  solved.  However,  since  the 
strength  of  synthetic  resin  is  low  in  comparison  with 

10  metal,  the  valve  seat  26  may  be  damaged  due  to 
repetitive  contact  with  the  valve  member  27  against 
the  resin  seat  26.  When  the  main  body  6  is  made  of 
metal,  the  valve  seat  26  is  generally  formed  by 
pressing  a  steel  spherical  body,  having  the  same 

15  dimension  as  the  valve  member  27,  against  the 
area  surrounding  the  inlet  of  the  orifice  25.  By  form- 
ing  the  valve  seat  26  in  this  manner,  the  space 
between  the  valve  member  27  and  the  valve  seat 
26  is  completely  sealed  when  the  orifice  25  is 

20  closed.  However,  when  the  main  body  6  is  made  of 
a  synthetic  resin  material,  the  valve  seat  26  may  not 
be  formed  in  the  above  manner.  Therefore,  a  gap 
may  exist  between  the  valve  member  27  and  the 
valve  seat  26  when  the  member  27  and  seat  26 

25  come  into  contact  with  each  other,  which  will  hinder 
complete  sealing. 

(4)  The  controlling  mechanism  14  is  attached  to  the 
main  body  6  by  screwing  the  threaded  outer  surface 

30  of  the  coupling  tube  18a  of  the  lower  lid  18  into  the 
inner  surface  of  the  pressure  chamber  11.  The 
lower  lid  18  may  be  inexpensively  formed  through 
pressing.  However,  the  threaded  outer  surface  18b 
of  the  coupling  tube  18a  must  be  machined  and 

35  thus  raises  machining  costs.  Additionally,  applica- 
tion  of  an  adhesive  agent  is  required  to  prevent  the 
threaded  outer  surface  18b  of  the  coupling  tube  18a 
from  becoming  loose.  Thus,  this  adds  to  the  steps 
of  the  assembly  operation. 

40 
(5)  The  lower  end  of  the  detecting  rod  21  is  sup- 
ported  by  the  support  hole  32  formed  in  the  main 
body  6,  and  the  upper  end  of  the  rod  21  is  sup- 
ported  by  the  inner  surface  of  the  lower  lid's  1  8  cou- 

45  pling  tube  18a,  which  is  screwed  to  the  main  body 
6.  In  other  words,  the  lower  end  of  the  detecting  rod 
21  is  directly  supported  by  the  main  body  6  while 
the  upper  end  section  of  the  rod  21  is  indirectly  sup- 
ported  by  the  body  6  through  the  coupling  tube  1  8a. 

so  It  is  difficult  to  align  the  support  hole  32,  directly 
formed  in  the  main  body  6,  with  the  coupling  tube 
18a,  screwed  to  the  main  body  6.  This  may  hinder 
smooth  movement  of  the  detecting  rod  21  and  may 
thus  interfere  with  the  movement  of  the  valve  mem- 

55  ber  27. 
The  detecting  rod  21  is  formed  by,  for  example, 

machining  a  cylindrical  metal  piece.  The  flange  22 
is  formed  integrally  with  the  upper  end  of  the  detect- 

3 
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ing  rod  21.  Thus,  the  outer  diameter  of  the  rod  21 
differs  between  sections.  This  results  in  a  large  vol- 
ume  of  material  being  machined  for  the  section 
having  a  small  diameter  and  causes  a  waste  of 
material.  5 

(6)  The  pipe  33,  used  to  charge  saturated  gas  into 
the  detecting  chamber  10  of  the  controlling  mecha- 
nism  14,  projects  upward  for  a  relatively  long  dis- 
tance  from  the  upper  lid  16.  Hence,  when  installing  10 
the  expansion  valve  4  into  the  refrigerating  circuit, 
the  pipe  33  may  be  deformed  if  it  is  hit  against  other 
parts  in  the  engine  compartment.  This  may  damage 
the  pipe  33  and  cause  leakage  of  saturated  gas 
from  the  detecting  chamber  10.  To  prevent  this,  it  is  is 
necessary  to  reserve  a  large  space  in  the  engine 
compartment  for  the  expansion  valve  4. 

To  charge  and  seal  the  saturated  gas  in  the 
detecting  chamber  10,  the  pipe  33  brazed  to  the 
upper  lid  16  is  first  washed.  Saturated  gas  is  then  20 
charged  therethrough  into  the  detecting  chamber 
10.  Afterwards,  the  distal  end  of  the  pipe  33  is  flat- 
tened  and  soldered.  The  sealing  operation  is  diffi- 
cult  to  automate  and  thus  raises  manufacturing 
costs.  25 

DISCLOSURE  OF  THE  INVENTION 

Accordingly,  it  is  an  objective  of  the  present  inven- 
tion  to  provide  an  expansion  valve  that  is  not  affected  by  30 
the  ambient  temperature,  enables  accurate  controlling 
of  the  area  of  an  orifice  opened  by  a  valve  member,  and 
has  a  light  weight  structure. 

It  is  also  an  objective  of  the  present  invention  to  pro- 
vide  an  expansion  valve  that  completely  seals  the  space  35 
between  a  valve  member  and  a  valve  seat  without  dam- 
aging  the  seat  when  they  come  into  contact  with  each 
other. 

Another  objective  of  the  present  invention  is  to  pro- 
vide  an  expansion  valve  having  a  controlling  mecha-  40 
nism  for  the  controlling  of  the  valve  member  that  is 
easily  and  securely  attached  to  a  main  body. 

A  further  objective  of  the  present  invention  is  to  pro- 
vide  an  expansion  valve  having  a  smoothly  moving  heat 
detecting  rod.  45 

Still,  another  objective  of  the  present  invention  is  to 
provide  a  compact  expansion  valve  that  is  capable  of 
easily  and  securely  sealing  saturated  gas  in  a  heat 
detecting  chamber. 

To  achieve  the  above  objects,  the  expansion  valve  so 
according  to  the  present  invention  includes  a  valve 
body,  an  adjusting  mechanism  for  adjusting  a  flow  rate 
of  a  refrigerant  supplied  to  an  evaporator  and  a  control 
mechanism  for  controlling  the  adjusting  mechanism  in 
accordance  with  a  temperature  of  the  refrigerant  sup-  55 
plied  to  a  compressor  from  the  evaporator.  The  body 
has  a  first  passage  for  introducing  the  refrigerant  to  the 
body,  a  second  passage  for  supplying  the  refrigerant 

from  the  first  passage  to  the  evaporator  and  a  third  pas- 
sage  for  transferring  the  refrigerant  to  the  compressor 
from  the  evaporator.  The  adjusting  mechanism  has  a 
restriction  for  connecting  the  first  passage  with  the  sec- 
ond  passage  and  a  valve  member  for  adjusting  a 
degree  of  the  restriction.  The  control  mechanism  has  a 
heat  sensitive  chamber  filled  with  the  gas  in  a  sealing 
manner  and  a  diaphragm  movable  in  accordance  with 
pressure  in  the  sensitive  chamber.  A  transmitting  mem- 
ber  transmits  the  temperature  of  the  refrigerant  flowing 
in  the  third  passage  to  the  gas  in  the  sensitive  chamber 
and  the  movement  of  the  diaphragm  to  the  valve  mem- 
ber.  The  body  is  made  of  a  synthetic  resin.  A  metal 
member  is  disposed  in  the  body  between  the  first  pas- 
sage  and  the  second  passage.  The  metal  member  has 
the  restriction  and  a  valve  seat  for  contacting  the  valve 
member. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  features  of  the  present  invention  that  are 
believed  to  be  novel  are  set  forth  with  particularity  in  the 
appended  claims.  The  invention,  together  with  objects 
and  advantages  thereof,  may  best  be  understood  by  ref- 
erence  to  the  following  description  of  the  presently  pre- 
ferred  embodiment  together  with  the  accompanying 
drawings  in  which: 

Fig.  1  is  a  cross-sectional  side  view  showing  an 
expansion  valve  according  to  the  present  invention 
installed  in  a  refrigerating  circuit  of  an  automobile 
air-conditioning  apparatus; 

Fig.  2  is  a  partial  enlarged  cross-sectional  view 
along  the  plane  indicated  by  line  2-2  of  Fig.  1  ; 

Fig.  3  (a)  illustrates  graphs  showing  the  fluctuation 
of  the  pressures  at  the  outlet  of  the  condenser,  the 
inlet  of  the  evaporator,  the  outlet  of  the  evaporator, 
and  the  temperature  of  the  air  sent  into  the  passen- 
ger  compartment  from  the  evaporator  when  using 
the  expansion  valve  according  to  the  present  inven- 
tion; 

Fig.  3  (b)  illustrates  graphs  showing  the  fluctuation 
of  the  pressures  at  the  outlet  of  the  condenser,  the 
inlet  of  the  evaporator,  the  outlet  of  the  evaporator, 
and  the  temperature  of  the  air  sent  into  the  passen- 
ger  compartment  from  the  evaporator  when  using  a 
prior  art  expansion  valve;  and 

Fig.  4  is  a  cross-sectional  view  of  a  prior  art  expan- 
sion  valve  installed  in  a  refrigerating  circuit  of  an 
automobile  air-conditioning  apparatus. 

DESCRIPTION  OF  SPECIAL  EMBODIMENTS 

An  expansion  valve  according  to  the  present  inven- 
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tion  will  now  be  described  with  reference  to  the  draw- 
ings.  Structural  members  which  are  identical  to  that  of 
the  prior  art  described  above  will  be  denoted  with  the 
same  reference  numbers  and  will  not  be  described  in 
detail.  5 

Fig.  1  is  a  cross-sectional  side  view  showing  an 
expansion  valve  40  installed  in  a  refrigerating  circuit  for 
an  automobile  air-conditioning  apparatus.  The  expan- 
sion  valve  40  includes  a  main  body  41  made  of  a  syn- 
thetic  resin,  a  restricting  mechanism  46,  and  a  control  to 
mechanism  54.  It  is  preferable  that  polyphenylene 
sulfide  be  used  as  the  synthetic  resin  from  which  the 
main  body  40  is  made.  Polyphenylene  sulfide  resin  has 
high  strength  and  superior  heat  resistance.  In  addition, 
polyphenylene  sulfide  does  not  deteriorate  despite  the  is 
existence  of  refrigerant  and  lubricating  oil  contained  in 
the  refrigerant.  Another  characteristic  of  this  resin  is  that 
it  deforms  only  slightly  with  temperature  changes. 

The  main  body  41  is  provided  with  a  first  passage 
42,  which  is  connected  to  the  outlet  of  the  condenser  2  20 
by  way  of  the  receiver  3,  a  second  passage  43,  which  is 
connected  to  the  inlet  of  the  evaporator  5,  and  a  third 
passage  44,  which  connects  the  outlet  of  the  evaporator 
5  with  the  inlet  of  the  compressor  1.  The  restricting 
mechanism  46  is  located  in  a  valve  chamber  45,  which  25 
is  defined  inside  the  first  passage  42. 

The  restricting  mechanism  46  includes  a  metal 
member  47,  in  which  an  orifice  47a  is  formed,  a  valve 
member  48,  and  a  coil  spring  49.  The  metal  member  47 
is  made  from  a  material  such  as  aluminum  and  fixed  to  30 
the  main  body  6  between  the  first  passage  42  and  the 
second  passage  43.  The  orifice  47a  extends  axially 
through  the  metal  member  47  to  connect  the  first  pas- 
sage  42  with  the  second  passage  43.  The  inlet  of  the 
orifice  47a  is  located  in  the  valve  chamber  45.  A  valve  35 
seat  50  is  defined  on  the  area  surrounding  the  inlet. 

An  adjusting  screw  51  ,  which  also  serves  as  a  cap, 
is  screwed  into  the  bottom  of  the  main  body  41  .  The  coil 
spring  49  is  placed  on  the  upper  surface  of  the  screw  51 
in  the  valve  chamber  45.  The  valve  member  48  is  40 
mounted  on  the  upper  end  of  the  coil  spring  49  and 
urged  toward  the  valve  seat  50  by  the  spring  49.  The  ori- 
fice  47a  is  closed  when  the  valve  member  48  abuts 
against  the  valve  seat  50  and  opened  when  the  member 
48  is  separated  from  the  seat  50.  The  opened  area  of  45 
the  orifice  47a  is  determined  by  the  position  of  the  valve 
member  48  with  respect  to  the  valve  seat  50.  A  seal  ring 
53  is  attached  to  the  peripheral  surface  of  the  screw  51 
to  prevent  leakage  of  refrigerant  from  the  valve  chamber 
45.  so 

The  controlling  mechanism  54  is  attached  to  the 
upper  section  of  the  main  body  41.  The  controlling 
mechanism  54  includes  an  upper  lid  55,  a  lower  lid  56, 
and  a  film-like  diaphragm  57  made  of  stainless  steel 
and  retained  between  the  upper  and  lower  lids  55,  56.  55 
The  peripheral  sections  of  the  upper  and  lower  lids  55, 
56  are  welded  to  each  other  with  the  diaphragm  57  held 
in  between.  This  secures  the  upper  lid  55,  the  lower  lid 
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56,  and  the  diaphragm  57  integrally  to  one  another.  The 
main  body  41  is  provided  with  a  flange  41  a  formed  at  its 
top  peripheral  section.  A  pressure  chamber  58  is 
defined  in  the  upper  section  of  the  main  body  41  with  an 
opening  along  the  top  surface  of  the  body  41  .  The  lower 
lid  56  of  the  controlling  mechanism  54  is  placed  on  the 
top  surface  of  the  main  body  41  with  a  packing  59  pro- 
vided  in  between.  The  peripheral  surfaces  of  the  con- 
trolling  mechanism  54  and  the  flange  41a  are 
encompassed  by  a  cylindrical  metal  fastener  60.  The 
upper  and  lower  parts  of  the  fastener  60  are  crimped  in 
this  state  to  clamp  the  peripheral  section  of  the  control- 
ling  mechanism  54  and  the  flange  41a.  In  this  manner, 
the  controlling  mechanism  54  is  attached  to  the  upper 
section  of  the  main  body  41  . 

Alternatively,  as  shown  in  the  double  dotted  line  of 
Fig.  1,  the  upper  lid  55  may  be  totally  encompassed  by 
a  dome-shaped  fastener  60  that  is  formed  through 
pressing. 

A  heat  detecting  chamber  61  is  defined  between 
the  upper  lid  55  and  the  diaphragm  57.  Gas,  such  as 
HFC-134a,  which  is  saturated,  is  charged  into  the 
detecting  chamber  61  through  an  opening  55a  formed 
in  the  center  of  the  upper  lid  55.  A  steel  pellet  62  is  then 
spot  welded  and  fixed  to  the  hole  55a.  The  detecting 
chamber  61  is  sustained  in  a  sealed  state  with  the  steel 
pellet  62  closing  the  opening  55a.  Thus,  the  detecting 
chamber  61  is  sealed  with  the  saturated  gas  filled 
therein  when  the  steel  pellet  62  is  spot  welded  and  fixed 
to  the  opening  55a. 

A  first  support  hole  63  extends  axially  through  the 
main  body  41  between  the  pressure  chamber  58  and 
the  third  passage  44.  A  second  support  hole  64  extends 
axially  through  the  generally  center  section  of  the  main 
body  41  and  is  connected  to  the  third  passage  44.  The 
axes  of  the  first  and  second  support  holes  63,  64  are 
aligned  with  the  axis  of  the  orifice  47a.  A  heat  detecting 
rod  65  includes  a  shaft  66  and  a  flange  67  fixed  to  the 
upper  end  of  the  shaft  66.  The  detecting  rod  65  extends 
downward  through  the  third  passage  44  from  the  pres- 
sure  chamber  58.  The  shaft  66  is  slidably  inserted  into 
and  supported  by  the  first  and  second  support  holes  63, 
64  at  its  middle  and  lower  sections.  The  upper  surface 
of  the  flange  67  is  adhered  to  the  diaphragm  57. 

As  shown  in  Figs.  1  and  2,  a  plurality  of  grooves  63a 
are  formed  in  the  inner  surface  of  the  first  support  hole 
63  to  connect  the  pressure  chamber  58  with  the  third 
passage  44. 

As  shown  in  Fig.  1,  a  support  hole  68  extends  axi- 
ally  through  the  main  body  41  between  the  bottom  of  the 
second  support  hole  64  and  the  second  passage  43. 
The  support  hole  68  is  aligned  with  the  axis  of  the  orifice 
47a.  An  actuating  rod  69  is  supported  by  the  support 
hole  68  and  movable  in  the  axial  direction.  The  upper 
end  of  the  actuating  rod  69  abuts  against  the  lower  end 
surface  of  the  detecting  rod  65,  and  the  lower  end  of  the 
actuating  rod  69  is  abutted  against  the  valve  member  48 
through  the  orifice  47a.  A  seal  ring  70  is  fitted  on  the 
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lower  outer  surface  of  the  shaft  66  of  the  detecting  rod 
65  to  seal  the  space  between  the  second  and  third  pas- 
sages  43,  44. 

The  operation  of  this  device  will  now  be  described. 
The  high  temperature,  high  pressure  gasified  refriger- 
ant,  compressed  by  the  compressor  1  is  condensed  and 
liquefied  by  the  condenser  2.  The  liquefied  refrigerant  is 
then  drawn  into  the  first  passage  42  of  the  expansion 
valve  40  via  the  receiver  3.  In  the  first  passage  42,  the 
liquefied  refrigerant  is  expanded  as  it  passes  through 
the  orifice  47a  and  converted  into  a  low  temperature, 
low  pressure  atomized  refrigerant.  The  atomized  refrig- 
erant  drawn  into  the  second  passage  43  is  sent  to  the 
evaporator  5.  The  evaporator  5  gasifies  the  atomized 
refrigerant.  Afterwards,  the  gasified  refrigerant  is  drawn 
into  the  compressor  1  via  the  expansion  valve's  40  third 
passage  44. 

When  passing  through  the  third  passage  44,  gasi- 
fied  refrigerant  flows  into  the  pressure  chamber  58 
through  the  grooves  63a  of  the  first  support  hole  63.  The 
detecting  rod  65  is  constantly  urged  upward  by  the  coil 
spring  49  through  the  valve  member  48  and  the  actuat- 
ing  rod  69.  Thus,  the  position  of  the  valve  member  48 
with  respect  to  the  valve  seat  50  is  maintained  at  a  bal- 
ancing  point  of  the  upward  and  downward  forces  acting 
on  the  detecting  rod  65.  The  upward  force  acting  on  the 
detecting  rod  65  is  determined  by  the  urging  force  of  the 
coil  spring  49  and  the  pressure  within  the  pressure 
chamber  58,  while  the  downward  force  is  determined  by 
the  pressure  within  the  detecting  chamber  61  . 

The  heat  of  the  gasified  refrigerant  in  the  third  pas- 
sage  44  and  the  pressure  chamber  58  is  transmitted  to 
the  saturated  gas  inside  the  detecting  chamber  61  by 
way  of  the  detecting  rod  65  and  the  diaphragm  57.  This 
causes  the  saturated  gas  to  expand  or  contract  in  the 
detecting  chamber  61  in  accordance  with  the  tempera- 
ture  of  the  gasified  refrigerant  flowing  through  the  third 
passage  44.  The  expansion  and  contraction  of  the  satu- 
rated  gas  changes  the  pressure  in  the  detecting  cham- 
ber  61  and  displaces  the  diaphragm  57  upwards  or 
downwards.  The  displacement  of  the  diaphragm  57  is 
transmitted  to  the  valve  member  48  through  the  detect- 
ing  rod  65  and  the  actuating  rod  69.  Accordingly,  the 
temperature  of  the  gasified  refrigerant  sent  to  the  com- 
pressor  1  from  the  evaporator  5  controls  the  area  of  the 
orifice  47a,  opened  by  the  valve  member  48,  and 
adjusts  the  flow  rate  of  the  atomized  refrigerant  drawn 
into  the  evaporator  5.  In  this  manner,  the  degree  of 
superheating  of  the  gasified  refrigerant  at  the  outlet  of 
the  evaporator  5  is  continually  controlled  at  a  constant 
value. 

In  this  embodiment,  the  main  body  41  of  the  expan- 
sion  valve  40  is  made  of  polyphenylene  sulfide  resin. 
Thus,  the  thermal  conductivity  of  the  main  body  41  is 
one  one-hundred-fiftieth  (1/150)  of  that  in  the  prior  art 
expansion  valve.  Therefore,  the  ambient  high  tempera- 
ture  outside  the  expansion  valve  40  does  not  effect  the 
gasified  refrigerant  in  the  pressure  chamber  58  and  the 

temperature  of  the  refrigerant  in  the  pressure  chamber 
58  is  generally  maintained  at  the  same  value  as  the 
temperature  of  the  refrigerant  flowing  through  the  third 
flow  passage  44.  Accordingly,  the  temperature  of  the 

5  saturated  gas  in  the  detecting  chamber  61  is  substan- 
tially  the  same  as  the  temperature  of  the  refrigerant 
flowing  through  the  third  passage  44  when  the  heat  of 
the  refrigerant  in  the  pressure  chamber  58  is  transmit- 
ted  to  the  saturated  gas  in  the  detecting  chamber  61  .  In 

10  other  words,  heat  is  accurately  transmitted  between  the 
saturated  gas  in  the  detecting  chamber  61  and  the 
refrigerant  flowing  through  the  third  passage  44.  Conse- 
quently,  the  area  of  the  orifice  47a  opened  by  the  valve 
member  48  is  accurately  controlled  and  the  flow  rate  of 

15  the  refrigerant  drawn  into  the  evaporator  5  is  thus  accu- 
rately  adjusted. 

Fig.  3  (a)  shows  a  graph  for  the  preferred  embodi- 
ment  illustrating  the  fluctuations  of  pressure  P1,  which 
is  the  pressure  at  the  outlet  of  the  condenser  2,  pres- 

20  sure  P2,  which  is  the  pressure  at  the  inlet  of  the  evapo- 
rator  5,  pressure  P3,  which  is  the  pressure  at  the  outlet 
of  the  evaporator  5,  and  temperature  T2,  which  is  the 
temperature  of  the  air  sent  into  the  passenger's  com- 
partment  from  the  evaporator  5,  under  conditions  where 

25  the  expansion  valve's  40  ambient  temperature  T1  is 
maintained  at  approximately  75  degrees  Celsius.  Fig.  3 
(b)  shows  a  graph  for  the  prior  art  expansion  valve  illus- 
trating  the  fluctuations  of  the  pressure  P1  ,  the  pressure 
P2,  the  pressure  P3,  and  the  temperature  T2  under  con- 

30  ditions  where  the  prior  art  expansion  valve's  4  ambient 
temperature  T1  is  maintained  at  approximately  75 
degrees  Celsius. 

It  is  apparent  from  Fig.  3  (b)  that  the  pressure  P1  at 
the  outlet  of  the  condenser  2,  the  pressure  P2  at  the 

35  inlet  of  the  evaporator  5,  and  the  temperature  T2  of  the 
air  sent  into  the  passenger's  compartment  from  the 
evaporator  5  frequently  fluctuates  when  the  prior  art 
expansion  valve  4  is  used  in  high  temperature  condi- 
tions  such  as  when  the  ambient  temperature  is  approx- 

40  imately  75  degrees  Celsius.  This  is  caused  by  the 
frequent  opening  and  closing  of  the  valve  member  27 
resulting  from  the  temperature  of  the  saturated  gas  in 
the  detecting  chamber  10  becoming  higher  than  the 
temperature  of  the  refrigerant  flowing  through  the  third 

45  passage  9.  In  comparison,  as  shown  in  Fig.  3  (a),  the 
fluctuation  of  the  pressures  P1  ,  P2,  P3  and  the  temper- 
ature  T2  is  stabilized  in  spite  of  the  ambient  temperature 
T1  being  kept  at  a  high  value,  such  as  75  degrees  Cel- 
sius. 

so  The  main  body  41  made  of  a  synthetic  resin  having 
low  thermal  conductivity  suppresses  conduction  of  heat 
between  the  high  temperature  liquefied  refrigerant  in 
the  first  passage  42  and  the  low  temperature  atomized 
refrigerant  in  the  second  passage  43.  As  a  result,  the 

55  loss  of  heat  energy  is  suppressed  and  the  cooling  effi- 
ciency  of  the  air-conditioning  apparatus  is  improved. 

In  addition,  the  main  body  41,  made  of  a  synthetic 
resin,  is  only  one  half  the  weight  of  the  prior  art  expan- 
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sion  valve  4,  the  main  body  of  which  is  made  of  metal 
such  as  aluminum.  This  prevents  damages  inflicted  on 
the  pipes  connected  to  the  passages  42,  43,  44  that 
may  be  caused  by  vibration.  Furthermore,  the  synthetic 
main  body  41  allows  a  reduction  in  machining  costs. 

Although  the  main  body  41  is  made  of  a  synthetic 
resin,  the  orifice  47a  is  formed  in  the  metal  member  47, 
which  is  fixed  to  the  main  body  41  and  has  a  strength 
greater  than  the  synthetic  resin.  This  structure  prevents 
damage  to  the  valve  seat  50  that  may  by  caused  by 
repetitive  abutment  of  the  valve  member  48  against  the 
seat  50.  Furthermore,  the  valve  seat  50  may  be  formed 
by  pressing  a  steel  spherical  body,  that  has  the  same 
dimension  as  the  valve  member  48,  against  the  area 
surrounding  the  inlet  of  the  orifice  47a.  Therefore,  the 
space  between  the  valve  member  48  and  the  valve  seat 
50  is  completely  sealed  when  the  member  48  contacts 
the  seat  50  and  the  passage  of  the  refrigerant  is  thus 
securely  blocked. 

The  controlling  mechanism  54  is  attached  to  the 
main  body  41  by  crimping  the  metal  fastener  60.  Hence, 
thread  machining  and  application  of  an  adhesive  agent, 
used  to  prevent  loosening  of  the  coupled  parts,  are  not 
necessary  according  to  the  present  invention  whereas 
they  were  required  in  the  prior  art.  This  allows  the  con- 
trolling  mechanism  54  to  be  easily  and  securely 
attached  to  the  main  body  41  . 

The  detecting  rod  65  is  supported  by  the  first  and 
second  support  holes  63,  64.  That  is,  the  detecting  rod 
65  is  directly  supported  by  the  main  body  41  at  its  mid- 
dle  and  lower  section.  The  formation  of  the  first  and  sec- 
ond  support  holes  63,  64  aligned  along  the  same  axis  is 
rather  simple.  This  leads  to  smooth  movement  of  the 
detecting  rod  65,  which  in  turn  allows  smooth  move- 
ment  of  the  valve  member  48. 

The  detecting  rod  65  includes  the  shaft  66  and  the 
flange  67  fixed  to  the  top  end  of  the  shaft  66.  The  shaft 
66  may  be  formed  by  machining  a  cylindrical  piece  of 
metal  and  the  flange  67  may  be  formed  by  pressing  a 
piece  of  metal.  By  coupling  the  shaft  66  and  the  flange 
67  through  crimping  or  other  methods,  the  detecting  rod 
65  may  be  formed  easily  and  economically.  Further- 
more,  the  shaft  66  and  the  flange  67  may  be  formed 
from  different  materials.  This  enables  fine  adjustment  of 
thermal  conduction  in  the  detecting  rod  65.  In  such 
cases,  it  is  preferable  that  the  shaft  66  be  made  of  stain- 
less  while  the  flange  67  be  made  of  aluminum  or  brass. 

The  steel  pellet  62  is  spot  welded  and  fixed  to  the 
opening  55a  in  the  upper  lid  55  after  charging  the 
detecting  chamber  61  with  saturated  gas  through  the 
opening  55a.  By  closing  the  opening  55a  with  the  steel 
pellet  62,  saturated  gas  is  securely  sealed  in  the  detect- 
ing  chamber  61  .  Accordingly,  there  are  no  parts  project- 
ing  upward  from  the  upper  lid  55  and  the  size  of  the 
entire  expansion  valve  40  is  compact.  This  allows  posi- 
tioning  of  the  expansion  valve  40  within  a  small  space. 
Since,  the  direction  of  the  steel  pellet  62  with  respect  to 
the  opening  55a  is  not  limited  when  fixing  the  pellet  62 

to  the  opening  55a,  automation  of  the  fixing  process  is 
rather  simple.  This  facilitates  the  sealing  operation  of 
the  saturated  gas. 

Although  only  one  embodiment  of  the  present 
5  invention  has  been  described  herein,  it  should  be 

apparent  to  those  skilled  in  the  art  that  the  present 
invention  may  be  embodied  in  many  other  specific 
forms  without  departing  from  the  spirit  or  scope  of  the 
invention.  Therefore,  the  present  examples  and  embod- 

10  iments  are  to  be  considered  as  illustrative  and  not 
restrictive  and  the  invention  is  not  to  be  limited  to  the 
details  given  herein,  but  may  be  modified  within  the 
scope  of  the  appended  claims. 

15  Claims 

1  .  An  expansion  valve  including  a  valve  body  (41),  an 
adjusting  mechanism  (46)  for  adjusting  a  flow  rate 
of  a  refrigerant  supplied  to  an  evaporator  (5)  and  a 

20  control  mechanism  (54)  for  controlling  said  adjust- 
ing  mechanism  (46)  in  accordance  with  a  tempera- 
ture  of  the  refrigerant  supplied  to  a  compressor  (1) 
from  said  evaporator  (5),  said  body  (41)  having  a 
first  passage  (42)  for  introducing  the  refrigerant  to 

25  the  body  (41),  a  second  passage  (43)  for  supplying 
the  refrigerant  from  the  first  passage  (42)  to  said 
evaporator  (5)  and  a  third  passage  (44)  for  transfer- 
ring  the  refrigerant  to  the  compressor  (1)  from  the 
evaporator  (5),  said  adjusting  mechanism  (46)  hav- 

30  ing  a  restriction  (47a)  for  connecting  said  first  pas- 
sage  (42)  with  said  second  passage  (43)  and  a 
valve  member  (48)  for  adjusting  a  degree  of  the 
restriction  (47a),  said  control  mechanism  (54)  hav- 
ing  a  heat  sensitive  chamber  (61)  filled  with  the  gas 

35  in  a  sealing  manner  and  a  diaphragm  (57)  movable 
in  accordance  with  pressure  in  the  sensitive  cham- 
ber  (61),  a  transmitting  member  (65)  for  transmitting 
the  temperature  of  the  refrigerant  flowing  in  the 
third  passage  (44)  to  the  gas  in  the  sensitive  cham- 

40  ber  (61)  and  the  movement  of  the  diaphragm  (57)  to 
the  valve  member  (48),  said  expansion  valve  char- 
acterized  by  that  said  body  (41)  is  made  of  a  syn- 
thetic  resin,  a  metal  member  (47)  is  disposed  in  the 
body  (41)  between  the  first  passage  (42)  and  the 

45  second  passage  (43),  and  said  metal  member  (47) 
has  said  restriction  (47a)  and  a  valve  seat  (50)  for 
Contacting  the  valve  member  (48). 

2.  The  expansion  valve  as  set  forth  in  Claim  1  charac- 
50  terized  by  that  said  body  (41)  is  opposed  to  the 

sensitive  chamber  (61)  with  respect  to  the  dia- 
phragm  (57)  and  has  a  pressure  chamber  (58) 
communicating  with  said  third  passage  (44),  and 
said  transmitting  member  (65)  extends  through  the 

55  pressure  chamber  (58)  and  the  third  passage  (44) 
to  transmit  the  heat  of  the  refrigerant  in  the  third 
passage  (44)  and  the  pressure  chamber  (58)  to  the 
gas  in  the  sensitive  chamber  (61)  by  way  of  the  dia- 
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phragm  (57). 

3.  The  expansion  valve  as  set  forth  in  Claims  1  or  2 
characterized  by  that  said  body  (41)  has  a  flange 
(41a),  fastener  means  (60)  couples  said  control 
mechanism  (54)  to  the  body  (41),  and  said  fastener 
means  (60)  holds  the  control  mechanism  (54)  and 
the  flange  (41a)  together. 

4.  The  expansion  valve  as  set  forth  in  Claim  3  charac- 
terized  by  that  said  control  mechanism  (54)  has  an 
outer  lid  (55)  for  defining  the  sensitive  chamber  (61) 
in  cooperation  with  the  diaphragm  (57)  and  an  inner 
lid  (56)  for  holding  the  diaphragm  (57)  in  coopera- 
tion  with  the  outer  lid  (55),  wherein  said  fastener 
means  (60)  crimps  the  outer  lid  (55),  the  inner  lid 
(56)  and  the  flange  (41a). 

5.  The  expansion  valve  as  set  forth  in  any  one  of 
Claims  1-3  characterized  by  that  said  control 
mechanism  (54)  has  a  lid  (55)  for  defining  the  sen- 
sitive  chamber  (61)  in  cooperation  with  the  dia- 
phragm  (57),  said  lid  (55)  has  an  opening  (55a)  for 
introducing  the  gas  into  the  sensitive  chamber  (61), 
a  ball  member  (62)  closes  the  opening  (55a)  to  seal 
the  gas  in  the  sensitive  chamber  (61),  and  said  ball 
member  (62)  is  fixed  to  the  lid  (55)  by  welding. 

6.  The  expansion  valve  as  set  forth  in  Claim  5  charac- 
terized  by  that  said  ball  member  (62)  is  fixed  to  the 
lid  (55)  by  spot  welding. 

7.  The  expansion  valve  as  set  forth  in  any  one  of 
Claims  1-6  characterized  by  that  said  transmitting 
member  (65)  has  a  shaft-like  shape,  wherein  said 
body  (41)  has  a  first  hole  (63)  and  a  second  hole 
(64)  for  supporting  the  transmitting  member  (65)  in 
a  slidable  manner  in  an  axial  direction  of  the  trans- 
mitting  member  (65). 

8.  The  expansion  valve  as  set  forth  in  Claim  7  charac- 
terized  by  that  said  first  hole  (63)  and  said  second 
hole  (64)  are  arranged  opposite  to  each  other  with 
respect  to  the  third  passage  (44)  on  a  line  coincide 
to  an  axis  of  the  transmitting  member  (65). 

9.  The  expansion  valve  as  set  forth  in  any  one  of 
Claims  1-8  characterized  by  that  said  transmitting 
member  (65)  includes  a  shaft  (66)  supported  in  the 
body  (41)  and  having  an  end,  said  shaft  (66)  being 
arranged  to  be  axially  movable,  and  a  dish  member 
(67)  fixed  to  the  end  of  the  shaft  (66)  so  as  to  con- 
tact  to  the  diaphragm  (57). 

1  0.  The  expansion  valve  as  set  forth  in  Claim  9  charac- 
terized  by  that  said  shaft  (66)  and  said  dish  mem- 
ber  (67)  are  respectively  made  of  metal  materials 
different  from  each  other. 

11.  The  expansion  valve  as  set  forth  in  any  one  of 
Claims  1-10  characterized  by  that  said  body  (41) 
is  made  of  said  synthetic  resin  including  polyphe- 
nylene  sulfide. 
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