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Description 

Technical  Field 

The  present  invention  relates  to  a  thermostatic  mix- 
ing  valve  for  use  with  sinks,  wash  basins,  bathtubs, 
showers  and  like  facilities  for  mixing  hot  and  cold  water 
to  deliver  a  mixture  of  a  controlled  temperature.  More 
particularly,  this  invention  is  concerned  with  an  electro- 
mechanical  thermostatic  mixing  valve  wherein  transient 
fluctuation  in  the  temperature  is  primarily  compensated 
for  by  a  mechanical  feedback  control  performed  by  a 
thermostatic  control  element  and  persistent  offset  of  the 
temperature  is  primarily  compensated  for  by  an  electri- 
cal  feedback  control  carried  out  by  an  electrical  control 
circuit. 

Background  Art 

As  is  well-known,  the  conventional  thermostatic 
mixing  valves  typically  include  a  thermostatic  control  el- 
ement  of  the  so-called  "wax"  type  wherein  thermally  ex- 
pansive  paraffin  wax  composition  is  charged.  The  con- 
trol  element  is  adapted  to  feedback  control  the  position 
of  a  mixing  valve  member  in  response  to  the  tempera- 
ture  of  a  mixture  of  hot  and  cold  water  in  such  a  manner 
that  a  mixture  having  a  desired  temperature  is  provided. 
When  fluctuation  occurs  in  the  supply  line  pressures, 
supply  temperatures  or  flow  rates,  causing  a  change  in 
the  mixture  temperature,  the  heat  sensitive  wax  compo- 
sition  expands  or  contracts  in  response  to  such  temper- 
ature  change  to  automatically  displace  the  valve  mem- 
ber.  After  repeating  a  number  of  cycles  of  overshooting 
and  undershooting,  the  valve  member  will  finally  be  ad- 
justed  to  a  new  position  wherein  the  actual  mixture  tem- 
perature  is  brought  close  to  the  desired  temperature. 

Generally,  the  paraffin  wax  composition  used  in  the 
thermostatic  control  elements  is  adapted  to  exhibit  a  vol- 
umetric  change  due  to  phase  transformation  between 
the  solid  and  liquid  phases.  Because  such  change  in 
phase  necessarily  involves  absorption  and  evolution  of 
the  latent  heat,  in  addition  to  transfer  of  the  sensible 
heat,  the  heat  capacity  thereof  is  considerably  large. 
Moreover,  the  paraffin  composition  has  a  poor  thermal 
conductivity.  Accordingly,  the  disadvantage  of  the  wax 
type  thermostatic  element  is  that  the  responsiveness 
thereof  is  limited.  It  has  often  been  observed  that,  once 
transitional  change  has  occurred  in  water  temperature 
for  any  reasons,  several  seconds  of  overshooting  and 
undershooting  of  temperature  of  an  intolerable  magni- 
tude  unavoidably  last  in  the  conventional  mixing  valves 
before  the  delivery  of  water  having  the  desired  temper- 
ature  is  resumed. 

In  order  to  improve  the  responsiveness,  use  of  a 
thermostatic  control  element  made  of  a  shape  memory 
alloy  such  as  an  alloy  formed  of  nickel  and  titanium  has 
been  proposed  in  the  prior  art  (see,  e.g.,  Japanese  Util- 
ity  Model  Kokai  Publication  No.  58-11177;  Japanese 

Patent  Kokai  Publication  No.  58-24669;  Japanese  Utility 
Model  Kokai  Publication  No.  58-187666;  Japanese  Util- 
ity  Model  Kokoku  Publication  No.  61-44062;  Japanese 
Utility  Model  Kokoku  Publication  No.  61-23987;  Japa- 

5  nese  Utility  Model  Kokai  Publication  No.  61-150585). 
These  references  generally  refer  to  the  shape  memory 
alloy  (SMA)  as  being  a  metal  having  a  shape  memory 
effect  wherein  the  shape  of  an  article  deformed  below 
the  martensitic  transition  temperature  of  the  SMA  tends 

10  to  spring  back  to  the  initial  shape  imparted  in  the  auste- 
nitic  mother  phase  when  heated  above  the  transition 
temperature.  It  is  believed,  however,  that  the  property 
of  the  SMA  that  the  modulus  of  elasticity  thereof  varies 
with  temperature  is  more  important  in  its  application  to 

is  the  thermostatic  control  elements. 
The  prior  art  cited  above  discloses  a  thermostatic 

mixing  valve  having  a  coiled  spring  made  of  the  SMA. 
Throughout  various  references,  a  valve  member  con- 
trolling  the  flow  of  hot  and  cold  water  is  supported  be- 

20  tween  the  coiled  spring  made  of  the  SMA  and  another 
coiled  bias  spring  made  of  the  conventional  spring  steel. 
The  valve  member  is  held  in  such  a  position  that  the 
spring  force  of  the  SMA  spring  and  that  of  the  bias  spring 
are  balanced.  During  transitional  condition  wherein  the 

25  mixture  temperature  is  altered,  the  spring  force  of  the 
SMA  spring  varies  in  response  to  the  temperature 
change,  causing  the  valve  member  to  move  until  the  bal- 
ance  is  resumed  between  the  SMA  and  bias  springs. 
Some  of  the  references  propose  to  provide  an  adjusting 

30  handle  adapted  to  alter  the  preload  either  of  the  SMA 
spring  or  the  bias  spring  to  enable  the  user  to  adjust  the 
desired  mixture  temperature. 

Obviously,  the  use  of  the  SMA  coiled  spring  as  the 
temperature  responsive  thermostatic  control  element  is 

35  advantageous  in  providing  an  improved  responsiveness 
of  the  mixing  valve  since  the  SMA  is  metallic  and  there- 
fore  has  a  small  heat  capacity  and  an  increased  thermal 
conductivity  as  compared  with  the  conventional  paraffin 
wax  composition. 

40  Notwithstanding  the  advantage  thereof  mentioned, 
however,  it  appears  that,  hitherto,  a  commercially  feasi- 
ble  thermostatic  mixing  valve  employing  the  SMA  coiled 
spring  has  never  been  realized. 

The  problem  associated  with  the  coiled  springs 
45  made  of  an  SMA  such  as  a  nickel  and  titanium  alloy  is 

that,  currently,  those  SMA  springs  which  can  develop  an 
adequately  strong  spring  force  enough  to  control  the 
valve  member  of  the  mixing  valve  for  a  sufficiently  long 
period  commensurate  with  the  service  life  of  the  mixing 

so  valve  are  not  commercially  available. 
The  primary  reason  is  that  they  are  subject  to  ther- 

momechanical  fatigue  when  operated  under  excessive- 
ly  loaded  conditions.  More  specifically,  the  modulus  of 
elasticity  of  the  SMA  is  prematurely  degraded  if  subject- 

55  ed  to  hot-and-cold  heat  cycles  under  an  excessive 
strain.  Application  of  excessive  strain  would  result  in  an 
earlier  fatigue  of  the  SMA  coiled  spring  so  that  the  spring 
force  obtainable  thereby  is  prematurely  decreased  dur- 
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ing  heat  cycles.  Although  the  mechanism  of  the  degra- 
dation  in  the  modulus  of  elasticity  of  the  SMAorthether- 
momechanical  fatigue  of  the  SMA  spring  is  not  known 
with  any  degree  of  certainty,  it  is  believed  that  the 
number  of  crystals  which  are  involved  in  the  martensitic 
transformation  is  decreased  with  time  when  the  SMA 
coiled  spring  is  excessively  deformed.  To  avoid  prema- 
ture  fatigue,  the  coiled  spring  of  SMA  must  not  be  sub- 
jected  to  excessive  strain.  It  is  to  be  noted  that  the 
amount  of  strain  permissible  for  the  commercially  avail- 
able  SMA  springs  is  extremely  small  as  compared  with 
a  coiled  spring  made  of  the  ordinary  spring  steel.  As  the 
spring  force  developed  by  a  coiled  spring  is  proportional 
to  the  amount  of  strain  (degree  of  deformation)  caused 
by  a  stress  (load)  applied  to  compress  the  spring,  only 
a  limited  spring  force  will  be  available  if  it  is  to  be  used 
under  a  limited  strain  condition. 

A  secondary  reason  is  that  the  SMA  coiled  springs 
formed  from  an  SMA  wire  having  such  a  diameter  large 
enough  to  develop  a  strong  spring  force  are  difficult  to 
manufacture  and,  therefore,  are  presently  extremely  ex- 
pensive. 

Accordingly,  it  is  desirable  to  use  a  small  sized  SMA 
coiled  spring  and  to  operate  it  in  such  a  manner  as  to 
develop  as  small  spring  force  as  possible. 

These  requirements,  however,  give  rise  to  other 
problems  which  must  also  be  overcome  in  designing 
commercially  feasible  thermostatic  mixing  valves  em- 
ploying  the  SMA  spring. 

First,  in  contrast  to  the  conventional  thermostatic 
mixing  valve  wherein  the  flow  control  valve  member  is 
relatively  rigidly  and  forcibly  positioned  by  the  wax  type 
thermostatic  control  element  designed  to  develop  a 
thrust  in  the  order  of  1  5kg  and  by  an  adequately  strong 
return  spring  having  a  spring  force  of  4-5  kg,  the  flow 
control  valve  member  in  the  mixing  valves  incorporating 
the  SMA  spring  is  resiliently  positioned  between  the 
SMA  coiled  spring  and  the  bias  coiled  spring  which  are 
acting  on  the  valve  member  in  the  opposite  directions. 
In  the  balanced  position,  the  resultant  force  of  these 
springs  is  zero  so  that  the  valve  member  is  in  a  pressure 
sensitive  condition.  Therefore,  when  there  exists  or  oc- 
curs  a  pressure  difference  between  the  hot  and  cold  wa- 
ter,  the  valve  member  will  readily  be  thrust  due  to  the 
hydraulic  force  if  the  SMA  spring  is  designed  and  ar- 
ranged  to  exhibit  a  limited  spring  force.  This  would  result 
in  the  deviation  or  offset  of  the  mixture  temperature  from 
the  desired  value. 

Second,  the  valve  member  is  more  or  less  subject 
to  frictional  resistance  which  resists  the  sliding  move- 
ment  of  the  valve  member.  Each  time  the  valve  member 
is  to  be  moved  to  a  new  position  to  perform  its  temper- 
ature  control  function,  the  SMA  spring  or  the  bias  spring 
must  overcome  the  frictional  resistance.  Such  frictional 
resistance  brings  about  a  hysteresis  loop  in  the  temper- 
ature  vs.  spring  force  curve.  This  also  leads  to  the  off- 
setting  of  the  mixture  temperature.  Smaller  the  spring 
force  of  the  SMA  spring  is,  the  effect  of  the  frictional  re- 

sistance  becomes  greater  and  not  negligible. 

Disclosure  of  Invention 

5  Accordingly,  the  primary  object  of  the  invention  is  to 
provide  a  thermostatic  mixing  valve  adapted  to  control 
the  temperature  of  a  mixture  of  hot  and  cold  water  to  a 
desired  value  throughout  the  service  life  of  the  mixing 
valve  by  a  thermostatic  control  element  of  the  SMA 

10  spring  designed  and  arranged  to  develop  a  limited 
spring  force. 

Another  object  of  the  invention  is  to  provide  a  ther- 
mostatic  mixing  valve  incorporating  the  SMA  spring  of 
a  limited  spring  force  and  which  is  yet  operable  to  elim- 

15  inate  the  effect  of  differential  pressure  existing  between 
the  hot  and  cold  water  inlet  pressures. 

A  still  another  object  of  the  invention  is  to  provide  a 
thermostatic  mixing  valve  incorporating  the  SMA  spring 
of  a  limited  spring  force  and  which  is  yet  operable  to 

20  compensate  for  the  offset  of  temperature  resulting  from 
frictional  resistance  to  which  the  valve  member  is  sub- 
jected. 

Afurther  object  of  the  present  invention  is  to  provide 
a  thermostatic  mixing  valve  which  is  operable  to  control 

25  the  temperature  of  a  mixture  of  hot  and  cold  water  with 
a  high  degree  of  responsiveness. 

Another  object  of  the  invention  is  to  provide  a  ther- 
mostatic  mixing  valve  which  is  capable  of  controlling  the 
mixture  temperature  with  a  high  degree  of  accuracy. 

30  A  still  another  object  of  the  invention  is  to  provide  a 
thermostatic  mixing  valve  having  an  improved  respon- 
siveness  and  which  is  operable  to  accurately  control  the 
mixture  temperature  for  a  prolonged  period  of  time. 

Afurther  object  of  the  invention  is  to  provide  an  elec- 
ts  tromechanical  thermostatic  mixing  valve  wherein  tran- 

sient  fluctuation  in  the  mixture  temperature  is  quickly 
compensated  for  by  a  mechanical  feedback  control  of 
the  SMA  spring  and  wherein  persistent  offset  of  the  mix- 
ture  temperature  is  compensated  for  by  an  electrical 

40  feedback  control. 
The  electormechanical  thermostatic  mixing  valve 

according  to  the  invention  comprises  a  movable  flow 
control  valve  member  resiliently  supported  between  a 
coiled  first  or  temperature  responsive  spring  and  a 

45  coiled  second  or  bias  spring.  The  temperature  respon- 
sive  spring  is  made  of  a  material  having  a  modulus  of 
elasticity  which  varies  with  temperature.  Accordingly, 
the  spring  constant  and,  hence,  the  spring  force  thereof 
vary  according  to  temperature.  An  example  of  the  ma- 

50  terial  forming  the  first  spring  is  the  shape  memory  alloy 
(SMA)  such  as  the  conventional  nickel  and  titanium  al- 
loy.  The  bias  spring  is  an  ordinary  coiled  spring  having 
a  predetermined  spring  constant  substantially  inde- 
pendent  of  the  temperature. 

55  The  temperature  responsive  spring  of  SMA  is  ar- 
ranged  in  such  a  manner  that  it  is  held  in  a  slightly 
preloaded  or  compressed  state  throughout  the  stroke  of 
the  valve  member.  In  contrast,  the  bias  spring  is  ar- 

3 
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ranged  for  deformation  between  a  free  state  thereof  and 
a  fully  preloaded  or  compressed  state.  To  this  end,  an 
end  of  the  bias  spring  is  supported  by  an  electrical  drive 
which  is  adapted  to  adjustably  vary  the  preload  imparted 
to  the  bias  spring  and  which  is  controlled  by  an  electrical 
control  unit. 

The  mixing  valve  further  comprises  temperature 
setting  switches  to  enable  the  user  to  select  a  desired 
mixture  temperature.  The  control  unit  controls  the  elec- 
trical  drive  to  vary  the  preload  on  the  bias  spring  in  ac- 
cordance  with  the  desired  temperature  selected  by  the 
user. 

During  the  minimum  temperature  condition  wherein 
the  user  selected  delivery  of  cold  water,  the  control  unit 
operates  the  electrical  drive  to  fully  relieve  the  preload 
on  the  bias  spring  to  permit  it  to  spring  back  to  its  free 
state.  In  this  condition,  the  SMA  spring  will  undergo  no 
counteractive  force  of  the  bias  spring.  As  a  result,  the 
spring  force  of  the  SMA  spring  is  fully  available  to  bias 
the  valve  member  against  its  hot  water  shut-off  position. 
Accordingly,  although  in  the  minimum  temperature  con- 
dition  the  spring  force  developed  by  the  SMA  spring  is 
correspondingly  minimum,  a  sufficient  sealing  pressure 
is  established  to  shut  off  the  hot  water. 

During  the  maximum  temperature  condition  where- 
in  the  user  selected  delivery  of  hot  water,  the  control  unit 
operates  the  electrical  drive  to  fully  compress  the  bias 
spring.  This  is  done  against  the  action  of  the  increased 
spring  force  of  the  SMA  spring.  The  SMA  spring  will  be 
fully  compressed  as  the  valve  member  has  been  moved 
to  the  cold  water  shut-off  position.  However,  since  the 
SMA  spring  is  initially  in  a  only  slightly  compressed  state 
and  because  the  stroke  of  the  valve  member  is  of  a  lim- 
ited  distance,  the  SMA  spring  will  not  undergo  excessive 
deformation. 

With  this  arrangement,  therefore,  the  degree  of 
strain  that  the  SMA  spring  suffers  is  minimized.  This  is 
favorable  in  preventing  the  SMA  spring  from  premature 
fatigue  and  in  effectively  operating  it  throughout  the 
service  life  of  the  mixing  valve.  If,  to  the  contrary,  the 
electric  drive  were  to  act  on  the  SMA  spring,  the  SMA 
spring  would  prematurely  fatigue  as  it  is  subjected  to  ex- 
cessive  strain  during  deformation  from  its  free  state  to 
the  fully  compressed  state.  As  described  later,  accord- 
ing  to  the  arrangement  of  the  invention,  the  strain  expe- 
rienced  by  the  SMA  spring  can  be  limited  to  one  half  of 
the  strain  which  would  otherwise  be  experienced  when 
the  electric  drive  were  to  act  on  the  SMA  spring. 

During  the  intermediate  temperature  condition 
wherein  the  mixture  of  hot  and  cold  water  having  a  con- 
trolled  temperature  is  delivered,  the  valve  member  is  re- 
siliently  held  between  the  SMA  spring  and  the  bias 
spring.  The  SMA  spring  promptly  responds  to  any  tran- 
sient  change  in  the  mixture  temperature  to  control  via 
mechanical  feedback  the  valve  member  with  a  high  de- 
gree  of  responsiveness. 

The  mixing  valve  further  comprises  a  temperature 
sensor  adapted  to  detect  the  actual  temperature  of  the 

mixture.  The  control  unit  monitors  the  actual  mixture 
temperature  as  detected  by  the  temperature  sensor  and 
controls  via  electrical  feedback  the  electrical  drive  to 
vary  the  preload  on  the  bias  spring  in  such  a  manner 

5  that  the  actual  mixture  temperature  is  brought  to  the  de- 
sired  temperature  selected  by  the  user.  The  electrical 
feedback  control  based  on  the  actual  mixture  tempera- 
ture  sensed  by  the  temperature  sensor  advantageously 
compensates  for  any  continuing  and  persistent  temper- 

10  ature  offset  due  to  pressure  difference  between  the  hot 
and  cold  water  inlet  pressures  and  due  to  the  frictional 
resistance  of  the  valve  member.  Other  offsets  resulting 
from  the  hysteresis  of  the  SMA  spring  and  any  degra- 
dation  of  the  component  parts  of  the  mixing  valve  are 

is  also  settled. 
In  the  preferred  forms  of  the  invention,  pressure 

control  valves,  such  as  pressure  reduction  valves,  pres- 
sure  equalizing  valve  and  pressure  difference  control 
valve,  are  provided  to  reduce  or  equalize  the  hot  and 

20  cold  water  supply  pressures  or  to  make  pressure  differ- 
ence  constant.  With  this  arrangement,  the  effect  of  sup- 
ply  line  pressure  fluctuation,  being  one  of  the  external 
disturbances,  is  eliminated  or  decreased.  Therefore,  the 
number  and  extent  of  electrical  feedback  control  is  min- 

25  imized.  This  is  advantageous  in  providing  a  battery  op- 
erated  mixing  valve  wherein  the  electrical  drive  is  pow- 
ered  by  a  battery.  A  battery  operated  mixing  valve  is 
easy  to  install  because  wiring  to  the  AC  power  lines  can 
be  eliminated. 

30  Preferably,  the  SMA  spring  is  so  designed  and  ar- 
ranged  as  to  develop  a  spring  force  of  less  than  700g, 
preferably  less  than  500g,  during  the  minimum  temper- 
ature  condition.  Such  limitation  on  the  spring  force  is 
preferable  especially  when  the  electrical  drive  is  battery 

35  operated.  In  order  to  permit  the  SMA  spring  to  displace 
the  valve  member  with  the  limited  spring  force,  the  con- 
ventional  sealing  arrangement  apt  to  give  rise  to  friction- 
al  resistance  is  preferably  eliminated. 

In  another  preferred  form  of  the  invention,  the  valve 
40  member  is  associated  with  a  pressure  receptive  ar- 

rangement  which  is  adapted  to  counterbalance  the  hy- 
draulic  force  acting  on  the  valve  member  due  to  the  inlet 
pressure  at  the  cold  water  inlet  with  the  hydraulic  force 
acting  on  the  valve  member  due  to  the  inlet  pressure  at 

45  the  hot  water  inlet.  With  this  arrangement,  the  effect  of 
differential  pressure  existing  between  the  hot  and  cold 
water  supply  pressures  is  eliminated. 

These  features  and  advantages  of  the  invention  as 
well  as  other  features  and  advantages  thereof  will  be- 

so  come  apparent  when  reading  the  following  description 
in  conjunction  with  the  accompanying  drawings. 

Brief  Description  of  Drawings 

55  FIG.  1  is  a  diagrammatic  representation  showing 
the  mixing  valve  according  to  the  first  embodiment 
of  the  invention; 
FIG.  2  is  a  perspective  view  of  the  first  embodiment; 

4 
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FIG.  3  is  a  cross-sectional  view  taken  along  the  line 
Ill-Ill  of  FIG.  2  and  showing  the  pressure  reduction 
valve  incorporated  within  the  inlet  fitting; 
FIG.  4  is  a  cross-sectional  view,  partly  cut  away,  tak- 
en  along  the  line  IV-IV  of  FIG.  2  and  showing  the 
valve  unit  arranged  within  the  housing  of  the  mixing 
valve; 
FIGS.  5  and  6  are  elevational  views  taken  along  the 
lines  V-V  and  VI-VI  of  FIG.  4,  respectively; 
FIG.  7  is  a  block  diagram  of  the  electrical  control 
unit  of  the  first  embodiment  as  connected  to  the  as- 
sociated  components; 
FIGS.  8A  and  8B  are  enlarged  cross-sectional 
views  of  the  mixing  section  of  the  first  embodiment 
showing  the  movable  valve  member  as  positioned 
in  the  hot  water  shut-off  position  and  the  cold  water 
shut-off  position,  respectively; 
FIG.  9  is  a  graph  showing  the  spring  force  of  the 
SMA  spring  varying  with  water  temperature  as  well 
as  the  spring  force  of  the  bias  spring  varying  with 
the  axial  position  of  the  valve  member,  with  the  hys- 
teresis  loop  being  omitted  for  simplicity  from  the 
spring  force  vs.  temperature  curve  of  the  SMA 
spring; 
FIG.  10  is  a  schematic  view  illustrating  the  effect  of 
differential  pressure  acting  on  the  valve  member; 
FIG.  11  is  a  graph  similar  to  FIG.  9  but  showing  the 
hysteresis  loop  exhibited  by  the  SMA  spring; 
FIG.  12  is  a  diagrammatic  representation  similar  to 
FIG.  1  but  showing  the  mixing  valve  according  to 
the  modified  embodiment  of  the  invention; 
FIG.  13  is  a  cross-sectional  view  similar  to  FIG.  3 
but  showing  the  pressure  control  valve  of  the  mod- 
ified  embodiment; 
FIG.  14  is  a  diagrammatic  view  similar  to  FIG.  1  but 
showing  the  mixing  valve  according  to  another 
modified  embodiment  of  the  invention; 
FIG.  15  is  a  cross-sectional  view  of  the  pressure 
equalizing  valve  used  in  the  embodiment  of  FIG.  1  4; 
and, 
FIG.  16  is  a  cross-sectional  view  similar  to  FIG.  4 
but  showing  the  modified  form  of  the  mixing  section. 

Throughout  different  drawings,  similar  parts  and 
members  are  designated  by  like  reference  numerals. 

Best  Mode  for  Carrying  Out  the  Invention 

The  first  embodiment  of  the  invention  will  be  de- 
scribed  with  reference  to  FIGS.  1-7  wherein  a  battery- 
operated  SMA-controlled  electromechanical  mixing 
valve  suitable  for  installation  in  a  bathroom  is  shown. 
Referring  to  FIGS.  1  and  2,  the  mixing  valve  10  has  a 
housing  1  2  which  is  adapted  to  receive  a  supply  of  cold 
water  from  a  water  supply  line  (not  shown)  through  a 
cold  water  inlet  fitting  16  wherein  a  pressure  reduction 
valve  1  4  is  incorporated.  The  housing  1  2  is  also  adapted 
to  receive  a  supply  of  hot  water  from  a  suitable  hot  water 

source  such  as  a  boiler  (not  shown)  via  a  hot  water  inlet 
fitting  20  incorporating  a  pressure  reduction  valve  18. 
Hot  and  cold  water  is  mixed  by  a  mixing  section  22  ar- 
ranged  within  the  housing  12  and  the  resultant  mixture 

5  of  hot  and  cold  water  is  selectively  delivered  through  a 
flow  control  valve  24,  also  arranged  within  the  housing 
1  2,  to  a  shower  head  26  or  a  faucet  spout  28.  The  tem- 
perature  of  the  mixture  is  detected  by  a  temperature 
sensor  such  as  a  thermistor  30  and  the  temperature  in- 

fo  formation  is  forwarded  to  a  control  circuit  32  suitably  ar- 
ranged  within  the  housing  12. 

As  best  shown  in  FIG.  2,  the  housing  12  is  provided 
with  temperature  input  switches  34  and  36  to  enable  the 
user  to  select  a  desired  mixture  temperature  as  well  as 

is  a  liquid  crystal  display  (LCD)  panel  38  for  indicating  the 
selected  temperature.  In  the  illustrated  embodiment,  the 
input  switch  34  is  intended  to  decrement  the  desired 
temperature,  while  the  other  switch  36  is  used  for  incre- 
mentation.  The  housing  12  is  further  provided  with  a 

20  switch  40  for  instructing  delivery  to  the  shower  head  26, 
another  switch  42  for  selecting  delivery  to  the  faucet 
spout  28,  and  a  switch  44  for  commanding  termination 
of  delivery.  Commands  from  these  switches  are  input 
into  the  control  unit  32.  The  control  unit  32  is  adapted 

25  to  control  an  electric  drive  46,  described  later,  of  the  mix- 
ing  section  22  in  accordance  with  the  actual  water  tem- 
perature  as  detected  by  the  thermistor  30  and  the  de- 
sired  water  temperature  as  selected  by  the  switches  34 
and  36,  it  being  understood  that  in  certain  occasion,  a 

30  default  value  as  set  by  the  control  unit  32  may  be  used 
as  the  desired  temperature  as  described  later.  The  con- 
trol  unit  32  is  also  designed  to  control  an  electric  motor 
48  for  the  flow  control  valve  24  according  to  the  com- 
mands  from  the  switches  40,  42  and  44.  In  the  illustrated 

35  battery  operated  version,  the  electric  power  necessary 
to  drive  the  electric  drive  46,  the  motor  48  for  the  control 
valve  24,  the  control  unit  32,  and  the  LCD  38  is  supplied 
by  batteries  50  such  as  dry  cells.  To  this  end,  the  housing 
12  is  adapted  to  receive  a  waterproof  battery  casing  52 

40  wherein  a  plurality  of  UM3  dry  cells  are  replaceably  in- 
stalled.  The  opening  for  the  battery  casing  is  closed  by 
a  cap  54  screwed  to  the  housing  12. 

Referring  to  FIG.  3,  there  is  shown  in  an  enlarged 
scale  the  cold  water  inlet  fitting  16  incorporating  the 

45  pressure  reduction  valve  14.  The  inlet  fitting  16  is  de- 
signed  to  supply  the  cold  water  to  the  mixing  section  22 
after  the  pressure  thereof  has  been  reduced  by  the  pres- 
sure  reduction  valve  14.  The  fitting  16  has  a  casing  60 
having  an  inlet  56  adapted  to  be  connected  to  the  cold 

so  water  supply  line  and  an  outlet  58  in  communication  with 
the  mixing  section  22.  The  casing  60  may  include  a  con- 
ventional  stop  valve  64  with  a  strainer  62. 

The  pressure  reduction  valve  14  comprises  an  an- 
nular  valve  seat  66  formed  in  the  casing  60  and  a  disc- 

55  shaped  movable  closure  member  68  that  cooperates 
with  the  valve  seat  66  to  regulate  the  flow  of  water.  The 
closure  member  68  is  fixed  by  a  nut  70  to  a  valve  shaft 
72.  The  closure  member  68  is  provided  with  an  upwardly 
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extending  inverted  skirt  portion  74  which  is  axially  slid- 
ably  fitted  within  a  bore  78  formed  in  a  guide  member 
76  fluid-tightly  secured  to  the  casing  60.  The  skirt  portion 
74  is  loosely  fitted  within  the  bore  78  with  a  small  clear- 
ance  therebetween  to  ensure  that  the  secondary  pres- 
sure  downstream  of  the  valve  seat  66  is  introduced  into 
the  secondary  pressure  chamber  80  defined  by  the  clo- 
sure  member  68,  the  skirt  74  and  the  guide  member  76. 
The  valve  shaft  72  is  provided  at  the  lower  end  thereof 
with  a  spring  retainer  82.  A  metallic  bellows  arrange- 
ment  86  is  liquid  tightly  arranged  between  the  retainer 
82  and  a  cap  84,  threadingly  secured  to  the  casing  60, 
to  define  an  atmospheric  pressure  chamber  88.  The  bel- 
lows  86  sealingly  engages  the  retainer  82  and  the  cap 
to  prevent  water  under  the  primary  pressure  upstream 
of  the  valve  seat  66  from  leaking  into  the  chamber  88 
and  also  functions  as  a  spring  that  biases  the  closure 
member  68  upwards  away  from  the  valve  seat.  The  bel- 
lows  86  has  an  effective  pressure  receptive  area  equal 
to  that  of  the  valve  seat  66.  Accordingly,  the  hydraulic 
force  acting  upwardly  on  the  closure  member  68  due  to 
the  primary  pressure  and  the  hydraulic  force  acting 
downwardly  on  the  retainer  82  due  to  the  primary  pres- 
sure  are  equal  and,  therefore,  will  be  cancelled.  The  clo- 
sure  member  68  is  biased  upwards  by  a  spring  92  en- 
gaging  the  spring  retainer  82  and  adjustably  supported 
by  an  adjusting  screw  90  screwed  into  the  cap  84.  The 
closure  member  68  is  provided  with  an  elastomeric  seal- 
ing  member  94  resiliently  engageable  with  the  valve 
seat  66. 

The  mode  of  operation  of  the  pressure  reduction 
valve  14  is  as  follows.  As  the  hydraulic  force  acting  up- 
wardly  on  the  closure  member  68  due  to  the  primary 
pressure  P1  and  the  hydraulic  force  acting  downwardly 
on  the  retainer  82  due  to  the  primary  pressure  P1  are 
cancelled  as  described  before,  the  closure  member  68 
is  subjected  to  the  hydraulic  force  acting  thereon  down- 
wardly  due  to  the  secondary  pressure  P2  in  the  second- 
ary  pressure  chamber  80  as  well  as  to  the  upwardly  di- 
rected  spring  forces  of  the  bellows  86  and  the  spring  92. 
Therefore,  the  secondary  pressure  P2  is  determined  on- 
ly  by  the  spring  forces  of  the  bellows  86  and  the  spring 
92.  As  long  as  the  secondary  pressure  P2  is  lower  than 
a  predetermined  level  dictated  by  these  spring  forces, 
the  hydraulic  force  acting  on  the  closure  member  68  due 
to  the  secondary  pressure  P2  in  the  secondary  pressure 
chamber  80  will  be  overcome  by  the  spring  forces  so 
that  the  closure  member  68  is  biased  upwardly  to  allow 
water  to  flow  downstream  of  the  valve  seat  66  thereby 
permitting  a  rise  in  the  secondary  pressure  P2.  As  the 
secondary  pressure  P2  becomes  higher  than  the  prede- 
termined  level  so  that  the  hydraulic  force  acting  on  the 
closure  member  68  due  to  the  secondary  pressure  P2 
in  the  secondary  pressure  chamber  80  overcomes  the 
spring  forces,  the  sealing  member  94  of  the  closure 
member  68  will  be  resiliently  engaged  against  the  valve 
seat  66  to  shut  off  water  flow.  In  this  way,  the  pressure 
reduction  valve  14  is  operable  to  reduce  the  primary 

pressure  down  to  the  secondary  pressure  of  a  predeter- 
mined  level.  The  secondary  pressure  P2  may  be  adjust- 
ed  by  turning  the  adjusting  screw  90  to  vary  the  preload 
on  the  spring  92. 

5  The  inlet  fitting  20  for  the  hot  water  is  provided  with 
the  pressure  reduction  valve  1  8  in  the  manner  similar  to 
the  cold  water  inlet  fitting  1  6  and,  therefore,  need  not  be 
described.  After  the  pressure  thereof  has  been  reduced 
by  respective  pressure  reduction  valves  14  and  18,  hot 

10  water  and  cold  water  are  forwarded  to  associated  inlets 
of  the  mixing  section  22. 

Referring  to  FIG.  4,  arranged  in  the  housing  12  of 
the  mixing  valve  1  0  is  a  combined  valve  unit  1  00  incor- 
porating  the  mixing  valve  section  22  and  the  flow  control 

is  valve  section  24.  The  valve  unit  100  includes  a  housing 
102  having  a  hot  water  inlet  104  and  a  cold  water  inlet 
106,  with  an  outlet  108  of  the  hot  water  inlet  fitting  20 
connected  to  the  inlet  104,  the  outlet  58  of  the  cold  water 
inlet  fitting  16  being  connected  to  the  inlet  106. 

20  The  mixing  section  22  includes  annular  passages 
1  1  0  and  1  1  2  communicated,  respectively,  with  the  water 
inlets  104  and  106,  a  valve  chamber  116  wherein  a  mov- 
able  valve  member  114  is  axially  moveably  received, 
and  a  mixing  chamber  118.  The  valve  chamber  116  is 

25  defined  by  a  valve  seat  120  for  hot  water,  a  valve  seat 
1  22  for  cold  water,  and  an  axial  bore  1  24,  the  valve  seats 
1  20  and  1  22  being  perpendicular  to  the  axis  of  the  mix- 
ing  section  22.  The  movable  valve  member  114  has  an 
outer  cylindrical  portion  126  and  a  radial  web  128.  The 

30  cylindrical  portion  126  is  clearance  fitted  within  the  bore 
1  24,  without  a  conventional  sealing  member  such  as  an 
O-ring  therebetween,  to  ensure  that  the  valve  member 
1  1  4  axially  slides  within  the  bore  1  24  substantially  with- 
out  undergoing  frictional  resistance.  The  stroke  of  the 

35  valve  member  114  is  in  the  order  of  1  mm. 
It  will  be  understood  that  axial  displacement  of  the 

valve  member  114  will  result  in  a  change  in  the  mixing 
ratio  of  hot  and  cold  water  flowing  into  the  valve  chamber 
116  so  that  the  mixture  temperature  will  be  varied.  The 

40  flow  of  hot  water  will  be  shut  off  by  the  valve  member 
1  1  4  with  its  left-hand  edge  abutting  against  the  hot  water 
valve  seat  1  20,  with  the  flow  of  cold  water  being  shut  off 
as  the  right-hand  edge  of  the  valve  member  sealingly 
engages  the  cold  water  valve  seat  1  22.  The  web  1  28  of 

45  the  valve  member  114  is  provided  with  a  plurality  of 
openings  1  30  to  permit  hot  water  entering  from  the  inlet 
104  into  the  valve  chamber  116  to  flow  further  into  the 
mixing  chamber  118  for  mixing  with  cold  water. 

The  movable  valve  member  114  is  adapted  to  be 
so  displaced  and  positioned  by  a  temperature  responsive 

coiled  spring  132  arranged  in  the  mixing  chamber  118 
and  by  a  bias  spring  1  34  arranged  in  the  valve  chamber 
116.  Normally,  the  valve  member  114  is  resiliently  sup- 
ported  between  the  springs  132  and  134  in  such  a  po- 

55  sition  that  the  spring  forces  thereof  are  balanced.  The 
temperature  responsive  spring  132  is  made  of  a  mate- 
rial,  such  as  the  conventional  SMA  including  a  nickel 
and  titanium  alloy,  having  a  modulus  of  elasticity  which 

6 
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varies  with  temperature.  The  SMA  coiled  springs  suita- 
ble  for  use  in  the  present  invention  are  available  from 
various  sources  such  as  Kantoc  Special  Steel  K.K.,  of 
Fujisawa,  Japan.  The  bias  spring  134  is  made  of  a 
spring  steel  having  a  constant  modulus  of  elasticity. 

The  outer  end  of  the  SMA  spring  1  32  is  supported 
by  a  stationary  spring  retainer  138  fixed  to  the  housing 
1  02  by  a  snap  ring  1  36,  with  the  inner  end  thereof  being 
supported  by  a  movable  spring  retainer  140  secured  to 
the  valve  member  1  1  4.  The  SMA  spring  1  32  is  held  be- 
tween  the  retainers  138  and  140  in  a  slightly  com- 
pressed  state  such  that  the  rate  of  bending  strain  of  the 
spring  132  does  not  exceed  about  1%,  preferably 
0.75%.  Various  parameters  of  the  SMA  spring  132,  in- 
cluding  the  number  of  turn,  wire  diameter,  coil  diameter 
and  modulus  of  elasticity,  may  be  so  selected  that  a 
spring  force  in  the  order  of  700g,  preferably,  500g,  is 
developed  within  the  above-mentioned  limit  of  bending 
strain  when  the  SMA  spring  is  contacted  with  the  cold 
water.  The  inner  end  of  the  bias  spring  1  34  is  received 
by  a  spring  retainer  142  movable  conjointly  with  the 
valve  member  114  and  the  outer  end  thereof  is  adjust- 
ably  supported  by  the  electrical  drive  46.  To  facilitate  as- 
sembly,  the  spring  retainer  140  is  designed  to  extend 
through  a  central  aperture  in  the  web  128  of  the  valve 
member  1  1  4  and  is  threadingly  engaged  with  the  retain- 
er  142. 

The  electrical  drive  46  is  adapted  to  adjustably  vary 
the  preload  imposed  on  the  bias  spring  1  34.  In  the  illus- 
trated  embodiment,  the  electrical  drive  46  includes  an 
electric  motor  1  44  powered  by  the  battery  50.  A  slidable 
spring  retainer  148  is  splined  for  axial  movement  within 
an  end  member  1  46  suitably  fastened  fluid  tightly  to  the 
housing  102,  the  splined  engagement  precluding  rota- 
tional  movement  of  the  slidable  spring  retainer.  The  sli- 
dable  spring  retainer  148  has  an  internal  screw  threads 
that  are  threadingly  engaged  with  a  lead  screw  152 
formed  integrally  with  an  output  shaft  150  of  the  motor 
1  44.  The  shaft  1  50  is  sealed  by  an  O-ring  1  54  to  prevent 
leakage  of  water. 

With  this  arrangement,  rotation  of  the  motor  144  in 
a  direction  to  displace  the  slidable  spring  retainer  148 
to  the  right  as  viewed  in  FIG.  4  will  increase  the  preload 
on  the  bias  spring  134  to,  in  turn,  increase  the  mixture 
temperature.  Rotation  of  the  motor  144  in  the  reverse 
direction  will  decrease  the  preload  so  that  the  mixture 
temperature  will  be  lowered.  The  electrical  drive  46  is 
designed  and  arranged  such  that  the  slidable  spring  re- 
tainer  1  48  is  moved  to  the  left  through  a  sufficient  stroke 
until  the  bias  spring  1  34  is  fully  unloaded.  It  will  be  noted 
that,  as  the  pressure  of  hot  and  cold  water  applied  to  the 
mixing  section  22  has  been  reduced  by  the  pressure  re- 
duction  valves  1  4  and  1  8  as  mentioned  before,  the  seal- 
ing  ring  1  54  for  the  output  shaft  1  50  of  the  motor  1  44  is 
subjected  to  a  limited  pressure  so  that  the  frictional  re- 
sistance  due  to  the  sealing  ring  154  is  limited.  Therefore, 
pressure  reduction  is  also  advantageous  in  reducing  the 
power  consumption  of  the  motor  144. 

Referring  further  to  FIG.  4,  the  mixture  formed  at 
the  mixing  section  22  flows  toward  the  flow  control  valve 
24,  with  the  temperature  thereof  being  detected  by  the 
thermistor  30.  The  flow  control  valve  24  includes  a  sta- 

5  tionary  disc  1  56,  a  rotary  disc  1  58  and  the  geared  motor 
48  adapted  to  drive  the  rotary  disc  158.  The  stationary 
disc  156  has  two  outlet  ports  160  and  162,  as  best 
shown  in  FIG.  5,  with  the  one  port  160  being  connected 
to  the  shower  head  26  through  an  outlet  fitting  1  64  and 

10  a  shower  hose  166  (shown  only  in  FIG.  1),  the  other  port 
1  62  being  connected  to  an  outlet  fitting  1  68  to  which  the 
faucet  spout  28  is  swiveled.  As  shown  in  FIG.  6,  the  ro- 
tary  disc  158  has  a  single  port  170  in  communication 
with  the  mixing  chamber  1  1  8  and  is  adapted  to  be  rotat- 

15  ed  by  an  output  shaft  1  71  of  the  motor  48.  As  the  motor 
48  rotates  the  rotary  disc  1  58  to  bring  the  port  1  70  there- 
of  into  registration  with  the  outlet  port  1  60  of  the  station- 
ary  disc,  water  will  be  delivered  to  the  shower  head.  Wa- 
ter  will  be  delivered  to  the  faucet  spout  when  the  port 

20  170  is  brought  into  registration  with  the  outlet  port  162. 
When  the  port  170  is  offset  either  of  the  ports  160  and 
162,  water  flow  will  be  shut  off. 

Referring  to  FIG.  7,  there  is  shown  the  layout  of  the 
electrical  components  of  the  mixing  valve  10.  The  con- 

25  trol  unit  32  may  include  a  programmable  microcomputer 
172  which  is  programmed  to  perform  temperature  and 
flow  control  functions  described  later.  The  commands 
from  the  switches  34,  36,  40,  42  and  44  are  input  to  or 
otherwise  accessed  by  the  microcomputer  1  72  through 

30  switch  input  circuits.  The  output  of  the  thermistor  30  is 
transmitted  to  the  microcomputer  1  72  via  an  associated 
input  circuit.  The  microcomputer  172  drives  the  motors 
144  and  48  and  the  LCD  38  through  respective  drivers. 
Electric  power  from  the  battery  50  is  fed  to  the  micro- 

35  computer  1  72  and  the  various  drivers  via  a  constant  volt- 
age  circuit.  The  microcomputer  172  may  be  pro- 
grammed  such  that,  whenever  operation  of  the  mixing 
valve  1  0  is  commenced,  a  default  temperature  of  a  safe- 
ty  level  (for  example,  40°C)  is  set  as  the  desired  mixture 

40  temperature.  Also,  the  microcomputer  172  may  be  pro- 
grammed  so  that,  whenever  use  of  the  mixing  valve  is 
terminated,  the  power  is  turned  off  only  after  the  motor 
144  of  the  electric  drive  46  has  adjusted  the  preload  of 
the  bias  spring  1  34  to  locate  the  valve  member  1  1  4  to  a 

45  such  a  position  that  the  mixture  of  the  default  tempera- 
ture  is  delivered. 

Mode  of  use  of  the  mixing  valve  1  0  will  be  described 
in  connection  with  the  mode  of  operation.  As  the  user 
presses  on  the  shower  delivery  selection  switch  40  or 

so  the  faucet  selection  switch  42,  the  microcomputer  172 
of  the  control  unit  32  operates  to  set  the  default  value 
(e.g.,  40°C)  stored  in  the  memory  thereof  as  the  desired 
mixture  temperature  and  displays  the  desired  tempera- 
ture  on  the  LCD  38.  Then  the  motor  48  is  operated  to 

55  drive  the  flow  control  valve  24  to  deliver  water  to  the 
selected  appliance.  As  a  result,  cold  water  from  the  sup- 
ply  line  and  hot  water  from  the  boiler  are  delivered  to  the 
mixing  section  22  after  the  pressure  thereof  has  been 

7 
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reduced  by  the  pressure  reduction  valves  14  and  18. 
At  the  outset,  the  mixing  section  22  operates  to  mix 

hot  and  cold  water  in  such  a  ratio  that  a  mixture  of  the 
default  temperature  (40°C)  is  provided,  since  at  the  end 
of  the  previous  use  the  valve  member  1  1  4  of  the  mixing 
section  22  has  been  so  positioned  as  described  before. 

The  control  unit  32  monitors  the  actual  temperature 
sensed  by  the  thermistor  30  and  commences  the  elec- 
trical  feedback  control  of  the  mixture  temperature  by 
comparing  the  actual  temperature  with  the  desired  tem- 
perature  and  by  driving  the  electrical  drive  46  such  that 
the  valve  member  114  is  properly  positioned. 

As  the  user  presses  on  the  temperature  selection 
switch  34  or  36  to  vary  the  desired  temperature,  the  de- 
fault  temperature  is  decremented  or  incremented  for 
each  1°C  and  the  new  temperature  is  set  as  the  desired 
temperature  and  is  displayed  on  the  LCD  38. 

When  the  user  desired  water  delivery  of  the  mini- 
mum  temperature,  i.e.,  direct  delivery  of  cold  water,  the 
motor  144  is  rotated  to  retract  the  movable  spring  re- 
tainer  1  48  until  the  preload  on  the  bias  spring  1  34  is  fully 
relieved  as  shown  in  FIG.  8A.  It  will  be  noted  that  during 
the  minimum  temperature  condition,  the  spring  force  de- 
veloped  by  the  SMA  spring  1  32  is  equally  minimum  and 
in  the  order  of  500-700g.  However,  as  in  this  condition 
the  SMA  spring  132  suffers  no  counteractive  spring 
force  of  the  bias  spring  1  34,  the  spring  force  of  the  SMA 
spring  1  32  is  now  fully  available  to  urge  the  valve  mem- 
ber  114  against  the  hot  water  valve  seat  120  with  an 
adequate  sealing  pressure  enough  to  shut  off  the  flow 
of  hot  water.  Therefore,  according  the  arrangement  of 
the  invention,  it  is  possible  to  shut  off  hot  water  with  a 
limited  spring  force  which  is  advantageous  in  limiting  the 
strain  experienced  by  the  SMA  spring  and  in  precluding 
premature  fatigue  thereof. 

If,  to  the  contrary,  the  electric  drive  46  were  to  be 
arranged  to  the  right  as  viewed  in  FIG.  4  in  an  attempt 
to  vary  the  preload  on  the  SMA  spring,  then  during  the 
minimum  temperature  condition  wherein  the  modulus  of 
elasticity  of  the  SMA  is  minimum,  the  SMA  spring  must 
develop  a  spring  force  which  is  equal  to  the  counterac- 
tive  force  of  the  bias  spring  plus  the  sealing  pressure 
required  to  shut  off  hot  water.  In  that  case,  the  spring 
force  of  the  SMA  spring  must  be  twice  as  high  as  that 
required  in  the  arrangement  of  the  invention.  The  result 
of  this  would  be  that  the  bending  strain  imposed  on  the 
SMA  spring  must  be  correspondingly  increased. 

When  the  user  desired  water  delivery  of  the  maxi- 
mum  temperature,  i.e.,  direct  delivery  of  hot  water,  the 
motor  144  is  rotated  to  advance  the  movable  spring  re- 
tainer  148  as  shown  in  FIG.  8B.  The  bias  spring  134  is 
fully  compressed  against  the  increased  spring  force  of 
the  SMA  spring  132  to  urge  the  valve  member  114 
against  the  cold  water  valve  seat  122  with  an  adequate 
sealing  pressure  to  shut  off  cold  water. 

As  the  user  selected  an  intermediate  temperature, 
the  valve  member  114  will  be  positioned  in  an  interme- 
diate  position  shown  in  FIG.  4  wherein  the  spring  force 

of  the  SMA  spring  1  32  and  the  spring  force  of  the  bias 
spring  134  are  balanced.  The  control  unit  32  operates 
to  adjust  the  valve  position  in  accordance  with  the  actual 
mixture  temperature  so  that  the  desired  temperature  is 

5  attained.  This  will  be  described  in  more  detail  with  ref- 
erence  to  the  graph  of  FIG.  9  wherein  the  abscissa  in- 
dicates  the  water  temperature  and  the  ordinate  repre- 
sents  the  spring  force  developed  by  the  SMA  spring  1  32 
and  the  bias  spring  134.  For  the  purpose  of  simplicity, 

10  the  hysteresis  loop  of  the  SMA  spring  is  omitted  from 
the  graph  but  will  be  described  later  with  reference  to 
FIG.  11. 

Referring  to  FIG.  9,  the  SMA  spring  132  exhibits 
spring  force  that  varies  with  temperature  as  shown  by 

is  the  slanted  S-shaped  spring  force  vs.  temperature 
curve.  The  bias  spring  134  has  a  predetermined  spring 
constant  independent  of  the  temperature  but  its  spring 
force  varies  as  shown  by  the  inclined  line  in  response 
to  the  stroke  of  the  valve  member  1  1  4  between  the  cold 

20  water  shut-off  position  and  the  hot  water  shut-off  posi- 
tion  because  the  load  imposed  thereon  varies  according 
to  the  axial  position  of  the  valve  member,  it  being  under- 
stood  that,  although  exaggerated  in  the  graph  of  FIG.  9, 
the  change  in  the  bias  spring  force  is  quite  small  since 

25  the  valve  stroke  is  only  in  the  order  of  1  mm.  As  the  valve 
member  114  is  held  between  the  springs  132  and  134, 
it  will  be  brought  to  a  position  wherein  the  spring  forces 
of  the  springs  132  and  134  are  counterbalanced.  This 
position  corresponds  to  a  point  at  which  the  spring  force 

30  vs.  temperature  curve  of  the  SMA  spring  intersects  with 
the  bias  spring  force  line,  so  that  a  mixture  of  a  temper- 
ature  T  is  obtained.  It  will  be  understood  that,  as  the 
preload  on  the  bias  spring  134  is  varied,  the  line  repre- 
senting  the  bias  spring  force  will  be  translationally  shift- 

35  ed  up  and  down  in  the  graph  of  FIG.  9  along  the  ordinate 
so  that  the  point  of  intersection  will  be  shifted  laterally 
along  the  abscissa.  Thus,  the  control  unit  32  operates 
the  electric  drive  46  to  adjust  the  bias  spring  force  so 
that  the  desired  temperature  selected  by  the  user  is  es- 

40  tablished. 
Whenever,  during  use  of  the  mixing  valve  10,  the 

output  temperature  is  transitionally  deviated  from  the 
desired  value  due  to  fluctuation  in  the  supply  line  pres- 
sures,  hot  and  cold  water  supply  temperature  or  flow 

45  rates,  the  SMA  spring  132  quickly  responds  to  such  tem- 
perature  change  so  as  to  rapidly  control  by  mechanical 
feedbackthe  position  of  the  valve  member  1  1  4,  because 
the  modulus  of  elasticity  and,  hence,  the  spring  constant 
thereof  are  changed  almost  instantaneously.  Such  me- 

50  chanical  feedback  control  by  the  SMA  spring  1  32  is  per- 
formed  much  rapidly  than  the  electrical  feedback  control 
by  the  control  unit  32  wherein,  in  order  to  avoid  errone- 
ous  function  due  to  possible  fluctuation  in  the  signals 
from  the  thermistor  30,  certain  time  delay  must  neces- 

55  sarily  be  provided  in  the  program  before  determination 
is  made  that  the  water  temperature  has  actually 
changed.  It  will  also  be  noted  that,  since  the  responsive- 
ness  of  the  SMA  spring  1  32  is  much  higher  than  that  of 

8 



15 EP  0  607  390  B1 16 

the  conventional  wax  type  thermostatic  control  element, 
the  amplitude  and  duration  of  overshooting  and  under- 
shooting  of  temperature  experienced  with  the  mechan- 
ical  feedback  by  the  SMA  spring  is  reduced  to  one  tenth 
of  that  encountered  with  the  wax  type  element. 

In  the  arrangement  of  the  invention  wherein  the 
valve  member  114  is  resiliently  positioned  between  the 
SMA  spring  1  32  and  the  bias  spring  1  34,  however,  the 
valve  member  114  is  subject  to  axial  thrust  due  to  fluc- 
tuation  in  the  differential  pressure  between  hot  and  cold 
water.  To  explain  with  reference  to  the  schematic  dia- 
gram  of  FIG.  10,  the  gap  between  the  hot  water  valve 
seat  120  and  the  left-hand  end  face  174  of  the  cylindrical 
portion  1  26  of  the  valve  member  1  1  4  serves  as  a  restric- 
tion  that  reduces  the  incoming  hot  water  pressure  PH1 
to  the  output  pressure  PH2.  Similarly,  the  gap  between 
the  cold  water  valve  seat  122  and  the  right-hand  end 
face  176  functions  to  reduce  the  incoming  cold  water 
pressure  PC1  to  the  pressure  PC2.  It  may  be  considered 
that  the  incoming  pressures  PH1  and  PC1  act,  respec- 
tively,  on  the  outer  annular  pressure  receptive  areas  AH 
and  Ac  located  radially  outwards  of  the  medium  plane 
178  of  the  cylindrical  portion  126,  with  the  output  pres- 
sures  PH2  and  PC2  acting,  respectively,  on  the  inner 
pressure  receptive  areas,  as  shown.  As  the  output  pres- 
sure  PH2  can  be  regarded  as  being  roughly  equal  to  the 
pressure  PC2  because  of  the  presence  of  openings  1  30 
so  that  the  hydraulic  forces  due  to  the  output  pressures 
are  cancelled,  the  valve  member  114  will  be  subjected, 
in  total,  to  the  hydraulic  force  (AH  x  PH1)  due  to  the  in- 
coming  hot  water  pressure  as  well  as  to  the  hydraulic 
force  (Ac  x  PC1)  due  to  the  incoming  cold  water  pres- 
sure.  It  will  be  understood  that,  accordingly,  the  valve 
member  114  will  undergo  an  axial  hydraulic  thrust  if  a 
differential  pressure  is  generated  between  the  incoming 
pressures  PH1  and  PC1  due  to  transient  fluctuation 
thereof.  In  view  of  the  limited  spring  force  of  the  SMA 
spring  1  32,  such  thrust  would  be  non-negligible  and  re- 
sult  in  an  undesirable  offset  of  temperature.  In  the  illus- 
trated  embodiment,  however,  the  effect  of  differential 
pressure  fluctuation  is  substantially  eliminated  because 
the  pressure  reduction  valves  14  and  18  are  provided 
to  reduce  the  absolute  pressure  difference. 

Since  in  this  manner  one  of  the  external  disturbanc- 
es  is  substantially  removed  from  the  system  and  be- 
cause  any  transient  offset  is  quickly  compensated  for  by 
the  mechanical  feedback  control  performed  by  the  SMA 
spring  132  having  a  high  responsiveness,  the  number 
of  electrical  feedback  control  performed  by  the  control 
unit  32  is  minimized.  As  a  result,  the  electrical  drive  46 
may  be  operated  for  a  long  time  by  the  limited  electric 
power  available  with  the  battery.  The  primary  function 
of  the  electrical  feedback  control  is  to  compensate  for 
any  persistent  offset  that  might  result  from  the  hystere- 
sis  inherent  in  the  SMA  spring,  degradation  of  the  com- 
ponent  parts,  and  fluctuation  in  the  spring  constant  of 
the  coiled  springs  132  and  134  which  may  vary  from 
spring  to  spring  as  a  result  of  mass  production.  Actually, 

the  spring  force  vs.  temperature  curve  of  the  SMA  spring 
132  inherently  presents  a  hysteresis  loop  as  shown  in 
FIG.  11.  As  a  result,  during  transitional  condition  where- 
in  the  mixture  temperature  is  raised,  the  spring  forces 

5  of  the  springs  132  and  134  will  be  balanced  at  a  point 
of  intersection  in  which  mixture  at  a  temperature  T-,  is 
obtained.  When  the  water  temperature  is  transiently 
lowered,  the  spring  forces  will  be  balanced  at  such  a 
point  that  a  mixture  having  a  temperature  T2  is  deliv- 

10  ered.  This  would  result  in  a  temperature  offset  of  delta 
T.  According  to  the  invention,  however,  such  hysteresis 
originated  offset  is  thoroughly  eliminated  by  the  electri- 
cal  feedback  control  by  the  control  unit  32  which  contin- 
uously  monitors  the  actual  water  temperature  and  oper- 

15  ates  to  adjust  it  toward  the  desired  temperature. 
Referring  to  FIGS.  1  2  and  1  3,  there  is  shown  a  mod- 

ified  embodiment  of  the  invention.  Parts  and  members 
similar  to  those  of  the  first  embodiment  are  indicated  by 
like  reference  numerals  and,  therefore,  need  not  be  de- 

20  scribed.  Only  the  difference  will  be  described.  As  shown, 
the  mixing  valve  180  is  designed  such  that  the  second- 
ary  or  output  pressure  of  the  pressure  reduction  valve 
1  8  for  hot  water  is  applied  via  a  conduit  1  82  to  a  reduc- 
tion  valve  1  84  for  cold  water.  Similar  to  the  first  embod- 

25  iment,  the  reduction  valve  1  84  is  incorporated  in  the  cold 
water  inlet  fitting  1  6.  The  reduction  valve  1  84  is  provided 
with  a  pressure  chamber  186  which  is  defined  by  the 
metallic  bellows  86  and  into  which  the  secondary  pres- 
sure  from  the  hot  water  pressure  reduction  valve  18  is 

30  admitted.  With  this  arrangement,  pressure  reduction  by 
the  valve  184  is  performed  such  that  the  hydraulic  force 
acting  on  the  closure  member  68  due  to  the  secondary 
cold  water  pressure  reflected  in  the  pressure  chamber 
80  is  equal  to  the  sum  of  the  hydraulic  force  acting  on 

35  the  spring  retainer  82  due  to  the  hot  water  secondary 
pressure  reflected  in  the  pressure  chamber  186  and  the 
spring  force  of  the  bellows  86.  As  a  result,  the  secondary 
cold  water  pressure  will  be  higher  than  the  secondary 
hot  water  pressure  by  a  predetermined  level  which  is 

40  dictated  by  the  spring  force  of  the  bellows  86,  so  that 
the  pressure  difference  between  the  inlet  pressure  at  the 
hot  water  inlet  1  04  and  the  inlet  pressure  at  the  cold  wa- 
ter  inlet  106  is  made  constant.  Accordingly,  the  valve 
member  114  of  the  mixing  section  22  is  subjected  to  a 

45  constant  pressure  difference  regardless  of  any  fluctua- 
tion  in  the  supply  line  pressures.  The  axial  thrust  exerted 
on  the  valve  member  1  1  4  due  to  the  constant  differential 
pressure  may  be  readily  compensated  for  by  the  control 
unit  32  operating  to  increase  the  preload  on  the  bias 

50  spring  134. 
FIGS.  14  and  1  5  illustrate  another  modified  embod- 

iment  wherein  a  pressure  equalizer  arrangement  is  pro- 
vided.  Parts  and  members  similar  to  those  of  the  first 
embodiment  are  indicated  by  like  reference  numerals 

55  and,  therefore,  will  not  be  described.  The  mixing  valve 
1  90  includes  a  pressure  equalizing  valve  1  92  which  may 
suitably  be  arranged  within  the  housing  12.  The  valve 
192  has  a  piston  194  and  a  pair  of  movable  closure 
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members  196  and  198  which  are  connected  with  each 
other  by  a  valve  shaft  200.  The  closure  member  1  96  co- 
operates  with  an  annular  valve  seat  202  to  control  flow 
of  hot  water,  with  the  closure  member  198  cooperating 
with  an  annular  valve  seat  204  for  cold  water.  The  piston 
194  and  the  valve  seats  202  and  204  are  so  designed 
that  the  effective  pressure  receptive  areas  thereof  are 
equal.  Therefore,  the  hydraulic  forces  exerted  on  the 
closure  member  1  96  and  the  piston  1  94  due  to  the  pres- 
sure  at  a  hot  water  inlet  206  are  cancelled  with  each 
other  and  the  hydraulic  forces  exerted  on  the  closure 
member  1  98  and  the  piston  1  94  due  to  the  pressure  at 
a  cold  water  inlet  208  are  cancelled.  The  closure  mem- 
bers  196  and  198  are  subjected,  respectively,  to  the 
downstream  pressures  at  hot  and  cold  water  outlets  210 
and  21  2.  The  equalizer  valve  192  operates  such  that  the 
pressures  at  the  outlets  210  and  212  are  held  equal.  The 
provision  for  the  equalizing  valve  192  is  advantageous 
in  exempting  the  valve  member  1  1  4  from  any  axial  thrust 
regardless  of  fluctuation  in  the  supply  line  pressures. 

In  FIG.  16,  there  is  shown  a  modified  form  of  a  mix- 
ing  section  which  may  be  used  in  place  of  the  mixing 
section  22  described  with  reference  to  the  first  embod- 
iment. 

Referring  to  FIG.  16,  the  mixing  section  220  in- 
cludes  a  generally  tubular  housing  222  to  which  a  tubu- 
lar  guide  224  and  an  outlet  fitting  226  are  liquid  tightly 
and  threadingly  secured.  The  housing  222  has  an  inlet 
228  for  hot  water  and  an  inlet  230  for  cold  water.  The 
housing  222  has  a  central  bore  232  in  which  a  piston 
234  is  slidably  fitted.  The  inner  space  of  the  housing  222 
is  divided  by  the  piston  234  into  a  primary  pressure 
chamber  236  for  hot  water  and  a  primary  pressure 
chamber  238  for  cold  water.  These  chambers  236  and 
238  are  in  communication  with  valve  chambers  240  and 
242,  respectively,  via  a  valve  seat  244  formed  integrally 
with  the  housing  222  and  a  valve  seat  insert  246  fixed 
by  the  guide  224.  The  valve  chamber  242  is  communi- 
cated  with  the  chamber  240  via  a  plurality  of  apertures 
248  in  the  guide  224  and  a  longitudinal  passage  250  in 
the  housing  222,  to  permit  cold  water  in  the  chamber 
242  to  flow  into  the  chamber  240  for  mixing  with  hot  wa- 
ter.  Accordingly,  the  valve  chamber  240  also  serves  as 
a  mixing  chamber. 

The  piston  234  has  an  integral  shaft  252,  to  the  ends 
of  which  movable  closure  members  254  and  256  are  rig- 
idly  secured  by  nuts  for  conjoint  axial  movement  with 
the  piston.  The  piston  234,  the  valve  seats  244  and  246 
and  the  closure  members  254  and  256  are  all  axially 
aligned  with  each  other  and  have  an  equal  pressure  re- 
ceptive  area. 

The  closure  member  254  is  biased  toward  the  as- 
sociated  valve  seat  244  by  a  coiled  spring  258  of  SMA 
which  is  similar  to  the  SMA  spring  132  of  the  first  em- 
bodiment.  The  closure  member  256  is  normally  biased 
toward  the  corresponding  valve  seat  246  by  a  bias 
spring  260  supported  by  an  electric  drive  262  which  is 
adapted  to  vary  the  preload  of  the  bias  spring  260.  Sim- 

ilar  to  the  electric  drive  46  of  the  first  embodiment,  the 
drive  262  includes  a  motor  264  having  an  output  shaft 
266  provided  with  an  integral  lead  screw  268  threadingly 
engaging  a  spring  retainer  270  suitably  splined  in  the 

5  tubular  guide  224.  A  thermistor  272  is  mounted  to  the 
outlet  fitting  226  to  sense  the  actual  temperature  of  mix- 
ture  formed  in  the  mixing  chamber  240. 

The  motor  264  of  the  electric  drive  262  may  be  feed- 
back  controlled  by  the  control  unit  32  in  as  much  the 

10  same  manner  as  described  with  reference  to  the  first 
embodiment.  Moreover,  mechanical  feedback  control 
by  the  SMA  spring  258  is  performed  in  a  similar  manner. 
Therefore,  only  the  difference  in  the  operation  of  the 
mixing  section  220  will  be  described. 

is  The  pressure  in  the  primary  pressure  chamber  236 
operates  to  urge  the  closure  member  254  away  from  the 
associated  valve  seat  244  as  well  as  to  bias  the  piston 
234  to  the  left  as  viewed  in  FIG.  16.  Since  the  effective 
pressure  receptive  areas  of  the  piston  234  and  the  clo- 

20  sure  member  254  are  equal  as  aforementioned,  the  hy- 
draulic  forces  acting  thereon  due  to  the  primary  water 
pressure  in  the  chamber  236  are  cancelled  with  each 
other.  Similarly,  the  hydraulic  forces  acting  on  the  clo- 
sure  member  256  and  the  piston  234  due  to  the  primary 

25  pressure  in  the  chamber  238  are  cancelled.  Therefore, 
the  closure  members  254  and  256  are  free  from  any  ax- 
ial  thrust  due  to  the  primary  pressure  regardless  of  pres- 
sure  difference  that  may  exist  between  the  water  inlets 
228  and  230.  The  closure  members  254  and  256  are 

30  also  free  from  any  axial  thrust  due  to  the  secondary 
pressure  in  the  chambers  240  and  242  because  these 
chambers  are  connected  by  the  passage  250  and  are 
subjected  to  the  identical  pressure.  Accordingly,  the  ad- 
vantage  of  the  mixing  section  220  is  that  the  effect  of 

35  differential  pressure,  whether  transitional  or  persistent, 
is  entirely  eliminated.  This  is  particularly  advantageous 
in  providing  a  battery  operated  mixing  valve.  It  will  also 
be  noted  that  the  mixing  section  220  is  simple  in  struc- 
ture  and  may  be  made  compact  in  size. 

40  While  the  present  invention  has  been  described 
herein  with  reference  to  the  specific  embodiments  there- 
of,  it  is  contemplated  that  the  invention  is  not  limited 
thereby  and  various  modifications  and  alterations  may 
be  made  therein  without  departing  from  the  scope  of  the 

45  invention  which  is  defined  by  the  appended  claims. 

Claims 

so  1.  An  electromechanically  controlled  thermostatic 
mixing  valve  (100)  comprising: 

a  housing  (1  02)  having  an  inlet  (1  04)  for  hot  wa- 
ter,  an  inlet  (1  06)  for  cold  water,  a  mixing  cham- 

55  ber  (1  1  8)  in  communication  with  said  inlets,  and 
an  outlet  (1  64,  1  68)  discharging  from  said  mix- 
ing  chamber; 
movable  valve  means  (114)  disposed  in  said 
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housing  for  controlling  the  flow  of  hot  and  cold 
water  flowing  into  said  mixing  chamber  to  con- 
trol  the  temperature  of  a  mixture  of  hot  and  cold 
water  formed  in  said  mixing  chamber,  said 
valve  means  being  movable  between  a  first  po-  s 
sition  wherein  the  temperature  of  said  mixture 
is  minimized  and  a  second  position  wherein  the 
temperature  of  said  mixture  is  maximized; 
a  temperature-responsive  first  coiled  spring 
(1  32)  disposed  in  said  chamber  for  biasing  said  10 
valve  means  toward  said  first  position,  said  first 
spring  being  made  of  a  material  having  a  spring  2. 
constant  that  increases  in  response  to  the  in- 
crease  in  the  temperature  of  said  mixture  there- 
by  to  exert  on  said  valve  means  an  increasing  15 
spring  force  as  the  temperature  of  said  mixture 
is  raised;  3. 
said  first  spring  being  held  in  a  slightly  com- 
pressed  state  throughout  the  movement  of  said 
valve  means  between  said  first  and  second  po-  20 
sitions;  4. 
a  second  coiled  spring  (134)  disposed  in  said 
housing  for  biasing  said  valve  means  toward 
said  second  position,  said  second  spring  hav- 
ing  a  predetermined  spring  constant  substan-  25 
tially  independent  of  the  temperature  of  said  5. 
mixture,  said  second  spring  having  an  end  en- 
gaging  said  valve  means; 
electrical  drive  means  (46,  144)  acting  on  the 
other  end  of  said  second  spring  (134)  for  ad-  30  6. 
justably  varying  the  preload  on  said  second 
spring; 
temperature  sensing  means  (30)  for  sensing 
the  actual  temperature  of  said  mixture;  7. 
input  means  (34,  36)  for  selecting  the  desired  35 
temperature  for  said  mixture;  and, 
electrical  control  means  (32)  responsive  to  said 
temperature  sensing  means  and  said  input 
means  for  controlling  said  electrical  drive  8. 
means;  40 
said  valve  means  being  resiliently  supported 
between  said  first  and  second  springs,  when 
said  valve  means  is  situated  in  an  intermediate 
position  between  said  first  and  second  posi- 
tions,  to  permit  said  valve  means  to  move  in  re-  45 
sponse  to  any  change  in  the  spring  force  of  said 
first  spring  due  to  variation  in  the  temperature 
of  said  mixture  until  the  spring  forces  of  said  9. 
first  and  second  springs  are  counterbalanced; 
said  control  means  (32)  being  operable  to  con-  so 
trol  said  electrical  drive  means,  when  said  valve 
means  is  situated  in  said  intermediate  position,  10, 
to  adjustably  vary  the  preload  on  said  second 
spring  such  that  the  actual  mixture  temperature 
is  brought  to  the  selected  desired  temperature;  55 
said  control  means  (32)  being  operable  to  con- 
trol  said  electrical  drive  means,  when  said  valve 
means  is  to  be  positioned  in  said  first  position 

for  delivery  of  mixture  of  the  minimum  temper- 
ature,  to  substantially  relieve  the  preload  on 
said  second  spring  to  permit  said  first  spring  to 
bias  said  valve  means  toward  said  first  position 
without  suffering  the  counteractive  force  of  said 
second  spring; 
said  control  mean  (32)  being  operable  to  con- 
trol  said  electrical  drive  means  to  increase  the 
preload  on  said  second  spring  in  response  to 
the  increase  in  said  desired  temperature. 

A  thermostatic  mixing  valve  according  to  claim  1  , 
wherein  said  first  spring  (1  32)  is  designed  to  devel- 
op  less  than  about  700g  of  spring  force  when  said 
valve  means  is  in  said  first  position. 

A  thermostatic  mixing  valve  according  to  claim  2, 
wherein  said  first  spring  (1  32)  is  designed  to  devel- 
op  less  than  about  500g  of  spring  force. 

A  thermostatic  mixing  valve  according  to  claim  3, 
wherein  said  valve  means  (1  1  4)  is  disposed  in  said 
housing  substantially  freely  from  frictional  resist- 
ance. 

A  thermostatic  mixing  valve  according  to  claim  1  , 
further  comprising  pressure  control  means  (1  4,  1  8) 
for  reducing  the  inlet  pressures  at  said  water  inlets. 

A  thermostatic  mixing  valve  according  to  claim  1  , 
further  comprising  pressure  control  means  (1  92)  for 
equalizing  the  inlet  pressures  at  said  water  inlets. 

A  thermostatic  mixing  valve  according  to  claim  1  , 
further  comprising  pressure  control  means  (18, 
182,  184)  for  providing  the  pressure  difference  be- 
tween  said  water  inlets  constant. 

A  thermostatic  mixing  valve  according  to  claim  1  , 
further  comprising  pressure  receptive  means  (234, 
254,  256)  associated  with  said  valve  means  for 
counterbalancing  the  hydraulic  force  acting  on  said 
valve  means  due  to  the  inlet  pressure  at  said  cold 
water  inlet  (230)  with  the  hydraulic  force  acting  on 
said  valve  means  due  to  the  inlet  pressure  at  said 
hot  water  inlet  (228). 

A  thermostatic  mixing  valve  according  to  claim  1  , 
wherein  said  first  spring  (1  32)  is  made  of  an  alloyed 
metal  having  a  shape  memory  effect. 

A  thermostatic  mixing  valve  having  a  movable  valve 
member  (114)  positioned  between  first  (132)  and 
second  (1  34)  coiled  springs  for  controlling  the  tem- 
perature  of  a  mixture  of  hot  and  cold  water,  said  first 
spring  being  made  of  a  material  having  a  tempera- 
ture-responsive  spring  constant  that  varies  with  the 
temperature  of  said  mixture,  said  second  spring 
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having  a  predetermined  spring  constant  substan- 
tially  independent  of  the  temperature  of  said  mix- 
ture,  said  mixing  valve  comprising: 

temperature  sensing  means  (30)  for  sensing  s 
the  actual  temperature  of  said  mixture; 
input  means  (34,  36)  for  selecting  the  desired 
temperature  for  said  mixture; 
electrical  drive  means  (46)  for  acting  on  said 
springs  to  adjust  the  biasing  force  thereof;  and,  10 
electrical  control  means  (32)  responsive  to  said 
temperature  sensing  means  and  said  input 
means  for  controlling  said  electrical  drive 
means; 
said  valve  member  being  resiliently  supported  15 
between  said  first  and  second  springs  to  permit 
said  valve  member  to  quickly  move  in  response 
to  any  change  in  the  spring  force  of  said  first 
spring  due  to  variation  in  the  temperature  of 
said  mixture  to  a  position  in  which  the  spring  20 
forces  of  said  first  and  second  springs  are  coun- 
terbalanced; 
said  control  means  being  operable  to  actuate 
said  electrical  drive  means  upon  sensing  an  off- 
set  of  the  actual  temperature  of  said  mixture  25 
from  the  desired  temperature  to  bias  said  valve 
member  to  such  a  position  in  which  the  actual 
temperature  of  said  mixture  as  sensed  by  said 
sensing  means  is  brought  to  the  desired  tem- 
perature  as  selected  by  said  input  means.  30 

Patentanspriiche 

1.  Elektromagnetisch  gesteuertes  thermostatisches  35 
Mischventil  (100)  mit: 

einem  Gehause  (102),  welches  einen  EinlaB 
(1  04)  fur  heiBes  Wasser,  einen  EinlaB  (1  06)  fur 
kaltes  Wasser,  eine  Mischkammer  (1  1  8)  in  Ver-  40 
bindung  mit  den  Einlassen  und  einen  AuslaB 
(164,  168)  zur  Entleerung  aus  der  Mischkam- 
mer  hat; 
einer  in  dem  Gehause  angeordneten,  bewegli- 
chen  Ventileinrichtung  (114)  zum  Steuern  der  45 
Stromung  von  heiBem  und  kaltem  Wasser,  wel- 
ches  in  die  Mischkammer  flieBt,  zur  Steuerung 
der  Temperatur  eines  Gemisches  aus  heiBem 
und  kaltem  Wasser,  welches  in  der  Mischkam- 
mer  gebildet  wird,  wobei  die  Ventileinrichtung  so 
zwischen  einer  ersten  Position,  bei  der  die 
Temperatur  des  Gemisches  auf  ein  Minimum 
gebracht  wird,  und  einer  zweiten  Position  be- 
wegbar  ist,  bei  der  die  Temperatur  des  Gemi- 
sches  auf  ein  Maximum  gebracht  wird;  55 
einer  temperaturempfindlichen,  ersten  Wen- 
delfeder  (132),  die  in  der  Kammer  angeordnet 
ist,  urn  die  Ventileinrichtung  in  die  erste  Stel- 

lung  vorzuspannen,  wobei  die  erste  Feder  aus 
einem  Werkstoff  hergestellt  ist,  der  eine  Feder- 
konstante  hat,  die  in  Abhangigkeit  von  einer 
Temperaturzunahme  des  Gemisches  steigt, 
urn  dadurch  auf  die  Ventileinrichtung  eine 
wachsende  Federkraft  auszuuben,  wenn  die 
Temperatur  des  Gemisches  angehoben  wird; 
wobei  die  erste  Feder  wahrend  der  ganzen  Be- 
wegung  der  Ventileinrichtung  zwischen  der  er- 
sten  und  zweiten  Stellung  in  leicht  komprimier- 
tem  Zustand  gehalten  wird; 
einer  in  dem  Gehause  angeordneten  zweiten 
Wendelfeder  (134)  zum  Vorspannen  der  Ven- 
tileinrichtung  in  Richtung  zur  zweiten  Stellung, 
wobei  die  zweite  Feder  eine  vorherbestimmte 
Federkonstante  im  wesentlichen  unabhangig 
von  der  Temperatur  des  Gemisches  hat,  wobei 
die  zweite  Feder  ein  mit  der  Ventileinrichtung 
in  Eingriff  stehendes  Ende  hat; 
einer  elektrischen  Antriebseinrichtung  (46, 
1  44),  die  auf  das  andere  Ende  der  zweiten  Fe- 
der  (134)  einwirkt,  urn  die  Vorbelastung  der 
zweiten  Feder  einstellbar  zu  variieren; 
einer  TemperaturmeBfuhleinrichtung  (30)  zum 
Erfassen  dertatsachlichen  Temperaturdes  Ge- 
misches; 
einer  Eingabeeinrichtung  (34,  36)  zur  Wahl  der 
gewunschten  Temperatur  fur  das  Gemisch; 
und 
einer  elektrischen  Steuereinrichtung  (32),  die 
auf  die  TemperaturmeBfuhleinrichtung  und  die 
Eingabeeinrichtung  anspricht,  urn  die  elektri- 
sche  Antriebseinrichtung  zu  steuern; 
wobei  die  Ventileinrichtung  zwischen  der  er- 
sten  und  zweiten  Feder  federndnachgiebigab- 
gestutzt  ist,  wenn  sich  die  Ventileinrichtung  in 
einer  Zwischenstellung  zwischen  der  ersten 
und  zweiten  Stellung  befindet,  urn  es  der  Ven- 
tileinrichtung  zu  erlauben,  sich  in  Abhangigkeit 
von  jeglicher  Anderung  der  Federkraft  der  er- 
sten  Feder  aufgrund  einer  Anderung  der  Tem- 
peratur  des  Gemisches  zu  bewegen,  bis  die 
Federkrafte  der  ersten  und  zweiten  Feder  ein- 
ander  aufwiegen; 
wobei  die  Steuereinrichtung  (32)  zum  Steuern 
der  elektrischen  Antriebseinrichtung  betatigbar 
ist,  wenn  sich  die  Ventileinrichtung  in  der  Zwi- 
schenstellung  befindet,  urn  die  Vorbelastung 
der  zweiten  Feder  einstellbar  so  zu  variieren, 
dal3  die  tatsachliche  Gemischtemperatur  auf 
die  gewahlte,  gewunschte  Temperatur  ge- 
bracht  wird; 
wobei  die  Steuereinrichtung  (32)  zur  Steuerung 
der  elektrischen  Antriebseinrichtung  betatigbar 
ist,  wenn  die  Ventileinrichtung  in  die  erste  Stel- 
lung  zur  Abgabe  von  Gemisch  der  Minimaltem- 
peratur  gebracht  werden  soil,  urn  die  Vorbela- 
stung  der  zweiten  Feder  im  wesentlichen  auf- 
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zuheben,  damit  die  erste  Feder  die  Ventilein- 
richtung  in  Richtung  auf  die  erste  Position  vor- 
spannen  kann,  ohne  eine  entgegengesetzt  wir- 
kende  Kraft  der  zweiten  Feder  zu  erleiden; 
wobei  die  Steuereinrichtung  (32)  zur  Steuerung  s 
der  elektrischen  Antriebseinrichtung  betatigbar 
ist,  um  die  Vorbelastung  der  zweiten  Feder  in 
Abhangigkeit  vom  Anstieg  der  gewunschten 
Temperatur  zu  erhohen. 

10 
2.  Thermostatisches  Mischventil  nach  Anspruch  1  ,  bei 

dem  die  erste  Feder  (1  32)  so  ausgelegt  ist,  dal3  sie 
eine  Federkraft  von  weniger  als  etwa  700  g  entwik- 
kelt,  wenn  sich  die  Ventileinrichtung  in  der  ersten 
Stellung  befindet.  15 

3.  Thermostatisches  Mischventil  nach  Anspruch  2,  bei 
dem  die  erste  Feder  (1  32)  so  ausgelegt  ist,  dal3  sie 
eine  Federkraft  von  weniger  als  etwa  500  g  entwik- 
kelt.  20 

4.  Thermostatisches  Mischventil  nach  Anspruch  3,  bei 
dem  die  Ventileinrichtung  (114)  in  dem  Gehause  im 
wesentlichen  frei  von  Reibungswiderstand  ange- 
ordnet  ist.  25 

5.  Thermostatisches  Mischventil  nach  Anspruch  1, 
ferner  mit  einer  Drucksteuereinrichtung  (1  4,  1  8)  zur 
Verringerung  der  EinlaBdrucke  an  den  Wasserein- 
lassen.  30 

6.  Thermostatisches  Mischventil  nach  Anspruch  1, 
ferner  mit  einer  Drucksteuereinrichtung  (192)  zum 
Ausgleich  der  EinlaBdrucke  an  den  Wassereinlas- 
sen.  35 

7.  Thermostatisches  Mischventil  nach  Anspruch  1, 
ferner  mit  einer  Drucksteuereinrichtung  (18,  182, 
1  84),  um  den  Druckunterschied  zwischen  den  Was- 
sereinlassen  konstant  bereitzustellen.  40 

8.  Thermostatisches  Mischventil  nach  Anspruch  1, 
ferner  mit  einer  Druckaufnahmeeinrichtung  (234, 
254,  256),  die  der  Ventileinrichtung  zugeordnet  ist, 
um  die  auf  die  Ventileinrichtung  wirkende  hydrauli-  45 
sche  Kraft  aufgrund  des  EinlaBdrucks  am  Kaltwas- 
sereinlaB  (230)  gegen  die  hydraulische  Kraft  aufzu- 
wiegen,  die  auf  die  Ventileinrichtung  aufgrund  des 
EinlaBdrucks  am  HeiBwassereinlaB  (228)  wirkt. 

50 
9.  Thermostatisches  Mischventil  nach  Anspruch  1  ,  bei 

dem  die  erste  Feder  (132)  aus  einem  legierten  Me- 
tall  gemacht  ist,  welches  eine  Formerinnerungswir- 
kung  hat. 

55 
10.  Thermostatisches  Mischventil  mit  einem  bewegli- 

chen  Ventilglied  (114),  welches  zwischen  einer  er- 
sten  (1  32)  und  einer  zweiten  (1  34)  Wendelfeder  an- 

il  24 

geordnet  ist,  um  die  Temperatur  eines  Gemisches 
aus  heiBem  und  kaltem  Wasser  zu  steuern,  wobei 
die  erste  Feder  aus  einem  Material  gemacht  ist, 
welches  eine  temperaturempfindliche  Federkon- 
stante  hat,  die  sich  mit  der  Temperatur  des  Gemi- 
sches  andert,  wobei  die  zweite  Feder  eine  vorher- 
bestimmte  Federkonstante  hat,  die  von  der  Tempe- 
ratur  des  Gemisches  im  wesentlichen  unabhangig 
ist,  wobei  das  Mischventil  aufweist: 

eine  TemperaturmeBfuhleinrichtung  (30)  zum 
Erfassen  dertatsachlichen  Temperaturdes  Ge- 
misches; 
eine  Eingabeeinrichtung  (34,  36)  zur  Wahl  der 
gewunschten  Temperatur  fur  das  Gemisch; 
eine  elektrische  Antriebseinrichtung  (46)  zum 
Einwirken  auf  die  Federn  zwecks  Einstellung 
der  Vorspannkraft  derselben;  und 
eine  elektrische  Steuereinrichtung  (32),  die  auf 
die  TemperaturmeBfuhleinrichtung  und  die  Ein- 
gabeeinrichtung  anspricht,  um  die  elektrische 
Antriebseinrichtung  zu  steuern; 
wobei  das  Ventilglied  zwischen  der  ersten  und 
zweiten  Feder  federnd  nachgiebig  abgestutzt 
ist,  um  es  dem  Ventilglied  zu  ermoglichen,  sich 
in  Abhangigkeit  von  jeglicher  Anderung  der  Fe- 
derkraft  der  ersten  Feder  aufgrund  einer  Ande- 
rung  der  Temperatur  des  Gemisches  rasch  in 
eine  Stellung  zu  bewegen,  bei  der  die  Feder- 
krafte  der  ersten  und  zweiten  Feder  gegenein- 
ander  aufgewogen  sind; 
wobei  die  Steuereinrichtung  so  betatigbar  ist, 
dal3  sie  auf  die  elektrische  Antriebseinrichtung 
einwirkt,  wenn  sie  eine  Abweichung  der  tat- 
sachlichen  Temperaturdes  Gemisches  von  der 
gewunschten  Temperatur  erfaBt,  um  den  Ven- 
tilglied  in  eine  solche  Stellung  vorzuspannen, 
in  welcher  die  tatsachliche  Temperatur  des  Ge- 
misches,  wie  sie  von  der  MeBfuhleinrichtung 
wahrgenommen  wird,  auf  die  gewunschte  Tem- 
peratur  gebracht  wird,  wie  mittels  der  Eingabe- 
einrichtung  gewahlt. 

Revendications 

1.  Robinet  de  melange  thermostatique  commande 
electromecaniquement  (100)  comprenant: 

un  boTtier  (102)  possedant  une  entree  (104) 
pour  I'eau  chaude,  une  entree  (106)  pour  I'eau 
froide,  une  chambre  de  melange  (1  1  8)  commu- 
niquant  avec  ces  entrees,  et  une  sortie  (164, 
168)  alimentee  par  la  chambre  de  melange; 
des  moyens  mobiles  formant  valve  (1  1  4)  dispo- 
ses  dans  le  boTtier  pour  commander  recoup- 
ment  d'eau  chaude  et  froide  entrant  dans  la 
chambre  de  melange  pour  commander  la  tem- 
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perature  d'un  melange  d'eau  chaude  et  froide 
qui  se  forme  dans  la  chambre  de  melange,  les 
moyens  formant  valve  etant  mobiles  entre  une 
premiere  position  dans  laquelle  la  temperature 
du  melange  est  minimisee  et  une  seconde  po-  s 
sition  dans  laquelle  la  temperature  du  melange 
est  maximisee; 
un  premier  ressort  helicoi'dal  (132)  sensible  a 
la  temperature  dispose  dans  ladite  chambre 
pour  rappeler  les  moyens  formant  valve  vers  la-  10 
dite  premiere  position,  ledit  premier  ressort 
etant  fait  d'un  materiau  ayant  une  constante 
elastique  qui  augmente  en  reponse  a  I'accrois- 
sement  de  la  temperature  dudit  melange  de  fa- 
con  a  exercer  sur  les  moyens  formant  valve  une  15 
force  elastique  croissante  lorsque  la  tempera- 
ture  dudit  melange  est  augmentee; 
ledit  premier  ressort  etant  tenu  dans  un  etat  le- 
gerement  comprime  au  cours  de  tout  le  mou- 
vement  des  moyens  formant  valve  entre  les  20  2. 
premiere  et  seconde  positions; 
un  second  ressort  helicoi'dal  (134)  dispose 
dans  le  boTtier  pour  rappeler  les  moyens  for- 
mant  valve  vers  ladite  seconde  position,  le  se- 
cond  ressort  ayant  une  constante  elastique  25 
predeterminee  sensiblement  independante  de  3. 
la  temperature  dudit  melange,  le  second  res- 
sort  ayant  une  extremite  appuyee  sur  les 
moyens  formant  valve; 
des  moyens  d'entraTnement  electrique  (46,  30 
144)  agissant  sur  I'autre  extremite  du  second  4. 
ressort  (1  34)  pour  modifier  de  maniere  reglable 
la  precontrainte  sur  le  second  ressort; 
des  moyens  capteurs  de  temperature  (30)  pour 
capter  la  temperature  reelle  du  melange;  35 
des  moyens  d'entree  (34,  36)  pour  selectionner  5. 
la  temperature  desiree  pour  le  melange;  et 
des  moyens  de  commande  electrique  (32)  qui 
reagissent  aux  moyens  capteurs  de  tempera- 
ture  et  aux  moyens  d'entree  pour  commander  40 
les  moyens  d'entramement  electrique;  6. 
les  moyens  formant  valve  etant  supportes  elas- 
tiquement  entre  les  premier  et  second  ressorts, 
lorsque  les  moyens  formant  valve  sont  situes 
dans  une  position  intermediate  entre  les  pre-  45 
miere  et  seconde  positions,  pour  permettre  aux  7. 
moyens  formant  valve  de  se  deplacer  en  repon- 
se  a  tout  changement  dans  la  force  elastique 
du  premier  ressort  du  a  la  variation  de  tempe- 
rature  du  melange  jusqu'a  ce  que  les  forces  so 
elastiques  des  premier  et  second  ressorts 
soient  equilibrees;  8. 
les  moyens  de  commande  (32)  etant  capables 
de  commander  les  moyens  d'entraTnement 
electrique,  lorsque  les  moyens  formant  valve  55 
sont  situes  dans  la  position  intermediate,  pour 
modifier  de  maniere  reglable  la  precontrainte 
sur  le  second  ressort  de  facon  que  la  tempera- 

ture  reelle  du  melange  soit  portee  a  la  tempe- 
rature  desiree  selectionnee; 
les  moyens  de  commande  (32)  etant  capables 
de  commander  les  moyens  d'entraTnement 
electrique,  lorsque  les  moyens  formant  valve 
doivent  etre  positionnes  dans  la  premiere  posi- 
tion  pour  fournir  du  melange  a  la  temperature 
minimum,  de  maniere  a  sensiblement  suppri- 
mer  la  precontrainte  sur  le  second  ressort  pour 
permettre  au  premier  ressort  de  rappeler  les 
moyens  formant  valve  vers  la  premiere  position 
sans  subir  la  force  antagoniste  du  second  res- 
sort; 
les  moyens  de  commande  (32)  etant  capables 
de  commander  les  moyens  d'entraTnement 
electrique  pour  augmenter  la  precontrainte  sur 
le  second  ressort  en  reponse  a  I'accroissement 
de  la  temperature  desiree. 

Robinet  de  melange  thermostatique  selon  la  reven- 
dication  1,  dans  lequel  le  premier  ressort  (132)  est 
concu  pour  developper  moins  d'environ  700  g  de 
force  elastique  lorsque  les  moyens  formant  valve 
sont  dans  la  premiere  position. 

Robinet  de  melange  thermostatique  selon  la  reven- 
dication  2,  dans  lequel  le  premier  ressort  (132)  est 
concu  pour  developper  moins  d'environ  500  g  de 
force  elastique. 

Robinet  de  melange  thermostatique  selon  la  reven- 
dication  3,  dans  lequel  les  moyens  formant  valve 
(114)  sont  disposes  dans  le  boTtier  d'une  maniere 
sensiblement  exempte  de  resistance  de  frottement. 

Robinet  de  melange  thermostatique  selon  la  reven- 
dication  1  ,  comprenant  en  outre  des  moyens  de 
commande  de  pression  (14,  18)  pour  reduire  les 
pressions  d'entree  auxdites  entrees  d'eau. 

Robinet  de  melange  thermostatique  selon  la  reven- 
dication  1  ,  comprenant  en  outre  des  moyens  d'ajus- 
tement  de  pression  (192)  pour  egaliser  les  pres- 
sions  d'entree  auxdites  entrees  d'eau. 

Robinet  de  melange  thermostatique  selon  la  reven- 
dication  1  ,  comprenant  en  outre  des  moyens  d'ajus- 
tement  de  pression  (18,  182,  184)  pour  rendre  la 
difference  de  pression  entre  lesdites  entrees  d'eau 
constante. 

Robinet  de  melange  thermostatique  selon  la  reven- 
dication  1  ,  comprenant  en  outre  des  moyens  recep- 
tees  de  pression  (234,  254,  256)  associes  auxdits 
moyens  formant  valve  pour  contrebalancer  la  force 
hydraulique  agissant  sur  lesdits  moyens  formant 
valve  en  raison  de  la  pression  d'entree  a  ladite  en- 
tree  d'eau  froide  (230)  avec  la  force  hydraulique 
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agissant  sur  lesdits  moyens  formant  valve  en  raison 
de  la  pression  d'entree  a  ladite  entree  d'eau  chaude 
(228). 

9.  Robinet  de  melange  thermostatique  selon  la  reven-  s 
dication  1,  dans  lequel  le  premier  ressort  (132)  est 
fait  d'un  metal  allie  ayant  un  effet  de  memoire  de 
forme. 

10.  Robinet  de  melange  thermostatique  possedant  un  10 
organe  mobile  formant  valve  (114)  positionne  entre 
des  premier  (132)  et  second  (134)  ressorts  helicoT- 
daux  pour  commander  la  temperature  d'un  melan- 
ge  d'eau  chaude  et  froide,  le  premier  ressort  etant 
fait  d'un  materiau  ayant  une  constante  elastique  15 
sensible  a  la  temperature  qui  varie  avec  la  tempe- 
rature  du  melange,  le  second  ressort  ayant  une 
constante  elastique  predeterminee  sensiblement 
independante  de  la  temperature  dudit  melange,  le 
robinet  de  melange  comprenant:  20 

des  moyens  capteurs  de  temperature  (30)  pour 
capter  la  temperature  reelle  du  melange; 
des  moyens  d'entree  (34,  36)  pour  selectionner 
la  temperature  desiree  pour  le  melange;  25 
des  moyens  d'entraTnement  electrique  (46) 
pour  agir  sur  les  ressorts  de  facon  a  regler  leur 
force  de  rappel;  et 
des  moyens  de  commande  electrique  (32)  rea- 
gissant  aux  moyens  capteurs  de  temperature  30 
et  aux  moyens  d'entree  pour  commander  les 
moyens  d'entraTnement  electrique; 
I'organe  formant  valve  etant  supporte  elasti- 
quement  entre  les  premier  et  second  ressorts 
pour  permettre  a  I'organe  formant  valve  de  se  35 
deplacer  rapidement  en  reponse  a  tout  chan- 
gement  dans  la  force  elastique  dudit  premier 
ressort  en  raison  d'une  variation  dans  la  tem- 
perature  du  melange  jusqu'a  une  position  dans 
laquelle  les  forces  elastiques  des  premier  et  se-  40 
cond  ressorts  sont  equilibrees; 
les  moyens  de  commande  etant  capables  d'ac- 
tionner  les  moyens  d'entraTnement  electrique 
lorsqu'est  detecte  un  decalage  de  la  tempera- 
ture  reelle  du  melange  par  rapport  a  la  tempe-  45 
rature  desiree  pour  rappeler  I'organe  formant 
valve  a  une  position  dans  laquelle  la  tempera- 
ture  reelle  du  melange  telle  qu'elle  est  captee 
par  les  moyens  capteurs  est  portee  a  la  tempe- 
rature  desiree  telle  que  choisie  par  les  moyens  so 
d'entree. 
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