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Description 

This  invention  relates  to  a  passive  actuator 
capable  of  producing  a  displacement  on  a  set  cut- 
in  temperature  being  reached. 

A  demand  for  actuators  of  this  type  exists  with 
several  engineering  branches. 

Where  the  displacement  movement  involved  is 
a  small  one,  there  have  been  employed  heretofore 
actuators  which  may  be  referred  to  as  "passive" 
actuators  (i.e.  actuators  requiring  no  power  con- 
tribution  besides  the  thermal  energy  supplied  from 
the  environment),  and  operate  on  a  metal  expan- 
sion  principle  (not  dissimilar  from  the  principle  of 
the  well  known  bimetal  strips).  While  fairly  large 
forces  may  be  developed  in  this  manner,  the  limit- 
ed  extent  of  the  displacement  achieved  restricts 
their  practical  application  to  but  few  instances, 
most  typically  the  closing  and  opening  of  an  elec- 
tric  circuit  or  a  small  conduit. 

Where  larger  displacements  are  required,  it 
becomes  mandatory  to  utilize  "active"  actuators, 
i.e.  complicated  servomechanisms  controlled  by  re- 
spective  temperature  sensors.  Such  sensors  per  se 
are  indeed  passive  actuators  which  usually  acts  on 
electric  switches;  an  example  of  such  a  sensor  is 
given  by  GB-A-2103016,  where  the  temperature- 
sensitive  element  is  a  metal  capsule  filled  with 
fluid,  having  a  surface  with  a  concave  shape  which 
flips-over  to  convex  when  a  certain  pressure  is 
reached  inside  the  capsule.  Another  known  actuator 
is  disclosed  in  US-A-2.942.743,  where  the  tempera- 
ture-sensitive  element  is  a  bellows  containing  a 
fluid  whose  boiling  point  is  chosen  so  as  to  match 
a  desired  activation  temperature. 

It  is  the  object  of  this  invention  to  provide  a 
passive  actuator  which  affords  a  larger  displace- 
ment  movement  than  conventional  passive  actu- 
ators,  thereby  it  can  be  also  used  to  advantage 
where  servomechanisms  have  been  necessary  in 
the  past. 

This  object  is  achieved,  according  to  the  inven- 
tion,  by  an  actuator  of  the  type  specified  above, 
characterized  in  that  it  comprises: 

-  a  sealed  deformable  bladder,  made  of  an 
impervious,  freely  foldable  material  assem- 
bled  so  as  to  enclose  a  volume  variable  from 
a  minimum  when  the  foil  material  of  the  blad- 
der  is  completely  folded  to  a  maximum  when 
the  foil  material  of  the  bladder  is  completely 
unfolded, 

-  a  fluid  contained  in  the  bladder,  having  boil- 
ing  temperature  at  the  working  pressure 
equal  to  the  set  cut-in  temperature. 

Further  features  and  advantages  of  an  actuator 
according  to  this  invention  will  become  apparent 
from  the  following  detailed  description  of  a  pre- 
ferred  embodiment  thereof,  given  here  with  refer- 

ence  to  the  accompanying  drawing.  In  the  drawing: 
Figure  1  is  a  perspective  view  of  an  actuator 
according  to  the  invention,  shown  in  a  condition 
of  lower  temperature  than  its  cut-in  temperature; 

5  Figure  2  is  a  perspective  view  of  the  actuator  of 
Figure  1,  shown  in  a  condition  of  higher  tem- 
perature  than  its  cut-in  temperature;  and 
Figure  3  is  a  part-sectional  fragmentary  view  of 
the  actuator  shown  in  Figure  2. 

io  In  the  drawing  figures,  the  numeral  1  generally 
designates  an  actuator  effective  to  produce  a  dis- 
placement  movement  upon  a  set  cut-in  or  trigger- 
ing  temperature  being  reached. 

The  actuator  1  comprises  an  impervious  defor- 
75  mable  bladder  2  formed  from  an  impervious,  freely 

foldable  foil  material  assembled  so  as  to  enclose  a 
volume  variable  from  a  minimum  when  the  foil 
material  of  the  bladder  (2)  is  completely  folded 
(see  figure  1)  to  a  maximum  when  the  foil  material 

20  of  the  bladder  (2)  is  completely  unfolded  (see 
figure  2).  By  way  of  example,  the  foil  material  is  a 
multilayered  laminate  material  including  layers  of  a 
plastic  material  and  layers  of  a  metal  material, 
stably  cemented  together;  more  specifically,  said 

25  laminate  material  may  comprise,  for  example,  a 
polyester  layer  3,  a  nylon  layer  4,  an  aluminum 
layer  5,  and  a  polythene  layer  6,  in  this  order  from 
the  outside  toward  the  inside  of  the  bladder  2. 

The  bladder  2  contains  a  fluid  (not  shown  in 
30  the  drawings)  whose  boiling  temperature  is  equal  to 

the  set  cut-in  temperature. 
More  specifically,  the  fluid  employed  may  ad- 

vantageously  be  a  mixture  of  various  types  of 
Freon,  this  being  the  name  whereby  several  sub- 

35  stances  are  known  commercially  which  have  a  hy- 
drocarbon  structure  where  one  or  more  hydrogen 
atoms  are  substituted  with  halogen  atoms,  usually 
chlorine  and/or  fluorine,  but  also  iodine  and  bro- 
mine.  Such  substances  can  be  mixed  together  and 

40  have,  when  taken  individually,  boiling  temperatures 
within  quite  a  broad  range  which  extends,  for  the 
most  common  of  types,  from  some  eighty  degrees 
below  zero  (Freon  13,  23,  41,  116)  up  to  about 
ninety  degrees  above  zero  (Freon  112);  by  mixing 

45  together  two  or  more  such  substances,  fluids  are 
obtained  which  have  their  boiling  temperatures 
within  said  range. 

In  particular,  by  using  a  highly  common  Freon 
mixture  such  as  Freon  12  (raw  formula  CCI2F2, 

50  boiling  temperature  -29.8  °C),  Freon  11  (raw  for- 
mula  CCI3F,  boiling  temperature  +23.7°C),  and 
Freon  113  (raw  formula  C2CI3F3,  boiling  tempera- 
ture  +  47.7°C),  a  cut-in  temperature  can  be  ob- 
tained  for  the  actuator  1  which  lies  within  the  am- 

55  bient  temperature  range.  Of  course,  where  a  cut-in 
temperature  below  -29.8  °C  or  above  +47.7°C  is 
desired,  other,  less  commonly  utilized  Freon  types 
or  even  different  type  fluids  could  be  used. 

2 
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Operation  of  the  actuator  1  is  quite  straightfor- 
ward. 

As  long  as  ambient  temperature  is  lower  than 
the  actuator  cut-in  temperature,  the  bladder  2  will 
be  in  its  shrunk  condition  (see  Figure  1)  because 
the  fluid  contained  therein  is  in  its  liquid  state. 

On  reaching  the  cut-in  temperature  level,  the 
fluid  will  begin  to  boil  and  vaporize  bringing  about 
a  gradual  expansion  of  the  bladder  2  (see  Figure 
2);  this  expansion  progresses  rapidly  because  the 
volume  increase  involved  in  the  transition  from 
liquid  to  vapor  is  large,  and  produces  the  desired 
displacement  movement. 

Any  further  temperature  increase  with  the  blad- 
der  fully  expanded  can  only  result  in  increased 
pressure  within  the  bladder  itself,  and  further  ex- 
pansion  of  a  much  smaller  magnitude  than  the 
previous  one. 

The  bladder  2  expansion  can  be  utilized  in  a 
variety  of  ways,  e.g.  by  having  the  bladder  2  se- 
cured  to  a  plate  on  one  side  and  bearing  a  lever 
arm  on  the  other  side,  or  by  sandwiching  the 
bladder  2  between  two  mutually  movable  plates,  or 
by  fitting  it  into  a  cylinder,  between  a  cylinder  head 
and  a  piston. 

Understandably,  where  the  actuator  is  required 
to  overcome  a  significant  force  in  its  displacement 
movement,  the  cut-in  temperature  would  be  equal 
to  the  fluid  boiling  temperature  at  the  required 
pressure  level  to  overcome  that  force. 

The  inventive  actuator  constitutes  a  consider- 
able  step  forward  in  the  art  over  conventional  bi- 
metal  strips,  and  more  generally  passive  actuators 
operating  on  the  principle  of  metal  expansion.  In 
fact,  it  not  only  affords  displacement  movements  of 
a  much  larger  magnitude  but  is  also  quite  simple 
and  inexpensive,  requires  no  maintenance  and  no 
contribution  of  power  besides  the  thermal  energy 
from  the  environment.  This  actuator  provides  direct 
conversion  of  heat  energy  into  mechanical  work, 
with  the  temperature  at  which  the  energy  is  sup- 
plied  being  low  and  the  thermal  surge  quite  limited. 

The  simple  construction  of  this  actuator,  by 
facilitating  a  highly  accurate  cleaning  procedure, 
enables  its  safe  use  also  in  controlled  sanitation 
environments;  this  advantage  is  the  more  outstand- 
ing  where  the  materials  specified  in  the  foregoing 
are  used  for  the  bladder  and  the  fluid  which  are 
absolutely  non-toxic;  should  the  bladder  become 
punctured  incidentally,  the  ensuing  loss  of  Freon  is 
quite  harmless. 

Claims 

1.  A  passive  actuator  capable  of  producing  a  dis- 
placement  on  a  set  cut-in  temperature  being 
reached,  characterized  in  that  it  comprises: 

-  a  sealed  deformable  bladder  (2),  made  of 
an  impervious,  freely  foldable  foil  ma- 
terial  assembled  so  as  to  enclose  a  vol- 
ume  variable  from  a  minimum  when  the 

5  foil  material  of  the  bladder  (2)  is  com- 
pletely  folded  to  a  maximum  when  the 
foil  material  of  the  bladder  (2)  is  com- 
pletely  unfolded, 

-  a  fluid  contained  in  the  bladder  (2),  hav- 
io  ing  boiling  temperature  at  the  working 

pressure  equal  to  the  set  cut-in  tempera- 
ture. 

2.  An  actuator  according  to  Claim  1,  character- 
15  ized  in  that  said  bladder  (2)  is  formed  from  a 

multilayered  laminate  material. 

3.  An  actuator  according  to  Claim  2,  character- 
ized  in  that  said  multilayered  laminate  material 

20  comprises  a  polyester  layer  (3),  a  nylon  layer 
(4),  an  aluminum  layer  (5),  and  a  polythene 
layer  (6). 

4.  An  actuator  according  to  Claim  1,  character- 
25  ized  in  that  said  fluid  is  a  mixture  of  several 

Freons. 

5.  An  actuator  according  to  Claim  4,  character- 
ized  in  that  said  fluid  is  a  mixture  of  Freon  12, 

30  Freon  1  1  ,  and  Freon  1  1  3. 

Patentanspruche 

1.  Passiver  Betatiger,  der  eine  Verlagerung  bei 
35  Erreichen  einer  eingestellten  Betatigungstem- 

peratur  erzeugt,  dadurch  gekennzeichnet, 
dal3  er  umfaBt: 

-  einen  abgedichteten  verformbaren  Balg 
(2),  der  aus  einem  undurchlassigen,  frei- 

40  faltbaren  Folienmaterial  hergestellt  ist, 
welches  derart  angeordnet  ist,  dal3  es  ein 
zwischen  einem  Minimum  und  einem 
Maximum  variables  Volumen  einschlieBt, 
wobei  das  Minimum  bei  vollkommen  ein- 

45  gefaltetem  Zustand  des  Balges  (2)  und 
das  Maximum  im  vollstandig  aufgefalte- 
ten  Zustand  des  Balges  (2)  herrschen, 

-  ein  in  dem  Balg  (2)  enthaltenes  Fluid, 
dessen  Siedetemperatur  bei  dem  Ar- 

50  beitsdruck  gleich  der  eingestellten  Betati- 
gungstemperatur  ist. 

2.  Betatiger  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  der  Balg  (2)  von  einem  mehr- 

55  schichtigen  Laminatmaterial  geformt  ist. 

3.  Betatiger  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  dal3  das  mehrschichtige  Laminatma- 

3 
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terial  eine  Polyesterschicht  (3),  eine  Nylon- 
schicht  (4),  eine  Aluminiumschicht  (5)  und  eine 
Polyethylenschicht  (6)  umfaBt. 

4.  Betatiger  nach  Anspruch  1,  dadurch  gekenn-  5 
zeichnet,  dal3  das  Fluid  eine  Mischung  aus 
verschiedenen  Freonen  ist. 

5.  Betatiger  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  dal3  das  Fluid  eine  Mischung  aus  10 
Freon  12,  Freon  11  und  Freon  113  ist. 

Revendications 

1.  Element  sensible  passif  capable  de  produire  is 
un  mouvement  de  deplacement  quand  une 
temperature  de  seuil  predeterminee  est  attein- 
te,  caracterise  en  ce  qu'il  comprend  : 

-  une  vessie  (2)  deformable  etanche,  faite 
d'un  materiau  en  feuille  impermeable  li-  20 
brement  repliable  et  assemblee  de  ma- 
niere  a  contenir  un  volume  qui  peut  va- 
rier  d'un  minimum,  quand  le  materiau  en 
feuille  de  la  vessie  (2)  est  completement 
replie,  a  un  maximum,  quand  le  materiau  25 
en  feuille  de  la  vessie  (2)  est  complete- 
ment  deplie, 

-  un  fluide  contenu  dans  la  vessie  et  ayant 
une  temperature  d'ebullition,  a  la  pres- 
sion  de  fonctionnement,  egale  a  la  dite  30 
temperature  predeterminee. 

2.  Element  selon  la  revendication  1,  caracterisee 
en  ce  que  la  dite  vessie  (2)  est  realisee  en  un 
materiau  lamine  multicouche.  35 

3.  Element  selon  la  revendication  2,  caracterise 
en  ce  que  le  dit  materiau  lamine  multicouche, 
comprend  une  couche  de  polyester  (3),  une 
couche  de  nylon  (4),  une  couche  d'aluminium  40 
(5)  et  une  couche  de  polyethylene. 

4.  Element  selon  la  revendication  1,  caracterise 
en  ce  que  le  dit  fluide  est  un  melange  de 
plusieurs  Freons.  45 

5.  Element  selon  la  revendication  4,  caracterise 
en  ce  que  le  dit  fluide  est  un  melange  de 
Freon  12,  Freon  11  et  Freon  113. 
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