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Description 

This  application  relates  to  the  art  of  thermal 
protectors  and,  more  particularly,  to  thermal  protec- 
tors  of  the  type  used  for  protecting  a  load  in  an 
electric  circuit.  The  invention  is  particularly  ap- 
plicable  to  thermal  protectors  of  the  type  having  a 
positive  temperature  coefficient  of  resistance,  and 
will  be  described  with  specific  reference  thereto. 

EP-A-0  304  196,  falling  under  the  terms  of 
Article  54(3)  EPC,  discloses  a  thermal  protector 
circuit  for  protecting  a  load,  said  circuit  including  a 
protective  PTC  device  connected  in  series  with 
said  load  and  a  heater  PTC  device  connected  in 
series  with  said  load  and  in  parallel  with  the  protec- 
tive  PTC  device.  The  heater  PTC  device  is  posi- 
tioned  in  heat  transfer  relationship  with  said  protec- 
tive  PTC  device,  said  heater  PTC  device  maintain- 
ing  said  protective  PTC  device  at  an  elevated  tem- 
perature  greater  than  ambient  temperature  but  be- 
low  the  switching  temperature  of  said  protective 
PTC  device  so  that  the  time  required  for  said 
protective  PTC  device  to  reach  its  switching  tem- 
perature  is  substantially  reduced  and  is  more  uni- 
form  under  varying  ambient  temperature  conditions 
and  said  heater  PTC  device  being  switchable  to  a 
high  resistance  state  at  a  substantially  lower  tem- 
perature  range  than  the  protective  PTC  device. 

The  object  of  the  invention  is  to  provide  an 
improved  arrangement  for  reducing  the  response 
time  of  a  thermal  protector  and  for  minimizing  the 
effect  of  varying  ambient  temperature  conditions  on 
the  response  time  of  a  thermal  protector. 

According  the  invention  this  subject  is  achieved 
by  a  thermal  protector  according  to  independent 
claims  1  and  3. 

Embodiments  of  the  invention  are  described  in 
the  dependent  claims. 

The  protective  PTC  device  is  heated  to  an 
elevated  temperature  greater  than  ambient  tem- 
perature  but  less  than  its  switching  temperature.  In 
the  event  of  a  circuit  malfunction,  the  time  required 
for  the  protective  PTC  device  to  reach  its  switching 
temperature  is  substantially  reduced,  because  the 
starting  point  is  the  elevated  temperature  instead  of 
ambient  temperature.  There  is  also  minimal  vari- 
ation  in  operating  time  with  variations  in  ambient 
temperature. 

Heat  is  supplied  to  the  protective  PTC  device 
by  a  heater  PTC  device.  The  heater  PTC  device 
has  a  switching  temperature  that  is  greater  than 
ambient  temperature  and  less  than  the  switching 
temperature  of  the  protective  PTC  device.  During 
normal  operation  of  the  circuit,  the  heater  PTC 
device  switches  to  its  high  resistance  state  and 
supplies  heat  to  the  protective  PTC  device. 

The  heater  PTC  device  is  in  parallel  with  the 
load  being  protected. 

The  initial  resistance  of  the  heater  PTC  device 
is  substantially  greater  than  the  initial  resistance  of 
the  protective  PTC  device  so  that  the  heater  PTC 
device  reaches  its  switching  temperature  shortly 

5  after  the  circuit  is  energized. 
The  invention  will  now  be  described  by  way  of 

example  with  reference  to  the  accompanying  draw- 
ing,  wherein: 

Figure  1  shows  a  typical  circuit  having  the  im- 
io  proved  thermal  protector  arrangement  of  the 

present  application  incorporated  therein; 
Figure  2  shows  another  circuit  arrangement; 
Figure  3  shows  another  circuit  arrangement; 
Figure  4  is  a  perspective  illustration  showing  a 

75  unitary  assembly  of  a  protective  PTC  device 
and  a  heater  PTC  device  intended  for  connec- 
tion  in  parallel;  and 
Figure  5  is  a  perspective  illustration  showing  a 
unitary  assembly  of  a  protective  PTC  device 

20  and  a  heater  PTC  device  intended  for  connec- 
tion  in  series. 

Referring  now  to  the  drawing,  wherein  the 
showings  are  for  purposes  of  illustrating  certain 
preferred  embodiments  of  the  invention  only,  and 

25  not  for  purposes  of  limiting  same,  Figure  1  shows  a 
voltage  source  12  connected  with  a  load  14 
through  a  switch  16.  Load  14  can  take  many  forms, 
including  an  electric  motor  or  an  electric  heater. 

A  thermal  protector  20  is  connected  in  series 
30  between  voltage  source  12  and  load  14.  In  the 

event  of  a  malfunction,  thermal  protector  20  inter- 
rupts  effective  current  flow  to  load  14.  In  arrange- 
ments  of  this  type,  the  response  time  of  thermal 
protector  20  varies  substantially  with  variations  in 

35  ambient  temperature.  In  accordance  with  the 
present  invention,  the  response  time  of  thermal 
protector  20  is  made  substantially  uniform,  and 
substantially  independent  of  variations  in  ambient 
temperature. 

40  Thermal  protector  20  is  of  the  type  having  a 
positive  temperature  coefficient  of  resistance.  In 
addition,  thermal  protector  20  is  preferably  made  of 
a  material  having  a  positive  temperature  coefficient 
of  resistance.  The  material  can  be  a  conductive 

45  polymer  having  a  particulate  conductive  filler,  such 
as  carbon  black.  However,  the  material  can  also 
take  other  forms,  including  a  doped  ceramic,  such 
as  barium  titanate.  For  purposes  of  this  application, 
a  thermal  protector  of  the  type  described  will  be 

50  referred  to  as  a  PTC  device  or  a  PTC  material.  A 
PTC  device  exhibits  a  non-linear  change  in  resis- 
tance  with  temperature.  Within  a  certain  narrow 
temperature  range,  the  electrical  resistance  of  a 
PTC  device  jumps  sharply.  A  PTC  device  may  be 

55  customized  to  respond  to  either  temperature  con- 
ditions  of  the  surrounding  environment  or  to  current 
overload  conditions.  Also,  the  resistance  and 
switching  temperature  of  a  PTC  device  can  be 
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varied  by  changing  the  composition  of  the  PTC 
material,  and  by  changing  its  geometry. 

In  a  typical  application,  a  PTC  device  is  con- 
nected  in  series  with  the  circuit  components  requir- 
ing  protection.  In  the  event  of  an  overload  in  the 
system,  the  PTC  device  will  reach  switching  tem- 
perature  either  by  self-induced  heating  (l2R)  from 
the  current  passing  through  it  or  by  sensing  exces- 
sive  ambient  temperatures.  At  this  point,  the  PTC 
device  switches  into  its  high  resistance  state,  and 
effectively  blocks  the  flow  of  current.  A  minimal 
amount  of  current  will  persist  (trickle  current), 
which  holds  the  PTC  device  in  its  high  resistance 
state.  Once  the  power  source  has  been  interrupted, 
and  the  abnormal  condition  corrected,  the  PTC 
device  will  return  to  its  rated  conductive  state, 
ready  to  protect  the  system  once  again. 

In  accordance  with  the  present  invention,  a 
heater  PTC  device  24  is  positioned  in  heat  transfer 
relationship  with  protective  PTC  device  20.  The 
switching  temperature  of  heater  PTC  device  24  is 
greater  than  normal  ambient  temperature  and  less 
than  the  switching  temperature  of  protective  PTC 
device  20.  Heater  PTC  device  24  also  has  a  sub- 
stantially  greater  initial  resistance  than  protective 
PTC  device  20.  The  resistance  and  switching  tem- 
peratures  of  heater  PTC  device  24  are  such  that  it 
switches  to  its  high  resistance  state  every  time  the 
circuit  is  energized.  When  heater  PTC  device  24 
reaches  its  switching  temperature,  a  trickle  current 
continues  to  flow  through  same  for  maintaining 
same  at  its  switching  temperature.  Heat  is  trans- 
ferred  from  heater  PTC  device  24  to  protective 
PTC  device  20  as  generally  indicated  by  lines  26. 

By  way  of  example  only  and  not  by  way  of 
limitation,  heater  PTC  device  24  may  have  an  initial 
resistance  of  a  few  ohms,  while  protective  PTC 
device  20  has  an  initial  resistance  of  a  few  mil- 
liohms.  Heater  PTC  device  24  may  have  a  switch- 
ing  temperature  of  around  110°C,  while  protective 
PTC  device  20  may  have  a  switching  temperature 
of  around  125-13°C.  When  the  circuit  is  energized, 
the  power  dissipation  within  heater  PTC  device  20, 
in  accordance  with  \/2/R,  causes  same  to  reach  its 
switching  temperature  and  its  resistance  jumps 
sharply.  A  trickle  current  then  continues  to  flow 
through  same  for  maintaining  same  in  its  high 
resistance  state.  Heat  is  transferred  to  protective 
PTC  device  20  for  heating  same  to  an  elevated 
temperature  substantially  above  the  ambient  or  en- 
vironmental  temperature  conditions  to  which  the 
protective  PTC  device  would  ordinarily  be  exposed. 
In  the  event  of  a  malfunction,  such  as  a  motor  stall 
or  the  like,  protective  PTC  device  20  will  rapidly 
reach  its  switching  temperature  and  block  effective 
current  flow  to  the  load.  In  the  example  given,  only 
a  15-20°  rise  in  temperature  of  protective  PTC 
device  20  is  required  before  its  switching  tempera- 

ture  is  reached.  This  substantially  reduces  the  re- 
sponse  time  of  the  protective  PTC  device  as  com- 
pared  to  arrangements  where  the  required  tem- 
perature  rise  is  from  a  much  lower  ambient  tem- 

5  perature  than  from  the  elevated  temperature  pro- 
vided  by  the  heater  PTC  device.  In  addition,  the 
response  time  of  the  protective  PTC  device  is  also 
substantially  more  uniform  and  independent  of 
varying  ambient  temperature  conditions. 

io  Figure  1  shows  the  heater  and  protective  PTC 
devices  connected  in  parallel.  In  the  arrangement 
of  Figure  2,  protective  and  heater  PTC  devices  20, 
24  are  connected  in  series,  with  heater  PTC  device 
24  being  connected  in  parallel  with  load  14.  Thus, 

is  all  of  the  circuit  current  flows  through  protective 
PTC  device  20.  In  the  arrangement  of  Figure  3,  a 
limiting  resistance  30  is  connected  in  series  with 
heater  PTC  device  24  where  the  initial  current 
through  such  PTC  device  must  be  held  to  a  value 

20  below  the  self-limiting  current  of  such  PTC  device. 
Figure  4  shows  a  unitary  assembly  of  a  protec- 

tive  PTC  device  and  a  heater  PTC  device.  Brass 
plates  34,  36  are  conductively  bonded  to  opposite 
faces  of  protective  PTC  device  20,  and  include 

25  connector  terminals  40,  42.  Heater  PTC  device  24 
is  bonded  to  the  outer  surface  of  brass  plate  30 
with  a  dielectric  adhesive,  and  a  dielectric  spacer  is 
interposed  between  such  PTC  device  and  plate  34. 
Heater  PTC  device  24  has  conductive  metal  foil  or 

30  mesh  bonded  or  embedded  in  its  opposite  flat 
faces,  and  connector  leads  46,  48  are  attached 
thereto.  Terminals  40,  46  are  adapted  for  connec- 
tion  to  the  voltage  source,  and  terminal  42  is  adapt- 
ed  for  connection  to  the  load.  Thus,  the  unitary 

35  assembly  of  Figure  4  may  be  connected  as  shown 
in  Figure  1.  The  intimate  unitary  assembly  of  the 
two  PTC  devices  efficiently  transfers  heat  from  the 
heater  PTC  device  to  the  protective  PTC  device. 

Figure  5  shows  an  arrangement  wherein  heater 
40  PTC  device  24  has  one  of  its  faces  conductively 

soldered  to  the  outer  surface  of  brass  plate  34.  A 
single  connector  lead  50  is  attached  to  the  op- 
posite  outer  face  of  heater  PTC  device  24.  In  this 
arrangement,  connector  terminal  40  can  be  con- 

45  nected  to  the  voltage  source,  while  terminal  42  is 
connected  with  the  load.  Terminal  50  is  then  con- 
nected  to  ground  for  effectively  connecting  the  two 
PTC  devices  in  series,  while  the  heater  PTC  device 
is  in  parallel  with  the  load  as  in  the  circuit  of  Figure 

50  2. 
In  the  arrangements  shown  and  described,  the 

two  PTC  devices  are  switchable  to  their  high  resis- 
tance  state  at  a  predetermined  temperature  range. 
The  switching  temperature  range  of  the  heater  PTC 

55  device  is  substantially  lower  than  the  switching 
temperature  range  of  the  protective  PTC  device. 
The  heater  PTC  device  is  switchable  to  its  high 
resistance  state  during  normal  operation  of  the 

3 
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circuit  and  load,  while  the  protective  PTC  device  is 
switchable  to  its  high  resistance  state  only  under 
abnormal  operation  of  the  circuit  and  load.  The 
heater  PTC  device  switches  to  its  high  resistance 
state  during  normal  operation  of  the  circuit  for 
maintaining  the  protective  PTC  device  at  an  ele- 
vated  temperature  that  is  still  below  the  tempera- 
ture  range  at  which  the  protective  PTC  device 
switches  to  its  high  resistance  state.  With  such  an 
arrangement,  the  switching  time  of  the  protective 
PTC  device  is  less  susceptible  to  fluctuations  in 
ambient  temperatures. 

Although  the  invention  has  been  shown  and 
described  with  respect  to  certain  preferred  embodi- 
ments,  it  is  obvious  that  equivalent  alterations  and 
modifications  will  occur  to  others  skilled  in  the  art 
upon  the  reading  and  understanding  of  this  speci- 
fication.  The  present  invention  includes  all  such 
equivalent  alterations  and  modifications,  and  is 
limited  only  by  the  scope  of  the  claims. 

Claims 

1.  A  thermal  protector  circuit  for  protecting  a  load 
(14),  said  circuit  including  a  protective  PTC 
device  (20)  connected  in  series  with  said  load 
(14)  and  a  heater  PTC  device  (24)  positioned 
in  heat  transfer  relationship  with  said  protective 
PTC  device  (20),  said  heater  PTC  device  (24) 
maintaining  said  protective  PTC  device  (20)  at 
an  elevated  temperature  greater  than  ambient 
temperature  but  below  the  switching  tempera- 
ture  of  said  protective  PTC  device  (20)  so  that 
the  time  required  for  said  protective  PTC  de- 
vice  (20)  to  reach  its  switching  temperature  is 
substantially  reduced  and  is  more  uniform  un- 
der  varying  ambient  temperature  conditions, 
said  PTC  device  (24)  being  connected  in  elec- 
trical  parallel  with  said  load  (14)  so  that  current 
flow  to  said  load  (14)  is  substantially  unaf- 
fected  by  said  heater  PTC  device  (24)  particu- 
larly  during  initial  energization  of  said  load 
(14). 

2.  The  circuit  of  claim  1  wherein  said  heater  PTC 
device  (24)  has  an  initial  resistance  that  is 
substantially  greater  than  the  initial  resistance 
of  said  protective  PTC  device  (20). 

ture  of  said  protective  PTC  device  (20)  so  that 
the  time  required  for  said  protective  PTC  de- 
vice  (20)  to  reach  its  switching  temperature  is 
substantially  reduced  and  is  more  uniform  un- 

5  der  varying  ambient  temperature  conditions, 
said  heater  PTC  device  (24)  being  connected 
in  electrical  parallel  with  the  series  of  said 
protective  PTC  device  (20)  and  said  load  (14) 
so  that  current  flow  to  said  load  (14)  is  sub- 

io  stantially  unaffected  by  said  heater  PTC  device 
(24)  particularly  during  initial  energization  of 
said  load  (14). 

4.  The  circuit  of  claim  3  wherein  said  heater  PTC 
is  device  (24)  has  an  initial  resistance  that  is 

substantially  greater  than  the  initial  resistance 
of  said  protective  PTC  device  (20). 

Patentanspruche 
20 

1.  Ubertemperaturschutzschaltung  zum  Schutzen 
einer  Last  (14),  wobei  die  Schaltung  eine  PTC- 
Schutzvorrichtung  (20)  aufweist,  die  mit  der 
Last  (14)  in  Reihe  geschaltet  ist,  und  eine 

25  PTC-Heizvorrichtung  (24),  die  in  Warmeuber- 
tragungsbeziehung  mit  der  PTC-Schutzvorrich- 
tung  (20)  angeordnet  ist,  wobei  die  PTC-Heiz- 
vorrichtung  (24)  die  PTC-Schutzvorrichtung 
(20)  auf  einer  erhohten  Temperatur  halt,  die 

30  groBer  als  die  Umgebungstemperatur,  aber  un- 
ter  der  Schalttemperatur  der  PTC-Schutzvor- 
richtung  (20)  ist,  so  daB  die  Zeit,  die  die  PTC- 
Schutzvorrichtung  (20)  benotigt,  urn  ihre 
Schalttemperatur  zu  erreichen,  wesentlich  re- 

35  duziert  ist  und  unter  veranderlichen  Umge- 
bungstemperaturbedingungen  gleichmaBiger 
ist,  wobei  die  PTC-Heizvorrichtung  (24)  zu  der 
Last  (14)  elektrisch  parallel  geschaltet  ist,  so 
daB  der  StromfluB  zu  der  Last  (14)  durch  die 

40  PTC-Heizvorrichtung  (24)  im  wesentlichen 
nicht  beeinfluBt  wird,  insbesondere  bei  der  Ein- 
schaltung  der  Stromzufuhr  zu  der  Last  (14). 

2.  Schaltung  nach  Anspruch  1,  wobei  die  PTC- 
45  Heizvorrichtung  (24)  einen  Anfangswiderstand 

hat,  der  wesentlich  groBer  als  der  Anfangswi- 
derstand  der  PTC-Schutzvorrichtung  (20)  ist. 

3.  Ubertemperaturschutzschaltung  zum  Schutzen 
50  einer  Last  (14),  wobei  die  Schaltung  eine  PTC- 

Schutzvorrichtung  (20)  aufweist,  die  mit  der 
Last  (14)  in  Reihe  geschaltet  ist,  und  eine 
PTC-Heizvorrichtung  (24),  die  in  Warmeuber- 
tragungsbeziehung  mit  der  PTC-Schutzvorrich- 

55  tung  (20)  angeordnet  ist,  wobei  die  PTC-Heiz- 
vorrichtung  (24)  die  PTC-Schutzvorrichtung 
(20)  auf  einer  erhohten  Temperatur  halt,  die 
groBer  als  die  Umgebungstemperatur,  aber  un- 

3.  A  thermal  protector  circuit  for  protecting  a  load  50 
(14),  said  circuit  including  a  protective  PTC 
device  (20)  connected  in  series  with  said  load 
(14)  and  a  heater  PTC  device  (24)  positioned 
in  heat  transfer  relationship  with  said  protective 
PTC  device  (20),  said  heater  PTC  device  (24)  55 
maintaining  said  protective  PTC  device  (20)  at 
an  elevated  temperature  greater  than  ambient 
temperature  but  below  the  switching  tempera- 

4 
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ter  der  Schalttemperatur  der  PTC-Schutzvor- 
richtung  (20)  ist,  so  daB  die  Zeit,  die  die  PTC- 
Schutzvorrichtung  (20)  benotigt,  urn  ihre 
Schalttemperatur  zu  erreichen,  wesentlich  re- 
duziert  ist  und  unter  veranderlichen  Umge-  5 
bungstemperaturbedingungen  gleichmaBiger 
ist,  wobei  die  PTC-Heizvorrichtung  (24)  zu  der 
Reihenschaltung  aus  der  PTC-Schutzvorrich- 
tung  (20)  und  der  Last  (14)  elektrisch  parallel 
geschaltet  ist,  so  daB  der  StromfluB  zu  der  10 
Last  (14)  durch  die  PTC-Heizvorrichtung  (24) 
im  wesentlichen  nicht  beeinfluBt  wird,  insbe- 
sondere  bei  der  Einschaltung  der  Stromzufuhr 
zu  der  Last  (14). 

75 
4.  Schaltung  nach  Anspruch  3,  wobei  die  PTC- 

Heizvorrichtung  (24)  einen  Anfangswiderstand 
hat,  der  wesentlich  groBer  als  der  Anfangswi- 
derstand  der  PTC-Schutzvorrichtung  (20)  ist. 

20 
Revendicatlons 

1.  Circuit  de  protection  thermique  pour  la  protec- 
tion  d'une  charge  (14),  ce  circuit  comportant 
un  dispositif  protecteur  CTP  (20)  connecte  en  25 
serie  avec  la  charge  (14)  et  un  dispositif  de 
chauffage  CTP  (24)  dispose  en  relation  de 
transfert  thermique  avec  le  dispositif  protecteur 
CTP  (20),  ce  dispositif  de  chauffage  CTP  (24) 
maintenant  le  dispositif  protecteur  protecteur  30 
CTP  (20)  a  une  temperature  elevee  superieure 
a  la  temperature  ambiante  mais  inferieure  a  la 
temperature  de  commutation  de  ce  dispositif 
protecteur  CTP  (20),  si  bien  que  temps  exige 
pour  que  le  dispositif  protecteur  CTP  (20)  attei-  35 
gne  sa  temperature  de  commutation  est  nota- 
blement  reduit  et  est  plus  uniforme  dans  des 
conditions  de  temperature  ambiante  variable, 
le  dispositif  de  chauffage  CTP  (24)  etant 
connecte  en  parallele  sur  la  charge  (14)  de  40 
telle  fagon  que  le  passage  du  courant  vers  la 
charge  (14)  ne  soit  pratiquement  pas  affecte 
par  le  dispositif  de  chauffage  CTP  (24),  en 
particulier  pendant  I'alimentation  initiale  de  la 
charge  (14).  45 

CTP  (20),  ce  dispositif  de  chauffage  CTP  (24) 
maintenant  le  dispositif  protecteur  CTP  (20)  a 
une  temperature  elevee  superieure  a  la  tempe- 
rature  ambiante  mais  inferieure  a  la  temperatu- 
re  de  commutation  de  ce  dispositif  protecteur 
CTP  (20),  si  bien  que  le  temps  exige  pour  que 
le  dispositif  protecteur  CTP  (20)  atteigne  sa 
temperature  de  commutation  est  notablement 
reduit  et  est  plus  uniforme  dans  des  conditions 
de  temperature  ambiante  variable  le  dispositif 
de  chauffage  CTP  (24)  etant  connecte  en  pa- 
rallele  avec  le  branchement  en  serie  du  dispo- 
sitif  protecteur  (20)  et  de  la  charge  (14)  de 
telle  fagon  que  le  passage  du  courant  vers  la 
charge  (14)  ne  soit  pratiquement  pas  affecte 
par  le  dispositif  de  ce  CTP  (24),  en  particulier 
pendant  I'alimentation  initiale  de  la  charge 
(14). 

Circuit  suivant  la  revendication  3  caracterise  en 
ce  que  le  dispositif  de  chauffage  CTP  (24)  a 
une  resistance  initiale  qui  est  notablement  plus 
grande  que  la  resistance  initiale  du  dispositif 
protecteur  CTP  (20). 

Circuit  suivant  la  revendication  1  caracterise  en 
ce  que  le  dispositif  de  chauffage  CTP  (24)  a 
une  resistance  initiale  qui  est  notablement  plus 
grande  que  la  resistance  initiale  du  disposif 
protecteur  CTP  (20). 

50 

3.  Circuit  de  protection  thermique  pour  la  protec- 
tion  d'une  charge  (14),  ce  circuit  comportant 
un  dispositif  protecteur  CTP  (20)  connecte  en 
serie  avec  la  charge  (14)  et  un  disposif  de 
chauffage  CTP  (24)  dispose  en  relation  de 
transfert  thermique  avec  le  dispositif  protecteur 
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