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Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  a  device  for  motor  and  short-circuit  protection  in  electric  plants.  The  pro- 
tection  device  comprises  a  contact  device  and  a  tripping  circuit  arranged  in  series  with  the  contact  device  and 
comprising  two  parallel-connected  current  branches.  One  of  the  branches  comprises  a  thermistorwhich  serves 
as  an  overload  protective  means  and  the  resistivity  of  which  has  a  positive  temperature  coefficient.  The  other 
branch  comprises  an  excitation  coil,  which  is  adapted  to  influence  the  contact  device  for  opening  thereof  at 

10  an  overcurrent.  The  protection  device  is  primarily  intended  for  use  in  low-voltage  plants,  by  which  is  meant 
here  plants  with  a  maximum  operating  voltage  of  1000  V. 

BACKGROUND  ART 

15  Protection  devices  of  the  above  kind,  which  include  thermistors  of  a  ceramic  type,  are  previously  known 
from  patent  publication  GB-A-1570138.  Ceramic  thermistors  may  be  BaTi03-based  orV203-based.  Such  ther- 
mistors  are  described  in,  for  example,  US  patent  specification  4,642,1  36  and  in  the  article  "A  New  PTC  Resistor 
for  Power  Applications",  by  R  S  Perkins  et  al,  published  in  the  journal  IEEE  Transactions  on  Components,  Hy- 
brides  and  Manufacturing  Technology,  Vol.  CHMT-5,  No.  2,  June  1982,  pp.  225-230.  A  disadvantage  with  cer- 

20  amic  thermistors  is  that  they  exhibit  negative  temperature  coefficient  when  the  temperature  exceeds  a  certain 
value.  In  addition,  a  ceramic  thermistor  has  a  tendency  to  crack  when  traversed  by  a  short-circuit  current  be- 
cause  of  the  thermal  and  mechanical  stresses  to  which  it  is  subjected  when  it  changes  to  its  high-resistance 
state.  Also,  it  is  relatively  expensive. 

Another  type  of  thermistors  intended  for  overcurrent  protection  are  known  from,  inter  alia,  patent  public- 
25  ations  EP-A-0038716  and  EP-A-0087884.  Thermistors  of  this  type  are  built  up  from  a  polymer  material,  for 

example  high-pressure  polyethylene,  containing  particles  of  an  electrically  conductive  material,  for  example 
carbon  black.  Alternatively,  the  electrically  conductive  filler  may  consist  of  V203  material  dispersed  as  descri- 
bed  in  the  article  "V203  Composite  Thermistors"  by  D  Moffatt  et  al,  published  in  Proceedings  of  the  Sixth  IEEE 
International  Symposium  on  Applications  of  Ferroelectrics,  1986,  pp.  673-676.  A  polymer-based  thermistor  of 

30  the  above-mentioned  kind  has  several  advantages  compared  with  a  ceramic  one.  For  example,  its  resistance 
in  the  temperature  range  in  question  is  monotonously  increasing  with  the  temperature  and  the  resistance  in- 
crease  is  considerably  greater.  In  addition,  it  is  considerably  cheaper.  However,  commercially  available  ther- 
mistors  of  this  type  are  designed  for  relatively  low  rated  voltages,  for  example  50-1  00  V,  and  cannot  therefore 
be  readily  used  in  distribution  networks. 

35  In  EP-A-0363746  a  device  for  overcurrent  protection  is  described,  which  includes  a  polymer-based  ther- 
mistor  of  the  above  kind.  This  device  is  designed  so  as  to  function  both  as  a  motor  and  a  short-circuit  protective 
means  and  it  may  be  used  in  networks  with  an  operating  voltage  of,  for  example,  230  V  in  which  voltage  peaks 
of  the  order  of  magnitude  of  400-500  V  may  occur,  for  example  in  case  of  short-circuit  breaking.  The  maximum 
presumptive  short-circuit  current  which  may  be  broken  with  this  device  is,  however,  limited,  as  is  the  possibility 

40  of  adapting  the  tripping  characteristic  of  the  device  to  the  equipment  to  be  protected. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  aims  to  provide  a  relatively  simple  and  inexpensive  protective  device  of  the  above- 
45  mentioned  kind,  which  is  capable  of  breaking  the  highest  short-circuit  currents  occurring  in  low-voltage  net- 

works  and  the  tripping  characteristic  of  which  can  be  easily  adapted  to  the  object  which  is  to  be  protected. 
This  is  achieved  according  to  the  invention  by  a  device  with  the  characteristic  features  described  in  claim  1  . 

The  first  thermistor  serving  as  an  overload  protective  means  may  consist  of  a  ceramic  material  or  an  elec- 
trically  conductive  polymer  composite.  The  second  thermistor  serving  as  a  short-circuit  protective  means  con- 

50  sists  of  a  polymer  composite  with  an  extremely  high  content  of  electrically  conductive  filler  and,  in  addition,  it 
is  preferably  layered.  In  this  connection  the  term  "layered"  means  that  the  thermistor  comprises  at  least  one 
body  of  conducting  polymer  provided  with  two  parallel  or  concentric  surfaces,  at  least  one  of  these  surfaces 
being  in  contact  with  an  electrode  or  with  a  parallel  or  concentric  surface  of  another  body  of  conducting  polymer. 

By  arranging,  in  series  with  the  thermistor  serving  as  an  overload  protective  means  (motor  protector)  in 
55  one  of  the  current  branches  of  the  tripping  circuit,  a  short-circuit  protective  means  in  the  form  of  the  specially 

designed  second  thermistor,  the  following  advantages,  inter  alia,  are  obtained: 
a)  A  considerably  higher  breaking  capacity  because  of  the  special  second  thermistor.  Possibilities  are  pro- 
vided  for  current-limiting  breaking  of  prospective  short-circuit  currents  in  the  network  of  up  to  100  kAand 

2 
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possibly  higher. 
b)  There  are  no  coordination  problems  between  the  two  thermistors  since  the  second  thermistor  cannot 
trip  (i.e.  switch  from  a  low-resistance  to  a  high-resistance  state)  within  the  operating  range  of  the  first  ther- 

5  mistor. 
c)  The  first  thermistor  can  be  made  very  low-ohmic  (by  making  it  thin)  since  it  is  not  subjected  to  high  vol- 
tages  in  tripped  condition. 
d)  By  using  two  series-connected,  physically  separated  elements  for  overload  protection  and  short-circuit 
protection,  respectively,  increased  reliability  in  case  of  a  short  circuit  is  obtained. 

10  e)  It  is  possible  to  use  a  very  simple  contact  device  which  possibly  need  not  be  provided  with  arc  chutes. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

20 

The  invention  will  be  explained  in  greater  detail  by  means  of  examples  with  reference  to  the  accompanying 
15  drawings,  wherein 

Figure  1  shows  a  circuit  diagram  for  a  protective  device  according  to  the  invention, 
Figure  2  shows  a  central  section  through  two  different  polymer-based  thermistors  included  in 

the  protective  device  according  to  Figure  1, 
Figure  3  shows  a  percolation  curve  for  such  a  thermistor, 

20  Figure  4  shows  curves  of  the  tripping  time  as  a  function  of  the  current  for  different  elements 
included  in  the  protective  device  according  to  Figure  1, 

Figure  5  shows  a  curve  of  the  resultant  tripping  time  as  a  function  of  the  current  for  the  pro- 
tective  device  according  to  Figure  1, 

Figure  6  shows  the  variation  of  the  current  for  a  short-circuit  breaking  with  a  protective  device 
25  according  to  Figure  1,  and 

Figures  7,  8  and  9  show  circuit  diagrams  for  additional  variants  of  the  protective  device  according  to  the 
invention. 

Figure  1 
Figure  2 

Figure  3 
Figure  4 

Figure  5 

Figure  6 

Figures  7,  8  and  9 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
30 

The  device  for  motor  and  short-circuit  protection  shown  in  Figure  1  comprises  a  contact  device  3  and  a 
tripping  circuit  connected  in  series  with  the  contact  device,  the  tripping  circuit  being  adapted  to  influence  the 
contact  device  for  automatic  opening  thereof  at  an  overcurrent.  The  tripping  circuit  comprises  two  parallel-con- 
nected  current  branches.  One  of  the  current  branches  consists  of  three  series-connected  elements,  namely 

35  a  first  thermistor  1  ,  a  second  thermistor  2,  and  an  excitation  coil  5  with  few  turns,  whereas  the  other  current 
branch  comprises  a  multi-turn  excitation  coil  4. 

The  first  thermistor  1,  which  is  of  the  above-mentioned  polymer-based  type,  the  resistivity  of  which  has 
a  positive  temperature  coefficient,  is  referred  to  in  the  following  as  the  "PTC  thermistor"  (PTC  =  Positive  Tem- 
perature  Coefficient).  In  the  normal  operating  range  of  this  thermistor,  which  may  extend  up  to,  for  example, 

40  80°C,  the  resistance  of  the  thermistor  is  low,  for  example  0.01  Q,  and  increases  slightly  with  the  temperature. 
If  the  temperature  of  the  thermistor  exceeds  this  value,  for  example  because  of  overcurrent,  the  resistance 
increases  more  rapidly  and  when  exceeding  a  certain  temperature,  which,  for  example,  may  be  around  120°C, 
the  thermistor  suddenly  switches  from  a  low-resistance  to  a  high-resistance  state,  in  which  the  resistance  may 
amount  to  1  kQ  and  more.  The  PTC  thermistor  is  thermally  delayed,  which  has  been  achieved,  for  example, 

45  by  a  design  as  described  in  the  above-mentioned  EP-A-0363746. 
Also  the  second  thermistor  2  is  made  of  electrically  conductive  polymer  composite  with  a  positive  tem- 

perature  coefficient.  However,  it  differs  from  the  first  thermistor,  among  other  things  by  having  a  considerably 
higher  percentage  by  volume  of  electrically  conductive  filler.  This  is  clear  from  Figure  3,  which  schematically 
shows  a  percolation  curve  for  a  polymer  composite,  i.e.  the  resistivity  of  the  material  in  cold  state  as  a  function 

so  of  the  percentage  by  volume  v  of  electrically  conductive  filler  (carbon  black,  graphite,  etc.).  For  a  conventional 
polymer-based  thermistor,  such  as  the  above  first  thermistor  1  ,  the  working  point  lies  at  the  point  marked  o 
on  the  curve,  whereas  the  working  point  for  the  above  second  thermistor  lies  at  the  point  x,  relatively  far  away 
from  the  so-called  percolation  threshold  P,  i.e.  the  point  on  the  percolation  curve  where  the  resistivity  of  the 
composite  starts  decreasing.  Because  of  the  low  cold  resistance  of  the  second  thermistor,  its  loss  power  is 

55  low  and  the  thermistor  may  be  designed  for  a  high  rated  current  per  unit  of  volume.  Another  feature  of  the  sec- 
ond  thermistor  is  that  it  is  layered,  i.e.  composed  of  at  least  two  parts  which  make  contact  with  each  other 
along  a  boundary  substantially  parallel  to  the  end  surfaces  of  the  thermistor.  The  parts  may  be  joined  together 
along  the  boundary  and/or  be  pressed  against  each  other  with  the  aid  of  a  pressure  device.  The  special  design 
of  the  second  thermistor  means  that  it  is  sensitive  to  a  high  rate  of  change  of  the  current  (di/dt)  and  supplied 

3 
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energy.  At  moderate  short-circuit  currents,  for  example  less  than  15-20  times  the  rated  current,  this  thermistor 
remains  in  its  low-resistance  state  whereas,  on  the  other  hand,  when  the  current  density  exceeds  a  certain 
value,  a  very  fast  change  to  the  high-resistance  state  takes  place.  This  thermistor  is  referred  to  in  the  following 

5  as  a  "CLI  element"  (CLI  =  Current  Limiting  Interface). 
The  two  excitation  coils  4  and  5  are  part  of  an  electromagnetic  tripping  device  which  directly  or  indirectly, 

via  a  mechanism,  influences  the  contact  device  3  for  opening  thereof  at  an  overcurrent.  The  coil  5  in  the  first 
current  branch  has  few  turns  and  is  low-ohmic  and  it  is  di  mensioned  to  activate  the  tripping  device  for  currents 
exceeding  3-15  times  the  rated  current  of  the  protective  device,  also  when  the  PTC  element  1  and/or  the  CLI 

10  element  2  has  not  tripped. 
The  coil  4  in  the  second  branch  is  a  multi-turn  and  high-ohmic  coil  and  it  may  suitably  be  wound  on  the 

same  core  as  the  second  coil  5.  The  coils  are  wound  and  connected  in  such  a  way  that  their  magnetic  fluxes 
cooperate. 

Figure  2  shows  a  cross-section  through  a  PTC  thermistor  1  and  a  CLI  element  2  of  the  type  included  in  a 
15  device  according  to  the  present  invention.  The  PTC  thermistor  1  comprises  a  centrally  arranged  body  11  of 

an  electrically  conductive  polymer  composite  (e.g.  consisting  of  67  per  cent  by  volume  polyethylene  and  33 
per  cent  by  volume  carbon  black)  in  the  form  of  a  rectangular  plate  and  two  electrodes  1  2  and  1  3  arranged  at 
the  end  surfaces  of  the  body  (the  flat  sides  of  the  plate).  Around  the  periphery  of  the  body  1  1  ,  between  elec- 
trodes  12,  13,  a  collar  14  of  insulating  material  is  provided. 

20  Also  the  CLI  element  2  comprises  a  centrally  arranged  plate-formed  body  21  of  electrically  conductive 
polymer  composite  with  end  electrodes  22,  23  and  insulating  collar  24.  In  this  case,  however,  the  body  21  con- 
sists  of  two  equally  large  parts  21a  and  21b,  which  make  contact  with  each  other  (or  are  fused)  along  a  bound- 
ary  21c  parallel  to  the  flat  sides  of  the  body.  The  body  21  consists  of  a  polymer  composite  which  contains  a 
considerably  larger  percentage  by  volume  of  electrically  conductive  filler  (e.g.  carbon  black)  than  the  polymer 

25  composite  body  1  1  of  the  PTC  thermistor. 
The  PTC  thermistor  1  and  the  CLI  element  2  are  pressed  against  each  other  with  a  force  acting  in  the  di- 

rection  of  the  arrows  F,  which  force  may  be  achieved  purely  mechanically  and/or  by  utilizing  forces  generated 
by  electric  current.  The  external  electrodes  13,  22  in  the  united  thermistor  device  1,  2  are  provided  with  con- 
necting  members  15  and  25,  respectively. 

30  Figure  4  shows  the  tripping  characteristic  for  different  elements  in  the  protective  device  according  to  Figure 
1,  and  Figure  5  shows  the  resultant  tripping  characteristic,  specific  to  the  protective  device,  i.e.  the  tripping 
time  t  as  a  function  of  the  ratio  between  the  overcurrent  I  and  the  rated  current  ln  of  the  protective  device. 

The  characteristic  of  the  PTC  thermistor  1  is  represented  by  the  curve  A  in  Figure  4,  the  CLI  element  2  is 
represented  by  the  curve  B  and  the  coil  5  by  the  curve  C.  The  characteristic  of  the  coil  4  is  not  shown  in  Figure 

35  4  since  this  coil  is  activated  at  currents  lower  than  ln. 
By  a  suitable  choice  and  correlation  between  the  PTC  thermistor  1,  the  CLI  element  2  and  the  coils  4  and 

5,  the  tripping  characteristic  of  the  protective  device  can  be  made  to  correspond  to  any  one  of  the  standardized 
tripping  characteristics  which  are  prescribed  in  current  standards,  for  example  VDE  0641  and  CEE  publication 
19. 

40  From  curve  A  in  Figure  4  it  is  clear  that  the  PTC  thermistor  1  provides  a  thermal  delay  of  the  tripping,  which 
is  a  condition  for  using  the  device  for  motor  protection.  The  steepest  part  of  the  curve  is  determined  by  the 
current  value  at  which  the  coil  5  is  activated,  whereupon  the  circuit  is  broken  up  by  the  contact  device  3.  The 
more  or  less  horizontal  part  of  the  curve  C  (below  0.01  s)  is  determined  by  the  mechanism  of  the  contact  device 
(mechanical  time  delay). 

45  The  curve  B  for  the  CLI  element  2  is  very  steep  for  currents  higher  than  about  20  times  the  rated  current 
ln.  These  currents  are  therefore  limited  very  rapidly  by  the  CLI  element  and  are  commutated  over  to  the  high- 
ohmic  second  current  branch  where  they  are  limited  further,  after  which  the  multi-turn  excitation  coil  4  influ- 
ences  the  mechanism  for  the  contact  device  3,  which  breaks  up  the  circuit. 

In  the  current  interval  between  the  steep  part  of  the  curve  C  and  the  curve  B  forthe  CLI  element,  the  break 
so  time  is  determined  only  by  the  excitation  coil  5  with  few  turns  and  by  the  breaker  mechanism.  Neither  the  PTC 

thermistor  nor  the  CLI  element  is  activated  in  this  current  interval. 
In  a  practical  embodiment  according  to  Figure  1,  in  which  the  contact  device  3  consisted  of  a  circuit  breaker 

with  the  rated  current  ln  =  16  A,  a  PTC  thermistor  1  and  a  CLI  element  2  were  incuded,  both  of  them  in  the 
form  of  a  thin  plate,  with  the  following  data: 

55 
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PTC  t h e r m i s t o r   CLI  e l e m s n r  

5 
Cross   s e c t i o n   a r e a   (cm2)  7.3  7 
T h i c k n e s s   in  the   c u r r e n t  

d i r e c t i o n   (cm)  0.1  0 . 1  
10  R e s i s t a n c e   (ft)  at  25°C  0 .004  0 . 0 0 2  

R e s i s t a n c e   (ft)  at  125°C  >  10  <  0 . 0 1  
Heat  c a p a c i t y   (Ws/°C)  0.7  0 . 8  

15 
The  two  excitation  coils  4  and  5  consisted  of  solenoids  which  were  wound  on  the  same  core  and  arranged 

in  such  a  way  that  their  magnetic  fluxes  cooperated.  The  coil  5  was  made  with  6  turns  and  had  a  resistance 
of  2  mQ,  whereas  the  coil  4  was  made  with  90  turns  and  had  a  resistance  of  300  mQ.  The  electromagnetic 
tripping  device  which  was  formed  from  the  coils  4  and  5  with  the  associated  magnetic  circuit  was  dimensioned 

20  to  be  activated  at  540  ampere  turns. 
Figure  6  shows  the  variation  of  the  current  for  a  short-circuit  breaking  with  a  protective  device  according 

to  Figure  1,  which,  by  a  suitable  choice  of  the  circuit  elements  included,  exhibits  the  tripping  characteristic 
shown  in  Figure  5.  During  normal  operation,  both  the  PTC  thermistor  1  and  the  CLI  element  2  have  low  resis- 
tance,  for  example  lower  than  0.02  Q  altogether,  and  the  entire  operating  current  flows  through  the  first  current 

25  branch.  If  a  short  circuit  occurs,  and  the  presumptive  short-circuit  current  of  the  network  exceeds  20  times 
the  rated  current  of  the  protective  device,  the  current  rises  very  rapidly  and  at  the  time  tt,  which  is  only  a  few 
parts  of  a  millisecond  after  the  occurrence  of  the  short  circuit,  the  CLI  element  2  changes  from  its  low-resis- 
tance  to  its  high-resistance  state.  This  causes  the  current  to  be  commutated  over  to  the  second  current  branch, 
where  it  is  limited  by  the  impedance  in  the  coil  4,  which  has  a  relatively  high  resistance,  for  example  0.3  Q. 

30  The  coil  4  directly  influences  the  contact  and  the  mechanism  for  the  contact  device  3,  thus  obtaining  a  rapid 
opening  thereof  at  the  time  tk,  the  current  thus  being  broken.  Since  the  current  has  been  limited  to  a  relative 
low  value  because  of  the  impedance  in  the  coil  4  and,  in  addition,  is  substantially  resistive,  the  breaking  is 
relatively  simple.  The  contact  device  can  therefore  be  very  simple  and  possibly  need  not  be  provided  with  arc 
chutes.  In  addition,  by  the  rapid  contact  opening  a  rapid  voltage  relief  of  the  thermistors  1  and  2  is  obtained, 

35  and  these  thermistors  therefore  need  not  be  designed  to  continuously  withstand  the  operating  voltage. 
Figures  7  and  8  show  further  variants  of  a  protective  device  according  to  the  invention,  which  comprise 

the  elements  of  the  device  according  to  Figure  1. 
The  device  according  to  Figure  7  differs  from  that  shown  in  Figure  1  in  that  the  coil  5  with  few  turns  is  not 

included  in  the  first  current  branch  but  is  connected  in  series  with  the  two  parallel-connected  branches. 
40  Figure  8  shows  a  variant  in  which  a  series  resistor  6  has  been  introduced  in  the  second  current  branch  to 

further  increase  the  resistance  in  this  branch,  thus  obtaining  an  even  stronger  current  limitation.  The  series 
resistor  may  be  a  pure  resistor,  a  PTC  resistor,  or  a  varistor. 

The  connections  according  to  Figures  1  and  7  may  be  further  increased  with  elements  for  overvoltage 
protection,  for  example  in  the  form  of  a  varistor  7,  connected  as  is  clear  from  Figure  8. 

45  Figure  9  shows  an  embodiment  in  which  the  first  thermistor  1  serving  as  overload  protective  means  is 
made  of  ceramic  material,  for  example  V203.  Because  of  the  CLI  element  2,  the  ceramic  thermistor  1  will  trip 
only  for  moderate  overcurrents,  thus  eliminating  drawbacks  such  as  crack  formation  etc.  A  V203-based  ther- 
mistor  increases  its  resistance  approximately  300  times  when  tripping,  i.e.  a  considerably  smaller  resistance 
increase  than  in  the  other  thermistor  types  mentioned.  The  thermistor  1  is  therefore  connected  in  parallel  with 

so  a  third  excitation  coil  8,  which  is  relatively  low-ohmic  in  order  to  obtain  coordination  with  the  thermistor  1. 
The  invention  is  not  limited  to  the  embodiments  shown  but  several  modifications  are  feasible  within  the 

scope  of  the  claims.  For  example,  the  polymer  composite  body  21  of  the  CLI  element  shown  in  Figure  2  need 
not  be  divided,  but  may  instead  consist  of  a  plate  in  one  single  piece.  Also  in  such  an  embodiment,  as  in  a 
layer-type  thermistor,  a  resistance  concentration  to  definite  zones  is  obtained,  namely  in  this  case  to  the  boun- 

55  daries  between  the  composite  body  21  and  the  metallic  end  electrodes  22,  23. 
The  two  thermistors  1  and  2  may,  of  course,  consist  of  two  completely  separate  bodies  and  need  not  be 

pressed  against  each  other  as  shown  in  Figure  2.  Besides,  in  an  assembly  according  to  Figure  2,  one  of  the 
centre  electrodes  12,  23  may  be  omitted. 

The  excitation  coil  4  may  alternatively  consist  of  two  inductively  coupled,  series-connected  sub-coils  trav- 
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ersed  by  anti-parallel  currents,  as  described  in  the  above-mentioned  Swedish  patent  application  88003644- 
7.  In  this  embodiment,  one  of  the  sub-coils  is  fixed  and  the  other  movable,  the  movable  sub-coil  being  adapted 
to  achieve  opening  of  the  contact  device  via  an  actuating  member. 

5  The  PTC  thermistor  1  included  in  the  connections  shown  is  not  absolutely  necessary  but  may  be  omitted 
if  it  is  desired  to  implement  the  thermal  delay  in  some  other  way,  for  example  with  an  electronic  overload  relay. 
However,  in  most  cases  this  entails  a  more  complicated  solution. 

10  Claims 

1.  Device  for  overload  and  short-circuit  protection  in  electric  plants,  said  device  comprising  a  contact  device 
(3)  and  an  electric  tripping  circuit  arranged  in  series  with  the  contact  device  and  comprising  two  parallel- 
connected  current  branches,  of  which  the  first  branch  comprises  a  tripping  member  serving  as  an  over- 

is  load  protective  means  and  with  thermal  delay,  preferably  in  the  form  of  a  thermistor  (1),  the  resistivity  of 
which  has  a  positive  temperature  coefficient,  the  second  branch  comprising  an  excitation  coil  (4)  which 
is  adapted  to  influence  the  contact  device  (3)  for  opening  of  this  at  an  overcurrent,  characterized  in  that 
the  first  branch  also  comprises  a  second  thermistor  (2)  connected  in  series  with  the  tripping  member  (1) 
and  serving  as  short-circuit  protective  means,  said  second  thermistor  (2)  being  made  of  electrically  con- 

20  ductive  polymer  composite  with  such  a  large  content  of  electrically  conductive  filler  that  the  thermistor 
changes  to  its  high-resistance  state  only  if  the  short-circuit  current  amounts  to  at  least  15  times  the  rated 
current  of  the  device. 

2.  Device  according  to  claim  1  ,  characterized  in  that  the  second  thermistor  (2)  is  made  of  electrically  con- 
25  ductive  polymer  composite,  whose  content  of  electrically  conductive  filler  is  considerably  higher  than  the 

content  which  corresponds  to  the  so-called  percolation  threshold. 

3.  Device  according  to  claim  1  or  2,  characterized  in  that  said  second  thermistor  (2)  is  plate-formed  and 
is  composed  of  at  least  two  parts  (21a,  21b),  which  are  joined  together  along  a  boundary  (21c)  parallel 

30  to  the  end  surfaces  of  the  body. 

4.  Device  according  to  claim  1,  2  or  3,  characterized  in  that  a  second  excitation  coil  (5)  adapted  for  influ- 
encing  the  contact  device  (3)  is  connected  in  series  with  the  two  thermistors  (1,  2)  in  said  first  branch. 

5.  Device  according  to  claim  1,  2  or  3,  characterized  in  that  a  second  excitation  coil  (5)  adapted  for  influ- 
35 encing  the  contact  device  (3)  is  connected  in  series  with  the  two  parallel-connected  branches. 

6.  Device  according  to  claim  4  or  5,  characterized  in  that  said  second  excitation  coil  (5)  has  few  turns  and 
is  low-ohmic  in  relation  to  the  first  excitation  coil  (4). 

40  7.  Device  according  to  claim  4,  5  or  6,  characterized  in  that  the  two  excitation  coils  (4,  5)  are  wound  on 
one  and  the  same  core  in  such  a  way  that  the  magnetic  fluxes  of  the  coils  cooperate. 

8.  Device  according  to  any  of  claims  1-6,  characterized  in  that  said  first  excitation  coil  (4)  consists  of  two 
inductively  coupled  series  connected  sub-coils,  traversed  by  antiparallel  currents,  one  of  said  coils  being 

45  fixed  and  the  other  movable,  the  movable  sub-coil  being  adapted  to  achieve  opening  of  the  contact  device 
(3)  via  an  actuating  member. 

9.  Device  according  to  any  of  the  preceding  claims,  characterized  in  that  the  first  thermistor  (1)  serving 
as  an  overcurrent  protective  means  is  of  ceramic  material  and  is  directly  parallel-connected  to  a  third  ex- 

50  citation  coil  (8),  which  is  low-ohmic  in  relation  to  said  first  excitation  coil  (4). 

Patentanspruche 

1.  Vorrichtung  zum  Schutz  gegen  Uberlast  und  Kurzschlusse  in  elektrischen  Anlagen,  welche  Vorrichtung 
eine  Kontaktvorrichtung  (3)  und  eine  mit  der  Kontaktvorrichtung  in  Reihe  geschalteten  elektrischen  Aus- 
loseschaltung  mit  zwei  parallel  geschaltete  Stromzweige  enthalt,  von  denen  dererste  ein  Ausloseglied 
enthalt,  das  als  Uberlastschutz  dient,  und  eine  thermische  Verzogerung,  vorzugsweise  in  Gestalt  eines 
Thermistors  (1),  dessen  Widerstand  einen  positiven  Temperaturkoeffizient  hat,  wahrend  der  zweite 

6 



EP  0  514  454  B1 

Zweig  eine  Erregerspule  (4)  enthalt,  welche  so  angepalit  ist,  dad  sie  auf  die  Kontaktvorrichtung  (3)  im 
Sinne  einer  Offnung  derselben  bei  einem  Uberstrom  wirkt,  dadurch  gekennzeichnet,  daft  der  erste 
Zweig  auch  einen  zweiten  Thermistor  (2)  enthalt,  der  in  Reihe  mitdem  Ausloseglied  (1)  geschaltet  ist  und 

5  als  Kurzschlulischutz  dient,  wobei  der  zweite  Thermistor  (2)  aus  einem  elektrisch  leitenden 
Polymarmischmaterial  besteht  mit  einem  so  grolien  Gehalt  an  elektrische  leitendem  Fullmaterial,  dali  der 
Thermistor  in  seinen  Zustand  hohen  Widerstandes  nur  uberwechselt,  wenn  der  Kurzschlulistrom  minde- 
stens  das  15-fache  des  Nennstromes  der  Vorrichtung  erreicht. 

10  2.  Vorrichtung  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  daft  der  zweite  Thermistor  (2)  aus  einem  elek- 
trisch  leitenden  Polymarmischmaterial  besteht,  dessen  Gehalt  an  elektrisch  leitendem  Fullmaterial  be- 
deutend  grolier  ist  als  der  Gehalt,  derdersogenannten  Perkolationsschwelle  entspricht. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  daft  der  zweite  Thermistor  (2)  platten- 
15  formig  ausgebildet  ist  und  aus  mindestens  zwei  Teilen  (21a,  21b)  besteht,  die  langs  einer  Grenzflache 

(21c)  zusammengefugt  sind,  die  parallel  zu  den  Endflachen  des  Korpers  liegt. 

4.  Vorrichtung  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  daft  eine  zweite  Er- 
regerspule  (5),  die  auf  die  Kontaktvorrichtung  (3)  einzuwirken  vermag,  mit  den  beiden  Thermistoren  (1,2) 

2o  
in  dem  genannten  ersten  Kreis  in  Reihe  geschaltet  ist. 

5.  Vorrichtung  nach  einem  der  Anspruche  1  bis  3,  dadurch  gekennzeichnet,  daft  eine  zweite  Erregerspule 
(5),  die  die  Kontaktvorrichtung  (3)  zu  beeinflussen  vermag,  mit  den  beiden  parallel  geschalteten  Zweigen 
in  Reihe  geschaltet  ist. 

25  6.  Vorrichtung  nach  Anspruch  4  oder  5,  dadurch  gekennzeichnet,  daft  die  zweite  Erregerspule  (5)  nurwe- 
nige  Windungen  hat  und  im  Verhaltnis  zu  der  ersten  Erregerspule  (4)  niederohmig  ist. 

7.  Vorrichtung  nach  einem  der  Anspruche  4  bis  6,  dadurch  gekennzeichnet,  daft  die  beiden  Erregerspulen 
(4,5)  in  solcher  Weise  auf  den  gleichen  Kern  gewickelt  sind,  dali  die  magnetischen  Flusse  der  Spulen 

30  kooperieren. 

8.  Vorrichtung  nach  einem  dervorhergehenden  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  daft  die  erste 
Erregerspule  (4)  aus  zwei  induktiv  gekoppelten,  in  Reihe  geschalteten  Teilspulen  besteht,  die  von  anti- 
parallelen  Stromen  durchf  lossen  werden,  wobei  die  eine  Spule  fest  und  die  andere  beweglich  angeordnet 

35  ist  und  die  bewegliche  Spule  so  beschaffen  ist,  dali  sie  eine  Offnung  der  Kontaktvorrichtung  (3)  uber  ein 
Betatigungsglied  herbeizufuhren  vermag. 

9.  Vorrichtung  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  der  erste  Ther- 
mistor  (1),  der  als  ein  Uberstromschutzglied  dient,  aus  einem  keramischen  Material  besteht  und  unmit- 

40  telbarzu  einer  dritten  Erregerspule  (8)  parallel  geschaltet  ist,  die  im  Verhaltnis  zu  der  ersten  Erregerspule 
(4)  niederohmig  ist. 

Revendications 

45 
1  .  Disposit  if  pour  la  protection  contre  les  surcharges  et  les  courts-circuits  dans  des  installations  electriques, 

ce  dispositif  comprenant  un  dispositif  de  contact  (3)  et  un  circuit  de  declenchement  electrique  dispose 
en  serie  avec  le  dispositif  de  contact  et  comprenant  deux  branches  de  courant  connectees  en  parallele, 
parmi  lesquelles  la  premiere  branche  comprend  un  element  de  declenchement  remplissant  la  fonction 

50  d'un  moyen  de  protection  contre  les  surcharges  et  ayant  un  retard  thermique,  de  preference  sous  la  forme 
d'une  thermistance  (1)  dont  la  resistivite  presents  un  coefficient  de  temperature  positif,  la  seconde  bran- 
che  comprenant  une  bobine  d'excitation  (4)  qui  est  concue  de  facon  a  agir  sur  le  dispositif  de  contact  (3) 
pour  ouvrir  celui-ci  en  presence  d'une  surintensite,  caracterise  en  ce  que  la  premiere  branche  comprend 
egalement  une  seconde  thermistance  (2)  connectee  en  serie  avec  I'element  de  declenchement  (1)  et  rem- 

55  plissant  la  fonction  d'un  moyen  de  protection  contre  les  courts-circuits,  cette  seconde  thermistance  (2) 
etant  constitute  par  un  composite  polymere  conducteur  de  I'electricite  avec  une  concentration  en  charge 
conductrice  de  I'electricite  si  elevee  que  la  thermistance  ne  passe  dans  son  etat  a  resistance  elevee  que 
si  le  courant  de  court-circuit  s'eleve  a  au  moins  15  fois  le  courant  nominal  du  dispositif. 
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Dispositif  selon  la  revendication  1,  caracterise  en  ce  que  la  seconde  thermistance  (2)  est  constitute  par 
un  composite  polymere  conducteurde  I'electricite,  dont  la  concentration  en  charge  conductrice  de  I'elec- 
tricite  est  considerablement  superieure  a  la  concentration  qui  correspond  a  ce  que  Ton  appelle  le  seuil 
de  percolation. 

Dispositif  selon  la  revendication  1  ou  2,  caracterise  en  ce  que  la  seconde  thermistance  (2)  se  presents 
sous  la  forme  d'une  plaquette  et  elle  est  composee  parau  moins  deux  parties  (21a,  21b)  qui  sontjointes 
ensemble  le  long  d'une  frontiere  (21c)  parallele  aux  surfaces  d'extremites  du  corps. 

Dispositif  selon  la  revendication  1,  2  ou  3,  caracterise  en  ce  qu'une  seconde  bobine  d'excitation  (5), 
concue  pour  agir  sur  le  dispositif  de  contact  (3),  est  connectee  en  serie  avec  les  deux  thermistances  (1  , 
2)  dans  la  premiere  branche. 

Dispositif  selon  la  revendication  1,  2  ou  3,  caracterise  en  ce  qu'une  seconde  bobine  d'excitation  (5), 
concue  pour  agir  sur  le  dispositif  de  contact  (3),  est  connectee  en  serie  avec  les  deux  branches  connec- 
tees  en  parallele. 

Dispositif  selon  la  revendication  4  ou  5,  caracterise  en  ce  que  la  seconde  bobine  d'excitation  (5)  comporte 
peu  de  spires  et  elle  a  une  faible  valeur  ohmique,  en  comparaison  avec  la  premiere  bobine  d'excitation 
(4). 

Dispositif  selon  la  revendication  4,  5  ou  6,  caracterise  en  ce  que  les  deux  bobines  d'excitation  (4,  5)  sont 
bobinees  sur  un  seul  et  meme  noyau,  d'une  maniere  telle  que  les  flux  magnetiques  des  bobines  coope- 
rent. 

Dispositif  selon  I'une  quelconque  des  revendications  1-6,  caracterise  en  ce  que  la  premiere  bobine  d'ex- 
citation  (4)  est  constitute  par  deux  sous-bobines  connectees  en  serie  et  couplees  de  facon  inductive, 
traversees  par  des  courants  anti-paralleles,  I'une  de  ces  bobines  etant  fixe  et  I'autre  mobile,  la  sous- 
bobine  mobile  etant  concue  de  facon  a  produire  I'ouverture  du  dispositif  de  contact  (3)  parl'intermediaire 
d'un  element  d'actionnement. 

Dispositif  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  la  premiere  ther- 
mistance  (1),  remplissant  la  fonction  d'un  moyen  de  protection  contre  des  surintensites,  est  constitute 
par  une  ctramique  et  elle  est  directement  connectte  en  parallele  sur  une  troisieme  bobine  d'excitation 
(8)  qui  prtsente  une  faible  valeur  ohmique  en  comparaison  avec  la  premiere  bobine  d'excitation  (4). 
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