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Description 

The  present  invention  relates  to  electrical  heating  cables  that  use  positive  temperature  coefficient  poly- 
meric  materials  as  self-regulating  heating  elements  according  to  the  preamble  of  claim  1,  and  to  a  method  of 

5  making  such  cables. 
Electrically  conductive  thermoplastic  heaters  that  exhibit  a  positive  temperature  coefficient  (PTC)  char- 

acteristic  are  well  known  in  the  art.  These  heaters  generally  used  conductive  polymers  as  the  heat  generating 
source.  Other  well  known  PTC  heaters  are  those  using  doped  barium  titanate  chips  or  disks  rather  than  a  con- 
ductive  polymeric  PTC  composition. 

10  In  heaters  of  both  types  mentioned  above,  the  temperature  sensitive  material  of  the  heating  element,  either 
a  conductive  polymeric  PTC  composition  (hereinafter  referred  to  as  PTC  composition)  or  a  doped  barium  ti- 
tanate  chip  (hereinafter  referred  to  as  PTC  chip),  has  a  temperature  limit  essentially  equal  to  the  desired  self- 
limiting  temperature  of  the  heating  cable  and  undergoes  an  increase  in  temperature  coefficient  of  resistance 
when  this  limit  is  reached,  so  that  the  resistance  of  such  heating  element  increases  greatly.  The  current  flowing 

15  substantially  decreases  in  response  to  the  increased  resistance,  limiting  the  power  output  from  the  cable  to 
thereby  prevent  overheating  of  the  heating  cable.  The  point  at  which  this  sharp  rise  in  resistance  occurs  in  the 
PTC  chip  heater  is  termed  the  Curie  point  or  switching  temperature  and  is  fixed  by  the  dopant  material.  The 
switching  temperature  of  the  PTC  composition  heater  is  generally  determined  by  the  degree  of  crystallinity  of 
the  polymer  and  the  polymer  melt  point.  It  may  be  a  rather  well  defined  temperature,  or  depending  upon  the 

20  polymer,  it  may  take  place  over  a  temperature  range  and  be  somewhat  less  precise. 
Generally,  the  conductive  thermoplastic  material  used  to  make  PTC  composition  heaters  is  produced  by 

compounding  carbon  black  particles  and  a  crystalline  thermoplastic  polymer  in  a  suitable  blender.  Typically, 
the  blended  material  is  extruded  upon  two  or  more  spaced  apart  conventional,  round,  stranded  bus  wires,  to 
form  a  heater  matrix  core,  as  shown  in  Figure  1.  A  variety  of  other  processing  operations  may  take  place  fol- 

25  lowing  the  extrusion  process,  such  as  the  application  of  an  electrically  insulating  jacket,  annealing,  cross- 
linking,  etc.  Heating  cables  are  often  supplied  to  the  end  user  with  an  outer  braided  metallic  jacket  of  copper, 
tinned  copper  or  stainless  steel  which  is  applied  over  the  primary  electrical  insulation  covering  the  PTC  com- 
position  heater.  Generally,  a  protective  overjacket  of  polymeric  material  is  then  extruded  over  the  braid,  espe- 
cially  if  the  braid  is  copper  or  tinned  copper  to  prevent  corrosion  of  the  metallic  braid. 

30  Typically,  the  conductive  compositions  of  polymer  and  carbon  contain  from  about  4%  to  about  30%  by 
weight  of  electrically  conductive  carbon  black.  Ideally,  the  conductive  carbon  black  is  uniformly  dispersed 
throughout  the  matrix. 

A  practical  description  of  how  a  PTC  composition  heating  cable  such  as  the  one  shown  in  Figure  1  works 
is  as  follows:  The  bus  wires  are  connected  to  an  electrical  power  source  the  current  flows  between  the  buses 

35  through  the  conductive  matrix.  When  the  matrix  is  cool  and  dense  the  carbon  particles  are  in  contact,  forming 
an  electrically  conductive  network.  When  the  matrix  begins  to  heat  up,  the  matrix  expands  and  the  conductive 
carbon  network  begins  to  break  contact,  disrupting  the  current  flow  and  reducing  the  heating  energy  of  the 
cable.  As  more  of  the  carbon  network  is  disrupted,  the  temperature  drops,  contracting  the  matrix,  resulting  in 
greater  current  flow  and  heat  production.  Eventually  the  cable  reaches  of  self-regulated  state  reacting  to  the 

40  environment.  Each  point  along  the  conductive  matrix  will  adjust  to  its  local  temperature  environment  indepen- 
dently  of  the  adjacent  portion  of  the  core  material. 

It  has  been  recognized  that  by  adjusting  the  heat  transfer  rate  from  a  resistive  heating  element,  the  surface 
temperature  can  be  changed.  In  a  heater  of  a  fixed  resistance,  of  either  a  series  or  parallel  configuration,  the 
heater  sheath  or  surface  temperature  is  not  at  a  constant  temperature.  The  cable  or  heater  sheath  temperature 

45  varies  according  to  the  amount  of  power  the  heater  produces,  the  heat  transfer  rate  from  the  heater  to  the  pipe 
or  equipment,  the  heat  transfer  or  surface  area  of  the  heater  and  the  process  temperature  or  temperature  of 
piping  to  which  the  cable  is  applied.  At  a  constant  voltage,  the  power  output  of  a  "fixed  resistance"  heater  will 
not  vary,  but  the  sheath  temperature  of  the  heater  can  vary  greatly  depending  upon  the  overall  heat  transfer 
rate  from  the  heater  to  the  pipe  or  equipment  surface.  Different  methods  of  attachment  of  heaters  to  a  pipe 

50  with  resulting  differing  heat  transfer  coefficients  result  in  sheath  temperatures  of  the  fixed  resistance  heaters 
varying  from  the  highest  sheath  temperature  when  only  strapped  to  a  pipe  at  regular  intervals,  to  a  lower  tem- 
perature  when  covered  with  wide  aluminum  tape  running  parallel  over  the  heater  and  holding  the  heater  to  the 
pipe,  to  an  even  lower  temperature  when  attached  to  the  pipe  with  a  heat  transfer  compound. 

In  a  PTC  composition  heater,  there  is  no  fixed  energy  output  since  the  resistance  is  a  function  of  the  tem- 
55  perature  of  the  conductive  matrix.  Ahigher  or  lowerenergy  output  can  be  obtained  by  changing  the  heat  transfer 

rate  from  the  conductive  matrix  to  its  surrounding  environment. 
When  voltage  is  applied  to  a  PTC  composition  heater,  it  will  generate  energy.  If  the  heat  transfer  rate  from 

the  conductive  matrix  is  low,  then  the  heater  will  self-heat  rather  quickly  and  reach  its  switching  temperature 
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at  a  lower  total  output  than  would  occur  if  a  good  means  of  heat  dissipation  were  provided.  Unlike  a  "fixed 
resistance"  heater,  an  increase  in  supply  voltage  has  very  little  effect  on  the  output  of  a  PTC  composition  hea- 
ter. 

A  great  number  of  PTC  composition  heater  assemblies  exist  in  the  prior  art.  A  number  of  these  heaters 
5  were  developed  to  provide  low  inrush  current  or  to  improve  the  power  output  of  the  PTC  composition  heaters. 

Generally,  the  assemblies  have  all  been  based  on  a  layered  concept  which  utilizes  PTC  composition  materials 
and  constant  wattage  (CW)  or  relatively  constant  wattage  (RCW)  materials  in  a  layered  or  alternate  configur- 
ation. 

As  previously  stated,  it  was  known  that  a  reduction  in  sheath  temperatures  could  be  achieved  by  the  ap- 
10  plication  of  heat  transfer  aids  to  the  external  surface  of  resistive  heating  cables.  However,  the  heat  transfer 

capabilities  of  heating  cables  were  still  limited,  even  with  the  use  of  external  transfer  improvements,  because 
of  internal  heat  transfer  limitations.  Better  internal  heat  transfer  was  necessary  to  improve  the  heating  char- 
acteristics  of  the  cable. 

Although  it  was  known  that  flat  electrodes,  generally  formed  by  a  metallic  mesh,  grid  or  thin  sheet,  could 
15  be  used  to  supply  electrical  power  to  the  PTC  composition  material  as  shown  in  U.S.  Patent  4,330,703,  the 

assemblies  utilizing  these  prior  flat  electrodes  still  had  low  internal  heat  transfer  properties  because  the  elec- 
trodes  were  thin  and  had  poor  heat  thermal  transfer  characteristics.  Further,  the  heat  producing  materials  in 
the  cables  were  generally  a  combination  of  PTC  compositions  and  CW  materials,  not  single  PTC  compositions, 
resulting  in  increased  costs.  Additionally,  the  prior  designs  utilizing  flat  electrodes  did  not  provide  for  easily 

20  embedding  the  electrodes  in  the  PTC  composition  in  an  extrusion  process,  a  low  cost  manufacturing  process. 
Another  assembly  using  flat  electrodes  is  shown  in  WO-A-8402048.  However,  in  this  document  the  heat 

producing  material  allows  conduction  of  substantial  amounts  of  heat.  This  would  result  in  locally  varying  heating 
rates,  which  reduce  the  power  output  of  the  assembly. 

The  problems  mentioned  above  are  solved  by  an  electrical  heating  cable  with  the  features  of  claim  1  and 
25  an  assembling  method  according  to  claim  9.  Particular  embodiments  are  claimed  in  dependent  claims  2  to  8 

and  10  to  11,  respectively. 
The  heating  cable  of  the  present  invention  has  substantially  flat,  preferably  braided,  electrical  conductors 

having  good  thermal  transfer  characteristics  disposed  in  overlying  parallel  relationship  and  encapsulated  by 
a  homogenous  PTC  conductive  polymeric  material  in  a  single  extrusion  process,  wherein  the  electrical  con- 

30  ductors  serve  as  the  primary  heat  transfer  means  internally  in  the  cable.  Such  construction  results  in  a  sig- 
nificantly  better  internal  heat  transfer  compared  to  the  prior  art,  thus  allowing  more  heat  to  be  removed  from 
the  PTC  composition  and  cable. 

Such  improved  heat  transfer  additionally  improves  the  temperature  distribution  along  the  length  of  the 
cable  because  the  heat  is  transferred  along  the  electrical  conductors,  limiting  the  amount  of  local  heat  and 

35  improving  the  overall  heat  balance  of  the  cable. 
Fig.  1  is  a  perspective  view  in  partial  cross-section  of  a  heating  cable  constructed  according  to  an  em- 

bodiment  of  the  prior  art. 
Fig.  2  is  a  perspective  view  in  partial  cross-section  of  a  heating  cable  according  to  the  present  invention. 
Fig.  3  is  a  cross-sectional  top  view  of  the  heating  cable  of  Fig,  2. 

40  Referring  to  the  drawings,  the  letter  C  generally  designates  the  heating  cable  with  the  numerical  suffix 
indicating  the  specific  embodiment  of  the  cable  C. 

Fig.  1  illustrates  a  heating  cable  CO  constructed  according  to  the  prior  art.  Wires  10  and  12  were  encap- 
sulated  in  a  PTC  conductive  polymeric  material  14  to  form  the  basic  heating  cable  assembly.  This  assembly 
is  surrounded  by  an  insulating  material  16  to  provide  the  primary  electrical  insulation  means  for  the  heating 

45  cable  CO.  The  primary  insulation  16  is  optionally  covered  by  an  outer  braid  18  and  further  optionally  covered 
by  a  protective  polymeric  overjacket  20  to  fully  protect  the  heating  cable  CO  and  the  environment. 

Fig.  2  illustrates  the  preferred  embodiment  of  a  heating  cable  C1  constructed  according  to  the  present 
invention.  Flat,  preferably  braided,  conductors  22,  24  are  Positioned  parallel  to  each  other  in  the  longitudinal 
direction  and  spaced  apart.  The  flat  conductors  22,  24  are  encapsulated  in  a  homogeneous  matrix  of  PTC  con- 

50  ductive  polymeric  material  26  in  a  single  extrusion  process.  The  PTC  composition  material  is  blended  and  pre- 
pared  using  conventional  techniques  known  to  those  skilled  in  the  art.  After  the  extrusion  step  is  complete,  an 
insulating  layer  28  is  applied  to  the  extruded  assembly  to  protect  the  heating  cable  C1  from  the  environment. 
Additionally,  an  optional  outer  braid  30  and  a  protective  overjacket  32  can  be  applied  to  the  cable  C1. 

Such  construction  results  in  the  parallel  flat  conductors  22,  24  becoming  a  significant  heat  transfer  means, 
55  even  though  the  wire  gauge  size  is  the  same  as  used  in  previous  heating  assemblies.  The  flat  conductors  22, 

24  have  lower  thermal  resistance  than  the  PTC  composition  material  26  and  so  more  readily  conduct  substan- 
tially  greater  amounts  of  heat  than  the  PTC  composition  material  26.  The  flat  conductors  22,  24  also  have  a 
much  lower  thermal  resistance  and  better  coupling  to  the  PTC  composition  material  26  than  the  round  wire 

3 
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conductors  1  0,  1  2  of  prior  art,  which  conductors  1  0,  1  2  did  not  conduct  substantial  amounts  of  heat,  but  instead 
relied  on  the  PTC  polymeric  material  14  to  conduct  the  heat  in  the  cable  CO.  Thus,  by  reason  of  this  invention, 
more  heat  is  transferred  from  the  PTC  composition  material  26  and  the  heat  is  more  evenly  distributed  along 
the  length  and  width  of  the  cable  C1. 

5  The  conductors  22,  24  are  preferably  formed  of  braided  copper  wire  formed  in  flat  strips  of  a  width  approx- 
imating  the  width  of  the  heater  cable,  as  best  seen  in  Figs.  2  and  3.  An  exemplary  conductor  is  a  number  16 
gauge  copper  wire  which  is  3,97  mm  (5/32  inches)  wide-  and  0,79  mm  (1/32  inches  )thick  and  is  comprised  of 
24  carriers  of  4  strands  each,  each  strand  being  of  36  gauge  wire,  described  as  a  24-4-36  cable.  This  formation 
of  the  flat  conductor  is  in  contrast  to  conventional  wires  10,  12  (Fig.  1)  in  which  a  16  gauge  copper  wire  is  de- 

10  veloped  by  utilizing  19  wires  of  number  29  gauge  size.  The  conductors  22,  24  are  alternately  formed  of  alumi- 
num  or  other  metallic  conductors  formed  into  a  braid.  The  individual  strands  may  be  coated  with  a  tin,  silver, 
aluminum  or  nickel  plated  finish. 

In  an  alternate  embodiment  (not  shown),  the  conductors  22,  24  are  formed  of  a  plurality  of  parallel,  strand- 
ed  copper  conductors.  The  gauge  of  each  of  the  individual  wires  is  smaller  than  the  gauge  of  the  conductors 

15  in  the  prior  art  design,  but  the  plurality  of  wires  develops  the  desired  overall  wire  gauge.  The  individual  wires 
are  placed  parallel  and  adjacent  to  each  other  along  the  length  of  the  cable  to  substantially  form  a  flat  conductor 
having  properties  similar  to  the  braided  wire. 

Alternatively,  the  flat  conductor  can  be  woven  from  a  plurality  of  carbon  or  graphite  fibers,  conductively 
coated  fiberglass  yarn  or  other  similar  materials  of  known  construction  as  are  commonly  used  in  automotive 

20  ignition  cables  and  as  disclosed  in  U.S.  Patent  No.  4,369,423.  The  fibers  can  be  electroplated  with  nickel  to 
further  improve  the  conductivity  of  the  fibers.  Sufficient  numbers  of  the  fibers  are  woven  to  provide  a  flat  con- 
ductor  which  is  capable  of  carrying  the  necessary  electrical  loads. 

The  present  invention  additionally  improves  the  electrical,  as  well  as  thermal,  contact  between  the  electric 
conductors  22,  24  and  the  PTC  material  26.  Atypical  flat  bus  in  a  number  16  gauge  wire  size  is  3,97  mm  (5/32 

25  inches)thickand  is  made  up  of  24  carriers  of  4  strands  each  of  number  36  gauge  wire  braided  together,  in  con- 
trast  to  a  conventional  stranded  round  bus  wire,  where  a  typical  16  gauge  wire  size  is  provided  in  a  1  9/29  con- 
struction  which  represents  19  wires  each,  of  number  29  gauge  size,  twisted  together.  The  flat  braided  con- 
struction,  with  a  greater  number  of  wires  braided  into  a  cross-hatched  pattern  and  completely  covered  by  the 
PTC  composition  material  which  is  extruded  between  and  somewhat  over  the  flat,  parallel  conductors  provides 

30  an  improved  electrical  connection  for  the  PTC  composition  material. 

Example 

A  heating  cable  CO  as  shown  in  Fig.  1  was  constructed.  A  PTC  conductive  matrix  14  formed  of  a  fluoro- 
35  polymer  with  11-14%  by  weight  carbon  black  was  extruded  onto  16  gauge  nickel-plated  copper  wires  10,  12 

of  19/29  stranded  construction.  An  insulating  layer  16  was  applied  to  complete  the  cable  CO.  The  cable  CO 
was  nominally  classified  as  a  12  watt  cable  at  120  volts  and  10°C  (50°F).  An  approximately  5,49  m  (18  foot, 
6  inch)  sample  was  prepared.  The  cable  CO  was  energized  with  approximately  110  volts  at  an  ambient  tem- 
perature  of  25,6°C  (78°F).  When  an  equilibrium  condition  had  been  established,  the  current  entering  the  cable 

40  CO  was  approximately  1.7  amperes.  This  indicates  that  the  cable  CO  was  producing  approximately  10.3  watts 
per  30,48  cm  (foot). 

A  cable  C1  as  shown  in  Figs.  2  and  3  was  constructed.  An  identical  PTC  composition  material  26  as  used 
in  constructing  the  previously  described  cable  CO  was  extruded  onto  flat,  braided  16  gauge  copper  conductors 
22,  24  having  a  width  of  3,97  mm  (5/32  inches)  and  a  thickness  of  0,79  mm  (1/32  inches).  An  insulating  layer 

45  26  of  the  same  material  and  thickness  as  in  the  previous  cable  CO  was  applied  to  complete  the  construction 
of  the  cable  C1.  The  assembly  had  an  approximate  thickness  of  3,56  mm  (0.14  inches)  and  an  approximate 
width  of  10,16  mm  (0.40  inches),  excluding  the  insulating  layer  26.  The  thickness  was  developed  by  having 
an  approximate  0,5  mm  (0.02  inches)  of  PTC  composition  material  26,  a  conductor  22  having  an  approximate 
thickness  of  0,76  mm  (0.03  inches),  a  central  PTC  composition  material  26  having  an  approximate  thickness 

so  of  1  mm  (0.04  inches),  followed  by  a  conductor  24  having  an  approximate  thickness  of  0,76  mm  (0.03  inches) 
and  a  layer  of  PTC  composition  material  26  having  an  approximate  thickness  of  0,5  mm  (0.02  inches).  This 
cable  C1  was  also  prepared  in  an  approximately  5,49  m  (1  8  foot,  6  inch)  length  and  energized  at  approximately 
110  volts  in  an  ambient  temperature  of  approximately  25,6°C  (78°F).  The  equilibrium  current  measured  ap- 
proximately  3.7  amperes,  which  corresponds  to  approximately  22.4  watts  per  30,48  cm  (foot). 

55  Therefore  the  present  invention  significantly  improves  the  thermal  conductivity  of  the  cable  so  that  the 
PTC  composition  material  can  produce  greater  power  before  going  into  a  temperature  self  regulation  mode. 

It  will  be  understood  that  because  the  heat  is  generated  initially  by  the  continuous  PTC  composition  ma- 
terial,  the  cable  may  be  selectively  formed  or  cut  into  any  desired  length  while  still  retaining  the  same  watts 

4 
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per  foot  (30,48  cm)  capability  for  the  selected  length. 
The  foregoing  disclosure  and  description  of  the  invention  are  illustrative  and  explanatory  thereof,  and  va- 

rious  changes  in  the  size,  shape  and  materials  as  well  as  in  the  details  of  the  illustrated  construction  may  be 
made,  and  all  such  changes  being  contemplated  to  fall  within  the  scope  of  the  appended  claims. 

Claims 

1.  An  electrical  heating  cable  (C1)  comprising  first  and  second  substantially  flat,  elongated  electrical  con- 
10  ductor  means  (22,  24)  superimposed  with  respect  to  each  other  but  spaced  from  each  other,  said  con- 

ductor  means  (22,  24)  extending  along  the  length  of  the  cable  (C1)  for  conveying  electrical  current  and 
for  conducting  heat;  and  heating  means  (26)  comprising  a  positive  temperature  coefficient  polymeric  ma- 
terial  disposed  between  and  in  contact  with  said  conductor  means  (22,  24)  and  filling  the  space  there- 
between,  said  polymeric  material  producing  heat  when  current  flows  therethrough,  said  polymeric  material 

15  substantially  increasing  in  resistance  when  a  temperature  limit  is  reached  to  reduce  the  current  flowing 
through  said  heating  means  (26)  and  control  the  heat  output  of  the  cable  (C1),  characterized  in  that  said 
polymeric  material  is  also  disposed  externally  of  said  conductor  means  (22,  24)  for  encapsulating  said 
first  and  second  conductor  means  (22,  24)  and  wherein  each  of  said  conductor  means  (22,  24)  has  a  long- 
itudinal  thermal  conductance  substantially  greaterthan  the  longitudinal  thermal  conductance  of  said  heat- 

20  ing  means  (26). 

2.  The  heating  cable  of  claim  1  ,  further  comprising:  insulating  material  (28)  surrounding  said  heating  means 
(26)  to  protect  the  cable  (C1). 

25  3.  The  heating  cable  of  claim  2,  further  comprising:  an  outer  braid  (30)  surrounding  said  insulating  material 
(28). 

4.  The  heating  cable  of  one  or  more  of  the  preceding  claims,  wherein  each  of  said  conductor  means  com- 
prises  braided  wires. 

on 5.  The  heating  cable  of  claim  4,  wherein  said  braided  wire  is  formed  of  a  plurality  of  copper  wires. 

6.  The  heating  cable  of  claim  5,  wherein  said  copper  wires  are  plated. 

7.  The  heating  cable  of  claim  6,  wherein  the  plating  material  is  one  of  tin,  silver,  aluminium  or  nickel. 
35 

8.  The  heating  cable  of  one  or  more  of  the  preceding  claims,  wherein  each  of  said  conductor  means  com- 
prises  a  plurality  of  electrically  and  thermally  conductive  fibers  woven  into  substantially  flat  strips. 

9.  A  method  of  assembling  an  electrical  heating  cable  comprising: 
40  extruding  a  positive  temperature  coefficient  polymeric  material  over  first  and  second  substantially  flat, 

elongated  electrical  conductors,  each  of  which  has  sufficient  longitudinal  thermal  conductance  to  conduct 
substantially  greater  amounts  of  heat  than  said  polymeric  material,  while  the  conductors  are  superim- 
posed  with  respect  to  each  other  and  spaced  apart  from  each  other  with  the  polymeric  material  between 
and  in  contact  with  the  conductors  and  filling  the  space  therebetween,  and  encapsulating  the  exterior  of 

45  the  conductors  during  the  extrusion  and  thereafter,  said  polymeric  material  producing  heat  when  current 
flows  therethrough  and  substantially  increasing  in  resistance  when  a  temperature  limit  is  reached  to  re- 
duce  the  current  flowing  through  said  polymeric  material  and  control  the  heat  output  of  the  cable. 

1  0.  The  method  of  claim  9,  wherein: 
said  conductors  are  a  metallic  braided  material. 50 

11.  The  method  of  claim  9  or  10,  including  the  step  of: 
applying  an  outer  insulation  layer  surrounding  said  polymer  material  and  said  conductors. 

Patentanspruche 

1.  Elektrisches  Heizkabel  (C1)  mit  ersten  und  zweiten  im  wesentlichen  flachen,  langgestreckten  elektri- 
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schen  Leitermitteln  (22,  24),  die  ubereinander  liegen,  aber  voneinander  beabstandet  sind,  wobei  sich  die 
Leitermittel  (22,  24)  entlang  der  Lange  des  Kabels  (C1)  zur  Beforderung  von  elektrischem  Strom  und  zur 
Leitung  von  Warme  erstrecken;  und  Heizmittel  (26)  mit  einem  polymeren  Material  mit  positivem  Tempe- 
raturkoeffizienten,  das  zwischen  den  Leitermitteln  (22,  24)  und  in  Kontakt  mit  ihnen  angeordnet  ist  und 
den  Raum  zwischen  ihnen  ausfullt,  wobei  das  polymere  Material  Warme  erzeugt,  wenn  Strom  durch  es 
hindurchflielit,  wobei  das  polymere  Material  im  Widerstand  wesentlich  ansteigt,  wenn  eine  Temperatur- 
grenze  erreicht  ist,  urn  den  durch  die  Heizmittel  (26)  flielienden  Strom  zu  reduzieren  und  die  Warmeab- 
gabe  des  Kabels  (C1)  zu  steuern,  dadurch  gekennzeichnet,  dali  das  polymere  Material  auch  aulierhalb 
der  Leitermittel  (22,  24)  angeordnet  ist,  urn  die  ersten  und  zweiten  Leitermittel  (22,  24)  einzukapseln  und 
wobei  jedes  der  Leitermittel  (22,  24)  eine  Warmeleitung  in  Langsrichtung  hat,  die  wesentlich  grolier  ist 
als  die  longitudinale  Warmeleitung  der  Heizmittel  (26). 

2.  Heizkabel  nach  Anspruch  1,  weiterhin  mit  isolierendem  Material  (28),  das  die  Heizmittel  (26)  umgibt,  urn 
das  Kabel  (C1)  zu  schutzen. 

3.  Heizkabel  nach  Anspruch  2,  weiterhin  mit  einem  aulieren  Gef  lecht  (30),  das  das  isolierende  Material  (28) 
umgibt. 

4.  Heizkabel  nach  einem  der  vorhergehenden  Anspruche,  wobei  jedes  der  Leitermittel  gef  lochtende  Drahte 
aufweist. 

5.  Heizkabel  nach  Anspruch  4,  beidemdergeflochtene  Draht  durch  eine  Vielzahl  von  Kupferdrahtengebildet 
wird. 

6.  Heizkabel  nach  Anspruch  5,  bei  dem  die  Kupferdrahte  beschichtet  sind. 

7.  Heizkabel  nach  Anspruch  6,  bei  dem  das  Beschichtungsmaterial  Zinn  oder  Silberoder  Aluminium  oder 
Nickel  ist. 

8.  Heizkabel  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  jedes  der  Leitermittel  eine  Vielzahl  von 
elektrisch  und  thermisch  leitenden  Fasern  aufweist,  die  in  im  wesentlichen  f  lache  Streifen  verwoben  sind. 

9.  Verfahren  zum  Aufbau  eines  elektrischen  Heizkabels  mit:  Extrusion  eines  polymeren  Materials  mit  posi- 
tivem  Temperaturkoeffizienten  ubererste  und  zweite  im  wesentlichen  f  lache,  langgestreckte  elektrische 
Leiter,  von  denenjederausreichende  Warmeleitung  in  Langsrichtung  hat,  urn  wesentlich  groliere  Mengen 
von  Warme  als  das  polymere  Material  zu  leiten,  wahrend  die  Leitermittel  ubereinanderliegen  und  vonein- 
ander  beabstandet  sind,  wobei  das  polymere  Material  zwischen  den  Leitern  und  in  Kontakt  mit  diesen  ist 
und  den  Raum  zwischen  ihnen  ausfullt  und  das  Auliere  der  Leiter  wahrend  der  Extrusion  und  danach  ein- 
kapselt,  wobei  das  polymere  Material  Warme  erzeugt,  wenn  Strom  durch  es  hindurchflielit  und  im  Wi- 
derstand  wesentlich  ansteigt,  wenn  eine  Temperaturgrenze  erreicht  ist,  urn  den  durch  das  polymere  Ma- 
terial  flielienden  Strom  zu  reduzieren  und  die  Warmeabgabe  des  Kabels  zu  steuern. 

10.  Verfahren  nach  Anspruch  9,  bei  dem  die  Leiter  ein  metallisches,  geflochtenes  Material  sind. 

11.  Verfahren  nach  Anspruch  9  oder  10  mit  dem  Schritt,  dali  eine  das  polymere  Material  und  die  Leiter  um- 
gebende  auliere  Isolierschicht  angebracht  wird. 

Revendications 

1.  Cable  chauffant  electrique  (C1)  comprenant  des  premier  et  second  moyens  de  conducteurs  electriques 
allonges  pratiquement  plats  (22,  24)  superposes  I'un  par  rapport  a  I'autre  mais  espaces  I'un  de  I'autre, 
lesdits  moyens  de  conducteurs  (22,  24)  se  prolongeant  sur  la  longueur  du  cable  (C1)  pour  transporter  le 
courant  electrique  et  pour  conduire  la  chaleur  et  un  moyen  de  chauffage  (26)  comprenant  un  materiau 
de  polymere  a  coefficient  de  temperature  positive  dispose  entre  et  en  contact  avec  lesdits  moyens  de 
conducteurs  (22,  24)  et  remplissant  I'espace  entre  ceux-ci,  ledit  materiau  de  polymere  produisant  de  la 
chaleur  lorsque  le  courant  circule  a  travers  celui-ci,  ledit  materiau  de  polymere  augmentant  sensiblement 
en  valeur  ohmique  lorsqu'une  limite  de  temperature  est  atteinte  af  in  de  reduire  la  circulation  du  courant 
a  travers  ledit  moyen  de  chauffage  (26)  et  commander  la  sortie  en  chaleur  du  cable  (C1),  caracterise  en 
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ce  que  ledit  materiau  de  polymere  est  egalement  dispose  de  maniere  externe  par  rapport  auxdits  moyens 
de  conducteurs  (22,  24)  pour  encapsuler  lesdits  premier  et  second  moyens  de  conducteurs  (22,  24)  et 
dans  lequel  chacun  desdits  moyens  de  conducteurs  (22,  24)  presents  une  conductance  thermique  lon- 
gitudinale  nettement  superieure  a  la  conductance  thermique  longitudinale  dudit  moyen  de  chauffage  (26). 

5 
2.  Cable  chauffant  selon  la  revendication  1,  comprenant  de  plus  : 

un  materiau  isolant  (28)  entourant  ledit  moyen  de  chauffage  (26)  pour  proteger  le  cable  (C1). 

3.  Cable  chauffant  selon  la  revendication  2,  comprenant  de  plus  : 
10  une  tresse  exterieure  (30)  entourant  ledit  materiau  isolant  (28). 

4.  Cable  de  chauffage  selon  I'une  ou  plusieurs  des  revendications  precedentes,  dans  lequel  chacun  desdits 
moyens  de  conducteurs  comprend  des  f  ils  tresses. 

5.  Cable  de  chauffage  selon  la  revendication  4,  dans  lequel  le  f  il  tresse  est  forme  d'une  multitude  de  f  ils 
15  de  cuivre. 

6.  Cable  de  chauffage  selon  la  revendication  5,  dans  lequel  lesdits  f  ils  de  cuivre  sont  electro-deposes. 

7.  Cable  de  chauffage  selon  la  revendication  6,  dans  lequel  le  materiau  d'electro-deposition  est  constitue 
20  soit  d'etain,  soit  d'argent,  soit  d'aluminium,  soit  de  nickel. 

8.  Cable  de  chauffage  selon  une  ou  plusieurs  des  revendications  precedentes,  dans  lequel  chacun  desdits 
moyens  de  conducteurs  comprend  une  plural  ite  de  fibres  electriquement  et  thermiquement  conductrices 
tissees  en  des  bandes  pratiquement  plates. 

25 
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9.  Precede  pour  assembler  un  cable  de  chauffage  electrique  comprenant  les  etapes  consistant  a  : 
extruder  un  materiau  de  polymere  a  coefficient  de  temperature  positive  sur  des  premier  et  second 

conducteurs  electriques  allonges  pratiquement  plats,  chacun  de  ceux-ci  presentant  une  conductance 
thermique  longitudinale  suffisante  pour  conduire  des  quantites  nettement  plus  importantes  de  chaleur 
que  ledit  materiau  de  polymere,  tandis  que  les  conducteurs  sont  superposes  I'un  par  rapport  a  I'autre  et 
espaces  I'un  de  I'autre  avec  le  materiau  de  polymere  entre  eux  et  en  contact  avec  les  conducteurs  et  rem- 
plissant  I'espace  entre  ceux-ci  et  encapsuler  I'exterieur  des  conducteurs  pendant  I'extrusion  et  par  la  sui- 
te,  ledit  materiau  de  polymere  produisant  de  la  chaleur  lors  de  la  circulation  du  courant  a  travers  celui-ci 
et  augmentant  nettement  en  valeur  ohmique  lorsqu'une  limite  de  temperature  est  atteinte  pour  reduire  la 
circulation  du  courant  dans  ledit  materiau  de  polymere  et  commander  la  sortie  en  chaleur  du  cable. 

10.  Precede  selon  la  revendication  9,  dans  lequel  : 
lesdits  conducteurs  sont  un  materiau  tresse  metallique. 

11.  Precede  selon  la  revendication  9  ou  1  0,  comportant  I'etape  consistant  a  appliquer  une  couche  d'isolement 
exterieure  entourant  ledit  materiau  de  polymere  et  lesdits  conducteurs. 
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