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Description 

The  present  invention  relates  to  autoregulating 
electric  heaters  and  methods  of  using  same,  and 
more  particularly,  to  a  small  ferromagnetic  auto- 
regulating  electric  heater  that  may  be  temporarily 
disposed  about  a  part  to  be  heated  or  soldered. 
The  heater  may  be  integrated  as  a  permanent  part 
of  the  structure  or  removed  for  subsequent  repeti- 
tive  uses  after  each  heating  application  is  com- 
pleted. 

In  the  U.S.  Patent  No.  4,256,945  of  Carter  and 
Krumme,  there  is  described  an  autoregulating 
electric  heater  having  a  laminated  structure;  one 
lamina  of  which  has  high  magnetic  permeability 
and  high  resistance  and  another  lamina  of  which 
is  non-magnetic  and  has  a  low  resistance  (such  as 
copper)  in  electrical  contact,  and  therefore, 
thermal  contact  with  the  first  lamina.  This  struc- 
ture  is  adapted  to  be  connected  across  a  constant 
current,  a.c.  source  such  that  the  layers  are  in  a 
sense  in  parallel  across  the  source. 

Due  to  skin  effect,  the  current  is  initially  con- 
fined  to  the  high  magnetic  permeability,  high 
resistance  layer  so  that  P=KR1  where  P  is  power, 
K  is  I2  which  is  a  constant,  and  R  is  the  effective 
resistance  of  the  permeable  material  at  high 
current  concentrations.  The  dissipation  of  power 
heats  the  layer  until  it  approaches  its  Curie 
temperature.  The  permeability  of  the  lamina 
decreases  towards  the  level  of  the  second  layer, 
copper  for  instance,  at  about  its  Curie  tempera- 
ture.  The  current  is  no  longer  confined  to  the  high 
resistivity  first  lamina  by  the  magnetic  properties 
of  the  first  lamina,  and  spreads  into  the  copper 
layer;  the  resistance  to  the  current  drops 
materially,  the  power  consumed,  P=KR2  where 
Rz«Ri  is  greatly  reduced  and  the  heating  effect  is 
reduced  to  a  level  that  maintains  the  device  at  or 
near  the  Curie  temperature.  The  device  thus 
thermally  autoregulates  over  a  narrow  tempera- 
ture  range  about  the  Curie  temperature. 

The  current  source  employed  in  the  aforesaid 
patent  is  typically  a  high  frequency  source,  for 
instance,  8  to  20  MHz  to  insure  that  the  current  is 
confined  to  the  thin,  high  resistivity,  magnetic 
layer  until  the  Curie  temperature  of  the  magnetic 
material  is  attained.  Specifically,  the  maximum 
regulation  is  achieved  when  the  thickness  of  the 
magnetic  layer  is  of  the  order  of  one  skin  depth  at 
the  frequency  of  operation.  Under  these  circum- 
stances,  the  maximum  change  in  effective 
resistance  of  the  structure  is  achieved  at  or  about 
the  Curie  temperature.  This  fact  can  be  demon- 
strated  by  reference  to  the  equation  for  skin  depth 
in  a  monolithic,  i.e.,  non-laminar  magnetic  struc- 
ture: 

S.D.=5030J 
Hf 

cm,  where  p  is  the  resistivity  of  the  material  in 
ohm-cms,  u  is  relative  magnetic  permeability  and 
f  is  frequency  of  the  current.  The  field  falls  off  in 
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accordance  with  e_x  where  x  is  thickness/skin 
depth.  Accordingly,  in  a  monolithic  structure,  by 
calculation,  63.2%  of  the  current  is  confined  to 
one  skin  depth  in  the  high  mu  material.  In  the 
region  of  the  Curie  temperature,  where  u=1,  the 
current  spreads  into  a  region 

S.D.=5030 

cm.  If  mu  was  originally  equal  to  200  (200—  1000% 
being  common),  the  skin  depth  in  the  region  at 
the  Curie  temperature  increases  by  the  square 
root  of  200;  i.e.,  the  skin  depth  in  the  monolithic 
structure  is  now  14.14  times  greater  than  with 
u=200. 

The  same  type  of  reasoning  concerning  the  skin 
effect  may  be  applied  to  the  two  layer  laminar 
structure  in  the  aforesaid  patent.  Below  the  Curie 
temperature,  the  majority  of  the  current  flows  in 
the  magnetic  layer  when  the  thickness  of  this 
layer  is  nominally  one  skin  depth.  In  the  region  of 
the  Curie  temperature,  the  majority  of  the  current 
now  flows  in  the  copper  and  the  resistance  drops 
dramatically.  If  the  thickness  of  this  high  mu 
material  were  greater  than  two  skin  depths,  the 
percentage  change  of  current  flowing  in  the  high 
conductivity  copper  would  be  less  and  the  resis- 
tivity  change  would  not  be  as  dramatic.  Similarly, 
if  the  thickness  of  the  high  mu  material  were 
materially  less  than  one  skin  depth,  the  percen- 
tage  of  current  flowing  in  the  high  resistivity 
material  at  a  temperature  less  than  the  Curie 
temperature  would  be  less  so  that  the  change  of 
resistance  at  the  Curie  temperature  would  again 
not  be  as  dramatic.  The  region  of  1.0  to  perhaps 
1.8  skin  depths  of  high  mu  material  is  preferred. 

An  exact  relationship  for  the  two  layer  case  is 
quite  complex.  The  basic  mathematical  formulas 
for  surface  impedance  from  which  expressions 
can  be  obtained  for  the  ratio  of  the  maximum 
resistance,  Rmax,  below  the  Curie  temperature,  to 
the  minimum  resistance,  Rmln,  above  the  Curie 
temperature,  are  given  in  Section  5.19,  pp. 
298—303  of  the  standard  reference,  "Fields  and 
Waves  in  Communications  Electronics,"  3rd  Edi- 
tion,  by  S.  Ramo,  J.  R.  Winnery,  and  T.  VanDuzer, 
published  by  John  Wiley  and  Sons,  New  York, 
1965.  Although  the  theory  described  in  the  above 
reference  is  precise  only  for  the  case  of  flat  layers, 
it  is  still  accurate  enough  for  all  practical  applica- 
tions  in  which  the  skin  depth  is  substantially  less 
than  the  radius  of  curvature. 

Difficulty  may  arise  in  such  devices  when  the 
Curie  temperature  is  achieved  due  to  spread  of 
the  current  and/or  magnetic  flux  into  adjacent 
regions  outside  of  the  device,  particularly  if  the 
device  is  located  close  to  sensitive  electrical 
components. 

In  EP  —  0075010  there  is  described  a  mechanism 
for  preventing  the  high  frequency  field  generated 
in  the  heated  device  from  radiating  into  the 
regions  adjacent  the  device. 

This  effect  is  accomplished  by  insuring  that  the 
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opper  or  other  material  of  high  conductivity  is 
ufficiently  thick,  several  skin  depths  at  the  fre- 
luency  of  the  source,  to  prevent  such  radiation 
nd  electrical  field  activity.  This  feature  is  impor- 
ant  in  many  applications  of  the  device  such  as  a 
oldering  iron  where  electromagnetic  fields  may 
nduce  relatively  large  currents  in  sensitive  circuit 
omponents  which  may  destroy  such  com- 
tonents. 

As  indicated  above,  the  magnetic  field  in  a 
imple,  single  layer,  i.e.,  monolithic  structure, 
alls  off  as  e"x  so  that  at  three  skin  depths,  the 
ield  is  4.9%  of  maximum,  at  five  skin  depths,  it  is 
1.67%,  and  at  ten  skin  depths,  the  field  is  .005%  of 
naximum.  For  some  uses,  thicknesses  of  three 
;kin  depths  are  satisfactory  although  at  least  five 
ire  preferred  in  some  cases,  and  ten  or  more  may 
>e  required  with  some  highly  sensitive  devices  in 
he  vicinity  of  large  heating  currents. 

The  aforesaid  devices  are  operative  for  their 
ntended  purposes  when  connected  to  a  suitable 
supply,  but  a  drawback  is  the  cost  of  the  high 
requency  power  supply.  Where  only  a  very  low 
ield  may  be  permitted  to  radiate  from  the  device, 
he  frequency  of  the  source  is  preferably  main- 
ained  quite  high,  for  instance,  in  the  megahertz 
egion,  to  be  able  to  employ  copper  or  other  non- 
magnetic  material  having  reasonable  thicknesses. 

In  accordance  with  EP  —  0107927,  a  relatively 
ow  frequency  constant  current  source  may  be 
jmployed  as  a  result  of  fabricating  the  normally 
ion-magnetic,  low  resistivity  layer  from  a  high 
Dermeability,  high  Curie  temperature  material, 
rhus,  the  device  comprises  a  high  permeability, 
nigh  resistivity  first  layer  adjacent  the  current 
-eturn  path  and  a  high  permeability,  preferably 
ow  resistivity  second  layer  remote  from  the 
return  path;  the  second  layer  having  a  higher 
Curie  temperature  than  the  first-mentioned  layer. 

As  used  herein,  the  term  "high  magnetic  per- 
meability"  refers  to  materials  having  per- 
meabilities  greater  than  paramagnetic  materials, 
i.e.,  ferromagnetic  materials,  although  per- 
meabilities  of  100  or  more  are  preferred  for  most 
applications. 

The  theory  of  operation  underlying  the  inven- 
tion  of  the  aforesaid  EP  —  0107927  is  that  by  using 
a  high  permeability,  high  Curie  temperature 
material  as  the  low  resistivity  layer,  the  skin  depth 
of  the  current  in  this  second  layer  is  such  as  to 
confine  the  current  to  a  quite  thin  layer  even  at 
low  frequencies  thereby  essentially  insulating  the 
outer  surfaces  electrically  and  magnetically  but 
not  thermally  with  a  low  resistivity  layer  of  man- 
ageable  thickness.  The  second  layer  is  preferably 
formed  of  a  low  resistivity  material,  but  this  is  not 
essential. 

An  example  of  a  device  employing  two  high  mu 
laminae  utilizes  a  layer  of  Alloy  42  having  a 
resistivity  of  about  70—80  micro-ohms-cm,  a 
permeability  about  200,  and  a  Curie  temperature 
of  approximately  300°  centigrade.  A  second  layer 
is  formed  of  carbon  steel  having  a  resistivity  of 
about  10  micro-ohms-cm,  a  permeability  of  1000, 
and  a  Curie  temperature  of  about  760°  centigrade. 

I  ne  SKin  aeptns,  using  a  ou  nz  suppiy  are  .  i  \u.̂ .o 
cm)  for  Alloy  42  and  .025"  (0.063  cm)  for  carbon 
steel.  An  example  of  a  practical  60  Hz  heater 
based  on  the  above,  may  employ  a  coaxial  heater 

>  consisting  of  a  .25  inch  (0.63  cm)  diameter 
cylindrical  or  tubular  copper  conductor  (the 
"return"  conductor),  a  thin  layer  (perhaps  .002" 
(0.005  cm)  in  thickness)  of  insulation,  followed  by 
the  temperature  sensitive  magnetic  alloy  having  a 

o  permeability  of  400  and  a  thickness  of  0.1  inch 
(0.25  cm),  and  finally  an  outer  jacket  of  steel 
having  a  permeability  of  1000  and  a  thickness  of 
0.1  inch  (0.25  cm).  The  overall  heater  diameter 
would  be  .65  inch  (1  .65  cm).  If  the  heater  is  used  in 

5  a  situation  requiring  5  watts  per  foot  (16.4  watts 
per  metre)  of  heater  length  for,  for  instance, 
protection  of  a  liquid  against  freezing,  and  the 
total  length  of  the  heater  is  1000  feet  (305  m),  the 
resistance  of  the  heater  will  be  1.96  ohms.  The 

o  current  will  be  50  amperes,  and  the  voltage  at  the 
generator  end  will  be  140  volts  at  temperatures 
somewhat  below  the  Curie  temperature  of  the 
temperature  sensitive  magnetic  alloy  on  the 
inside  of  the  outer  pipe.  If  there  were  substantial 

<5  changes  in  the  electrical  resistance  due  to  vari- 
ations  of  the  thermal  load,  the  required  voltage 
must  vary  in  order  to  maintain  constant  current. 
Such  a  supply  provides  current  at  costs  con- 
siderably  less  than  a  constant  current  supply  at 

w  820  MHz. 
The  power  regulation  ratios  (AR)  in  such  a 

device;  2:1  to  4:1,  are  not  as  high  as  with  the 
device  of  U.S.  4256945  with  a  resistivity  difference 
of  about  10:1,  but  the  AR  difference  may  be 

?5  reduced  by  using  materials  of  higher  and  lower 
resistivities  for  the  low  Curie  temperature  and 
high  Curie  temperature  materials,  respectively. 
Also,  a  high  mu,  relatively  low  resistivity  material 
such  as  iron  or  low  carbon  steel  may  be  employed 

40  to  further  increase  the  power  regulation  ratio. 
In  accordance  with  EP—  0110692  autoregulation 

power  ratios  of  6:1  to  7:1  are  attained  while 
retaining  the  ability  to  utilize  low  frequency  sup- 
plies  without  producing  unacceptable  levels  of 

45  field  radiation. 
The  objects  of  the  invention  are  achieved  by 

providing  a  region  of  high  conductivity  at  the 
interface  of  the  two  members  having  high  per- 
meability  as  set  forth  in  EP—  0107927. 

50  The  material  in  the  interface  region  may  be 
copper,  for  instance,  or  other  highly  conductive 
material.  The  material  may  appear  as  a  separate 
layer,  a  sandwich  of  magnetic,  non-magnetic  and 
magnetic  material  or  may  be  bonded  to  the  high 

55  and/or  low  Curie  temperature,  ferromagnetic 
layers  at  the  interface  to  provide  a  low  resistivity, 
interface  region. 

Typical  thicknesses  of  the  sandwich  construc- 
tion  at  1  KHz  are  0.03"  (0.076  cm)  for  both  the  low 

60  and  high  Curie  temperature  ferromagnetic 
materials,  respectively. 

In  operation,  as  the  Cure  temperature  of  the 
first  layer  is  approached  and  its  permeability 
rapidly  decreases,  the  current  spreads  into  the 

65  copper  layer  and  into  the  second  magnetic  layer. 
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The  total  resistance  of  the  structure,  due  to  the 
presence  of  the  copper,  drops  dramatically  pro- 
viding  a  high  autoregulating  ratio.  Also,  most  of 
the  current  is  confined  to  the  copper  layer  and 
only  a  small  percentage  penetrates  into  the 
second  magnetic  layer.  In  consequence,  this  latter 
layer  need  be  only  3  to  5  skin  depths  thick  to  effect 
virtually  complete  shielding  of  the  device.  Thus, 
the  object  of  a  large  autoregulating  power  ratio  in 
a  relatively  small  device  using  a  low  frequency 
source  is  achieved.  By  a  low  frequency  is  meant  a 
source  in  the  range  of  50  Hz  to  10,000  Hz  although 
50  Hz  to  8000  Hz  is  fully  adequate. 

With  autoregulating  ratios  of  6:1  and  7:1,  the 
heating  variations  below  and  above  Curie 
temperature  are  quite  large  so  that  the  apparatus 
may  respond  rapidly  to  thermal  load  variations 
and  thus  maintain  accurate  temperature  regula- 
tion  in  a  small  device  operating  at  low  frequency. 

In  all  of  the  above  cases,  the  autoregulating 
heater  structures  constitute  either  all  or  part  of  the 
device  to  be  heated,  i.e.,  the  work  piece,  and 
become  of  necessity,  a  part  of  the  final  structure. 
This  prevents  their  use  in  certain  specialized  areas 
and  it  is  an  object  of  the  present  invention  to 
enlarge  the  field  of  use  of  autoregulating  heaters. 

In  US—  A—  3482080  there  is  described  a  radiant 
electrical  heater,  for  heating  welded  pipe  joints,  in 
which  the  heating  elements  are  embodied  in  a 
thick  circular  band  that  encircles  the  pipe  joint. 
The  band  consists  mainly  of  insulating  material 
contained  within  an  outer  circular  casing  and  the 
electrical  heating  elements  are  disposed  around 
the  inner  surface  of  the  band  of  insulation,  with  an 
inner  perforated  casing  between  the  heating 
elements  and  the  work  through  the  holes  in  which 
the  heat  is  radiated  on  to  the  work.  There  is  a  gap 
in  the  circular  band  at  one  place  and  the  band  has 
a  degree  of  flexibility  so  that  it  can  open  and  close 
to  some  extent,  like  a  clamp  or  a  pair  of  jaws, 
while  maintaining  its  generally  circular  configura- 
tion.  This  enables  it  to  open  and  close  to  a  limited 
extent  to  suit  a  range  of  different  pipe  diameters, 
although  naturally  as  it  is  opened  out  to 
accommodate  larger  pipe  diameters  the  gap  in 
the  band  gets  larger  and  no  heat  can  be  radiated 
on  to  the  work  from  the  gap. 

Starting  with  this  prior  art,  the  present  inven- 
tion  provides  a  heater  comprising  an  electrical 
heating  element  embodied  in  a  flexible  encircling 
band  that  can  be  held  by  securing  means  in 
position  around  a  workpiece  to  be  heated  and 
supplied  with  alternating  current  from  electrical 
supply  means  to  energise  the  heating  element, 
characterised  in  that  the  encircling  band  is  in  the 
form  of  a  thin  relatively  flat  elongated  flexible 
strap,  the  heating  element  comprises  a  thin  elon- 
gated  member  of  ferromagnetic  material  extend- 
ing  along  the  strap,  the  securing  means  is 
adapted  to  tighten  the  flexible  strap  about  the 
workpiece  to  bring  it  into  intimate  contact  with 
the  workpiece,  and  the  electrical  supply  means  is 
adapted  to  develop  an  alternating  current  in  said 
strap  sufficient  to  cause  its  temperature  to 
approach  the  Curie  temperature  of  the 

ferromagnetic  material  whereby  the  heater  is 
autoregulating. 

There  are  numerous  cases  in  which  it  is  desired 
to  employ  a  flexible  self-regulating  heater  that 

5  can  both  heat,  without  overheating,  and  at  the 
same  time,  tightly  hold  the  work.  A  classic 
example  of  such  use  is  in  the  shielded  communi- 
cations  cable  art.  In  many  applications  of  such 
cables,  it  is  necessary  to  solder  a  ground  wire  to 

w  the  braided  shield  of  the  cable.  About  15%  of  the 
cables  are  destroyed  in  the  process  due  to  over- 
heating  of  the  insulation  between  the  braided 
shield  and  the  interior  conductor  or  conductors.  A 
heater  in  accordance  with  the  present  invention, 

is  is  employed  in  such  a  situation  to  strap  the 
ground  wire  and  solder  to  the  shield  and  then 
heat  the  solder  and  shield  to  a  specific,  well 
regulated  temperature  above  the  melting  point  of 
the  solder  employed  and  below  the  melting  or 

20  destruction  temperature  of  the  insulation.  In  this 
situation,  the  heater  strap  rigidly  holds  the  solder, 
shield  and  strap  together  during  the  entire  oper- 
ation  preventing  a  cold  solder  joint  and  insuring 
that  the  cable  insulation  is  not  overheated. 

25  Other  instances  wherein  a  flexible,  attachable 
heater  is  invaluable  is  in  the  fusion  and  melting  of 
plastics.  Other  situations  where  holding  and  con- 
trolled  heating  is  important  and/or  useful  are 
joining  cable  braids  together  where  cables  are 

30  joined,  spot  heating,  such  as  in  attaching  plum- 
binb  couplings  and  the  like;  and  thawing  frozen 
pipes,  where  the  strap  is  secured  around  the  pipe, 
heated  and  then  removed. 

The  heater  of  the  present  invention  contem- 
35  plates,  in  one  of  the  preferred  embodiments,  a 

flexible  strap,  which  comprises  a  plurality  of  thin 
flexible  layers  having,  in  the  following  order,  an 
outer  layer  of  insulation,  a  first  layer  of  copper,  a 
second  layer  of  insulation,  a  layer  of  ferromagne- 

40  tic  material,  and  a  second  layer  of  copper  in 
contact  with  the  ferromagnetic  layer.  The 
firstmentioned  copper  layer  is  joined  to  the  other 
copper  layer  at  one  end  of  the  strap  and  the 
copper  layers  at  the  other  end  of  the  strap  are 

45  adapted  to  be  connected  to  a  suitable  constant 
current  a.c.  source. 

The  end  of  the  strap  remote  from  the  source 
connection  is  provided  with  a  closure  member 
which,  in  one  form,  may  be  a  plastic  ball  captured 

so  in  a  tapered  hood  whereby  the  other  end  of  the 
strap  may  be  readily  inserted  but  cannot  be 
readily  withdrawn.  Thus,  the  structure  may  be 
strapped  about  any  member  to  be  heated. 

A  layer  of  solder  or  other  such  material  may  be 
55  bonded  to  the  copper  inner  layer  of  the  strap  or 

may  be  provided  as  a  separate  ribbon  and 
wrapped  about  the  work.  In  either  event,  the 
solder  ribbon  or  the  strip  with  integral  solder  is 
placed  in  an  appropriate  location  about  the  work 

60  and  the  strap  applied  over  it  with  the  second  layer 
of  copper  adjacent  the  solder  strap. 

An  inductive  version  of  the  strap  heater  may 
also  be  employed.  In  such  an  embodiment,  a  high 
mu  laminate  is  covered  on  its  outer  surface  by  a 

65  layer  of  insulation.  The  laminate  is  provided  with 

4 
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latch  modified  to  provide  a  short  circuited  turn 
nd  may  also  have  its  inner  surface  covered  with 
older. 
A  tool  may  be  provided  which  permits  a  flexible 

onductive  strap  to  be  drawn  tightly  about  the 
eater  strap.  A  relatively  high  frequency  constant 
urrent  is  applied  to  the  conductive  strap  and 
arge  currents  are  induced  in  the  high  mu 
riaterial.  Upon  approaching  the  Curie  tempera- 
jre,  the  mu  of  the  ferromagnetic  material 
pproaches  one  and  the  currents  in  the  heater 
trap  migrate  into  the  interior  of  the  heater  strap 
educing  the  resistance  of  the  strap.  It  should  be 
loted  that  if  the  layer  of  insulation  material  is 
luite  thin,  a  virtually  unity  coupling  is  achieved 
letween  the  two  straps  and  the  current  in  the 
leater  strap  remains  virtually  constant  with  vari- 
itions  of  mu  of  the  ferromagnetic  heater  strap.  If 
he  insulation  layer  is  relatively  thick,  unity  coup- 
ing  is  not  achieved  and  as  the  mu  is  decreased, 
he  induced  current  does  not  remain  constant  but 
ft/ill  decrease  somewhat  enhancing  the  auto- 
egulation  ratio. 
Any  of  the  devices  described  above  may  take 

wo  forms.  In  the  form,  the  heater  is  considered  a 
iisposable  item  and  after  use,  is  simply  left  in 
jlace.  In  this  embodiment,  the  outer  surface  of 
he  second  copper  layer  has  a  layer  of  solder 
ormed  on  it  so  that  the  strap  becomes  soldered 
o  the  end  product.  In  another  embodiment  of  the 
nvention,  the  inner  surface  of  the  copper  is 
:overed  with  a  very  thin  layer  of  high  temperature 
elastic  so  that  it  is  not  contacted  by  the  solder  and 
nay  be  readily  removed. 

In  either  of  the  above  cases,  the  straps,  during 
:he  actual  soldering  process,  function  the  same, 
deferring  back  to  the  braided  cable  example,  a 
ground  strap  is  inserted  between  adjacent  strands 
af  the  braid  and  a  foil  of  solder  is  applied  over  the 
araid  at  the  insertion  point.  The  strap  is  now 
applied  and  drawn  tight  with  a  Panduit™  tool,  for 
instance.  Current  is  applied  to  the  strap  and  as  the 
solder  melts,  the  strap  may,  if  desirable,  be 
Further  tightened  by  the  Panduit  tool  to  insure  that 
the  braid,  ground  strap  and  solder  are  all  rigidly 
held  during  the  coupling  phase  of  the  operation. 
After  cooling,  the  strap  may  be  left  in  place  or 
removed,  depending  on  the  type  of  strap 
employed. 

Regardless  of  the  form  of  the  strap  employed,  a 
Panduit™  tool,  which  is  manufactured  by  Panduit 
Corporation  of  Finley  Park,  Illinois,  (see  U.S. 
Patents  RE.  26492;  3,254,680  and  3,661,187)  may 
be  modified  by  use  of  insulation  at  appropriate 
locations  to  insure  that  the  current  is  applied  to 
appropriate  locations  of  the  strap.  Thus,  as  the 
tool  is  applied  to  the  strap  and  operated  to  draw 
the  strap  tight,  it  causes  electrodes  to  engage  the 
strap  at  appropriate  locations  to  apply  current 
thereto  as  and  when  desired. 

The  advantage  of  the  system  described  above 
is  that  regardless  of  changes  in  dimensions  of  the 
work  during  the  heating  cycle  due  to  melting  of 
the  solder,  displacement  of  members,  etc.,  the 
strap  may  be  retained  taut  preventing  movement 

ot  tne  memDers  wnicn  migru  umei  wise  icouu  ma 
cold  solder  joint  or  no  real  joint  at  all.  Also,  and  of 
great  importance,  is  the  fact  that  the  strap  is  an 
autoregulating  heater  so  that  no  damage  results 

>  to  the  cable  insulation. 
There  is  still  a  further  advantage  to  the  device 

and  that  relates  to  the  impedance  match  between 
the  power  source  and  the  strap.  In  prior  devices, 
the  length  of  the  load  circuit  was  quite  short,  an 

o  inch  or  two  at  the  most.  In  the  present  device,  the 
circuit  is  relatively  quite  long,  three  or  more 
inches  at  least  so  that  even  though  a  large  drop  in 
resistance  is  experienced  in  the  region  of  the  Curie 
temperature,  a  reasonable  impedance  is  main- 

5  tained.  As  an  example,  if  a  one  inch  "(2,54  cm)" 
cable  is  to  have  a  ground  strap  attached,  the  total 
length  of  the  heater  in  the  circuit  in  one  embodi- 
ment  is  2n  D  and  in  embodiments  utilizing  parallel 
end  connected  strips  or  legs,  is  equal  to  the 

o  diameter  of  the  member  to  be  heated  times  the 
number  of  parallel  legs  times  rt,  or  XnD  where  X  is 
the  number  of  parallel  legs  or  strips.  A  pipe 
coupling  and  heater  combined  in  accordance  with 
the  prior  devices  would  have  a  length  of  perhaps 

:s  two  inches  "(5,1  cm)",  i.e.,  the  axial  length  of  the 
coupling.  Thus,  in  the  device  of  the  present 
invention,  the  resistance  value  undergoes  a  con- 
siderable  change  as  in  the  prior  devices  but  does 
not  fall  to  as  low  values  and  thus  impedance 

;o  matching  is  not  as  severe  a  problem. 
The  heater  strap  of  the  present  invention  has  an 

additional  function  in  that  if  it  is  permitted  to 
become  part  of  the  final  structure,  it  materially 
adds  to  the  strength  of  such  structure.  For 

15  instance,  if  two  cables  are  joined  end  to  end  and 
the  shields  overlapped,  the  strap  maintains  a 
strong  inwardly  directed  force  on  the  braid  over- 
lapped  area  and  reinforces  the  structure. 
Similarly,  if  a  braid  is  attached  to  the  outer  shell  of 

to  a  connector,  the  strap  maintains  a  strong  inward 
force  on  the  braid  to  secure  it  to  the  connector; 
such  force  being  independent  of  the  strength  of 
the  solder  connection. 

The  strap  is  not  necessarily  employed  only  with 
45  solder;  the  use  with  solder  being  a  familiar 

example  of  one  field  of  application.  The  strap  may 
be  employed  to  heat  adhesives,  mastics,  fluxes, 
plastics  and  other  heat  softenable  or  settable 
materials  for  bonding,  shaping,  forming,  etc. 

so  A  further  embodiment  of  the  present  invention 
contemplates  a  structure  for  increasing  the  flexi- 
bility  of  the  strap,  concurrently  increasing  its 
minimum  resistance  whereby  to  simplify 
impedance  matching  of  the  current  source  to  the 

55  heater  and  also  confining  the  heat  to  a  specified 
region;  the  region  of  the  work  in  contact  with  the 
heater. 

Referring  initially  to  flexibility,  the  strap  defined 
by  a  center  copper  core  surrounded  by  insulation 

60  and  then  in  succession  high  mu  material,  and 
then  copper,  is  somewhat  stiff.  It  has  been  found 
that  if  the  high  mu  material  is  confined  to  a  flat 
strip  arranged  opposite  only  one  surface  of  the 
center  (current  return)  a  conductor  and  the  surface 

65  of  the  outer  copper  conductor  disposed  on  the 
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opposite  side  of  the  center  conductor  from  the 
high  mu  material  is  provided  with  a  plurality  of 
closely  spaced  slots  perpendicular  to  the  length  of 
the  strap,  the  flexibility  of  the  strap  is  greatly 
increased. 

Further,  the  slots  confine  the  current  to  a  lesser 
area  (by  at  least  50%)  than  the  unslotted  heater 
and  also  increase  the  resistance  of  the  strap  to 
provide  greater  ease  of  matching  the  constant 
current  source  to  the  strap.  Also,  by  confining  the 
current  to  only  that  region  of  the  outer  conductor 
contacting  the  high  mu  material,  heat  generation 
is  confined  to  that  region. 

Again,  the  form  of  the  heater  can  be  varied  in 
accordance  with  the  various  prior  applications 
and  patents. 

The  invention  further  provides  a  method  of 
heating  a  workpiece,  wherein  an  electrical  heating 
element  embodied  in  a  flexible  encircling  band  is 
secured  in  position  around  a  workpiece  to  be 
heated  and  supplied  with  electric  current  to  ener- 
gise  the  heating  element,  characterised  in  that  the 
encircling  band  is  provided  in  the  form  of  a  thin 
relatively  flat  elongated  flexible  strap,  the  heating 
element  of  the  strap  is  autoregulating  and  the 
flexible  strap  is  tightened  about  the  workpiece  to 
bring  it  into  intimate  contact  with  the  workpiece 
before  heating  and  is  held  in  tension  around  the 
workpiece  during  the  application  of  the  electric 
current  that  produces  the  heating. 

Arrangements  according  to  the  invention  will 
now  be  described  in  more  detail  by  way  of 
example  and  with  reference  to  the  accompanying 
drawings,  wherein: 

Figure  1  is  a  view  partially  in  cross  section  and 
partially  in  projection  of  one  embodiment  of  a 
heater  strap  of  the  present  invention. 

Figure  2  is  a  diagrammatic  view  of  the  strap  of 
Figure  1  and  a  latching  mechanism  suitable  for 
use  therewith. 

Figure  3  illustrates  the  soldering  together  of  the 
overlapping  shields  of  two  cables  utilizing  the 
device  of  Figure  2. 

Figure  4  illustrates  a  modification  of  the  strap  of 
Figure  1. 

Figure  5  illustrates  a  further  modification  of  the 
strap. 

Figure  6  illustrates  a  modification  of  the  latch  of 
Figure  2. 

Figure  7  illustrates  a  strapping  tool  modified  for 
use  in  the  system  of  the  present  invention. 

Figure  8  illustrates  the  tool  of  Figure  7  when 
applying  strapping  force  to  a  heater  strap. 

Figure  9  is  a  top  view  and  Figure  10  is  an  end 
view  of  another  embodiment  of  heating  strap. 

Figure  11  illustrates  a  sleeve  for  latching  the 
serrated  strap  of  Figure  10. 

Figure  12  is  a  schematic  diagram,  both  electri- 
cal  and  mechanical,  of  an  inductive  heater  strap. 

Figure  13  is  a  detailed  cross-sectional  view  of  a 
segment  of  the  strap  of  Figure  12. 

Figure  14  is  a  perspective  view  of  a  tool  for  use 
with  the  inductive  heater  strap,  and 

Figure  15  is  a  detail  in  cross  section  of  another 
embodiment  of  an  inductive  heater  strap. 

Figure  16  is  a  view  in  perspective  of  the  pre- 
ferred  embodiment  of  the  present  invention. 

Figure  17  is  a  cross-sectional  view  of  the  strap 
of  Figure  16. 

5  Referring  now  specifically  to  Figure  1  of  the 
accompanying  drawings,  there  is  illustrated, 
greatly  enlarged,  one  form  of  heater  strap  10  of 
the  present  invention.  The  strap  includes  a  high 
conductivity  current  return  bus  1  enveloped  on 

10  about  three  and  a  half  sides  with  a  thin  layer  of 
high  temperature  insulation  such  as  a  layer  of 
0.001  inch  Kapton  tape  2.  An  upper  exposed 
surface  3  of  the  bus  1  is  provided  in  this  embodi- 
ment. 

15  A  composite  of  a  layer  4  of  low  resistivity 
material,  such  as  copper,  and  a  layer  5  of  high  mu 
material  such  as  alloy  42,  is  bonded  by  a  layer  6  of 
adhesive  to  a  surface  of  the  Kapton  tape  2  remote 
from  the  surface  3  of  the  bus  1.  The  composite  of 

20  layers  4  and  5  constitutes  one  of  the  forms  of 
heater  structure  described  above. 

The  lower  surface,  as  illustrated  in  Figure  1  of 
the  layer  4,  has  a  layer  8  of  some  form  of  material 
applied  thereto.  If  it  is  desired  to  be  able  to 

25  remove  the  strap  after  the  heating  operation,  then 
the  layer  8  should  be  a  thin  layer  of  high  tempera- 
ture  insulating  material  such  as  Kapton.  Such  a 
layer  will  increase  the  time  required  to  heat  the 
work  to  the  desired  temperature.  If  it  is  desired  to 

30  have  the  strap  become  a  permanent  part  of  the 
structure  so  as  to  lend  strength  thereto,  the  layer 
8  may  be  solder,  mastic,  adhesive,  etc.  The  layer  8 
is  terminated  short  of  the  end  of  the  tape  if  it  is  a 
layer  of  low  conductivity  material  so  that  an 

35  electrical  connection  can  be  made  to  the  layer  4  of 
the  heater.  Connection  to  the  layer  1  is  made  at 
the  surface  3.  The  layers  1,  4  and  5  are  all 
connected  together  at  their  ends  remote  from  the 
end  to  which  current  is  applied.  Such  is  accom- 

40  plished  by  omitting  the  layers  2  and  6  and 
soldering  or  spot  welding  the  materials  together 
or  bonding  them  with  a  conductive  mastic  or 
adhesive. 

The  layer  8  may  be  covered  by  a  tough,  thin 
45  metal  covering  such  as  indicated  by  dashed  line  9 

to  protect  the  electrical  circuit  elements  from  the 
dog  72  of  Figure  7. 

Referring  now  specifically  to  Figure  2  of  the 
accompanying  drawings,  the  strap  10  is  fitted 

so  with  a  locking  device  12.  The  device  12  is  secured 
adjacent  one  end  of  the  strap  and  comprises  a 
tapered  housing  14  and  a  ball  16. 

In  operation,  the  end  18  of  the  strap  remote 
from  the  device  12  is  inserted  through  the  device 

55  12  under  the  ball  16.  The  ball  16,  upon  movement 
of  the  strap  from  left  to  right  in  Figure  2  moves  to 
the  right  and  permits  free  passage  of  the  strap. 
Upon  attempted  movement  of  the  strap  10  from 
right  to  left,  however,  the  ball  16  is  moved  from 

60  right  to  left  and  is  forced  downward  and  presses 
the  strap  between  the  ball  and  the  bottom  wall  of 
the  device  12.  The  wedging  action  prevents  fur- 
ther  movement  of  the  strap  toward  the  left. 

The  ball  16  is  made  of  a  nonconductive  material 
65  in  order  to  prevent  a  short  circuit  across  the  strap 

6 
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t  its  input  end.  Specifically,  the  device  12  is 
haracteristically  made  of  metal  and  is  in  contact 
yith  the  layer  8  or  4  of  the  strap  as  illustrated  in 
igure  1.  If  the  ball  16  were  of  metal,  it  would 
iroduce  a  short  circuit  at  the  device  12  so  that  no 
urrent  would  be  supplied  to  the  heating  portion 
if  the  strap  10. 

It  should  be  noted  that  the  high  mu  layer  5  may 
le  terminated  adjacent  the  device  12  so  that  little 
leating  occurs  in  the  region  between  the  device 
2  and  the  location  where  current  is  applied. 
The  device  of  Figure  1  is  illustrated  as  a  heater 

>f  the  type  set  forth  in  US—  A—  4,256,945.  As 
ireviously  indicated,  it  may  take  the  form  of  any 
>ne  of  the  other  heaters  discussed  above. 

Further,  the  insulating  member  2  may  com- 
>letely  cover  the  top  of  the  layer  1.  In  this  event, 
he  layer  2  is  provided  with  a  window  for  contact 
>y  the  current  supply  connector  or  is  terminated 
ihort  of  the  end  of  the  tape  to  which  current  is 
supplied. 

If  the  layer  8  is  solder  or  other  heat  activated 
jonding  material,  the  strap  becomes  a  permanent 
)art  of  the  final  structure.  Such  is  illustrated  in 
:igure  3  of  the  drawings.  A  first  length  of  shielded 
:able  20  is  to  be  connected  to  a  second  length  of 
shielded  cable  22.  After  splicing  the  center  con- 
Juctors  24  and  filling  the  gap  between  the  insula- 
:ion  layers  26,  shield  28  of  cable  22  is  pulled  over 
shield  30  of  cable  20.  A  strap  10,  such  as  illus- 
rated  in  Figure  1  of  the  accompanying  drawings, 
s  positioned  about  the  region  of  the  cables  where 
:he  braids  30  and  28  overlap.  A  tail  end  32  of  strap 
10  is  connected  across  a  source  31  of  constant  a.c. 
snergy  until  the  solder  layer  8  melts.  The  current 
s  terminated,  the  solder  cools  bonding  the  strap 
to  braid  28  and  braid  28  to  braid  30.  The  end  32  of 
the  strap  10  may  then  be  cut  off  and  the  operation 
is  complete. 

There  are  several  features  of  the  device  that 
should  be  emphasized.  Physically,  the  strap  is  in 
length  dimensionless;  that  is,  the  strap  may  be 
sold  to  the  public  in  long,  coiled  lengths,  50  feet, 
100  feet,  etc.  The  user  buys  some  number  of 
latches  and  a  latch  application  tool  so  that  as  each 
length  is  used  and  cut  off,  a  latch  can  be  attached 
for  the  next  length.  The  latch  may  be  supplied 
with  an  area  of  individual  teeth  to  pierce  the  strap 
and  short  the  copper  layers  to  one  another.  Other 
layer  shorting  means  may  be  employed  such  as 
clips,  staples,  etc. 

It  is  also  important  that  the  strap  be  designed 
properly  to  achieve  efficient  coupling  of  power  to 
the  strap  from  the  source  of  power.  Appropriate 
impedance  matching  circuitry  between  the  strap 
and  the  source  of  power  are  usually  required;  the 
precise  design  of  this  circuitry,  depends  on  the 
cross  sectional  dimensions  of  the  strap,  the 
length  of  the  strap,  the  frequency,  and  the  resis- 
tivity  and  permeability  of  the  magnetic  materials 
employed,  as  well  as  the  resistivity  of  the  non- 
magnetic  materials. 

Another  feature  of  the  invention  is  that  the  strap 
of  Figure  1  is  also  reusable.  The  strap  may  be 
stripped  off  the  work  while  the  solder  is  still  hot. 

me  above  approacn  is  particularly  possmie 
where  the  solder  penetrates  the  work,  as  with 
braid,  since  removal  of  the  strap  does  not  affect 
the  solder  that  penetrated.  The  same  is  true 

;  where  the  strap  is  employed  to  fuse  materials 
such  as  plastic  or  heat  sealable  tapes  used  in 
cable  repair  and  the  like. 

Another  important  feature  of  the  strap  is 
inherent  in  its  basic  design.  The  strap  may  be 

o  applied  from  the  side  of  a  cable,  pipe,  or  the  like; 
it  does  not  have  to  be  slipped  over  the  end  of  the 
cable  or  pipe  before  joining  them. 

An  alternative  form  of  structure  is  illustrated  in 
Figure  4  of  the  accompanying  drawings.  In  this 

5  configuration,  the  layer  8  is  insulation,  and  it  is 
extended  up  the  sides  of  the  layers  4,  5  and  6  so 
as  to  prevent  solder  from  contacting  layers  4  and/ 
or  5.  In  this  configuration,  the  solder  is  applied  to 
the  work,  such  as  overlapping  braids  28  and  30,  as 

<o  a  ribbon  before  the  strap  10  is  applied.  In  this 
configuration,  the  strap  10  may  be  removed  from 
the  work  by  forcing  the  ball  16  toward  the  right  as 
viewed  in  Figure  2.  A  hole  in  the  top  of  the  device 
12  may  be  provided  to  permit  a  sharp  tool  to  be 

>.s  inserted  so  as  to  retract  the  bail  during  the 
removal  operation. 

Still  another  strap  configuration  is  illustrated  in 
Figure  5  of  the  accompanying  drawings.  In  this 
embodiment  of  a  strap,  designated  by  reference 

w  numeral  48,  the  current  return  bus  is  located  in 
the  center  of  the  structure.  Specifically,  current 
return  bus  34  is  surrounded  by  an  insulating  layer 
36.  A  copper  layer  38  is  lined  with  a  ferromagnetic 
material  40  of  the  desired  Curie  temperature  and 

15  surrounds  three  sides  of  the  layer  36  and  small 
segments  42  thereof  extend  inward  at  opposite 
sides  of  the  top  of  the  structure.  A  further  copper 
layer  44  overlies  the  top  of  layer  36  and  is 
disposed  under  the  segments  42  of  the  layer 

to  38—40. 
In  this  configuration,  the  entire  exterior  of  the 

structure  is  at  the  same  potential  and  the  ball  16 
may  be  metal  since  the  short  circuit  problem  is 
eliminated.  As  in  the  structure  of  Figure  1,  the 

45  ends  of  the  layers  34  and  38  remote  from  the 
source  are  connected  together  and  the  strap  is 
provided  with  a  coupling  device,  such  as  the 
device  12  of  Figure  2.  In  the  present  configuration, 
the  end  of  the  strap  remote  from  the  point  of 

50  attachment  of  device  12,  passes  over  the  top  of 
the  ball  (see  Figure  6)  and  permits  readier  access 
of  the  tool  to  end  section  50  of  the  strap  48.  The 
layers  36  and  42  may  have  large  windows  therein 
adjacent  the  end  of  section  50  of  the  strap  48  so 

55  that  an  electrode  of  the  source  can  contact  layer 
34. 

Referring  now  specifically  to  Figure  7  of  the 
accompanying  drawings,  there  is  illustrated  a 
partial  view  of  a  Panduit  strapping  tool  52  modi- 

60  fied  to  operate  in  the  system  of  the  present 
invention.  The  tool  comprises  an  immovable  end 
plate  54  extending  forward  from  a  back  wall  56  of 
the  tool  52.  The  plate  54  is  slotted  at  58  to  receive 
the  strap  therein.  A  member  60  having  an  inclined 

65  surface  62  formed  at  its  right  end  as  viewed  in 

/ 
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Figure  7  is  secured  to  the  right  hand  inner  side  of 
the  plate  54. 

A  slide  64  which,  in  operation  of  the  tool,  is 
caused  to  move  to  the  right  from  the  rest  position 
illustrated  in  Figure  7,  is  guided  between  guide 
walls  65  and  67  extending  forward  from  the  back 
wall  56  of  the  tool.  The  slide  is  operated  by  a 
trigger,  not  illustrated. 

The  slide  64,  adjacent  its  left  or  proximal  end, 
carries  a  dog  66  which  fits  in  a  slot  in  slide  64  and 
is  pivoted  about  pivot  pin  68.  Left  surface  70  of 
dog  66  is  inclined  and  mates  with  surface  62  of 
the  member  60.  The  right  end  of  dog  66  is  a  tail  72 
with  serrations  on  its  upper  sloping  surface.  The 
dog  is  spring  biased  to  rotate  counterclockwise  so 
that  when  the  slide  64  pulls  the  dog  66  to  the 
right,  its  surface  70  is  disengaged  from  surface  62 
of  the  member  60  and  the  dog  rotates  counter- 
clockwise  with  the  serrations  of  its  tail  72  rotating 
towards  a  plate  74  that  extends  over  the  top  of  the 
end  72  of  the  dog  and  moves  with  it;  being 
secured  also  to  the  slide  64. 

Referring  to  the  upper  portion  of  Figure  8,  the 
tool  is  illustrated  in  its  operating  position  with  a 
strap  trapped  between  the  dog  66  and  the  plate 
74.  In  the  lower  portion  of  Figure  8,  it  is  apparent 
that  movement  of  the  slide  to  the  right  pulls  the 
strap  with  it,  and  the  latch  12  of  Figure  1  or  Figure 
6  prevents  slippage  of  the  strap  upon  release  of 
the  strap  when  the  slide  moves  to  the  left.  On 
return  of  the  slide  surface  62  of  member  60  cams 
the  dog  clockwise  to  the  position  illustrated  in 
Figure  7  so  that  the  tool  may  be  readily  moved  to 
the  left  along  the  strap  to  put  it  into  position  for  a 
further  tigtening  sequence. 

The  tool  as  thus  far  described  is  available  on  the 
market  today.  In  order  to  adapt  the  tool  for  use 
with  the  present  invention,  the  member  74  is 
provided  on  its  surface  opposite  the  dog  tail  72 
with  a  relatively  heavy  layer  76  of  insulation.  An 
electrical  contact  78  may  be  disposed  on  the 
insulating  layer  76  and,  if  provided,  is  electrically 
connected  via  a  connection  80  to  one  terminal  of  a 
constant  current  source  such  as  source  31  of 
Figure  3.  The  part  of  the  dog  72  carrying  the 
serrated  face  is  insulated  from  the  slide  64  and 
may  be  connected  via  a  lead  82  to  a  second 
terminal  of  a  constant  current  source. 

In  the  use  of  the  system,  the  strap  10  is  applied 
about  the  member  or  members  to  be  clamped 
and  heated,  the  tail  18  of  the  strap  being  inserted 
in  the  tool  through  the  slot  58  and  between  plate 
74  and  dog  tail  72.  The  tool  is  operated  so  as  to 
draw  the  strap  tight  and  the  current  source  is 
activated.  If  due  to  melting  or  flowing  of  the 
activated  sealant  or  flow  of  plastic,  etc.,  the  strap 
loosens,  the  tool  is  again  operated  to  keep  the 
strap  tight.  Obviously,  enough  pressure  is  main- 
tained  on  the  operating  mechanism  of  the  tool  to 
cause  the  dog  tail  72  to  engage  the  strap  and 
press  it  against  the  electrode  78. 

The  tool  need  not  apply  the  current  to  the  strap 
at  all  or  at  the  clamping  location.  An  independent 
source  may  be  provided  or  the  tool  may  provide 
an  electrical  connection  elsewhere  than  the  jaws. 

In  another  form  of  strap,  as  illustrated  in  Fig- 
ures  9  and  10  of  the  accompanying  drawings,  the 
strap  is  electrically  U-shaped.  An  insulating  base 
90  has  disposed  on  its  upper  surface,  as  viewed  in 

5  Figure  10,  a  high  mu  layer  92  which  is  disposed 
over  the  insulating  layer  90  and  a  copper  or  the 
like  layer  94  covers  the  high  mu  layer. 

In  those  cases  where  the  strap  is  long  enough 
to  require  a  balanced  excitation  at  the  points  of 

10  contact,  i.e.,  the  voltages  at  the  points  of  contact 
must  be  equal  and  opposite  with  respect  to 
ground,  a  "balun"  or  balance-to-  unbalance  trans- 
former  is  required  to  connect  the  heater  to  an 
unbalanced,  shielded  cable  such  as  a  coaxial 

15  cable.  However,  if  the  strap  is  very  short  com- 
pared  with  a  wavelength,  either  point  of  contact 
can  be  grounded,  i.e.,  connected  to  the  shield  of 
the  cable  without  the  use  of  a  balun. 

The  structure  may  obviously  take  other  forms 
20  such  as  two  U's  joined  at  the  end  of  two  adjacent 

legs  to  provide  a  four  legged  device.  Such  a 
device  further  increases  the  electrical  length  of 
the  device  to  twice  that  of  Figure  9.  Thus,  for  a  one 
inch  (2,54  cm)  cable,  the  electrical  length  of  a 

25  strap  with  a  double  U  configuration  is  4n  or  about 
12.6  inches  (32  cm). 

Figure  9  illustrates  one  of  several  alternative 
forms  of  latching.  The  outer  edges  are  provided 
with  serrations  96  having  both  tapered  and  right 

30  angled  walls.  In  Figure  11,  there  is  illustrated  a 
latch  98  for  such  a  strap.  The  latch  is  a  hollow 
rectangular  sleeve  100  having  one  or  more  pairs 
of  resilient,  inwardly  directed  tongues  102  and 
103  disposed  opposite  one  another  in  the  narrow 

35  vertical  walls  104  and  106,  respectively,  of  the 
sleeve  100.  The  strap  of  Figure  9  may  be  readily 
inserted  into  sleeve  100  from  right  to  left,  but 
upon  attempted  movement  from  left  to  right,  the 
tongues  102  and  103  engage  the  vertical  walls  as 

40  viewed  in  Figure  9  of  the  serrations  96  in  the 
member  90  and  prevent  withdrawal  of  the  strap 
unless  the  tongues  are  moved  outwardly  by  one 
means  or  another. 

The  above  structures  require  a  direct  connec- 
ts  tion  of  the  strap  heater  across  the  power  supply. 

Referring  specifically  to  Figures  12  and  13there  is 
illustrated  one  version  of  an  inductive  strap 
heater  108  in  accordance  with  one  embodiment  of 
the  present  invention.  The  heater  comprises  a 

so  band  110  of  relatively  high  mu  material  covered 
on  its  outer  surface  by  a  thin  layer  112  of  insula- 
tion.  A  latch  114  is  as  illustrated  in  and  described 
with  respect  to  Figure  2  except  that  latching  bail 
123  is  conductive  to  provide  a  short  circuited  turn 

55  to  permit  circulating  currents  to  be  established.  If 
desired,  a  layer  116  of  solder  may  extend  over  the 
entire  inner  surface  of  layer  110  between  the  ends 
of  the  latch  114. 

The  strap  is  clamped  as  previously  described 
60  about  a  cable  or  the  like  and  is  then  heated  by  a 

discontinuous  flexible  strap  118  of  conductive 
material  connected  via  posts  120  and  122  to  a 
source  124  of  constant  alternating  current  of 
appropriate  frequency.  The  posts  120  and  122  are 

65  carried  on  the  ends  of  a  pair  of  pliers  or  jaws  126 

8 
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lustrated  in  Figure  14  of  the  accompanying 
Irawings. 

In  use,  the  strap  heater  108  is  cinched  to  the 
able  with  the  solder  contacting,  for  instance,  the 
iraid  of  a  cable.  The  tool  of  Figure  14  is  then 
ipplied  by  opening  its  jaws  to  open  the  strap  118. 
'he  strap  is  applied  about  the  strap  108,  the  jaws 
losed  until  strap  118  is  clamped  about  the  strap 
08  and  then  current  is  applied.  By  induction,  the 
trap  108  is  heated  to  its  Curie  temperature  at 
vhich  time,  the  mu  of  the  material  of  the  layer  110 
s  reduced  and  the  current  spreads  into  the 
nterior  of  the  layer  resulting  in  reduced 
esistance.  Parameters  such  as  current,  surface 
irea,  resistance,  etc.  are  chosen  such  that  above 
^urie  temperature  the  heat  dissipated  into  the 
surrounding  atmosphere  reduces  the  tempera- 
ure  of  the  strap  below  the  Curie  temperature  and 
lutoregulation  occurs. 

The  various  arrangements  of  the  prior  patent 
specifications  may  also  be  employed.  For 
nstance,  and  reference  is  made  to  Figure  15  of 
he  accompanying  drawings,  a  copper  layer  130 
nay  be  laminated  with  a  ferromagnetic  layer  128. 
\gain,  an  insulating  layer  132  is  provided  and  a 
solder  layer  134  may  be  provided. 

In  operation,  when  Curie  temperature  is 
approached,  the  current  spreads  from  high 
■esistance  layer  128  into  low  resistance  layer  130. 
\utoregulation  results. 

The  straps  described  are  remarkably  thin  and, 
:or  instance,  a  strap  of  Figure  1  employed  to 
solder  the  braid  of  a  1  1/2  inch  (3,8  cm)  to  2  inch 
!5.1  cm)  copper  pipe  are  about  0.018  inch  (0,046 
:m)  thick  and  about  0.180  inch  (0,46  cm)  wide, 
rhe  copper  and/or  alloy  42  or  the  materials 
selected  are  sufficiently  strong  to  permit  effective 
banding  of  the  structure.  Such  a  strap  operated  at 
250  watts  soldered  a  copper  coupling  onto  a  1  1/2 
inch  (3.8  cm)  copper  pipe  in  one  minute.  Upon 
raising  the  energy  to  500  watts,  the  time  dropped 
to  20  sees.  It  was  noted  that  at  about  300  watts, 
the  times  dropped  materially,  the  load  becoming 
a  short  heat  sink  rather  than  an  infinite  heat  sink 
at  about  that  energy  level  in  the  structure  defined 
above. 

It  is  apparent  that  the  present  invention  pro- 
vides  a  unique  combined  heater  and  strapping 
device  for  performing  many  functions  requiring 
the  work  to  be  tightly  held  and  heated  to  a  precise 
temperature.  Figure  3  illustrates  a  specific  use  of 
the  device;  the  connecting  of  overlapping  braids 
or  braids  overlapping  connectors,  but  there  is  no 
real  difference  in  operation  if  the  overlapping 
members  are  plastic  tubes  to  be  joined,  copper 
pipes  and/or  fittings  to  be  joined,  the  soldering  of 
a  ground  strap  to  a  cable,  the  heating  of  a  glue, 
mastic,  or  adhesive,  flux  or  the  like.  The  strap  may 
become  part  of  the  final  structure  or  be  removed. 
If  incorporated  in  the  final  structure,  it  becomes  a 
reinforcing  member  and  adds  strength  to  the 
completed  product. 

The  strap  may  also  be  employed  as  a  heater. 
Due  to  the  ability  of  side  entry,  it  may  be  applied 
over  a  frozen  section  of  a  pipe  or  formed  as  a  helix 

around  a  pipe  to  neat  tne  conienxs  ot  ine  pipe  iui 
any  one  of  a  variety  of  uses  such  as  thawing, 
promoting  a  chemical  reaction,  and  the  like. 

The  latch  structure  may  take  many  forms 
>  although  those  of  Figures  2  and  6  particularly 

recommended  themselves  to  permanent  installa- 
tions  since  they  are  remarkably  small,  a  1/4  inch 
(0,6  cm)  wide,  3/8  inch  (1  cm)  long  and  about  1/4 
inch  (0,6  cm)  in  height.  Such  a  latch  works  very 

o  well  with  the  tool  of  Figures  7  and  8  and  provides 
a  strong  hold  on  the  strap  long  after  completion 
of  application. 

Referring  specifically  to  Figures  16  and  17,  there 
is  illustrated  a  preferred  embodiment  of  the 

5  present  invention.  A  current  return  conductor  136 
is  surrounded  by  a  layer  of  insulation  138.  A  high 
mu  material  140  is  disposed  along  the  lower 
surface  only  as  viewed  in  the  Figures  of  the 
insulating  layer  138.  The  structure  is  surrounded 

>o  by  a  copper  layer  142  forming  the  outer  layer  of 
the  device. 

The  copper  layer  142  or  layer  of  other  highly  or 
moderately  conductive  material,  is  transversely 
slotted  as  indicated  by  reference  numeral  144. 

'.5  The  slots  44,  depending  upon  the  impedance  of 
the  source  and  the  desired  flexibility,  may  extend 
only  across  the  top  of  or  across  the  top  and  down 
the  sides  of  the  strap,  the  latter  condition  being 
illustrated  in  Figures  16  and  17. 

?o  The  slots  144  restrict  the  current  flow  to  the 
unslotted  regions  which  in  the  embodiment  as 
illustrated  are  the  regions  146  and  148  lying 
adjacent  only  the  high  mu  layer  140.  The  restric- 
tion  of  the  current  to  the  thin  copper  layer 

?5  146—148  increases  materially  the  resistance  of 
the  overall  device  rendering  impedance  matching 
of  the  current  source  to  the  heater  far  simpler.  The 
flexibility  imparted  to  the  heater  on  the  other 
hand,  by  the  slots  144,  materially  facilitates  the 

to  ease  with  which  the  strap  may  be  wrapped  about 
a  workpiece  and  drawn  tightly  about  all  regions 
thereof  it  will  conform  to  irregular  contours  more 
readily  than  stiffer  non-slotted  straps. 

The  high  mu  layer  140  may  be  a  stand  alone 
45  layer  as  illustrated  or  may  be  laminated  to  a 

copper  base  or  base  of  other  material. 
An  interesting  feature  of  this  design  is  that 

current  is  confined  by  the  slots  144  to  the  regions 
146  and  148  of  the  outer  conductive  layer.  In 

50  consequence,  heat  is  generated  only  in  that 
region  including  particularly  the  high  mu  material 
140.  Thus,  the  heat  is  generated  immediately 
adjacent  the  workpiece,  the  heat  generator,  the 
high  mu  matrial,  being  separated  from  the  work- 

55  piece  only  by  a  thin  layer  of  conductive  material, 
copper,  stainless  steel,  etc.,  depending  upon  the 
desired  electrical  and  physical  characteristicis  of 
the  heater. 

The  heater  is  thus  rendered  highly  flexible,  very 
60  efficient  and  more  easily  matched  to  the  power 

supply,  particularly  at  operating  frequencies  of 
8  —  20  MHz,  than  the  other  forms  of  the  device  due 
to  the  high  resistance  of  the  strap  of  Figures  16 
and  17. 

65  The  frequency  of  the  supply  utilized  herein  is 

9 



17 EP  0 1 4 8   902  B1 18 

not  restricted  to  a  specific  range  of  frequencies. 
Operation  above  the  range  of  1000  to  5000  Hz 
increases  performance  very  little  unless  frequen- 
cies  sufficiently  high  to  significantly  increase  the 
resistance  of  the  first  layer  are  employed. 

The  term  "constant  current"  as  employed  herein 
does  not  mean  a  current  that  cannot  increase  but 
means  a  currentthat  obeys  the  following  formula: 

Al  AR 
<-1/2  . 

I  R 

Specifically,  in  order  to  autoregulate,  the  power 
delivered  to  the  load  when  the  heater  exceeds 
Curie  temperature,  must  be  less  than  the  power 
delivered  to  the  load  below  Curie  temperature.  If 
the  current  is  held  invariable,  then  the  best  autore- 
gulating  ratio  is  achieved  short  of  controlling  the 
power  supply  to  reduce  current.  So  long,  however, 
as  the  current  is  reduced  sufficiently  to  reduce 
heating,  autoregulation  is  achieved.  Thus,  when 
large  autoregulating  ratios  are  not  required,  con- 
straints  on  the  degre  of  current  control  may  be 
relaxed  reducing  the  cost  of  the  power  supply. 

The  above  equation  is  derived  by  analyzing  the 
equation: 

P=(I+AI)2 

(R+AR  where  P  is  power,  differentiating  P  with 
respect  to  R) 

dP  dl 
=I2+2RI(  ) 

dR  dR 

and  to  satisfy  the  requirements  for  autoregulation 

dP 
<0. 

dR 

Thus, 

dl 
l2+2R(  )<0 

dR 

which  reduces  to  the  above  equation. 
As  previously  indicated,  insulation  may  be 

applied  to  the  inner  surface  (the  work  contacting 
surface  of  the  strap)  to  prevent  adherence  of  the 
strap  to  the  solder.  Such  effect  may  also  be 
achieved  by  employing  an  outer  conductor  to 
which  solder  does  not  readily  adhere;  such  as 
aluminum,  titanium,  or  the  like.  The  insulators, 
previously  mentioned,  may  be  any  relatively  flex- 
ible,  heat  resistant,  organic  or  inorganic  material 
also  not  wetted  by  solder.  The  specific  materials 
are  determined  by  the  heat  to  be  encountered  and 
the  type  of  solder  employed.  The  metallic 
examples  given  above  are  for  tin-lead  solders. 
Aluminum  and  titanium  may  also  be  employed 
with  brazing  and  other  high  temperature  solders. 

Claims 

1.  A  heater  comprising  an  electrical  heating 
element  embodied  in  a  flexible  encircling  band 

5  that  can  be  held  by  securing  means  in  position 
around  a  workpiece  to  be  heated  and  supplied  with 
alternating  current  from  electrical  supply  means  to 
energise  the  heating  element,  characterised  in  that 
the  encircling  band  is  in  the  form  of  a  thin  relatively 

10  flat  elongated  flexible  strap  (10,  48,  108),  the 
heating  element  comprises  a  thin  elongated 
member  (5,  40,  92,  110,  128,  140)  of  ferromagnetic 
material  extending  along  the  strap,  the  securing 
means  (12,  52,  98,  114)  is  adapted  to  tighten  the 

15  flexible  strap  around  the  workpiece  to  bring  it  into 
intimate  contact  with  the  workpiece,  and  the 
electrical  supply  means  (31  ;  1  20,  1  24)  is  adapted  to 
develop  an  alternating  current  in  said  strap  suffi- 
cient  to  cause  its  temperature  to  approach  the 

20  Curie  temperature  of  the  ferromagnetic  material 
whereby  the  heater  is  autoregulating. 

2.  The  heater  according  to  Claim  1  ,  wherein  said 
strap  comprises 

a  plurality  of  parallel,  elongated  ferromagnetic 
25  members  (92)  connected  together  at  one  common 

end  to  increase  the  electrical  length  thereof  across 
which  the  current  is  applied. 

3.  The  heater  according  to  Claim  1  or  Claim  2, 
wherein  said  or  each  elongated  ferromagnetic 

30  member  has  a  thin  covering  (4,  38,  94,  130,  142) 
over  one  of  its  elongated,  flat  surfaces  of  an 
electrically  conductive  material  of  lower  resistance 
than  said  ferromagnetic  material. 

4.  The  heater  according  to  Claim  3,  wherein  said 
35  thin  covering  has  arrayed  along  at  least  one  of  its 

surfaces  a  plurality  of  generally  parallel  slots  (144) 
each  extending  transverse  to  the  elongated 
dimension  of  said  strap. 

5.  The  heater  according  to  any  preceding  Claim, 
40  wherein  said  electrical  supply  means  comprises 

means  for  connecting  a  constant  alternating 
current  across  opposite  electrical  ends  of  said 
strap. 

6.  The  heater  according  to  any  preceding  Claim, 
45  wherein  said  securing  means  comprises  a  latch 

mechanism  permitting  said  strap  to  be  drawn 
tightly  about  a  workpiece  to  be  heated  and  holding 
said  strap  in  the  tightened  condition. 

7.  The  heater  according  to  any  preceding  Claim, 
so  further  comprising  means  (52,  120)  for  tightening 

said  strap  during  heating  to  maintain  tension  in 
said  strap  during  heating  of  the  workpiece. 

8.  The  heater  according  to  Claim  7,  wherein  said 
tightening  means  includes  means  (78,  82;  118)  for 

55  applying  current  to  said  strap. 
9.  The  heater  according  to  Claim  7,  wherein  said 

tightening  means  comprises 
means  (66)  for  grasping  one  end  of  said  strap 

extending  outwardly  from  the  length  of  strap 
60  encircling  about  a  workpiece  and  for  imparting 

movement  to  said  strap  end  relative  to  said 
encircling  length, 

said  grasping  means  having  means  (82)  for 
applying  current  to  said  strap. 

65  10.  The  heater  according  to  any  preceding 
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ilaim,  wherein  one  elongated  flat  surface  ot  saia 
trap  has  a  covering  (9)  to  physically  protect  said 
trap  from  abrasion. 

11.  The  heater  according  to  Claim  1,  wherein 
aid  electrical  supply  means  comprises  means  s 
118)  for  inductively  inducing  said  current  in  the 
aid  strap. 

12.  The  heater  according  to  any  preceding 
:iaim,  further  comprising 

a  layer  of  solder  (116,  134)  formed  on  a  surface  10 
•f  said  strap  intended  to  contact  said  workpiece. 

13.  The  combination  of  a  heater  according  to 
)laim  1  and  a  strap-tightening  mechanism  (52)  for 
nitially  tightening  said  strap  about  a  workpiece 
md  permitting  further  tightening  of  said  strap  15 
luring  heating. 

14.  The  combination  according  to  Claim  13, 
vherein  said  strap-tightening  mechanism 
ncludes  means  (80,  82)  for  connecting  an  electric 
:urrent  source  to  said  strap.  20 

15.  A  method  of  heating  a  workpiece,  wherein 
in  electrical  heating  element  embodied  in  a  flex- 
ble  encircling  band  is  secured  in  position  around 
i  workpiece  to  be  heated  and  supplied  with 
slectric  current  to  energise  the  heating  element,  25 
sharacterised  in  that  the  encircling  band  is  pro- 
rided  in  the  form  of  a  thin  relatively  flat  elongated 
lexible  strap,  the  heating  element  of  the  strap  is 
lutoregulating  and  the  flexible  strap  is  tightened 
mound  the  workpiece  to  bring  it  into  intimate  30 
xmtact  with  the  workpiece  before  heating  and  is 
ield  in  tension  around  the  workpiece  during  the 
application  of  the  electric  current  that  produces 
:he  heating. 

16.  A  method  according  to  Claim  15,  wherein  35 
said  electric  current  is  a  constant  alternating 
;urrent. 

17.  A  method  according  to  Claim  15  or  Claim  16 
for  soldering  the  workpiece  to  another  workpiece, 
:omprising  the  steps  of  *o 

overlapping  the  workpieces, 
strapping  the  workpieces  together  by  means  of 

the  flexible  heater  strap  drawn  tightly  about  the 
workpieces, 

applying  said  electric  current  to  the  heater  strap  45 
to  produce  heating  thereof,  and 

applying  solder  to  the  overlapped  region  of  the 
workpieces. 

18.  A  method  according  to  Claim  17,  wherein  at 
the  overlapped  region  of  the  workpieces  one  so 
workpiece  surrounds  the  other,  the  outer  of  the 
overlapped  workpieces  is  compressible, 

and  the  outer  workpiece  is  compressed  against 
the  inner  workpiece. 

19.  A  method  according  to  Claim  18,  wherein  55 
the  outer  workpiece  is  porous,  solder  is  applied  to 
the  inner  surface  of  the  strap,  and  the  solder  is 
caused  to  flow  through  the  porous  workpiece  by 
heating  the  solder  by  means  of  said  strap  heater. 

20.  A  method  according  to  any  of  Claims  15  to  60 
19,  wherein  said  strap  is  provided  with  a  covering 
over  one  of  its  elongated,  flat  surfaces  of  a 
material  that  does  not  adhere  to  solder. 

21.  A  method  according  to  Claim  20,  wherein 
said  covering  is  electrically  conductive.  65 

A  mexnoa  auuurumy  iu  any  ui  uamra  iu 
1,  wherein  the  electric  current  is  induced  in  the 
eater  strap  by  inductive  coupling. 
23.  A  method  according  to  Claim  22,  wherein 

ie  heater  strap  encircling  the  workpiece  or  work- 
ieces  is  itself  encircled  by  a  current-carrying  coil 
f  strap-like  form. 

'atentanspruche 

1.  Heizer,  der  ein  elektrisches  Heizelement  auf- 
i/eist,  das  sich  in  einem  flexiblen,  umschlielSen- 
len  Band  befindet,  das  durch  Befestigungsmittel 
und  urn  ein  zu  erhitzendes  Werkstuck  gehalten 
verden  kann  und  durch  Wechselstrom  von  einer 
ilektrischen  Speiseeinrichtung  zur  Speisung  des 
leizelementes  vorsorgt  werden  kann,  dadurch 
lekennzeichnet,  dalS  das  umschlieSende  Band 
lie  Form  eines  diinnen,  relativ  flachen,  langge- 
treckten,  flexiblen  Gurtes  (10,  48,  108)  hat,  daB 
las  Heizelement  ein  diinnes,  langgestreckt.es 
jlied  (5,  40,  92,  110,  128,  140)  aus  ferromagneti- 
ichem  Material  aufweist,  das  sich  entlang  dem 
3urt  erstreckt,  daS  die  Befestigungsmittel  (12,  52, 
18,  114)  in  der  Lage  sind,  den  flexiblen  Gurt  rund 
im  ein  Werkstuck  festzuziehen,  urn  inn  in  innigen 
Contakt  mit  dem  Werkstuck  zu  bringen,  und  daB 
lie  elektrischen  Vorsorgungsmittel  (31,  120,  124) 
n  der  Lage  sind,  einen  Wechselstrom  in  dem  Gurt 
:u  entwickeln,  um  zu  bewirken,  daS  seine  Tempe- 
atur  sich  der  Curie-Temperatur  des  ferromagne- 
ischen  Materials  annahert,  wodurch  der  Heizer 
selbstregulierend  ist. 

2.  Heizer  nach  Anspruch  1,  dadurch  gekenn- 
:eichnet,  daS  der  Gurt  aufweist 

—  eine  Anzahl  von  parallelen,  langgestreckten, 
erromagnetischen  Gliedern  (92),  die  an  einem 
gemeinsamen  Ende  verbunden  sind,  um  die  elek- 
xische  Lange  davon  zu  erhohen,  uber  die  Strom 
zugefuhrt  ist. 

3.  Heizer  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  dalS  das  oder  jedes  langge- 
streckte  ferromagnetische  Glied  eine  dunne 
^bdeckung  (4,  38,  94,  130,  142)  auf  einer  seiner 
langgestreckten,  flachen  Oberflachen  aus  einem 
slektrisch  leitendem  Material  niedrigeren  Wider- 
standes  als  das  genannte  ferromagnetische  Mate- 
rial  aufweist. 

4.  Heizer  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  dalS  die  dunne  Abdeckung  entlang 
wenigstens  einer  seiner  Oberflachen  ein  Muster 
aus  einer  Anzahl  von  im  allgemeinen  parallelen 
Schlitzen  (144)  aufweist,  die  sich  jeweils  quer  zur 
Langsausdehnung  des  Gurtes  erstrecken. 

5.  Heizer  nach  einem  der  vorhergehenden 
Anspriiche,  dadurch  gekennzeichnet,  dalS  die 
genannte  elektrische  Versorgungseinrichtung 
aufweist  Mittel  zum  AnschluB  eines  konstanten 
Wechselstromes  an  gegenCiberliegende  elektri- 
sche  Enden  des  genannten  Gurtes. 

6.  Heizer  nach  einem  der  vorhergehenden 
Anspriiche,  dadurch  gekennzeichnet,  dalS  die 
Befestigungsmittel  einen  Schnappmechanismus 
aufweisen,  mit  dem  der  genannte  Gurt  fest  um 
ein  zu  erwarmendes  Werkstuck  ziehbar  ist  und 
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der  den  genannten  Gurt  in  der  festgezogenen 
Lage  halt. 

7.  Heizer  nach  einem  der  vorhergehenden 
Anspriiche,  dadurch  gekennzeichnet,  daB  zusatz- 
liche  Mittel  (52,  120)  zum  Festziehen  des  Gurtes 
wahrend  des  Erwarmens  vorgesehen  sind,  um 
die  Spannung  in  dem  Gurt  wahrend  des  Erwar- 
mens  des  Werkstuckes  aufrechtzuerhalten. 

8.  Heizer  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  daB  die  Festziehmittel  Mittel  (78,  82; 
118)  zum  Anlegen  eines  Stromes  an  den  Gurt 
aufweisen. 

9.  Heizer  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  dalS  die  Festziehmittel  aufweisen 

—  Mittel  (66)  zum  Ergreifen  eines  Endes  des 
Gurtes,  das  sich  von  der  Lange  des  Gurtes  aus 
nach  auBen  erstreckt,  der  ein  Werkstuck 
umschlieBt,  und  zum  Erzeugen  einer  Bewegung 
des  genannten  Gurtendes  relativ  zu  der  umge- 
benden  Lange, 

—  wobei  die  Greifmittel  Mittel  (82)  zum  Anlegen 
von  Strom  an  den  genannten  Gurt  aufweisen. 

10.  Heizer  nach  einem  der  vorhergehenden 
Anspriiche,  dadurch  gekennzeichnet,  daB  eine 
langgestreckte  flache  Oberflache  des  genannten 
Gurtes  eine  Abdeckung  (9)  zum  physischen 
Schutz  des  genannten  Gurtes  gegen  Abnutzung 
aufweist. 

11.  Heizer  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daft  die  elektrischen  Versorgungsmittel 
Mittel  (118)  zur  induktiven  Erzeugung  von  Strom 
in  dem  genannten  Gurt  aufweisen. 

12.  Heizer  nach  einem  der  vorhergehenden 
Anspriiche,  gekennzeichnet  durch  eine  Schicht 
von  Lot  (116,  134),  das  auf  einer  Oberflache  des 
genannten  Gurtes  gebildet  ist  und  zur  Beruhrung 
des  genannten  Werkstiickes  bestimmt  ist. 

13.  Kombination  eines  Heizers  gemaB 
Anspruch  1  und  eines  Gurtfestziehmechanismus- 
ses  (52)  zum  anfanglichen  Festziehen  des  genann- 
ten  Gurtes  um  ein  Werkstuck,  wobei  der  Gurtfest- 
ziehmechanismus  (52)  das  weitere  Festziehen  des 
genannten  Gurtes  wahrend  des  Heizens  gestattet. 

14.  Kombination  nach  Anspruch  13,  dadurch 
gekennzeichnet,  daB  der  genannte  Gurtfestzieh- 
mechanismus  Mittel  (80,  82)  zum  AnschluS  einer 
elektrischen  Stromquelle  an  den  genannten  Gurt 
aufweist. 

15.  Verfahren  zum  Erwarmen  eines  Werkstuk- 
kes,  bei  dem  ein  elektrisches  Heizelement  in 
einem  flexiblen,  umschiingenden  Band  ange- 
ordnet  und  in  seiner  Lage  rund  um  ein  zu  erwar- 
mendes  Werkstuck  gehalten  und  mit  einem  elek- 
trischen  Strom  zur  Speisung  des  Heizelements 
verbunden  ist,  dadurch  gekennzeichnet,  daB  das 
umschiingende  Band  in  Form  eines  relativ 
flachen,  langgestreckten,  flexiblen  Gurtes  selb- 
stregulierend  ist  und  daft  der  flexible  Gurt  rund 
um  das  Werkstuck  festgezogen  wird,  im  ihn  vor 
dem  Erwarmen  in  innigen  Kontakt  mit  dem  Werk- 
stiick  zu  bringen,  und  daB  der  Gurt  in  Spannung 
rund  um  das  Werkstuck  wahrend  der  Einspeisung 
des  die  Warme  erzeugenden  elektrischen  Stro- 
mes  gehalten  ist. 

16.  Verfahren  nach  Anspruch  15,  dadurch 

gekennzeichnet,  daB  der  elektrische  Strom  ein 
konstanter  Wechselstrom  ist. 

17.  Verfahren  nach  Anspruch  15  oder  16  zum 
Verloten  des  Werkstuckes  mit  einem  anderen 

5  Werkstiick,  enthaltend  die  Schritte 
—  Bringen  der  Werkstiicke  in  gegenseitige 

Anlage, 
—  Zusammenspannen  der  Werkstiicke  mittels 

des  flexiblen,  fest  um  die  Werkstiicke  gezogenen 
w  Heizgurtes, 

—  Einspeisung  des  genannten  elektrischen 
Stromes  in  den  Heizgurt,  um  dessen  Erwarmung 
zu  bewirken,  und 

—  Zufiihren  von  Lot  zu  dem  Anlagebereich  der 
15  Werkstiicke. 

18.  Verfahren  nach  Anspruch  17,  dadurch 
gekennzeichnet,  daB  in  dem  Anlagebereich  der 
Werkstiicke  ein  Werkstiick  das  andere  umgibt, 
wobei  das  auBere  der  anliegenden  Werkstiicke 

20  zusammendruckbar  ist,  und  daB  das  auBere 
Werkstuck  gegen  das  innere  Werkstiick  zusam- 
mengepreSt  wird. 

19.  Verfahren  nach  Anspruch  18,  dadurch 
gekennzeichnet,  daB  das  auBere  Werkstuck  pords 

25  ist,  das  Lot  auf  die  innere  Flache  des  Gurtes 
gebracht  wird  und  daB  das  Lot  veranlaBt  wird, 
durch  das  porose  Werkstiick  zu  flieBen,  indem 
das  Lot  mittels  des  Gurtheizers  erwarmt  wird. 

20.  Verfahren  nach  einem  der  Anspriiche  15  bis 
30  19,  dadurch  gekennzeichnet,  daB  der  genannte 

Gurt  uber  eine  seiner  langgestreckten,  flachen 
Oberflachen  mit  einer  Abdeckung  aus  einem 
Material  versehen  ist,  das  nicht  an  dem  Lot 
anhaftet. 

35  21.  Verfahren  nach  Anspruch  20,  dadurch 
gekennzeichnet,  daB  die  Abdeckung  elektrisch 
leitend  ist. 

22.  Verfahren  nach  einem  der  Anspriiche  15  bis 
21,  dadurch  gekennzeichnet,  daB  elektrischer 

40  Strom  in  dem  Heizgurt  durch  induktive  Kopplung 
induziert  ist. 

23.  Verfahren  nach  Anspruch  22,  dadurch 
gekennzeichnet,  daB  der  das  Werkstiick  oder  die 
Werkstiicke  umschiingende  Heizgurt  selbst  durch 

45  eine  stromfuhrende,  gurtartige  Spule  umschlun- 
gen  ist. 

Revendications 

so  1.  Corps  de  chauffe  comprenant  un  element 
chauffant  electrique,  incorpore  dans  une  bande 
flexible  d'encerclement  qui  peut  etre  maintenue 
en  position  par  des  moyens  de  fixation  autour 
d'une  piece  a  chauffer  et  alimentee  en  courant 

55  alternatif  par  une  source  de  courant  electrique  de 
facon  a  alimenter  I'element  chauffant,  caracterise 
en  ce  que  la  bande  d'encerclement  se  presente 
sous  la  forme  d'un  mince  ruban  flexible  allonge 
relativement  plat  (10,  48,  108),  que  I'element 

60  chauffant  est  un  mince  element  allonge  (5,  40,  92, 
110,  128,  140)  en  materiau  ferromagnetique 
s'etendant  le  long  du  ruban,  que  les  moyens  de 
fixation  (12,  52,  98,  114)  sont  adaptes  pour  serrer 
le  ruban  flexible  autour  de  la  piece  pour  I'amener 

65  en  contact  intime  avec  celle-ci,  et  que  la  source  de 
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jurant  electrique  (31,  120,  124)  est  congue  pour 
svelopper  dans  le  ruban  in  courant  alternatif 
jffisant  pour  que  sa  temperature  approche  le 
oint  de  Curie  du  materiau  ferromagnetique,  d'ou 
resulte  une  regulation  automatique  du  compo- 
ant  chauffant. 
2.  Corps  de  chauffe  selon  la  revendication  1, 

ans  lequel  le  ruban  comporte  une  multiplicity 
'elements  ferromagnetiques  allonges  paralleles 
)2),  raccordes  ensemble  au  niveau  d'une  extre- 
lite  commune  pour  en  augmenter  la  longueur 
lectrique  a  travers  laquelle  le  courant  est  appli- 
ue. 
3.  Corps  de  chauffe  selon  la  revendication  1  ou 

i  revendication  2,  dans  lequel  ledit,  ou  chaque, 
lement  ferromagnetique  allonge  a  un  mince 
svetement  (4,  38,  94,  130,  142)  sur  I'une  de  ses 
urfaces  plates  allongees  en  un  materiau  conduc- 
sur  de  I'electricite  ayant  une  resistance  inferieure 
u  materiau  ferromagnetique. 
4.  Corps  se  chauffe  selon  la  revendication  3,  ■ 

lans  lequel  ce  mince  revetement  comporte,  le 
sng  d'au  moins  une  de  ses  surfaces,  une  serie  de 
ilusieurs  fentes  generalement  paralleles  (144) 
'etendant  chacune  transversalement  a  la  lon- 
lueur  du  ruban. 

5.  Corps  de  chauffe  selon  I'une  des  revendica- 
ions  precedentes,  dans  lequel  la  source  de  cou- 
ant  electrique  comporte  des  moyens  pour  rac- 
:order  un  courant  electrique  constant  aux  extre- 
nites  electriques  opposees  du  ruban. 

6.  Corps  de  chauffe  selon  I'une  des  revendica- 
ions  precedentes,  dans  lequel  les  moyens  de 
ixation  comportent  un  mecanisme  de  blocage 
jermettant  de  tendre  etroitement  le  ruban  autour 
ie  la  piece  a  chauffer  et  de  maintenir  le  ruban 
endu. 

7.  Corps  de  chauffe  selon  I'une  des  revendica- 
ions  precedentes,  comprenant  en  outre  des 
moyens  (52,  120)  pour  tendre  le  ruban  lors  du 
ihauffage  afin  de  maintenir  la  bande  tendue 
Dendant  le  chauffage  de  la  piece. 

8.  Corps  de  chauffe  selon  la  revendication  7 
dans  lequel,  les  moyens  de  tension  comportent 
des  moyens  (78,  82;  118)  pour  appliquer  le  cou- 
rant  sur  ie  ruban. 

9.  Corps  de  chauffe  selon  la  revendication  7, 
rians  lequel  les  moyens  de  tension  comprennent 
des  moyens  (66)  pour  saisir  une  extremite  du 
ruban  s'etendant  vers  I'exterieur  depuis  la  lon- 
gueur  de  ruban  encerclant  la  piece  et  pour  depla- 
cer  cette  extremite  du  ruban  par  rapport  a  la 
longueur  d'encerclement,  ces  moyens  de  prehen- 
sion  ayant  des"  moyens  (82)  pour  appliquer  le 
courant  au  ruban. 

10.  Corps  de  chauffe  selon  I'une  des  revendica- 
tions  precedents,  dans  lequel  une  surface  allon- 
gee  plate  du  ruban  a  un  revetement  (9)  pour 
proteger  physiquement  le  ruban  de  I'abrasion. 

11.  Corps  de  chauffe  selon  la  revendication  1, 
dans  lequel  la  source  de  courant  electrique  com- 
porte  des  moyens  (118)  pour  induire  par  induc- 
tion  le  courant  dans  le  ruban. 

12.  Corps  de  chauffe  selon  I'une  des  revendica- 
tions  precedentes,  comprenant  en  outre  une 

coucne  ue  Drasuns  viio,  iot;  iuhmcc  ™i 
surface  du  ruban  prevue  pour  etre  en  contact  avec 
la  piece. 

13.  Combinaison  d'un  corps  de  chauffe  selon  la 
revendication  1,  et  d'un  mecanisme  de  tension  du 
ruban  (52)  pour  tendre  initialement  le  ruban 
autour  d'une  piece  et  permettant  en  outre  de 
tendre  le  ruban  pendant  le  chauffage. 

14.  Combinaison  selon  la  revendication  13, 
7  dans  lequel  le  mecanisme  de  tension  du  ruban 

comprend  des  moyens  (80,  82)  pour  raccorder  au 
ruban  une  source  de  courant  electrique. 

15.  Procede  pour  chauffer  une  piece,  dans 
lequel  un  element  chauffant  electrique  incorpore 

j  dans  une  bande  flexible  d'encerclement  est  fixe 
en  position  autour  d'une  piece  a  chauffer  et  est 
alimente  en  courant  electrique,  caracterise  en  ce 
que  la  bande  d'encerclement  se  presente  sous  la 
forme  d'un  mince  ruban  flexible  allonge  relative- 

o  ment  plat,  que  I'element  chauffant  de  la  bande  est 
auto-regulant  et  que  le  ruban  flexible  est  tendu 
autour  de  la  piece  pour  l'amener  en  contact 
intime  avec  celle-ci  avant  chauffage  et  est  main- 
tenu  tendu  autour  de  la  piece  pendant  I'applica- 

5  tion  du  courant  electrique  qui  produit  le  chauf- 
fage. 

16.  Procede  selon  la  revendication  15,  dans 
lequel  le  courant  est  un  courant  alternatif  cons- 
tant. 

o  17.  Procede  selon  la  revendication  15  ou  la 
revendication  16,  pour  braser  une  piece  sur  une 
autre  piece,  comprenant  les  stades  suivants: 

faire  se  recouvrir  les  pieces, 
ligaturer  les  pieces  ensemble  au  moyen  du 

15  ruban  chauffant  flexible  tendu  autour  des  pieces 
appliquer  le  courant  electrique  au  ruban  chauf- 

fant  pour  le  chauffer,  et 
appliquer  de  la  brasure  sur  la  region  ou  se 

recouvrent  les  pieces. 
to  18.  Procede  selon  la  revendication  17,  dans 

lequel  une  piece  entoure  I'autre  dans  la  region  ou 
elles  se  recouvrent  et  celle  qui  se  trouve  a  I'exte- 
rieur  est  compressible  et  est  comprimee  contre 
celle  qui  se  trouve  a  I'interieur. 

ts  19.  Procede  selon  la  revendication  18,  dans 
lequel  la  piece  se  trouvant  a  I'exterieur  est 
poreuse,  on  applique  de  la  brasure  sur  la  surface 
interieure  du  ruban,  et  on  fait  fluer  la  brasure  a 
travers  la  piece  poreuse  en  chauffant  la  brasure 

so  au  moyen  du  ruban  chauffant. 
20.  Procede  selon  I'une  des  revendications  15  a 

19,  dans  lequel  le  ruban  comporte,  sur  I'une  de 
ses  surfaces  plates  allongees,  un  revetement  en 
un  materiau  qui  n'adhere  pas  a  la  brasure. 

55  21.  Procede  selon  la  revendication  20,  dans 
lequel  le  revetement  est  conducteur  de  I'electri- 
cite. 

22.  Procede  selon  I'une  des  revendications  15  a 
21,  dans  lequel  le  courant  electrique  est  induit 

60  dans  le  ruban  chauffant  par  couplage  inductif. 
23.  Procede  selon  la  revendication  22,  dans 

lequel  le  ruban  chauffant  encerclant  la  piece  ou 
les  pieces  est  iui-meme  encercle  par  un  enroule- 
ment  transporter  de  courant  ayant  la  forme 

65  d'une  sangle. 
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