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©  Resistance  heaters. 
  A  resistance  heater  for  performing  heat  treatment  of  the 
braze-affected  area  of  a  metallic  sleeve  attached  by  brazing 
within  and  to  a  metallic  tube,  consisting  of  a  composite  in 
generally  tubular  form  and  able  to  be  inserted  within  the 
sleeve  so  as  to  register  with  that  length  of  the  sleeve  over 
which  it  is  desired  to  effect  heat  treatment,  the  composite 
including  a  cylindrical  core  (2),  a  ceramic  tube  (6)  fitted  over 
the  core  (2),  at  least  one  thermocouple  l9)  disposed  in  a  slot 
(8)  in  the  tube  (6),  a  heater  tube  (10)  fitted  over  the  tube  (6) 
and  having  over  part  of  its  length  (the  heating  part)  a  spiral 
groove  (11)  extending  right  through  the  tube  (10)  thickness, 
the  groove  (11)  being  filled  with  high  resistance  material  to 
provide  heating  when  current  is  applied  across  the  ends  of 
the  groove  (11),  and  a  further  tubular  part  (14)  extending 
over  the  non-heating  part  of  the  heater  tube  (10).  The  heating 
tube  (10)  is  varied  in  thickness  to  give  a  desired  temperature 
profile  over  the  length  of  the  sleeve  being  heat  treated. 



T h i s   i n v e n t i o n   r e l a t e s   to  r e s i s t a n c e   h e a t e r s .  

In  p a r t i c u l a r ,   the   i n v e n t i o n   r e l a t e s   to  r e s i s t a n c e  

h e a t e r s   w h i c h   have   an  i m p o r t a n t   t h o u g h   no t   e x c l u s i v e  

a p p l i c a t i o n   to  t he   h e a t   t r e a t m e n t   of  m e t a l l i c   m e m b e r s  

w h i c h   h a v e   u n d e r g o n e   o t h e r   o p e r a t i o n s   w h i c h   can  a f f e c t  

m e t a l l u r g i c a l   p r o p e r t i e s .   One  e x a m p l e   of  s u c h   a  m e t a l l i c  

member   i s   a  s l e e v e   e m p l o y e d   to  r e p a i r   a  b r e a c h   in  a  

t u b e / t u b e   p l a t e   weld   of  a  h e a t   e x c h a n g e r   by  b e i n g   s e c u r e d  

in  t h e   r e l e v a n t   t u b e   in  a  p o s i t i o n   to  b r i d g e   the   b r e a c h .  

The  s e c u r i n g   may  be  an  e x p l o s i v e   weld   of  one  end  of  t h e  

s l e e v e   to  the   b o r e   of  the   t u b e   p l a t e ,   and  a  b r a z e   j o i n t  

of  t h e   o t h e r   end  of  the   s l e e v e   to  t he   r e l e v a n t   t u b e .   I t  

is   n e c e s s a r y   to  h e a t   t r e a t   the   s l e e v e   a f t e r   t he   m a k i n g   o f  

the   j o i n t s   in  o r d e r   to  r e s t o r e   the   n e c e s s a r y   p r o p e r t i e s  

to  t h e   b r a z e - a f f e c t e d   j o i n t s   so  as  to  e n s u r e   t h a t   d e s i g n  

l i f e   can  be  e x p e c t e d .   The  b r a z e   is   e f f e c t e d   at  a  

t e m p e r a t u r e   of  the   o r d e r   of  1 1 5 0  C   f o r   a b o u t   f o u r   m i n u t e s  

and  t h e   b r a z e   bond  is  t y p i c a l l y   a b o u t   40mm  in  l e n g t h .  

Hea t   t r e a t m e n t   h o w e v e r   is  at   a  l o w e r   t e m p e r a t u r e   of  t h e  

o r d e r   of  750°C  but   f o r   a  l o n g e r   p e r i o d ,   t y p i c a l l y   o n e  

h o u r .   A  l o n g e r   p o r t i o n   t h a n   the   b r a z e   n e e d s   to  b e  

t r e a t e d   h o w e v e r ,   t y p i c a l l y   150mm. 

The  b r a z e   h e a t i n g   is  p e r f o r m e d   in  one  p r e f e r r e d  

s y s t e m   by  an  i n d u c t i o n   p r o b e   i n s e r t e d   w i t h i n   t he   s l e e v e  

and  a c c e s s e d   f rom  the  t ube   p l a t e   b o r e .   H o w e v e r ,   s u c h  

p r o b e s   pose   p r o b l e m s   of  a d e q u a t e   c o o l i n g   and  a r e  



e x p e n s i v e .   E m p l o y m e n t   of  s u c h   p r o b e s   f o r   h e a t   t r e a t m e n t  

w i t h   i t s   l o w e r   t e m p e r a t u r e   and  l o n g e r   p e r i o d   would   b e  

w a s t e f u l .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   h e a t   t r e a t m e n t   of  t h e  

b r a z e - a f f e c t e d   a r e a   of  a  m e t a l l i c   s l e e v e   a t t a c h e d   b y  

b r a z i n g   w i t h i n   a n d   to  a  m e t a l l i c   t u b e   i s   p e r f o r m e d   by  a 

r e s i s t a n c e   h e a t e r   i n s e r t e d   w i t h i n   t h e   s l e e v e   so  as  t o  

r e g i s t e r   w i t h   t he   l e n g t h   of  t h e   s l e e v e   o v e r   wh ich   i t   i s  

d e s i r e d   to  e f f e c t   h e a t   t r e a t m e n t .   The  s a i d   h e a t e r   i s  

p r e f e r a b l y   a  c o m p o s i t e   in  g e n e r a l l y   t u b u l a r   form  and  may  

i n c l u d e   at  l e a s t   one  t h e r m o c o u p l e   by  means   of  w h i c h   t h e  

t e m p e r a t u r e   f o r   h e a t   t r e a t m e n t   can  be  m o n i t o r e d   so  t h a t  

c o n t r o l   o v e r   t e m p e r a t u r e   can  be  e f f e c t e d   by  v a r i a t i o n   o f  

t h e   e l e c t r i c   c u r r e n t   s u p p l i e d   to  t h e   h e a t e r .   In  o r d e r  

to  p r o v i d e   an  e f f e c t i v e   t e m p e r a t u r e   p r o f i l e   o v e r   t h e  

l e n g t h   to  w h i c h   h e a t   t r e a t m e n t   is   a p p l i e d ,   the   t h i c k n e s s  

of  a  p a r t   of  a  c o m p o s i t e   may  be  v a r i e d .   A  p r e f e r r e d   w a y  

of  d o i n g   t h i s   w i l l   be  s u b s e q u e n t l y   d e s c r i b e d .   T h e  

i n v e n t i o n   a l s o   i n c l u d e s   r e s i s t a n c e   h e a t e r s   c o n s t r u c t e d   t o  

p r o v i d e   a  d e s i r e d   l e n g t h   and  p r o f i l e   of  h e a t   t r e a t m e n t   t o  

be  a p p l i e d   to  a  t u b u l a r   m e t a l l i c   m e m b e r .  

In  a  t y p i c a l   e x a m p l e ,   to  be  a p p l i e d   to  the   h e a t  

t r e a t m e n t   as  a f o r e s a i d   of  a  b r e a c h - b r i d g i n g   s l e e v e   of  a  

s t a i n l e s s   s t e e l   o v e r   a  l e n g t h   of  say   115mm  at   s a y  

7 5 0  C  -   250C  f o r   say   one  h o u r ,   a  t y p i c a l   r e s i s t a n c e  

h e a t e r   is  shown  in  t h e   a c c o m p a n y i n g   d r a w i n g s ,   w h e r e i n :  

F i g u r e   1  is   an  e l e v a t i o n   of  t h e   h e a t e r ,   a n d  



F i g u r e   2  is  an  e n l a r g e d   v iew  in  s e c t i o n   of  p a r t   o f  

F i g u r e   1 .  

R e f e r r i n g   t o  t h e   d r a w i n g s   we  p r o v i d e   a  r e s i s t a n c e  

h e a t e r   1  w h i c h   is  a  c o m p o s i t e   of  a  n u m b e r   of  p a r t s   w h i c h  

w i l l   now  be  d e s c r i b e d .   T h e r e   is  a  c y l i n d r i c a l   c o r e  

member  2  of  a  h i g h   r e s i s t a n c e   N i / C r   a l l o y   s u c h   as  KANTHAL 

or  NICHROME  (RTM)  s c r e w   t h r e a d e d   at  one  end  3  and  w i t h   a 

bush   4  a l s o   of  KANTHAL  or  NICHROME  w e l d e d   to  the   o t h e r  

end  at  5.  Over  the   member  2  is  f i t t e d   a  c e r a m i c   ( e g  

a l u m i n a )   t u b e   6  wh ich   a b u t s   the   bush   4  at  one  end  and  i s  

e n g a g e d   at  the   o t h e r   end  by  a  nu t   7  on  the   member   2 .  

T h e r e   is  a  l o n g i t u d i n a l   s l o t   8  ( s e e   F i g u r e   2)  in  t he   t u b e  

6  f o r   r e c e p t i o n   of  a  t h e r m o c o u p l e   9  w h i c h   is  c e m e n t e d   i n  

p o s i t i o n .   In  a  m o d i f i c a t i o n ,   not   s h o w n ,   t h e r e   is  a n o t h e r  

l o n g i t u d i n a l   s l o t   d i s p o s e d   in  d i a m e t r i c a l l y   o p p o s e d  

r e l a t i o n s h i p   to  the  s l o t   8,  e n a b l i n g   a n o t h e r   t h e r m o c o u p l e  

to  be  i n s t a l l e d   to  g i v e   a  c h e c k   on  the   c o r r e c t   o p e r a t i o n  

of  t he   f i r s t   o n e .  

Over  the   c e r a m i c   t u b e   6  is   f i t t e d   a  h e a t e r   t u b e   10 

of  KANTHAL  or  NICHROME  w h i c h   has  o v e r   a  p o r t i o n   16 

t h e r e o f   a  s p i r a l   g r o o v e   e x t e n d i n g   t h r o u g h   the   f u l l  

t h i c k n e s s   of  the   t ube   10  and  t y p i c a l l y   1mm  wide   on  a  

p i t c h   of  5mm,  the  g r o o v e   11  a f t e r   a s s e m b l y   w i t h   t he   c o r e  

member  2  and  c e r a m i c   t u b e   6  b e i n g   f i l l e d   w i t h   c e m e n t   o f  

h i g h   e l e c t r i c a l   r e s i s t a n c e .   The  p r o f i l e   of  the   t u b e   1 0 ,  

p r o d u c e d   by  m a c h i n i n g   w i t h   c o n s t a n t   b o r e ,   is  such   t h a t  

t h e r e   is   a  p a r t   16'  of  maximum  d i a m e t e r   t h i c k n e s s  



s i t u a t e d   at   t h e   o u t e r   end  of  g r o o v e d   p o r t i o n   16  a n d  

w e l d e d   to  bush   4,  and  t h e r e   is   a l s o   a  c y l i n d r i c a l ,   i e  

n o n - g r o o v e d ,   p o r t i o n   13  w h i c h   is   of  maximum  c o n s t a n t  

d i a m e t e r   t h i c k n e s s   and  w h i c h   is   c a r r i e d   in   a  m e t a l l i c   ( e g  

s t a i n l e s s   s t e e l )   t u b u l a r   p a r t   14  v i a   a  h e a t   c o n d u c t i n g  

s l e e v e   15  s e c u r e d   by  c e m e n t i n g   to  b o t h   p a r t s   ( s e e   F i g u r e  

2 ) .  

The  g r o o v e d   p o r t i o n   16  of  t he   h e a t e d   t u b e   10  p r o j e c t s  

f r o m   t he   p a r t   14  and  is   o n l y   p a r t i a l l y   c o v e r d   by  two  

d i a m e t r i c a l l y   o p p o s e d   p a r t - a n n u l a r   b i m e t a l l i c   s t r i p s   o r  

w i n g s   17  w e l d e d   to  t he   ma in   body  of  p a r t   14  and  w h i c h  

t e r m i n a t e   s h o r t   of  t h e   o u t e r   end  of  p o r t i o n   16.  The  

g r o o v e d   p o r t i o n   16  of  t u b e   10  d i v e r g e s   to  m a x i m u m  

d i a m e t e r   t h i c k n e s s ,   c o r r e s p o n d i n g   w i t h   t h a t   o f  

c y l i n d r i c a l   p o r t i o n   13,   at  a  p o s i t i o n   18  in  r e g i s t e r   w i t h  

t h e   o u t e r   ends   of  t h e   s t r i p s   or  w ings   17.  I t   t a p e r s   i n  

b o t h   d i r e c t i o n s   f rom  t h i s   p o s i t i o n ,   in  one  d i r e c t i o n   t o  

t e r m i n a t e  a t   i t s   o u t e r   end  and  in  t he   o t h e r   d i r e c t i o n   t o  

a  s t e p   w h e r e   t he   p o r t i o n   14  b e g i n s .   T h e r e   is  a  b r a c k e t  

19  w e l d e d   to  t he   end  of  p o r t i o n   13  of  t u b e   10  w h i c h  

p r o j e c t s   f rom  t he   n o n - w i n g e d   end  of  t u b u l a r   p a r t   1 4 .  

The  t h e r m o c o u p l e   9  l e a d s   to  c i r c u i t r y   20  f o r   m o n i t o r i n g .  

In  o p e r a t i o n ,   c e m e n t e d   g r o o v e   11  of  t he   h e a t e r   t u b e  

10  f u n c t i o n s   to  p r o v i d e   a  s p i r a l   of  r e s i s t a n c e   h e a t e r  

m a t e r i a l   so  t h a t   t he   t u b e   10  f u n c t i o n s   as  a  r e s i s t a n c e  

h e a t i n g   e l e m e n t ,   t he   r e s u l t i n g   h e a t i n g   e f f e c t   b e i n g  

p r o f i l e d   a l o n g   t h e   g r o o v e d   l e n g t h   of  p o r t i o n   16  by  v i r t u e  



of  t he   v a r y i n g   t h i c k n e s s   t h e r e o f   as  a f o r e s a i d .  

C u r r e n t   is  a p p l i e d   at  bush   4  to  t he   c e n t r a l   c o r e  

member   2  and  r e t u r n s   v i a   the   g r o o v e d   l e n g t h   of  t u b e   10  t o  

l e a v e   at  the   bush   end  t h e r e o f .   The  t h e r m o c o u p l e   8 

f u n c t i o n s   as  the   hot   j u n c t i o n   and  is   in  good  h e a t   c o n t a c t  

w i t h   t he   b i m e t a l l i c   s t r i p s   or  w ings   17  s i n c e   i t   i s  

c e m e n t e d   in  c e r a m i c   t u b e   6  wh ich   is  in  c o n t a c t   w i t h  

h e a t e r   t ube   10  w h i c h   is  in  c o n t a c t   w i t h   t u b u l a r   p a r t   14 

v i a   c o n d u c t i n g   s l e e v e   15  and  the  s t r i p s   or  w ings   17  a r e  

w e l d e d   to  p a r t   14.  The  s t r i p s   or  w i n g s   1.7  a re   c a u s e d ,  

when  h e a t   is  g e n e r a t e d   in  t u b e   10,  to  move  o u t w a r d l y   t o  

make  f i r m   c o n t a c t   w i t h   the   b r e a c h - b r i d g i n g   s l e e v e  

a f o r e s a i d ,   t h e r e b y   e n a b l i n g   the   t e m p e r a t u r e   of  t h a t  

s l e e v e   to  be  c o n s t a n t l y   m o n i t o r e d   by  the   t h e r m o c o u p l e   8 

so  t h a t   the   amount   of  h e a t   g e n e r a t e d   by  the   t u b e   10  c a n  

be  a d j u s t e d   by  v a r y i n g   the   e l e c t r i c   c u r r e n t   s u p p l i e d  

t h e r e t o   so  as  to  e n s u r e   t h a t   op t imum  c o n d i t i o n s   f o r   t h e  

r e q u i r e d   h e a t   t r e a t m e n t   a r e   p r o v i d e d .  

The  a s s o c i a t i o n   of  a  b i m e t a l l i c   s t r i p   c a r r i e d   by  a 

h e a t e r   w i t h   a  t h e r m o c o u p l e   ho t   j u n c t i o n ,   the   b i m e t a l l i c  

s t r i p   b e i n g   c a u s e d ,   on  h e a t i n g ,   to  move  i n t o   c o n t a c t   w i t h  

t he   w a l l   of  a  t u b e   i n t o   w h i c h   the  h e a t e r   is  i n s e r t e d ,   i s  

t he   s u b j e c t   of  our  c o p e n d i n g   a p p l i c a t i o n   No  82  3 3 3 3 5 ,  

f i l e d   23  November   1982 .   Tha t   a p p l i c a t i o n   d i s c l o s e s   t h a t  

the   h e a t e r   has  two  b i m e t a l l i c   s t r i p s   at  d i a m e t r i c a l l y  

o p p o s e d   p o s i t i o n s   so  t h a t   t e m p e r a t u r e   a r e   m e a s u r e d   a c r o s s  

a  d i a m e t e r   of  the   t u b e ,   t h i s   b e i n g   c a p a b l e   of  b e i n g   u s e d  

to  c h e c k   u n i f o r m i t y   of  t e m p e r a t u r e   or  p r o v i d e   a  c h e c k   o f  

c o r r e c t   o p e r a t i n g   of  the   hot   j u n c t i o n s ,   a  l a r g e  



d i f f e r e n c e   of  t e m p e r a t u r e   m e a s u r e m e n t   i n d i c a t i n g   e i t h e r   a  

f a u l t y   ho t   j u n c t i o n   or  a  p o o r   c o n t a c t .   F u r t h e r m o r e ,   i t  

i s   d i s c l o s e d   t h a t   t he   b i - m e t a l s   can  be  f i t t e d   i n t o   s l o t s  

c u t   i n t o   t he   h e a t e r .  



1.  A  p r o c e s s   of  h e a t   t r e a t m e n t   of  the   b r a z e - a f f e c t e d  

a r e a   of  a  m e t a l l i c   s l e e v e   a t t a c h e d   by  b r a z i n g   w i t h i n   a n d  

to  a  m e t a l l i c   t u b e ,   c h a r a c t e r i s e d   in  t h a t   the   p r o c e s s   i s  

p e r f o r m e d   by  i n s e r t i n g   a  r e s i s t a n c e   h e a t e r   w i t h i n   t h e  

s l e e v e   so  as  to  r e g i s t e r   w i t h   t h a t   l e n g t h   of  the   s l e e v e  

o v e r   w h i c h   i t   is  d e s i r e d   to  e f f e c t   t h a t   h e a t   t r e a t m e n t ,  

and  o p e r a t i n g   the   r e s i s t a n c e   h e a t e r   in  a  m a n n e r   and  f o r   a 

p e r i o d   s u c h   as  to  p e r f o r m   s a i d   h e a t   t r e a t m e n t   in  a 

d e s i r e d   m a n n e r .  

2.  For  p e r f o r m i n g   h e a t   t r e a t m e n t   of  a  t u b u l a r   m e t a l l i c  

member   a  r e s i s t a n c e   h e a t e r   c h a r a c t e r i s e d   in  t h a t   i t  

c o n s i s t s   of  a  c o m p o s i t e   in  g e n e r a l l y   t u b u l a r   fo rm  a n d  

i n c l u d e s   as  w e l l   as  a  r e s i s t a n c e   h e a t i n g   e l e m e n t   at  l e a s t  

one  t h e r m o c o u p l e   f o r   m o n i t o r i n g   t e m p e r a t u r e ,   t h e  

c o m p o s i t e   b e i n g   i n s e r t e d   w i t h   the  t u b u l a r   m e m b e r .  

3.  A  r e s i s t a n c e   h e a t e r   a c c o r d i n g   to  c l a i m   2 ,  

c h a r a c t e r i s e d   in  t h a t   t he   t h i c k n e s s   of  t h a t   p a r t   of  t h e  

s a i d   c o m p o s i t e   w h i c h   c o m p r i s e s   the   r e s i s t a n c e   h e a t i n g  

e l e m e n t   is  v a r i e d   so  as  to  p r o v i d e   a  t e m p e r a t u r e   p r o f i l e  

o v e r   the   s a i d   l e n g t h   to  w h i c h   h e a t   t r e a t m e n t   is  to  b e  

a p p l i e d .  

4.  A  r e s i s t a n c e   h e a t e r   a c c o r d i n g   to  c l a i m   3 ,  

c h a r a c t e r i s e d   in  t h a t   the   c o m p o s i t e   i n c l u d e s   a  c e n t r a l  

c o n d u c t o r ,   an  e l e c t r i c a l l y   i n s u l a t i n g   s l e e v e   e n g a g e d  

t h e r e o v e r ,   a  r e s i s t a n c e   h e a t i n g   e l e m e n t   d i s p o s e d   o v e r  

s a i d   s l e e v e   and  w i t h   a  n o n - h e a t i n g   p a r t   at  one  end  r e g i o n  

c o v e r e d   by  an  o u t e r   c a s i n g ,   d i a m e t r i c a l l y - o p p o s e d  

b i m e t a l l i c   s t r i p s   s e c u r e d   to  s a i d   c a s i n g   and  e x t e n d i n g  



a l o n g   p a r t   of  t h e   l e n g t h   of  t he   h e a t i n g   p a r t   of  s a i d  

h e a t i n g   e l e m e n t ,   and  at  l e a s t   one  t h e r m o c o u p l e   h o t  

j u n c t i o n   in  t h e r m a l   c o n d u c t i v e   c o n t a c t   w i t h   s a i d  

b i m e t a l l i c   s t r i p s   and  l o c a t e d   in  a  r e c e s s   in  s a i d   s l e e v e ,  

s a i d   b i m e t a l l i c   s t r i p s   b e i n g   c a p a b l e   of  m o v i n g   o u t w a r d l y  

u n d e r   the   i n f l u e n c e   of  t e m p e r a t u r e   so  as  to  c o n t a c t   s a i d  

t u b u l a r   m e t a l l i c   member   b e i n g   h e a t   t r e a t e d   and  t h e r e b y  

m o n i t o r   t he   t e m p e r a t u r e   t h e r e o f ,   w h e r e b y   t he   amount   o f  

h e a t   g e n e r a t e d   b y . t h e   h e a t i n g   e l e m e n t   can  be  c o n t r o l l e d  

so  as  to  a p p l y   t h e   h e a t   t r e a t m e n t   to  s a i d   m e t a l l i c  

t u b u l a r   member  in  a  d e s i r e d   m a n n e r .  

5 .   A  r e s i s t a n c e   h e a t e r   a c c o r d i n g   to  c l a i m   4 ,  

c h a r a c t e r i s e d   in   t h a t   t he   r e s i s t a n c e   h e a t i n g   e l e m e n t   is   a  

m e t a l l i c   t u b e   w i t h   c o n s t a n t   b o r e   but   w i t h   t h i c k n e s s  

t a p e r i n g   l e n g t h w i s e   in  b o t h   d i r e c t i o n s   f rom  maximum  at  a n  

i n t e r m e d i a t e   r e g i o n   to  minimum  c o n s t i t u t i n g   the   h e a t i n g  

p a r t   of  s a i d   e l e m e n t  b e f o r e   r e v e r t i n g   s t e p w i s e   to  maximum 

at   one  end  r e g i o n   and  at  s a i d   n o n - h e a t i n g   p a r t   of  s a i d  

e l e m e n t ,   and  a  s p i r a l   g r o o v e   t h r o u g h   t h e   who le   t h i c k n e s s  

of  s a i d   t u b e ,   t h e   s p i r a l   g r o o v e   b e i n g   f i l l e d   w i t h  

m a t e r i a l   w h i c h   i s   of  h i g h   r e s i s t a n c e   and  p r o d u c e s   a  

h e a t i n g   e f f e c t   w h i c h   d e p e n d   on  the   a m o u n t   of  c u r r e n t  

a p p l i e d   a c r o s s   t he   t u b e   and  s a i d   c e n t r a l   c o n d u c t o r   o v e r  

w h i c h   s a i d   t u b e   i s   e n g a g e d .  
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