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@  Heat  treating  hardenable  carbon  steel  pipe. 

  An  annular  zone  of  a  carbon  steel  pipe  (10)  is  heated  to 
an  austenizing  temperature  by  an  induction  heater  (14)  as  the 
pipe  (10)  is  moved  through  the  heater  (14)  followed  by 
quenching  of  the  heated  zone  with  a  spray  (22)  of  an  even 
conical  sheet  of  quenching  fluid  travelling  at  a  preselected 
angle  to  the  surface  of  the  pipe  (10)  such  that  after  striking 
the  pipe  surface  the  fluid  remains  in  contact  therewith 
resulting  in  rapid  controlled  quenching  of  a  well  defined  area 
of  the  pipe  (10). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   a n d  

a p p a r a t u s   f o r   h a r d e n i n g   s t e e l   p i p e   by  h e a t i n g   and  t h e n  

q u e n c h i n g .  

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

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

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

1 0 0 0 ° C .   The  s t e e l   i s   t h e n   c o o l e d   s u f f i c i e n t l y   r a p i d l y  

f o r   t h e   a u s t e n i t e   p h a s e   t o   c o n v e r t   t o   m a r t e n s i t e   r a t h e r  

t h a n   to   f e r r i t e   and   c a r b i d e .   C o o l i n g   t i m e s   of  more   t h a n  

t h e   o r d e r   of  one  s e c o n d   can  r e s u l t   in  s i g n i f i c a n t   f o r -  

m a t i o n   of  t h e   s o f t e r   f e r r i t e - c a r b i d e   p h a s e .   A c h i e v i n g  

c o n t r o l l e d   q u e n c h i n g   w i t h i n   s u c h   a  t i m e   c o n s t r a i n t   f o r  

l a r g e   o b j e c t s   s u c h   as   l o n g   p i p e s   has   p r o v e n   t o   be  d i f -  

f i c u l t .   M e t h o d s   s u c h   as  i m m e r s i n g   t h e   h e a t e d   p i p e   i n t o   a  

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

t h e   u p p e r   a r e a s   of  t h e   p i p e   or   r a p i d   s t e a m   f o r m a t i o n   c o n -  

t a c t i n g   t h e   u p p e r   p o r t i o n s   of  t h e   p i p e   b o t h   of   w h i c h  

r e s u l t   in   l o c a l i z e d   f e r r i t e - c a r b i d e   f o r m a t i o n   and  . 

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

A n o t h e r   p r o b l e m   w i t h   c o n v e n t i o n a l   m e t h o d s   i s  

t h a t   t h e y   g e n e r a l l y   n e c e s s i t a t e   h e a t i n g   l o n g   s e c t i o n s   o f  

p i p e   and  t h u s   e n c o u n t e r   d i f f i c u l t i e s   in   t r a n s p o r t i n g   t h e  

p i p e ,   in  d e f o r m a t i o n   due   to   sag  in   t h e   h e a t e d   a r e a   a n d  

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

I t   i s   d e s i r a b l e   to   c o o l   t h e   h e a t e d   p i p e   c l o s e  

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



r a d i a t i o n ,   h e a t   c o n d u c t i o n   a l o n g   t h e   p i p e   and   l o c a l   h e a t  

t r a n s f e r   to   r o l l e r s   in   o t h e r   p a r t s   c o n t a c t i n g   t h e   p i p e   i n  

i t s   t r a v e l   f r o m   t h e   h e a t e r   to   t h e   q u e n c h i n g   s p r a y .   S u c h  

h e a t   l o s s   n o t   o n l y   r e p r e s e n t s   a  l o w e r   e f f i c i e n c y   o f  

o p e r a t i o n   b u t   e x p o s e s   t h e   p i p e   to   d e v e l o p m e n t   of  n o n u n i -  

f o r m i t y   of  h a r d n e s s   due   t o   t h e   a f o r e s a i d   l o c a l i z e d  

c o o l i n g .   C o o l i n g   t h e   p i p e   c l o s e   t o   t h e   h e a t e r   a l s o   r e d u -  

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

a s s o c i a t e d   w i t h   s a g .  

H o w e v e r ,   c o o l i n g   t h e   i n t e r i o r   s u r f a c e   of  l o n g  

s e c t i o n s   of  p i p e   s u f f i c i e n t l y   r a p i d l y   a n d   w i t h i n   a  w e l l  

d e f i n e d   a r e a   c l o s e   t o   t h e   a r e a   b e i n g   h e a t e d   p o s e s   m a n y  

p r o b l e m s .   One  m e t h o d   d i s c l o s e d   in   U . S .   P a t e n t  

No.  4 , 1 1 0 , 0 9 2   i s s u e d   t o   K u n i o k a   on  A u g u s t   24 ,   1978  a n d  

d i r e c t e d   o n l y   t o   c o o l i n g   p i p e   as  o p p o s e d   t o   q u e n c h i n g   i t  

u s e s   an  a n n u l a r   c o o l i n g   n o z z l e   h a v i n g   a  p l u r a l i t y   o f  

e q u i s p a c e d   n o z z l e   o p e n i n g s   whose   s p r a y   d i r e c t i o n   i s   a t   a  

d i p   a n g l e   of  b e t w e e n   30°  and   70°  and   a t   a  t r a n s v e r s a l  

a n g l e   of  b e t w e e n   30°  a n d   90°  w i t h   r e s p e c t   t o   t h e   r a d i a l  

d i r e c t i o n   of  t h e   n o z z l e .   The  m e t h o d   d i s c l o s e d   in   K u n i o k a  

a l t h o u g h   s u i t a b l e   f o r   c o o l i n g   p i p e   i s   not  s u i t a b l e   f o r  

q u e n c h   h a r d e n i n g - p i p e   as   t h e   h e l i c a l   f l o w   up  one   s i d e   o f  

t h e   p i p e   w o u l d   n o t   be   t h e   same  as  t h a t   down  t h e   o t h e r .  

In  a d d i t i o n ,   t h e   a r e a s   of  i n t e r s e c t i o n   of  w a t e r   on  t h e  

p i p e   s u r f a c e   f r o m   a d j a c e n t   n o z z l e   o p e n i n g s   w o u l d   c r e a t e  

t u r b u l e n c e .  

A c c o r d i n g   t o   t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  



p r o c e s s   f o r   h e a t   t r e a t i n g   h a r d e n a b l e   c a r b o n   s t e e l   p i p e  

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

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

s p e e d   in  a  d i r e c t i o n   a l o n g   t h e   p i p e   t o w a r d   an  e n d  

t h e r e o f .   The   h e a t e d   p i p e   i s   q u e n c h e d   p r o x i m a t e   t h e   a n n u -  

l a r   z o n e   w i t h   a  s p r a y   of  an  e v e n   c o n i c a l   s h e e t   of  c o o l i n g  

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

t h e   p i p e   s u c h   t h a t   a f t e r   s t r i k i n g   t h e   p i p e   s u r f a c e ,   f l u i d  

r e m a i n s   in   c o n t a c t   t h e r e w i t h .   By  s i m u l t a n e o u s l y  

q u e n c h i n g   t h e   h e a t e d   p i p e   n e a r   t h e   a n n u l a r   z o n e   of  p i p e  

h e a t e d   t h e   a m o u n t   of  h e a t e d   p i p e   i n t e r m e d i a t e   t h e   h e a t e r  

and  t h e   q u e n c h i n g   s p r a y   i s   m i n i m i z e d   and  any  s i g n i f i c a n t  

a m o u n t   of  s a g   of  t h e   p i p e   i s   a v o i d e d .   By  u t i l i z i n g   a n  

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

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

a c h i e v e d   a n d   any   t e n d e n c y   t o w a r d   t u r b u l e n c e ,   b a c k f l o w   o r  

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

T h u s ,   an  e x t r e m e l y   h a r d   u n i f o r m   m a r t e n s i t i c   s t r u c t u r e   o n  

t h e   s u r f a c e   q u e n c h e d   i s   p r o d u c e d .  

P r e f e r a b l y   t h e   p r e s e l e c t e d   a n g l e   i s   l e s s   t h a n  

40°  to   t h e   s u r f a c e   of  t h e   p i p e .  

By  m a i n t a i n i n g   t h e   p i p e   open  a t   b o t h   e n d s  a n d  

e n s u r i n g   t h a t   a l l   l i q u i d   in  the  quenching  spray  a f t e r  

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

in  t h e   d i r e c t i o n   of  m o v e m e n t   of  t h e   p i p e ,   a i r   i s   e d u c t e d  

by  t h e   s p r a y   and   c a u s e d   t o   f l o w   a l o n g   t h e   d i r e c t i o n   o f  

t h e   l o n g i t u d i n a l   c o m p o n e n t   of  t h e   s p r a y   v e l o c i t y .   S u c h  



an  a i r f l o w   a s s i s t s   in   t h e   p r e v e n t i o n   of  s p l a s h   or   s p r a y  

u p s t r e a m   and   t h e   p r e v e n t i o n   of  any  v a p o u r   b a r r i e r   f r o m  

b e i n g   e s t a b l i s h e d   a d j a c e n t   t h e   s u r f a c e   of  t h e   p i p e   w h i c h  

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

A d v a n t a g e o u s l y ,   t h e   c o o l i n g   f l u i d   i s   w a t e r   a n d  

t h e   t e m p e r a t u r e   of  t h e   w a t e r   in  t h e   s p r a y   i s   m a i n t a i n e d  

a t   a  l e v e l   l e s s   t h a n   8 0 ° C . .  

By  m o v i n g   an  end   of  t h e   p i p e   a d j a c e n t   to   w h i c h  

i n d u c t i o n   h e a t i n g   and   q u e n c h i n g   i s   c o m m e n c e d   in  a  c i r -  

c u l a r   a r c   of  a  s e l e c t e d   r a d i u s   away  f r o m   t h e   i n d u c t i o n  

h e a t i n g   z o n e   and  a s s o c i a t e d   q u e n c h i n g   a r e a ,   a  q u e n c h   h a r -  

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

a n n u l a r   z o n e   of  a  width  l y i n g  i n   the  range  of   2 . 5  t o   5  cm  ( 1  t o  2  

inches )   is   p r o d u c e d   by  u t i l i z i n g   a  n a r r o w   i n d u c t i o n   c o i l .  

In  a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n   t h e r e   i s  

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

s t e e l   w h i c h   i n c l u d e s   an  a n n u l a r   i n d u c t i o n   h e a t e r   f o r  

e n c l o s i n g   and   h e a t i n g   an  a n n u l a r   z o n e   of  t h e   p i p e   and   a  

q u e n c h   h e a d   f o r   e m i t t i n g   an  e v e n   s p r a y   of  a  c o n i c a l   s h e e t  

o f   c o o l i n g   f l u i d   o n t o   an  i n t e r i o r   s u r f a c e   of  t h e   p i p e .  

The  s p r a y   i m p a c t s   on  t h e   p i p e   n e a r   t h e   a n n u l a r   z o n e   a t   a n  

a n g l e   t o   t h e   s u r f a c e   of   t h e   p i p e   s u c h   t h a t   t h e   c o o l i n g  

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

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

b a r r i e r   on  t h e   p i p e   s u r f a c e   and   m a x i m i z i n g   t h e   c o o l i n g  

e f f e c t   of  t h e   c o o l i n g   f l u i d .   A l s o   i n c l u d e d   a r e   m e a n s   f o r  

s u p p o r t i n g   and  moving  the  pipe  th rough   t h e  



h e a t e r   and  o v e r   t h e   q u e n c h   h e a d .   P r e f e r a b l y   t h e   q u e n c h  

h e a d   has   an  a d j u s t a b l e   a n n u l a r   o r i f i c e   f o r   d i r e c t i n g  

c o o l i n g   f l u i d   o n t o   t h e   p i p e   s u r f a c e   a t   an  a n g l e   l e s s   t h a n  

4 0 ° .   By  p r o v i d i n g   an  a d j u s t a b l e   o r i f i c e ,   a d j u s t m e n t   o f  

t h e   a n g l e   of  i m p a c t   of  t h e   c o n i c a l   s h e e t   of  s p r a y   i s  

p o s s i b l e   in  o r d e r  t o   o p t i m i z e   t h e   f l o w   of  c o o l i n g   f l u i d  

a l o n g   t h e   p i p e   s u r f a c e   a f t e r   i m p a c t .  

A d v a n t a g e o u s l y ,   t h e   q u e n c h   h e a d   i n c l u d e s   a n  

a d j u s t a b l e   l a n c e   f o r   s u p p o r t   and  a d j u s t m e n t   of  t h e   p o s i -  

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

so  t h a t   t h e   s p r a y   i m p i n g e s   on  t h e   h e a t e d   p i p e   a d j a c e n t  

t h e   a n n u l a r   z o n e   of  p i p e   b e i n g   h e a t e d .   A  b e n d i n g   m a c h i n e  

may  a l s o   be  p r o v i d e d   f o r   b e n d i n g   an  end  of  t h e   p i p e   as  i t  

p a s s e s   o v e r   t h e   q u e n c h   h e a d   and  t h r o u g h   t h e   i n d u c t i o n  

h e a t e r .  

In  the  accompanying  d r a w i n g s :  

F i g u r e   1  i s   an  e l e v a t i o n   v i e w   of   t h e   a p p a r a t u s  

f o r   h e a t   t r e a t i n g   h a r d e n a b l e   c a r b o n   s t e e l ;  

F i g u r e   2  i s   a  s e c t i o n a l   v i e w   of  a  p o r t i o n   o f  

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

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

t r e a t m e n t ;  

F i g u r e   3  i s   a  p l a n   v i e w   of  a p p a r a t u s   f o r   i n d u c -  

t i o n   b e n d i n g   and  s i m u l t a n e o u s l y   h a r d e n i n g   t h e   b e n d   of  a  

p i p e   a c c o r d i n g   to   t h e   i n v e n t i o n ;   a n d  

F i g u r e   4  i s   a  s e c t i o n a l   v i e w   o f   a  p o r t i o n   o f  

t h e   a p p a r a t u s   of  F i g u r e   3  s h o w i n g   t h e   q u e n c h   h e a d ,   i n d u c -  



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

b e n d i n g .  

F i g u r e s   1  and  2  show  a p p a r a t u s   f o r   h e a t  

t r e a t i n g   a  s t r a i g h t   e l o n g a t e d   p i p e   10  s u p p o r t e d   on  a  

p l u r a l i t y   of  r o l l e r s   12  in  a  p o s i t i o n   in   w h i c h   i t   i s  

e n c l o s e d   by  an  i n d u c t i o n   h e a t e r   14  and   p a s s e s   o v e r   a  

q u e n c h   h e a d   16  a x i a l l y   a l i g n e d   w i t h   t h e   p i p e   a x i s .   T h e  

q u e n c h   h e a d   16  i s   s u p p o r t e d   by  an  e l o n g a t e d   l a n c e   1 8  

w h i c h   a l s o   p r o v i d e s   c o o l e d   w a t e r   t o   t h e   q u e n c h   h e a d   6 0 .  

The  l a n c e   18  i s   s u p p o r t e d   a t   one   end   by  an  a d j u s t a b l e  

l a n c e   s u p p o r t   t o w e r   m e c h a n i s m   20  w h i c h   p o s i t i o n s   t h e  

q u e n c h   h e a d   a t   a  s e l e c t e d   p o s i t i o n   a l o n g   t h e   l o n g i t u d i n a l  

a x i s   of  t h e   p i p e .  

F i g u r e   2  i l l u s t r a t e s   t h e   r e l a t i o n s h i p   b e t w e e n  

t h e   q u e n c h   h e a d   16,   t h e   p i p e   10  a n d   t h e   i n d u c t i o n   h e a t e r  

14 .   The  q u e n c h   h e a d   c o n s i s t s   of   a  f r o n t   cup   s h a p e d   p l a t e  

26  s u p p o r t e d   f r o m   an  e x t e n s i o n   28  of   t h e   l a n c e   18  and   a n  

o p p o s e d   b a c k   p l a t e   24  a l s o   s u p p o r t e d   by  t h e   l a n c e   1 8 .  

The  p e r i p h e r i e s   25  and   27  of   t h e   b a c k   p l a t e   24  and   t h e  

f r o n t   p l a t e   26 ,   r e s p e c t i v e l y ,   d e f i n e   an  a n n u l a r   o r i f i c e  

w h i c h   d i r e c t s   w a t e r   u n d e r   p r e s s u r e   w i t h i n   a  c h a m b e r   32  i n  

an  even  c o n i c a l   s h e e t   spray  22  toward  the   i n t e r i o r   s u r f a c e   o f  

t h e   p i p e   10  a t   an  a n g l e   t h e r e t o   of   l e s s   t h a n   4 0 ° .   W a t e r  

r e a c h e s   c h a m b e r   32  by  a  p l u r a l i t y   of   a p e r t u r e s   30  in   p i p e  

e x t e n s i o n   28.   A d j u s t m e n t   of   t h e   a n g l e   of  s p r a y   i s  

a c h i e v e d   by  a d j u s t i n g   t h e   s i z e   of   t h e   a n n u l a r   o r i f i c e .  

The  p r o c e s s   of  h a r d e n i n g   p i p e   i n v o l v e s   d e l i -  



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

12  a t   one  end  of  t h e   f e e d i n g   and  q u e n c h i n g   a p p a r a t u s .  

The  p i p e   i s   t h e n   a d v a n c e d   l o n g i t u d i n a l l y   i n t o   t h e   i n d u c -  

t i o n   h e a t e r   14  w h i c h   h e a t s   a  s m a l l   a n n u l a r   zone   of  t h e  

p i p e   as  i t   i s   moved   t h r o u g h   t h e   h e a t e r   14  and   o v e r   t h e  

q u e n c h   h e a d   16.   F o r   a  g i v e n   s i z e   of  p i p e   d i a m e t e r   a n  

i n i t i a l   a d j u s t m e n t   i s   made  of  t h e   q u e n c h   h e a d   a n n u l a r  

o r i f i c e   by  m o v i n g   t h e   p i p e   o v e r   t h e   q u e n c h   h e a d   a n d  

a d j u s t i n g   t h e   o r i f i c e   so  t h a t   t h e   a n g l e   of  s p r a y   r e s u l t s  

in  t h e   w a t e r   in  t h e   s p r a y   m a i n t a i n i n g   c o n t a c t   w i t h   t h e  

i n t e r i o r   s u r f a c e   of  t h e   p i p e   a f t e r   i m p a c t .   The  p o s i t i o n  

of  t h e   q u e n c h   h e a d   16  i s   a l s o   a d j u s t e d   f o r   a  g i v e n  

d i a m e t e r   of  p i p e   10  so  t h a t   i t   i m p a c t s   on  t h e   i n t e r i o r   o f  

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

h e a t e r   14.   A f t e r   t h e   p i p e   has   b e e n   moved   t h r o u g h   t h e  

i n d u c t i o n   h e a t e r   and   q u e n c h e d   i t   i s   p o s i t i o n e d   o v e r  

l a n c e   18  and   m u s t   t h e r e f o r e   be  r e v e r s e d   b a c k   to   i t s   i n i -  

t i a l   p o s i t i o n ,   t a k e n   o f f   t h e   r o l l e r s   12 ,   a  new  s e c t i o n   o f  

p i p e   d e l i v e r e d   t o   t h e   r o l l e r s   12 ,   and   t h e   p r o c e s s  

r e p e a t e d .  

The  w i d t h   of  t h e   z o n e   h e a t e d   i s   in   t h e   r a n g e   o f  

15  to  20  cm  (6  to  8  i nches )   which  is  l e s s   than  the  width  of  t h e  

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

Shown  in  F i g u r e s   3  and   4  i s   an  a p p a r a t u s   f o r  

p r o d u c i n g   a  q u e n c h   h a r d e n e d   b e n d   in   a  s e c t i o n   of  p i p e .  

The  a p p a r a t u s   c o n s i s t s   of  t h e   q u e n c h   h e a d   34  s u p p o r t e d   o n  

a  l a n c e   36  in   a  m a n n e r   s i m i l a r . t o   t h e   a p p a r a t u s  



i l l u s t r a t e d   in   F i g u r e s   1  and   2.  H o w e v e r ,   in   F i g u r e   3  t h e  

q u e n c h   h e a d   34  i s   r e v e r s e d   f r o m   i t s   p o s i t i o n   as   shown  i n  

F i g u r e s   1  and  2.  In  a d d i t i o n ,   t h e   i n d u c t i o n   h e a t i n g   c o i l  

38  i s   n a r r o w e r   l y ing   in  the  range  of  2.5 to  5  cm  (1  to  2  i nches ) .   An 

a d j u s t a b l e   r o t a t a b l e   b e n d i n g   arm  32  c l a m p s   an  end   of  t h e  

p i p e   and   i s   m o v a b l e   f r o m   a  p o s i t i o n   a d j a c e n t   t h e   i n d u c -  

t i o n   h e a t e r   38  in  a  c i r c u l a r   p a t h   away  f r o m   t h e   l a t t e r .  

A  ram  31  c o m p r e s s e s   t h e   p i p e   a g a i n s t   t h e   b e n d i n g   arm  3 2 .  

I l l u s t r a t e d   in   F i g u r e   4  i s   t h e   q u e n c h   h e a d   34  a n d   a s s o -  

c i t e d   l a n c e   36  in  c o m b i n a t i o n   w i t h   t h e   i n d u c t o r   c o i l   38  

a n d   a  s e c t i o n   of  p i p e   30 .   The  q u e n c h   h e a d   i s   i d e n t i c a l  

t o   t h a t   shown  in  F i g u r e s   1  a n d   2  e x c e p t   t h a t   t h e   a n n u l a r  

o r i f i c e   i s   d i r e c t e d   f o r w a r d l y   of  t h e   l a n c e   36  t h r o u g h   t h e  

i n d u c t i o n   c o i l   38  and   o n t o   t h e   p i p e   s u r f a c e   a  s h o r t  

d i s t a n c e   b e y o n d   t h e   i n d u c t i o n   c o i l   3 8 .  

The  p r o c e s s   of  p r o d u c i n g   a  q u e n c h   h a r d e n e d   b e n d  

a c c o r d i n g   t o   t h e   a p p a r a t u s   shown  in   F i g u r e s   3  and   4  i s  

i n i t i a t e d   by  p o s i t i o n i n g   t h e   p i p e   30  so  t h a t   i t   p r o j e c t s  

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

c l a m p e d   by  t h e   b e n d i n g   a rm   32 .   The  p i p e   i s   m o v e d   f o r w a r d  

a g a i n s t   t h e   f o r c e   of  t h e   b e n d i n g   a rm  32  by  ram  31.   T h e  

b e n d i n g   a rm  32  r o t a t e s   and   t h e   i n d u c t i o n   h e a t e r   h e a t s   a  

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

f l e x i b i l i t y   f o r   t h e   p i p e   t o   be  b e n t .   A  s m a l l   h e a t e d   z o n e  

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

a c c u r a t e ,   w e l l - d e f i n e d   b e n d .   The  s p r a y   40  i s   a d j u s t e d   i n  

a n g l e   of  d i r e c t i o n   in   a  way  s i m i l a r   t o   t h a t   s h o w n  i n  



F i g u r e s   1  a n d   2  in  o r d e r   t h a t   t h e   w a t e r   a f t e r   i m p a c t   o n  

t h e   p i p e   s u r f a c e   f l o w s   e v e n l y   a l o n g   t h e   s u r f a c e   to   m a x i -  

m i z e   c o o l i n g   and   m i n i m i z e   any  t e n d e n c y   t o w a r d   s p l a s h   b a c k  

in  t h e   u p s t r e a m   d i r e c t i o n .   In  a  way  s i m i l a r   t o   t h e   p r o -  

c e s s   f o r  h a r d e n i n g   s t r a i g h t   s e c t i o n s   of  p i p e ,   a i r   i s  

e d u c t e d   f r o m   t h e   u p s t r e a m   end  of  t h e   p i p e   by  t h e   s p r a y  

c a u s i n g   an  a i r f l o w   in   a  d i r e c t i o n   of  t h e   l o n g i t u d i n a l  

c o m p o n e n t   of  v e l o c i t y   of  t h e   s p r a y .   The  l a t t e r   a i r f l o w  

a s s i s t s   in   p r e v e n t i n g   b a c k   f l o w   or  t h e   d e v e l o p m e n t   of  a  

v a p o u r   b a r r i e r   a l o n g   t h e   p i p e   s u r f a c e .  

A l t h o u g h   w a t e r   has   b e e n   m e n t i o n e d   as   t h e  

c o o l i n g   f l u i d ,   o t h e r   f l u i d s   s u c h   as   a i r   or   a  m i x t u r e   o f  

w a t e r   and  a i r   w o u l d   be  s u i t a b l e .  

By  q u e n c h i n g   o n l y   t h e   i n t e r i o r   s u r f a c e   of  t h e  

p i p e   t h e   i n t e r i o r   s u r f a c e   i s   h a r d e n e d   w h i l e   t h e   e x t e r i o r  

s u r f a c e   i s   t o u g h   a n d   d u c t i l e .  

A l t e r n a t i v e l y ,   b o t h   t h e   i n t e r i o r   and   e x t e r i o r  

s u r f a c e s   of  t h e   p i p e   c o u l d   be  q u e n c h e d   a n d   t h e   e x t e r i o r  

s u r f a c e   s u b s e q u e n t l y   t e m p e r e d   a t   t e m p e r a t u r e s   up  t o  

a p p r o x i m a t e l y   7 0 0 ° C .  

A  s i n g l e   machine,   which  p r o v i d e s   an  a l t e r n a t i v e  

reduced  c a p i t a l   equipment   op t i on ,   may  comprise   one  se t   o f  

mechanical   pipe  h a n d l i n g   equipment ,   rams,  and  d r ive   c o n t r o l   s y s t e m s ,  

one  lance  for  i n t e r n a l   quenching ,   v a r i o u s   quench  h e a d s  

;as  r e q u i r e d ,   two  a l t e r n a t i v e   i n d u c t i o n   h e a t i n g   r i ng   s y s t e m s  

(one  for  bending  the  o the r   for  s t r a i g h t   pipe  h a r d e n i n g  

s ince   the  l a t t e r   can  be  p r o c e s s e d   f a s t e r ) ,   and  one  



e l e c t r i c a l / w a t e r   and  o the r   s e r v i c e   supply  system.  This  s i n g l e  

combined  machine  can  manu fac tu r e   hardened  s t r a i g h t   pipe  a n d  

hardened  bends  by  having  the  body  of  the  b e n d i n g  

machine  t r a c k e d   out  of  l i n e   and  beyond  the  bending  arm  a n d  

in to   l i n e   with  the  l a r g e r   i n d u c t i o n   c o i l ,   t h a t   is  the  c o i l  

used  for  s t r a i g h t   p ipe .   There  are  speed  c o n t r o l s ,   e n a b l i n g  

s t r a i g h t   ha rdened   pipe  to  be  manu fac tu r ed   many  t imes   f a s t e r  

than  the  bends .   The  machine  is  thus   a  combina t ion   of  t h e  

embodiments  of  F igu re s   1  and  3.  The  d i r e c t i o n   of  s t r a i g h t  

ha rden ing   over  the  quench  lance   may  be  r e v e r s e d ,   i . e .   t h e  

pipe  t r a v e l s   of f   the  lance   r a t h e r   than  on  to  i t   as  i t   is   be ing   h a r d e n e d .  

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

' p i p e   w h i l e   h e a t i n g   and   q u e n c h i n g   a r e   t a k i n g   p l a c e ;   m e a n s  

t o   a l l o w   r o t a t i o n   of   t h e   q u e n c h   h e a d   w h i l e   h e a t i n g   a n d  

q u e n c h i n g   s t r a i g h t   o r ,   e s p e c i a l l y ,   b e n t   p i p e   and   m e a n s   t o  

r o t a t e   t h e   p i p e   a n d   t h e   q u e n c h   h e a d   in   o p p o s i t e   d i r e c -  

t i o n s   d u r i n g   h e a t i n g   a n d   q u e n c h i n g .  

R e l a t i v e   r o t a t i o n   between  the  pipe  and  the  quench  h e a d  

p rov ides   a  margin  of  s a f e t y   for   e n s u r i n g   t h a t   the  pipe  is  q u e n c h e d  

un i fo rmly .   This  is  c r i t i c a l   i f   i r r e g u l a r   bending  of  the  pipe  is   t o  

be  a v o i d e d .  

T y p i c a l l y ,   in  s t r a i g h t   ha rden ing ,   the  h e a t e r   draws  1000W 

and  quenching   i s   e f f e c t e d   by  a  flow  of  37.9  l i t r e s   per  second  (500  

g a l l o n s   per  minu te )   of  c o o l i n g   w a t e r .  



1.  A  p roces s   for  heat   t r e a t i n g   h a r d e n a b l e   carbon  s t e e l   pipe  (10  

or  30)  to  p rov ide   d i f f e r e n t i a l   h a r d e n i n g   of  the  pipe  (10  or  30),  t h e  

ha rdness   d e c r e a s i n g   r a d i a l l y   ou tward ly   and  the  d u c t i l i t y   i n c r e a s i n g  

r a d i a l l y   ou tward ly ,   c h a r a c t e r i s e d   b y :  

(a)  h e a t i n g   an  annula r   zone  of  s a id   pipe  (10  or  30)  to  an  

a u s t e n i z i n g   t e m p e r a t u r e   which  zone  moves  at  a  p r e s e l e c t e d   speed  i n  

the  d i r e c t i o n   along  sa id   pipe  (10  or  30)  toward  an  end  t h e r e o f ;   and  

(b)  s i m u l t a n e o u s l y   quenching   sa id   hea ted   pipe  (10  or  30)  

p rox imate   sa id   annula r   zone  t h e r e o f   with  a  spray  (22  or  40)  of  an  

even  c o n i c a l   shee t   of  coo l ing   f l u i d   t r a v e l l i n g   at  a  p r e - s e l e c t e d  

angle  to  a  s u r f a c e   of  the  pipe  (10  or  30)  such  t h a t   a f t e r   s t r i k i n g  

the  pipe  s u r f a c e   f l u i d   remains  in  c o n t a c t   t h e r e w i t h .  

2.  A  p r o c e s s ,   as  de f ined   by  Claim  1,  wherein  sa id   p r e s e l e c t e d  

angle  is  l e s s   than  40°  to  the  s u r f a c e   of  s a id   pipe  (10  or  3 0 ) .  

3.  A  p r o c e s s ,   as  def ined   by  Claim  2,  wherein  sa id   c o n i c a l  

c o o l i n g   f l u i d   spray  (22  or  40)  impac t s   on  sa id   pipe  (10  or  30)  

s u f f i c i e n t l y   c lose  to  sa id   zone  such  t h a t   the   pipe  (10  or  30)  . 
i m n e d i a t e l y   p r i o r   to  being  sprayed  is   in  an  a u s t e n i t i c   p h a s e .  

4.  A  p r o c e s s ,   as  de f ined   by  Claim  3,  wherein  sa id   pipe  (10  o r  

30)  is   open  at  both  ends  to  permi t   a i r   to  be  educted   by  the  c o o l i n g  

f l u i d   spray  (22  or  40)  and  to  cause  an  a i r f l o w  a l o n g   the  d i r e c t i o n   o f  

the  l o n g i t u d i n a l   component  of  spray  v e l o c i t y .  

5.  A  p r o c e s s ,   as  de f ined   by  any  p r e c e d i n g   c laim,   wherein  o n l y  

the  i n t e r i o r   s u r f a c e   of  the  pipe  (10  or  30)  is  quenched .  

6.  A  p r o c e s s ,   as  de f ined   by  Claim  5,  wherein  the  i n t e r i o r  

s u r f a c e   of  pipe  (10  or  30)  is  quenched  and  the  depth  of  r e s u l t i n g  

ha rden ing   c o n t r o l l e d .  



7.  A  p r o c e s s ,   as  de f i ned   by  any one  of  Claims  1  to  4,  w h e r e i n  

both  the  i n t e r i o r   and  e x t e r i o r   s u r f a c e s   of  the  pipe  (10  or  30)  a r e  

hea ted   and  quenched  to  form  m a r t e n s i t e   a f t e r   which  the  e x t e r i o r  

s u r f a c e   only  is  t empered   by  h e a t i n g .  

8.  A  p r o c e s s ,   as  de f i ned   by  any one  of  Claims  1  to  7,  w h e r e i n  

both  ends  of  the  pipe  (10)  remain  in  c o a x i a l   a l i gnmen t   and  the  w i d t h  

of  the  annu la r   zone  h e a t e d   is  in  the  range  15  to  20  cm  (6  to  8 

i n c h e s ) .  

9.  A  p r o c e s s ,   as  de f i ned   by  any  p r e c e d i n g   c la im,   wherein  b o t h  

ends  of  the  pipe  (10)  remain  in  coax i a l   a l i gnmen t   and  t h e r e   i s  

r e l a t i v e   r o t a t i o n   between  the  pipe  (10)  and  the  sp ray   ( 2 2 ) .  

10.  A  p r o c e s s ,   as  d e f i n e d   by  any  of  Claim  1  to  7,  i n c l u d i n g  

moving  an  end  of  s a id   p ipe   (30)  a d j a c e n t   to  which  i n d u c t i o n   h e a t i n g  

and  s i m u l t a n e o u s   quench ing   is  commenced  in  a  c i r c u l a r   arc  of  a  

s e l e c t e d   r a d i u s   away  from  an  i n d u c t i o n   h e a t i n g   zone  and  an  a s s o c i a t e d  

quenching   area  by  a  ram  (31)  which  compresses   the  pipe  (30)  a g a i n s t   a  

bending  arm  (32)  whereby  a  quench  hardened   bend  i s   p r o d u c e d .  

11.  A  p r o c e s s ,   as  d e f i n e d   by  Claim  10,  where in   the  width  of  t h e  .  

annu l a r   zone  hea t ed   is   in  the  range  of  2.5  to  5  cm  (1  to  2  i n c h e s ) .  

12.  Appara tus   fo r   h e a t i n g   t r e a t i n g   h a r d e n a b l e   carbon  s t e e l   p i p e  
(10  or  30)  to  p r o v i d e   d i f f e r e n t i a l   h a r d e n i n g   of  the   pipe  (10  or  3 0 ) ,  

the  ha rdnes s   d e c r e a s i n g   r a d i a l l y   ou tward ly   and  the  d u c t i l i t y  

i n c r e a s i n g   r a d i a l l y   ou tward ly ,   c h a r a c t e r i s e d   b y :  

(a)  an  a n n u l a r   i n d u c t i o n   h e a t e r   (14  or  38)  for   e n c l o s i n g   and  

h e a t i n g   an  annu la r   zone  of  sa id   pipe  (10  or  3 0 ) ;  

(b)  a  quench  head  (16  or  34)  for   s i m u l t a n e o u s l y   e m i t t i n g   a n  

even  spray  (22  or  40)  of  a  c o n i c a l   shee t   of  c o o l i n g   f l u i d   onto  an  
i n t e r i o r   s u r f a c e   of  sa id   p ipe   (10  or  30)  p rox ima te   sa id   annu la r   z o n e  



at  an  angle  to  the  s u r f a c e   of  the  pipe  (10  or  30)  such  t h a t   t h e  

c o o l i n g   f l u i d   remains  in  c o n t a c t   with  sa id   i n t e r i o r   s u r f a c e   a f t e r  

impact   t he r eby   min imiz ing   the  e s t a b l i s h m e n t   of  a  vapour  b a r r i e r   on 

sa id   i n t e r i o r   s u r f a c e ;   a n d  

(c)  means  (12  or  31)  for   s u p p o r t i n g   and  moving  said  pipe  (10  

or  30)  th rough   said  i n d u c t i o n   h e a t e r   (14  or  38)  and  over  said  quench  

head  (16  or  3 4 ) .  

13.  Appara tus ,   as  d e f i n e d   by  Claim  12,  where in   sa id   quench  h e a d  

(16  or  34)  has  an  a d j u s t a b l e   annu la r   o r i f i c e   for   d i r e c t i n g   f l u i d   o n t o  

the  pipe  s u r f a c e   at  ang le s   l e s s   than  40°  t h e r e t o .  

14.  Appara tus ,   as  d e f i n e d   by  Claim  13,  where in   sa id   quench  h e a d  

(16  or  34)  is  adapted   to  emit  w a t e r .  

15.  Appara tus ,   as  d e f i n e d   by  Claim  14,  where in   sa id   quench  head  

(16  or  34)  i n c l u d e s   an  a d j u s t a b l e   lance   (18  or  36)  for   s u p p o r t i n g  

sa id   quench  head  (16  or  34)  and  a d j u s t i n g   i t s   p o s i t i o n   r e l a t i v e   t o  

sa id   i n d u c t i o n   h e a t e r   (14  or  38)  so  t h a t   the  sp ray   (22)  impinges  on 

the   hea ted   pipe  (10  or  30)  a d j a c e n t   the  annu l a r   zone  of  pipe  (10  o r  

30)  be ing   h e a t e d .  

16.  Appara tus ,   a c c o r d i n g   to  any one  of  Claim  12  to  15,  for  h e a t  

t r e a t i n g   pipe  (10)  where in   both  ends  of  the  p ipe   (10)  remain  in  c o -  

a x i a l   a l i g n m e n t ,   in  which  means  are  p rov ided   for   e f f e c t i n g   r e l a t i v e  

r o t a t i o n   between  the  p ipe   (10)  and  the  quench  head  ( 1 6 ) .  

17.  Appara tus ,   as  d e f i n e d   by  any one  of  Claim  12  to  15,  f u r t h e r  

i n c l u d i n g   a  bending  machine  (32)  for  bending   an  end  of  said  pipe  (30)  

as  s a id   pipe  (30)  passes   over  sa id   quench  head  (34)  and  through  s a i d  

i n d u c t i o n   h e a t e r   (38)  for   s i m u l t a n e o u s l y   h e a t i n g   a  zone  of  said  p i p e  

p rox ima te   sa id   i n d u c t i o n   h e a t e r   (38)  and  quenching   the  i n t e r i o r  

s u r f a c e   of  sa id   pipe  (30)  to  form  a  m a r t e n s i t i c   p h a s e .  



18.  Appara tus   for   hea t   t r e a t i n g   h a r d e n a b l e   carbon  s t e e l   pipe  (10  

or  30)  to  p rov ide   d i f f e r e n t i a l   h a r d e n i n g   of  the   pipe  (10  or  30),  t h e  

ha rdnes s   d e c r e a s i n g   r a d i a l l y   ou tward ly   and  the  d u c t i l i t y   i n c r e a s i n g  

r a d i a l l y   ou tward ly ,   c h a r a c t e r i s e d   b y :  

(a)  f i r s t   and  second  annu la r   i n d u c t i o n   h e a t e r s   (14  and  38)  

r e s p e c t i v e l y   p rov ided   for   e n c l o s i n g   and  h e a t i n g   annu l a r   zones  o f  

f i r s t   and  second  p ipes   (10  and  3 0 ) ;  

(b)  a  quench  head  for   s i m u l t a n e o u s l y   e m i t t i n g   an  even  s p r a y  

(22  or  40)  of  a  c o n i c a l   shee t   of  c o o l i n g   f l u i d   onto  i n t e r i o r   s u r f a c e s  

of  sa id   p ipes   (10  or  30)  p rox imate   sa id   a n n u l a r   zones  at  an  angle   t o  

the   s u r f a c e s   of  the  p ipes   such  t h a t   the   c o o l i n g   f l u i d   remains  i n  

c o n t a c t   with  sa id   i n t e r i o r   s u r f a c e s   a f t e r   impact   t he r eby   m i n i m i s i n g  

the  e s t a b l i s h m e n t   of  a  vapour  b a r r i e r   on  sa id   i n t e r i o r   s u r f a c e s ;  

(c)  l a t e r a l l y   movable  means  (12  and  31)  for   s u p p o r t i n g   a n d  

moving  the  f i r s t   and  second  p ipes   (10  and  30)  r e s p e c t i v e l y   t h r o u g h  

sa id   f i r s t   and  second  annu la r   i n d u c t i o n   h e a t e r s   (14  and  38)  and  o v e r  

sa id   quench  head;  and  

(d)  a  bending   machine  (32)  for   bend ing   an  end  of  a  s e c o n d  

pipe   (30)  as  sa id   second  pipe  (30)  p a s s e s   over  s a id   quench  head  a n d  

th rough   the  second  i n d u c t i o n   h e a t e r   (38)  for   s i m u l t a n e o u s l y   h e a t i n g   a  

zone  of  said  second  p ipe   (30)  p rox imate   sa id   i n d u c t i o n   h e a t e r   ( 38 )  

and  quenching  the  i n t e r i o r   s u r f a c e   of  s a i d   second  pipe  (30)  to  form  a  
m a r t e n s i t i c   p h a s e .  
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