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@  Apparatus  for  and  method  of  heating  and  cooling  metal  products. 

An  installation  (10,  11)  for  heating  and  cooling  hot- 
rolled  products  comprising  a  pit  (10)  into  which  the  pro- 
ducts  are  put  immediately  upon  leaving  the  rolling  mill,  a 
duct  (11)  connecting  a  gas  inlet  (15)  to  the  pit  (10)  and 
a  gas  outlet  (16)  from  the  pit  (10)  and  means  (22)  to  cir- 
culate  gas  through  the  pit  (10)  and  the  duct  (11)  during 
cooling  and  heating  of  the  products  in  the  pit  (10);  means 
is  provided  for  heating  either  the  products  directly  or  the 
gas. 



This   i n v e n t i o n   r e l a t e s   to  me thods   of  and  a p p a r a t u s   f o r  

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

and  r o u n d s .   The  p u r p o s e   of  such  h e a t i n g   and  c o o l i n g   is  t o  

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

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

l e n g t h s   or  m a c h i n i n g   i t   or  b o t h .  

In  c o n v e n t i o n a l   p r a c t i c e   s t e e l   s e m i - f i n i s h e d   p r o d u c t s  
such  as  b i l l e t s   i m m e d i a t e l y   a f t e r   hot   r o l l i n g   are   slow  c o o l e d  

in  a  r e f r a c t o r y   l i n e d   p i t   which  is  c l o s e d   by  a  l i d   or  l i d s .  
The  p u r p o s e   of  such  slow  c o o l i n g   is  to  p r e v e n t   c r a c k i n g   a n d  

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

d i v i s i o n .   A l loy   s t e e l s   in  p a r t i c u l a r   need  to  be  t r e a t e d   i n  
t h i s   w a y .  

For  many  s t e e l s   m e r e l y   slow  c o o l i n g   is  not   s u f f i c i e n t   t o  

p r o d u c e   an  o v e r a l l   s o f t   s t r u c t u r e   in  the  p r o d u c t   and  i n  
c o n v e n t i o n a l   p r a c t i c e   f u r t h e r   p r o c e s s i n g   in  a  s e p a r a t e  
a n n e a l i n g   f u r n a c e   is  n e c e s s a r y   a f t e r   p r i o r   c o o l i n g   on  c o o l i n g  
beds  or  in  slow  c o o l i n g   p i t s .   C o n v e n t i o n a l   a n n e a l i n g   i s  

t h e r e f o r e   both   slow  and  w a s t e f u l   of  h e a t   s i n c e   the  p r o d u c t  
has  to  cool   f i r s t   b e f o r e   i t   can  be  h a n d l e d   and  t r a n s f e r r e d   t o  
the  a n n e a l i n g   f u r n a c e .   The  h e a t   g iven   out  by  the  hot  p r o d u c t  
is  w a s t e d   s i n c e   i t   w i l l   be  a p p r e c i a t e d   t h a t   the  p r o d u c t s   come 
off   the  r o l l i n g   m i l l   h o t .  

A c c o r d i n g   to  one  a s p e c t   of  the  i n v e n t i o n   we  p r o v i d e   a n  
i n s t a l l a t i o n   for   the  h e a t   t r e a t m e n t   of  me t a l   p r o d u c t s   com-  

p r i s i n g   an  e l o n g a t e d   p i t   to  r e c e i v e   the  p r o d u c t s ,   a  r e m o v a b l e  
l i d   for   the  p i t ,   a  gas  i n l e t   at  one  end  of  the  p i t ,   a  g a s  
o u t l e t   at  the  o t h e r   end  of  the  p i t ,   a  duc t   c o n n e c t i n g   t h e  
i n l e t   and  the  o u t l e t   and  a  means  to  c i r c u l a t e   gas  t h r o u g h   t h e  

c i r c u i t   c o m p r i s i n g   a  p i t   and  d u c t ,   and  means  to  h e a t   t h e  

p r o d u c t s   in  the  p i t .  



In  such  an  i n s t a l l a t i o n ,   hot   p r o d u c t s   w i l l   n o r m a l l y   b e  

l a i d   i n t o   the  p i t   and  the  l i d   p l a c e d   in  p o s i t i o n .   The  

t e m p e r a t u r e   of  the  p r o d u c t s   cou ld   be  e q u a l i s e d   above  t h e  

t e m p e r a t u r e   of  the  c r i t i c a l   r ange   by  c i r c u l a t i o n   of  h e a t e d  

g a s e s   and  t h e r e a f t e r   c o o l i n g   at  a  c o n t r o l l e d   r a t e   cou ld   t a k e  

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

h a r d n e s s .  

A l t e r n a t i v e l y   co ld   p r o d u c t s   cou ld   be  l a i d   in  the  p i t ,  
h e a t e d   to  a  d e s i r e d   t e m p e r a t u r e   by  the  h e a t i n g   m e a n s  a n d   t h e n  

s u b j e c t e d   to  a  d e s i r e d   r a t e   of  c o n t r o l l e d   c o o l i n g .  

The  means  fo r   h e a t i n g   the  p r o d u c t s   cou ld   be  a  b u r n e r  

a s s o c i a t e d   w i th   the  i n l e t   to  h e a t   the   gas  e n t e r i n g   the  p i t   o r  
cou ld   be  r e s i s t a n c e   or  i n d u c t i o n   h e a t i n g   means  a s s o c i a t e d  

w i t h   the   p i t   to  h e a t   the   p r o d u c t s   d i r e c t l y .  

P r e f e r a b l y ,   the  means  to  c i r c u l a t e   the  gas  t h r o u g h   t h e  

p i t   and  the  duc t   is  a  fan  which  is  p r e f e r a b l y   l o c a t e d   at  t h e  

o u t p u t   end  of  the  p i t .  

There   may  be  v a l v e   means  a s s o c i a t e d   wi th   the  o u t l e t   f r o m  
the   p i t   and  s e l e c t i v e l y   o p e r a b l e   to  d i r e c t   g a s e s   l e a v i n g   t h e  

p i t   to  the  duc t   or  to  the  e x h a u s t .   There   may  be  m e a n s  
a d j a c e n t   the  i n l e t   o p e r a b l e   to  i n t r o d u c e   coo l   gas ,   e . g .   a i r ,  
i n t o   the  p i t .   Thus  i f   r a p i d   c o o l i n g   is  r e q u i r e d ,   coo l   a i r  

may  be  i n t r o d u c e d   i n t o   the  p i t   at  the  i n l e t   and  the  v a l v e  

means  can  be  o p e r a t e d   to  d i s c h a r g e   the  coo l   a i r   t h r o u g h   t h e  

e x h a u s t   at  the  o u t l e t   end  of  the  p i t   t hus   a v o i d i n g   c o o l i n g   o f  

the   c i r c u l a t i n g   d u c t .   There   may  be  f l e x i b l e   d e f l e c t o r s  

a t t a c h e d   to  the  l i d   so  as  to  e x t e n d   downward ly   from  the  l i d  

to  engage   the  upper   s u r f a c e s   of  the  p r o d u c t s   in  the  p i t   so  a s  
to  p r o v i d e   o b s t r u c t i o n   to  the  f r e e   f low  of  gas  b e t w e e n   t h e  

i n l e t   and  the  o u t l e t .   The  gas  is  t hus   f o r c e d   to  f low  over   a n d  

b e t w e e n   the  p r o d u c t s   r a t h e r   than   t a k i n g   the  pa th   of  l e a s t  

r e s i s t a n c e   be tween   the  i n l e t   and  the  o u t l e t   which  would  b e  

over   the  p r o d u c t s   i f   the  d e f l e c t o r s   were  not  p r o v i d e d .   A 



h e a t   t r a n s f e r   is  thus   p r o m o t e d   be tween   the  gas  and  t h e  

p r o d u c t s .  

The  d e f l e c t o r s   may  be  c h a i n s   or  mesh  c a r r y i n g   r e f r a c t o r y  

m a t e r i a l s   such  as ,   for   e x a m p l e ,   a s b e s t o s   w o o l .  

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

m i l l   for   m e t a l   p r o d u c t s ,   an  e l o n g a t e   p i t   a d j a c e n t   the  e x i t  

from  the  r o l l i n g   m i l l ,   means  to  t r a n s f e r   p r o d u c t s   d i r e c t l y  

from  the  r o l l i n g   m i l l   e x i t   to  the  p i t ,   a  r e m o v a b l e   l i d   f o r  

the  p i t   and  means  a s s o c i a t e d   wi th   the  p i t   for   h e a t i n g  

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

By  t h i s   a r r a n g e m e n t ,   the  d e s i r e d   h e a t   t r e a t m e n t   of  t h e  

p r o d u c t s   can  be  e f f e c t e d   in  a  s i n g l e   p i t   a d j a c e n t   to  t h e  

r o l l i n g   m i l l   e x i t   and  t h i s   s a v e s   h a n d l i n g   in  the  m a n n e r  
d e s c r i b e d   a b o v e .  

The  i n v e n t i o n   a l s o   i n c l u d e s   a  r o l l i n g   m i l l   for   m e t a l  

p r o d u c t s   h a v i n g ,   a d j a c e n t   the  e x i t   t h e r e f r o m   an  i n s t a l l a t i o n  

as  above  d e s c r i b e d   and  means  to  t r a n s f e r   the  p r o d u c t s  

d i r e c t l y   from  the  m i l l   e x i t   to  the  i n s t a l l a t i o n .  

The  t r a n s f e r   means  may  c o m p r i s e   an  a p e r t u r e d   r ack   t o  

ho ld   m e t a l   p r o d u c t s   at  the   e x i t   from  the  r o l l i n g   m i l l   and  a  

p l u r a l i t y   of  a l i g n e d   g r a b s   c a r r i e d   by  a  c r a n e   and  a r r a n g e d   t o  

engage   the  p r o d u c t s   in  the  a p e r t u r e s   in  the  r a c k .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  method  of  h e a t   t r e a t i n g  

m e t a l   p r o d u c t s   in  an  i n s t a l l a t i o n   as  d e s c r i b e d   above  c o m -  

p r i s i n g   p l a c i n g   the  p r o d u c t s   in  the  p i t   and  h e a t i n g   them  to  a  
d e s i r e d   t e m p e r a t u r e .  

The  i n v e n t i o n   f u r t h e r   p r o v i d e s   a  method  of  h e a t  

t r e a t i n g ,   h o t - r o l l e d   p r o d u c t s   c o m p r i s i n g   p l a c i n g   them  in  a n  
e n c l o s u r e   w h i l e   s t i l l   hot   from  the  r o l l i n g   m i l l ,   c o o l i n g   t h e  

p r o d u c t s   by  c i r c u l a t i n g   gas  b e t w e e n   them  and  u s i n g   the  h e a t  



r e j e c t e d   by  the  p r o d u c t s   to  the   gas  to  e q u a l i s e   the  t e m p -  

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

The  method  may  i n c l u d e   h e a t i n g   the  p r o d u c t s   or  the   g a s  
to  e q u a l i s e   the  t e m p e r a t u r e   t h e r e o f   b e f o r e   c o o l i n g .   The  

method  may  i n c l u d e   r e - h e a t i n g   the  p r o d u c t s   in  the  p i t   a f t e r  
i n i t i a l   c o o l i n g   and  then   a g a i n   c o o l i n g   the  p r o d u c t s ,   t h e  

h e a t i n g   and  c o o l i n g   t a k i n g   p l a c e   wh i l e   gas  is  b e i n g   c i r -  

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

The  method  may  i n c l u d e   r a p i d   c o o l i n g   of  the   p r o d u c t s   i n  

the   p i t   by  i n t r o d u c i n g   coo l   a i r   i n t o   the  p i t   to  f low  b e t w e e n  

the   p r o d u c t s   but  p r e v e n t i n g   s a i d   coo l   a i r   from  c i r c u l a t i n g  

t h r o u g h   the  gas  c i r c u l a t i n g   d u c t .  

The  term  " m e t a l   p r o d u c t s "   as  used  h e r e i n   w i l l   be  u n d e r -  

s t o o d   to  r e f e r   to  any  m e t a l   s e m i - f i n i s h e d   p r o d u c t s   and  p a r t -  

i c u l a r l y   but  not  e x c l u s i v e l y   to  f e r r o u s   p r o d u c t s   such  a s  
s t e e l   b i l l e t s ,   b a r s   or  r o u n d s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  d e t a i l   by  way  o f  

example   wi th   r e f e r e n c e   to  the  accompany  d r a w i n g s   in  which  : -  

F i g u r e   1  is  a  v e r t i c a l   s e c t i o n   t h r o u g h   an  i n s t a l l a t i o n  

embodying   the  i n v e n t i o n ;   a n d  

F i g u r e   2  is  a  h o r i z o n t a l   s e c t i o n   t h r o u g h   the  i n s t a l l a -  

t i o n   of  F i g u r e   1;  a n d  

F i g u r e   3  is  a  d i a g r a m   i l l u s t r a t i n g   the  r e l a t i o n s h i p  
b e t w e e n   the  e x i t   of  a  r o l l i n g   m i l l   and  i n s t a l l a t i o n   e m b o d y i n g  
the   i n v e n t i o n .  

R e f e r r i n g   f i r s t   to  F i g u r e s   1  and  2,  the   i n s t a l l a t i o n  

c o m p r i s e s   a  p i t   i n d i c a t e d   g e n e r a l l y   at  10  and  a  r e c i r c u l a t i o n  

duct   i n d i c a t e d   g e n e r a l l y   at  11.  The  p i t   c o m p r i s e s   a  f r a m e -  



work  of  s t r u c t u r a l   s t e e l   some  of  the  beams  of  which  a r e  

i n d i c a t e d   at  12  and  t h i s   is  l i n e d   wi th   a  s t e e l   l i n i n g   13 

which  in  t u r n   is  l i n e d   wi th   a  l i n i n g   of  r e f r a c t o r y   m a t e r i a l  

1 4 .  

The  p i t   is  e l o n g a t e d   and  has  an  i n l e t   for   gas  at  one  e n d  

i n d i c a t e d   at  15  and  an  o u t l e t   for   gas  at  the   o t h e r   e n d  

i n d i c a t e d   at  16.  The  i n l e t   and  the  o u t l e t   are  c o n n e c t e d   by  

the  r e c i r c u l a t i n g   duct   11.  A  b u r n e r   s e c t i o n   is  i n d i c a t e d   a t  

17  a d j a c e n t   the  i n l e t   15  and  the  duc t   c o m p r i s e s   a  h a i r p i n  

bend  s e c t i o n   18  c o n n e c t i n g   the  b u r n e r   s e c t i o n   17  to  a  

s t r a i g h t   s e c t i o n   19.  At  i t s   o t h e r   end  the  s t r a i g h t   p a r t   19 
of  the  duct   is  c o n n e c t e d   by  a  s t r a i g h t   p o r t i o n   20  to  a  f a n  

h o u s i n g   21  which  is  open  to  the  o u t l e t   16.  A  p a d d l e   type   f a n  

22  is  mounted  in  the  fan  h o u s i n g   on  a  s h a f t   23  and  is  d r i v e n  

by  an  e l e c t r i c   motor   24  via   Vee  b e l t s   2 5 .  

At  the  j u n c t i o n   be tween   the  duct   p o r t i o n s   19  and  20  is  a  
v a l v e   26  p i v o t a b l e   abou t   a  v e r t i c a l   a x i s   27  b e t w e e n   t h e  

p o s i t i o n   shown  in  which  the  duc t   p a r t s   19  and  20  a re   i n  

c o m m u n i c a t i o n   and  a n o t h e r   e x t r e m e   p o s i t i o n   in  which  i t   i s  

i n c l i n e d   to  the  r i g h t   in  F i g u r e   2  so  as  to  p l a c e   the  duc t   p a r t  
20  in  c o m m u n i c a t i o n   wi th   the  f l u e   2 8 .  

The  f l o o r   of  the  p i t   has  a  s l o t   28  t h e r e i n   which  l e a d s  

to  a  was te   gas  f l u e   29  which  in  t u r n   l e a d s   to  a  common  f l u e   30 
for   a  number  of  i n s t a l l a t i o n s   a r r a n g e d   s i d e   by  s i d e .  

At  the  end  of  the  p i t   a d j a c e n t   to  the  i n l e t   15  t h e r e   is  a  
f u r t h e r   s l o t   31  in  the  f l o o r   of  the   p i t   which  c o m m u n i c a t e s  

wi th   a  f r e s h   a i r   i n l e t   32  h a v i n g   a  c o n t r o l l i n g   f l a p   v a l v e   3 3 .  

The  p i t   has  a  l i d   34  which  is  made  up  on  a  s t e e l   f r a m e  

and  is  l i n e d   wi th   r e f r a c t o r y   m a t e r i a l   at  35.  F l e x i b l e  

d e f l e c t o r s ,   one  of  which  is  shown  at  36,  e x t e n d   from  the  l i d  

so  as  to  r e s t   upon  a  s u p p l y   of  p r o d u c t s   w i t h i n   the  p i t ,   t h e  

p r o d u c t s   not  be ing   shown  in  the  d r a w i n g .  



R e f e r r i n g   now  to  F i g u r e   3,  the  e x i t   from  a  r o l l i n g   m i l l  

is  i n d i c a t e d   at  40  and  c o m p r i s e s   a  r o l l e r   t a b l e   41  and  a n  
a d j u s t a b l e   s top   42.  The  e x i t   from  the  r o l l i n g   m i l l   i s  
l o c a t e d   b e t w e e n   two  g r o u p s   of  i n s t a l l a t i o n s   s i m i l a r   to  t h a t  
d e s c r i b e d   in  r e l a t i o n   to  F i g u r e s   1  and  2,  one  of  the  g r o u p s  
to  the  l e f t   of  the  e x i t   be ing   i n d i c a t e d   at  43  and  the  group  t o  
the   r i g h t   of  the  e x i t   b e i n g   i n d i c a t e d   at  44.  Running   a b o v e  
the  i n s t a l l a t i o n s   is  an  o v e r h e a d   c r a n e   i n d i c a t e d   g e n e r a l l y   a t  
45  and  moveab l e   be tween   the  e x t r e m e   p o s i t i o n s   i n d i c a t e d   a t  
45a  and  4 5 b .  

The  c r a n e   c o m p r i s e s   a  number  of  g r a b s ,   one  of  which  i s  
shown  at  46  and  h a v i n g   a  p a i r   of  jaws  47,  48  which  a re   s h o w n  
in  t h e i r   c l o s e d   p o s i t i o n s   but  which  can  r e t r a c t   i n t o   the  g r a b  
body.   A d j a c e n t   to  the  r o l l e r   t a b l e   is  a  r ack   49  which  i s  

a p e r t u r e d   at  i n t e r v a l s   a l o n g   i t s   l e n g t h .   I t   is  to  be  n o t e d  
t h a t   t h e r e   is  a  t a b l e   50  and  t h a t   the   r ack   has  a  j u n c t i o n   a t  

51  wi th   the  t a b l e .   The  p r o d u c t s   are   pushed   o f f   the   t a b l e  

over   the  j u n c t i o n   51  and  i n t o   the  r ack   49.  This   is  e f f e c t e d  

by  a  p u s h - o f f   mechan i sm  5 2 .  

The  o p e r a t i o n   of  the  a r r a n g e m e n t   is  as  f o l l o w s .   The  
p r o d u c t s   are   d e l i v e r e d   from  the   r o l l i n g   m i l l   hot   onto   t h e  
r o l l e r   t a b l e   41  u n t i l   t hey   engage   the  s top   42.  The  p r o d u c t s  
are   removed  from  the  t a b l e   s i n g l y   or  in  g r o u p s   by  means  o f  
the  p u s h - o f f   mechan i sm  52  so  t h a t   a  g roup  of  p r o d u c t s   a c c -  
u m u l a t e s   in  the  a p e r t u r e d   r ack   49.  The  c r a n e   45  then   i s  
moved  over   the  r ack   and  the  g r a b s   46  a re   d r o p p e d   down  w i t h  
the  jaws  47  and  48  opened  so  t h a t   each  grab  is  a r r a n g e d   in  a n  
a p e r t u r e   of  the  r a c k .   The  g r a b s   a re   l o w e r e d   u n t i l   the  j a w s  
47  and  48  of  each  grab  can  e n c i r c l e   the  p r o d u c t s   in  the  r a c k  
and  the  jaws  47  and  48  are   then   c l o s e d   and  the  g r a b s   l i f t e d   t o  

l i f t   a  group  of  p r o d u c t s   out  of  the  r a c k .   I t   w i l l   be  s e e n  
t h a t   the  p r o d u c t s   a re   s u p p o r t e d   at  a  number  of  p o s i t i o n s  
c o r r e s p o n d i n g   to  the  number  of  g r a b s   46.  The  group  o f  

p r o d u c t s   is  then   moved  by  the  c r a n e   to  p o s i t i o n   over   one  o f  

the  p i t s   and  the  g r a b s   can  be  l o w e r e d   as  shown  for   example   i n  



d o t t e d   l i n e s   at  46a  to  d e p o s i t   the  p r o d u c t s   in  the  p i t .   When 

the  p i t   has  the  d e s i r e d   amount  of  p r o d u c t s   put  t h e r e i n ,   t h e  

l i d   of  the  p i t   is  p l a c e d   in  p o s i t i o n   over   the  p i t   so  t h a t   t h e  

f l e x i b l e   d e f l e c t o r s   36  r e s t   on  the  top  of  the  p i l e   o f  

p r o d u c t s   in  the  p i t .   The  f l o o r   of  a  p i t   is  made  as  a  

l a b y r i n t h   and  the  e f f e c t   of  t h i s   and  the  d e f l e c t o r s   is  t h a t ,  

as  w i l l   be  d e s c r i b e d   be low,   when  gas  is  c i r c u l a t e d   t h r o u g h  

the  p i t   and  the  c i r c u l a t i o n   duc t   the  gas  is  f o r c e d   to  f l o w  

be tween   and  a round   the  p r o d u c t s   r a t h e r   than   t a k i n g   t h e  

s h o r t e s t   pa th   over   the  p r o d u c t s   or  unde r   t h e m .  

The  t e m p e r a t u r e   of  the  p r o d u c t s   w i l l   be  e q u a l i s e d   a n d  
t h i s   may  r e q u i r e   o p e r a t i o n   of  the   b u r n e r   b e c a u s e   the  ends  o f  
the  p r o d u c t s   w i l l   have  c o o l e d   r e l a t i v e   to  the  m i d d l e   p o r t i o n s  
t h e r e o f .   Once  the  ends  of  the  p r o d u c t s   have  been  h e a t e d ,   t h e  

b u r n e r   is  t u r n e d   o f f   a n d  t h e   p r o d u c t s   a re   a l l o w e d   to  c o o l  

w h i l e   gas  is  c i r c u l a t e d   t h r o u g h   the  p i t   and  the  r e c i r c u l a t i o n  

duc t   by  o p e r a t i o n   of  the  fan  22.  The  h e a t   r e j e c t e d   from  t h e  

p r o d u c t s   h e a t s   the  p i t   and  the  r e c i r c u l a t i o n   d u c t .  

There  can  be  a  number  of  d i f f e r e n t   h e a t   t r e a t m e n t   p r o -  
c e d u r e s   c a r r i e d   ou t .   In  the  s i m p l e s t   p r o c e d u r e ,   a f t e r   t h e  

t e m p e r a t u r e   of  the  p r o d u c t s   has  been  e q u a l i s e d ,   the  p r o d u c t s  

are   a l l o w e d   to  coo l   at  a  c o n t r o l l e d   r a t e   w h i l e   the  gas  i s  

r e c i r c u l a t e d   as  d e s c r i b e d   above .   The  c o n t r o l l e d   c o o l i n g   w i l l  
t ake   p l a c e   t h r o u g h   the  c r i t i c a l   r ange   of  the  s t e e l   and  t h e n  

r a p i d   c o o l i n g   w i l l   t ake   p l a c e   by  a l l o w i n g   cool   a i r   to  e n t e r  

t h r o u g h   the  i n l e t   32  by  o p e n i n g   the  v a l v e   33  but  t h i s   a i r  
w i l l   be  v e n t e d   to  the  e x h a u s t   f l u e   28  by  moving  the  v a l v e   27 

so  as  to  c o n n e c t   the  p i t   to  the  f l u e .   The  cool   a i r   thus   d o e s  

not   cool   down  the  r e c i r c u l a t i o n   duc t   which  can  be  r e t a i n e d  

hot  for   the  nex t   load  of  p r o d u c t s .   If   any  was t e   gas  is  n e e d e d  

to  be  b led   o f f   d u r i n g   o p e r a t i o n ,   t h i s   p a s s e s   t h r o u g h   the  s l o t  
28  a  i n t o   the  f l u e s   29  and  3 0 .  

In  an  a n n e a l i n g   p r o c e d u r e ,   the  p r o d u c t s   are   a l l o w e d   t o  

cool   as  b e f o r e   t h r o u g h   the  c r i t i c a l   r a n g e .   When  they   h a v e  



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

o p e r a t e d   and  the  p r o d u c t s   a re   r e h e a t e d   t h r o u g h   the  c r i t i c a l  

r a n g e   and  are  t hen   he ld   at  a  t e m p e r a t u r e   above  the  c r i t i c a l  

r a n g e .   Dur ing   h e a t i n g   and  h o l d i n g ,   gas  is  r e c i r c u l a t e d  

t h r o u g h   the  p i t   and  the  r e c i r c u l a t i o n   duc t   by  the  fan  and  t h e  

b u r n e r s   a re   o p e r a t e d   as  r e q u i r e d   to  m a i n t a i n   the  t e m p e r a t u r e .  
A f t e r   the  p r o d u c t s   have  been  he ld   at  the   r e q u i r e d   t e m p e r a t u r e  
for   the  r e q u i r e d   t i m e ,   they   are   c o o l e d   at  a  c o n t r o l l e d   r a t e  

by  r e c i r c u l a t i n g   the  gas  t h r o u g h   the  p i t   and  r e c i r c u l a t i o n  

duct   w i t h o u t   o p e r a t i o n   of  the   b u r n e r   and  t hen   a r e   r a p i d l y  
c o o l e d   a f t e r   t hey   have  been  c o o l e d   below  the  c r i t i c a l   r a n g e  
as  d e s c r i b e d   a b o v e .  

In  a  s t i l l   f u r t h e r   c y c l e ,   the  p r o d u c t s   can  be  r a p i d l y  
c o o l e d   by  l e t t i n g   co ld   a i r   i n t o   the  i n l e t   32  and  e x h a u s t i n g  
i t   to  the   f l u e   28  and  t hen   he ld   at  a  c o m p a r a t i v e l y   l o w  

t e m p e r a t u r e   for   a  d e s i r e d   t ime  and  then   r e - h e a t e d   by  o p e r a -  
t i o n   of  the   b u r n e r   s e c t i o n ,   h e l d   w i t h i n   the  c r i t i c a l   r a n g e ,  
a l l o w e d   to  coo l   and  then   h e l d   j u s t   below  the  c r i t i c a l   r a n g e  
and  then   r a p i d l y   c o o l e d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   the  i n s t a l l a t i o n   can  be  u s e d  
to  p r o v i d e   a  number  of  d i f f e r e n t   h e a t   t r e a t m e n t   p r o c e d u r e s .  



1.  An  i n s t a l l a t i o n   for   h e a t i n g   and  c o o l i n g   m e t a l  

p r o d u c t s ,   c h a r a c t e r i s e d   by  the  p r o v i s i o n   of  an  e l o n g a t e d   p i t  
(10)  to  r e c e i v e   the  p r o d u c t s ,   a  r e m o v a b l e   l i d   (34)  for   t h e  

p i t ,   a  gas  i n l e t   (15)  at  one  end  of  the  p i t ,   a  gas  o u t l e t   ( 1 6 )  
at  the  o t h e r   end  of  the  p i t ,   a  duct   (11)  c o n n e c t i n g   the  i n l e t  

and  o u t l e t ,   means  (22)  to  c i r c u l a t e   gas  t h r o u g h   the  c i r c u i t  

c o m p r i s i n g   the  p i t   (10)  and  the  duct   (11)  and  means  to  h e a t  

p r o d u c t s   in  the  p i t .  

2.  An  i n s t a l l a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  
c h a r a c t e r i s e d   in  t h a t   the  h e a t i n g   means  c o m p r i s e s   one  or  m o r e  
b u r n e r s   a s s o c i a t e d   wi th   the  i n l e t   (15)  to  hea t   the  g a s .  

3.  An  i n s t a l l a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  
c h a r a c t e r i s e d   in  t h a t   the  means  to  h e a t   the   p r o d u c t s  
c o m p r i s e s   e l e c t r i c a l   r e s i s t a n c e   or  i n d u c t i o n   h e a t i n g   a s s o c -  
i a t e d   wi th   the  p i t   (10)  to  h e a t   the  p r o d u c t s   d i r e c t l y .  

4.  An  i n s t a l l a t i o n   a c c o r d i n g   to  a n y  o n e   of  t h e  

p r e c e d i n g   c l a im   f u r t h e r   c h a r a c t e r i s e d   in  t h a t   the  means  ( 2 2 )  
to  c i r c u l a t e   the  gas  c o m p r i s e s   a  f a n .  

5.  An  i n s t a l l a t i o n   a c c o r d i n g   to  c l a im   4  f u r t h e r  
c h a r a c t e r i s e d   in  t h a t   the  fan  (22)  is  l o c a t e d   a d j a c e n t   t h e  
o u t l e t   (16)  from  the  p i t .  

6.  An  i n s t a l l a t i o n   a c c o r d i n g   to  a n y  o n e   of  the  p r e -  
c e d i n g   c l a i m s   f u r t h e r   c h a r a c t e r i s e d   in  t h a t   v a l v e   means  ( 2 6 )  

are   a s s o c i a t e d   wi th   the  o u t l e t   (16)  and  are   s e l e c t i v e l y  
o p e r a b l e   to  d i r e c t   gas  l e a v i n g   the  p i t   (10)  to  the  duc t   ( 1 1 )  
and  to  e x h a u s t   ( 2 8 ) .  

7.  An  i n s t a l l a t i o n   a c c o r d i n g   to  a n y  o n e   of  the  p r e -  
c e d i n g   c l a i m s   f u r t h e r   c h a r a c t e r i s e d   by  the  p r o v i s i o n   of  m e a n s  
(32)  a d j a c e n t   the  i n l e t   (15)  to  the  p i t   o p e r a b l e   to  i n t r o d u c e  
cool   gas  i n to   the  p i t .  



8.  An  i n s t a l l a t i o n   a c c o r d i n g   to  a n y  o n e   of  the  p r e -  

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

d e f l e c t o r s   (36)  e x t e n d i n g   downward ly   from  the  l i d   (34)  t o  

engage   the  uppe r   s u r f a c e s   of  p r o d u c t s   in  the  p i t .  

9.  A  c o m b i n a t i o n   of .  an  i n s t a l l a t i o n   as  c l a i m e d   in  a n y  

one  of  the   p r e c e d i n g   c l a i m s   wi th   a  r o l l i n g   m i l l   for   s t e e l  

p r o d u c t s ,   c h a r a c t e r i s e d   in  t h a t   s a i d   i n s t a l l a t i o n   is  a d j a c e n t  
to  the  e x i t   from  the  r o l l i n g   m i l l   and  the  c o m b i n a t i o n  

i n c l u d e s   means  (45)  to  t r a n s f e r   p r o d u c t s   d i r e c t l y   from  t h e  

r o l l i n g  m i l l   e x i t   (40)  to  the  p i t   (10)  of  s a i d   i n s t a l l a t i o n .  

10.  A  c o m b i n a t i o n   of  a  r o l l i n g   m i l l   for   m e t a l   p r o d u c t s ,  
and  an  e l o n g a t e d   p i t   a d j a c e n t   to  the  e x i t   to  the  r o l l i n g  

m i l l ,   c h a r a c t e r i s e d   in  t h a t   means  (45)  a re   p r o v i d e d   t o  

t r a n s f e r   the  p r o d u c t s   d i r e c t l y   from  the  r o l l i n g   m i l l   e x i t  

(40)  to  the  p i t   ( 10 ) ,   a  r e m o v a b l e   l i d   (34)  for   the  p i t   a n d  

means  a s s o c i a t e d   w i th   the  p i t   for   h e a t i n g   p r o d u c t s   t h e r e i n .  

11.  A  c o m b i n a t i o n   a c c o r d i n g   to  e i t h e r   of  c l a i m s   9  or  10 

f u r t h e r   c h a r a c t e r i s e d   in  t h a t   the   t r a n s f e r   means  f u r t h e r  
i n c l u d e s   an  a p e r t u r e d   rack   (49)  to  ho ld   p r o d u c t s   at  the   e x i t  
(40)  from  the  r o l l i n g   m i l l   and  a  p l u r a l i t y   of  a l i g n e d   g r a b s  
(46)  c a r r i e d   by  a  c r a n e   (45)  and  a r r a n g e d   to  g r i p   t h e  

p r o d u c t s   in  the  a p e r t u r e s   of  the   rack   and  t r a n s p o r t   t h e  

p r o d u c t s   from  the  r ack   to  the  p i t   ( 1 0 ) .  

12.  A  method  of  h e a t   t r e a t i n g   m e t a l   p r o d u c t s   in  a n  
i n s t a l l a t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  8  c h a r a c -  

t e r i s e d   by  the  s t e p s   of  p l a c i n g   the  p r o d u c t s   in  the  p i t   ( 1 0 )  

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

13.  A  method  of  h e a t   t r e a t i n g   h o t - r o l l e d   m e t a l   p r o d u c t s  

in  an  i n s t a l l a t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  8 

c h a r a c t e r i s e d   by  the  s t e p s   of  p l a c i n g   the  p r o d u c t s   in  the  p i t  
(10)  w h i l e   s t i l l   hot   from  a  r o l l i n g   m i l l ,   c o o l i n g   t h e  

p r o d u c t s   by  c i r c u l a t i n g   gas  over   them  and  u s i n g   the  h e a t  



r e j e c t e d   from  the  p r o d u c t s   to  the  gas  to  e q u a l i s e   the  t e m p -  
e r a t u r e   of  the   p r o d u c t s   and  to  h e a t   the  p i t   (10)  and  the  g a s  
c i r c u l a t i n g   duc t   ( 1 1 ) .  

14.  A  method  a c c o r d i n g   to  c l a i m   13  f u r t h e r   c h a r a c -  

t e r i s e d   by  the  s t e p   of  h e a t i n g   the  p r o d u c t s   or  the  gas  t o  

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

15.  A  method  a c c o r d i n g   to  e i t h e r   one  of  c l a i m s   13  or  14 

f u r t h e r   c h a r a c t e r i s e d   by  the  s t ep   of  r e - h e a t i n g   the  p r o d u c t s  
in  the  p i t   (10)  a f t e r   i n i t i a l   c o o l i n g   and  then   c o o l i n g   a g a i n  
wh i l e   r e - c i r c u l a t i n g   gas  over  the  p r o d u c t s .  

16.  A  method  a c c o r d i n g   to  a n y  o n e   of  c l a i m s   13  to  15 
f u r t h e r   c h a r a c t e r i s e d   by  the  s t ep   of  r a p i d l y   c o o l i n g   t h e  

p r o d u c t s   in  the  p i t   (10)  by  i n t r o d u c i n g   cool   a i r   i n t o   the  p i t  
to  f low  over   the  p r o d u c t s   t h e r e i n   but   p r e v e n t i n g   s a i d   a i r  
f l o w i n g   t h r o u g h   the  r e - c i r c u l a t i n g   duct   ( 1 1 ) .  








