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©  Metal  strip. 

The  invention  relates  to  metal  strip  and  particularly  to 
bi-metallic  strip.  The  advantages  of  bi-metallic  strip  where 
each  metal  has  characteristics  to  serve  its  intended  function 
are  well  known  but  the  production  of  such  strip  has,  hitherto, 
required  high  capital  costs  and  has  predominantly  involved 
the  welding  together  of  the  two  metals  by  electron  beam 
welding  equipment  or  the  like.  Such  techniques  require  high 
standards  of  cleanliness  and  frequently  the  welded  compo- 
site  strip  requires  subsequent  mechanical  finishing  to  form  a 
smooth  surface  but  even  so  the  weld  line  cannot  be  visually 
eliminated.  The  object  of  the  invention  is  to  provide  a 
bi-metallic  strip  which  avoids  the  above  disadvantages, 

*@«  which  objective  is  met  by  a  metal  strip  comprising  two  or 
^   more  metals  each  in  discrete  longitudinal  stripes  with  a 

longitudinal  joint  between  adjacent  stripes,  said  metals 
^   initially  being  in  powder  form  and  the  powders  simul- 
^   taneously  compacted  to  form  a  composite  metal  strip  (6). 
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T h i s   i n v e n t i o n   r e l a t e s   t o   m e t a l   s t r i p   a n d  

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

f o r m e d   f r o m   a t   l e a s t   t w o   m e t a l s   so  t h a t   a  v a r i e t y  

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

p r o p e r t i e s   can  be  p r o v i d e d   a c r o s s   t h e   w i d t h   of  t h e  

s t r i p .  

T h u s ,   in  t h e   p r o d u c t i o n   o f ,   e . g . ,   s a w  

b l a d e s ,   i t   w o u l d   be  h i g h l y   a d v a n t a g e o u s   to   p r o d u c e  

a  b i - m e t a l l i c   s t r i p   w i t h   one  m e t a l   r u n n i n g   f u l l  

l e n g t h   of  one   s i d e   of  t h e   b l a d e   and  s u i t e d   t o  

r e q u i r e m e n t s   of  t h e   saw  t e e t h ,   and  a  s e c o n d   m e t a l  

r u n n i n g   f u l l   l e n g t h   of  t he   o t h e r   s i d e   and  s u i t e d   t o  

t h e   r e q u i r e m e n t s   of  t h e   body   of  t h e   saw  b l a d e .  

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

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

H o w e v e r   t h i s   r e q u i r e s   h i g h   c a p i t a l   c o s t   e l e c t r o n  

b e a m   w e l d i n g   e q u i p m e n t   or   t h e   l i k e ,   a n d   s u c h  

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

b e f o r e   an  e f f e c t i v e   w e l d   c an   be  f o r m e d .   A l s o ,   i t  

i s   f r e q u e n t l y   t h e   c a s e   t h a t   t h e   w e l d e d   b l a d e  

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

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

can   s t i l l   be  f a u l t s   in  t h e   w e l d   a r e a   w h i c h   w o u l d  

r e d u c e   t h e   v a l u e   of  t h e   f i n i s h e d   b l a d e ,   and  t h e  

w e l d   l i n e   c a n n o t   be  v i s u a l l y   e l i m i n a t e d   even   w h e n  



i t   d o e s   n o t   c o n t a i n   a  f a u l t .   In  a d d i t i o n ,   i t   i s  

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

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

saw  b l a d e s   by  t h i s   t e c h n i q u e   s l o w   and  u n e c o n o m i c .  

The  o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   s t r i p   m a t e r i a l   f o r m e d   by  two  or  more   m e t a l s  

t h a t   a v o i d s   t h e   d i s a d v a n t a g e s   o f   t h e   w e l d i n g  

t e c h n i q u e .  

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

s t r i p   c o m p r i s e s   two  or  more   m e t a l s   e a c h   in  d i s c r e t e  

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

b e t w e e n   a d j a c e n t   s t r i p e s ,   s a i d   m e t a l s   i n i t i a l l y  

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

c o m p a c t e d   t o   fo rm  a  c o m p o s i t e   m e t a l   s t r i p .  

T h u s ,   two   m e t a l   p o w d e r s   can  be  c o m p a c t e d   t o  

f o r m   a  b i - m e t a l l i c   s t r i p ,   b u t   i t   i s   p r e f e r r e d   t o  

p r o v i d e   f i r s t   and   s e c o n d   m e t a l s   in   a l t e r n a t i o n  

a c r o s s   t h e   w i d t h   o f   t h e   s t r i p   so  t h a t   a f t e r  

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

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

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

d i s c r e t e   l e n g t h s   s u c h   as  w o u l d   be  r e q u i r e d ,   e . g . ,  

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

T h e   i n v e n t i o n   i n   i t s   f i r s t   a s p e c t ,  

t h e r e f o r e   p r o v i d e s   an  e f f i c i e n t   t e c h n i q u e   f o r  

p r o d u c i n g   m e t a l   s t r i p s   of  two   or  m o r e   m e t a l s   m o r e  



e f f i c i e n t l y   and  e c o n o m i c a l l y   t h a n   k n o w n   w e l d i n g  

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

w i t h   a  l o n g i t u d i n a l   j o i n t   b e t w e e n   t h e   a d j a c e n t  

m e t a l   s t r i p e s   t h a t   i s   no t   d i s c e r n a b l e   and  r e q u i r e s  

no  s e p a r a t e   m a c h i n i n g .  

O b v i o u s l y ,   t h e   m e t a l s   c h o s e n   f o r   j o i n i n g  

t o g e t h e r   in  l o n g i t u d i n a l   s t r i p e s   m u s t   be  s u i t e d   t o  

t h e   r e q u i r e d   p r o p e r t i e s   of  t h e   f i n i s h e d   s t r i p ,   a n d  

m u s t   a l s o   be  r e a s o n a b l y   c o m p a t i b l e   b e c a u s e   of  t h e  

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

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

s t r i p   w o u l d   n o r m a l l y   be  s u b j e c t e d   t o   in  t h e  

c r e a t i o n   of  a  f i n i s h e d   p r o d u c t .   F o r   e x a m p l e ,   i n  

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

w i t h   a d v a n t a g e   be  f o r m e d   f rom  h i g h   s p e e d   s t e e l   s u c h  

as  M2  and  t h e   b a c k i n g   m a t e r i a l   t o u g h e r   s t e e l   s u c h  

as  EN31.   T h u s ,   M2  and  EN31  p o w d e r   can   f i r s t   b e  

c o m p a c t e d   i n t o   a  s t r i p e d   s t r i p ,   and  t h e n   p a s s e d  

t h r o u g h   a  t u b e   s i n t e r   f u r n a c e   t o   f u r t h e r   t h e  

d e n s i f i c a t i o n   by  p a r t i a l   or  t o t a l   s i n t e r i n g .   T h e  

s t r i p   c a n   t h e n   be  c o l d - r o l l e d   t o   i t s   f i n a l  

t h i c k n e s s   and  s u b s e q u e n t l y   s e v e r e d   i n t o   b i - m e t a l l i c  

l e n g t h s   w i t h   an  edge   f o r m e d   f r o m   M2  and  f rom  w h i c h  

t h e   t e e t h   a r e   f o r m e d ,   and  t h e   o t h e r   e d g e   f o r m e d  

f r o m   E N 3 1 .   To  e a s e   m e c h a n i c a l   w o r k i n g ,   t h e  

r e s p e c t i v e   p o w d e r s   can   be  of  low  c a r b o n   or  e v e n  



c a r b o n   f r e e ,   and  t h e   f i n i s h e d   b i - m e t a l l i c   h a c k s a w  

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

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

B e c a u s e   two  or  more  d i f f e r e n t   m e t a l   p o w d e r s  

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

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

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

t h e   f l o w   of  p o w d e r s   t o   t he   c o m p a c t i o n   e q u i p m e n t .  

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

t h e   i n v e n t i o n ,   a  h o p p e r   i s   p r o v i d e d ,   d i v i d e d  

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

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

v a l v e .   The  g a t e   v a l v e s   may  be  m a n u a l l y   a d j u s t a b l e ,  

b u t   i t   i s   p r e f e r r e d   to   p r o v i d e   f o r   a u t o m a t i c   a n d  

c o n t i n u o u s   a d j u s t m e n t .   T h u s ,   e a c h   g a t e   v a l v e   m a y  

be  o p e r a t e d   by  a  h y d r a u l i c   a c t u a t o r ,   w h i c h   c a n  b e  

c o n t r o l l e d   in   a c c o r d a n c e   w i t h   t h e   d e n s i t y  

d i s t r i b u t i o n   of  t h e   c o m p a c t e d   s t r i p .   For   o p t i m u m  

c o n t r o l ,   a  f u l l   f e e d - b a c k   c i r c u i t   can  be  e m p l o y e d ,  

w i t h   d e n s i t y   r e a d i n g s   o b t a i n e d ,   e . g . ,   by  a  r a d i o  

i s o t o p e   g a u g e .   The  g e o m e t r y   of  t h e   h o p p e r   is  a l s o  

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

d i v i d e d   o u t l e t   f r om  t h e   h o p p e r   to   p r o t r u d e   i n t o   t h e  

r o l l   b i t e   a r e a   b e t w e e n   a  p a i r   of  c o m p a c t i n g   r o l l s ,  

and  f o r   t h e   o u t l e t   t o   be  so  s h a p e d   as  t o   l i e   i n  

c l o s e   p r o x i m i t y   to   t h e   r o l l s .   W i t h   a d v a n t a g e ,   t h e  



i n t e r i o r   of  t h e   h o p p e r   c an   be  c o a t e d   w i t h   a  l o w  

f r i c t i o n   m a t e r i a l ,   and  t h e   h o p p e r   can  be  s u b j e c t e d  

to   h i g h   f r e q u e n c y ,   low  a m p l i t u d e   v i b r a t i o n s   t o  

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

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

When  w o r k i n g   w i t h   m a t e r i a l s   t h a t   a r e   l i k e l y  

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

r o l l   c o m p a c t i o n / s i n t e r i n g   s t a g e ,   i t   b e c o m e s  

n e c e s s a r y   to   e n s u r e   good  c o m p a c t i o n   a c r o s s   t he   f u l l  

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

m a i n t a i n   a  d e n s i t y   v a r i a t i o n   of   l e s s   t h a n   5%.  T o  

a c h i e v e   t h i s ,   s i d e   c o m p a c t i o n   m e c h a n i s m   n e e d s   to   b e  

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

T h u s ,   a  t w o - p a r t   b e l t   c o m p r i s i n g   a  l i n k e d   s u p p o r t  

b e l t   and  a  f l a t   f a c i n g   b e l t   can   be  p r o v i d e d   t o  

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

m o v i n g   a t   t h e   s a m e   s p e e d   as  t h e   p a s s a g e   of  p o w d e r  

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

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

e d g e s   of  t h e   s t r i p   m a t e r i a l .  

One  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   now  b e  

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

d r a w i n g s ,   in  w h i c h   : -  

F i g u r e   1  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   a 

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

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



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

v i e w   of  t h e   p o w d e r   h o p p e r   of  F i g u r e   1;  a n d  

F g u r e   3  is   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   o f  

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

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

As  i s   i l l u s t r a t e d   in   F i g u r e   1,  p o w d e r ,  

f i r s t   f o r m e d   by  m e l t i n g   an  a p p r o p r i a t e   m e t a l   a l l o y  

in   a  f u r n a c e   1,  f r o m   w h i c h   a  c a r b o n   f r e e   d e -  

w a t e r e d ,   d r i e d ,   a t o m i s e d   p o w d e r   i s   p r o d u c e d ,   i s  

p a s s e d   t h r o u g h   a  b l e n d e r   2  and   t h e n   an  a n n e a l i n g  

f u r n a c e   3.  Two  s u c h   p o w d e r s   a r e   f o r m e d ,   e . g . ,   EN31 

t o   f o r m   t h e   b a c k i n g   and  M2  t o   f o r m   t h e   c u t t i n g   e d g e  

of   a  h a c k s a w   b l a d e ,   t h e   EN31  p o w d e r   b e i n g   p l a c e d   i n  

t w o   o u t e r   c o m p a r t m e n t s   of  a  h o p p e r  4   and  t h e   M2 

p o w d e r   in   a  c e n t r a l   c o m p a r t m e n t   as  w i l l   b e  

d e s c r i b e d   l a t e r   in  c o n j u n c t i o n   w i t h   F i g u r e   2 .  

F rom  t h e   h o p p e r   4,  t h e   p o w d e r s   a r e   f e d  

b e t w e e n   t w o   c o u n t e r   r o t a t i n g   r o l l s   5,  w h e r e   t h e  

p o w d e r s   a r e   c o m p a c t e d   t o   f o r m   a  s t r i p   6  h a v i n g  

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

EN31  p o w d e r   and  a  c e n t r e   s t r i p e   of  M2  p o w d e r .   F o r  

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

c o m p o s i t e   s t r i p ,   s i d e   c o m p a c t i o n   i s   e f f e c t e d   b y  

m e a n s   7  a t   t h e   n i p   o f   t h e   r o l l s ,   as  w i l l   b e  

d e s c r i b e d   in  d e t a i l   w i t h   r e s p e c t   t o   F i g u r e   3.  T h e  

m a j o r   p a r a m e t e r s   of  c o m p a c t i o n ,   i . e . ,   r o l l   g a p ,  



s t r i p   s p e e d ,   p o w d e r   f e e d   a n d   s t r i p   d e n s i t y   c a n   b e  

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

h e a d   8  f o r   t h e   s t r i p   e m e r g i n g   f r o m   t h e   r o l l s ,   t o  

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

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

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

r e q u i r e d .  

T h e   s t r i p   e m e r g i n g   f r o m   t h e   r o l l s   i s  

s i n t e r e d   in   a  h y d r o g e n   f u r n a c e   9  in  c o n v e n t i o n a l  

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

f i n i s h   g a u g e .   T h e   s t r i p   i s   t h e n   s l i t ,   b y  

a p p r o p r i a t e   s l i t t i n g   m e a n s   10 ,   mid   p o i n t   of  t h e  

c e n t r a l ,   M2  m e t a l   s t r i p e ,   and  t h e   two  r e s u l t i n g  

s t r i p s ,   h a v i n g   an  EN31  m e t a l   b a c k i n g   and  an  M2 

m e t a l   c u t t i n g   edge   on  w h i c h   t h e   t e e t h   a re   m i l l e d   i n  

a  m i l l i n g   m a c h i n e   11.  The  t e e t h   a r e   t h e n   s e t   a n d  

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

s e t t i n g   s t a t i o n   1 2 .  

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

r e c a r b u r i s a t i o n   and  d i f f u s i o n   in  a  f u r n a c e   13  s u c h  

as  i s   d e s c r i b e d  i n   B r i t i s h   P a t e n t   N o .  2 0 1 5 5 8 0   a n d  

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

t r e a t e d   in  a  f u r n a c e   14,  f o l l o w i n g   w h i c h   t h e   s t r i p  

i s   s e v e r e d   i n t o   d i s c r e t e   l e n g t h s   15  a t   a  s e v e r i n g  

s t a t i o n   16,  to  f o r m   h a c k s a w   b l a d e s .  

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



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

i t s   s u b s e q u e n t   h e a t   a n d   o t h e r   t r e a t m e n t s   a r e  

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

c o s t s   of  t h e   p r o d u c t i o n   of  b i - m e t a l l i c   b l a d e s ,   w i t h  

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

b l a d e s   r e f e r r e d   to   p r e v i o u s l y .  

As  i s   s h o w n   p a r t i c u l a r l y   by  F i g u r e   2,  i t   i s  

p r e f e r r e d   to   c o n s t r u c t   t h e   h o p p e r  4   s u c h   t h a t   t h e  

o u t l e t   f r o m   t h e   h o p p e r   i s   as  c l o s e   t o   t h e   n i p   o f  

t h e   r o l l s   5  as  p r a c t i c a l   c o n d i t i o n s   w i l l   a l l o w .  

T h u s ,   t h e   l o w e r   end   of   e a c h   s i d e   16  of  t h e   h o p p e r  

i s   a r c u a t e l y   f o r m e d   t o   a c c o m o d a t e   t he   u p p e r   p a r t   o f  

t h e   r e s p e c t i v e   r o l l .   The  h o p p e r   4  i s   s u b - d i v i d e d  

i n t e r n a l l y   by  two   p a r a l l e l   p l a t e s   17,  w h i c h   c o -  

o p e r a t e   w i t h   t h e   h o p p e r   o u t e r   p l a t e s   18  to   f o r m  

t h r e e   c o m p a r t m e n t s   19.  The   e n d s   of  t h e   o p e r a t i v e  

p a r t s   of  t h e   h o p p e r   c o m p a r t m e n t s   a r e   f o r m e d   b y  

a d j u s t a b l e   f i n g e r s   2 0 ,   w h i c h   f i n g e r s   c an   b e  

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

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

c o m p a r t m e n t   f o r m e d   b e t w e e n   t h e   l o w e r   e n d s   of   t h e  

r e s p e c t i v e   f i n g e r s   can   be  p r e - s e t ,   or  c o n t r o l l e d  

and  a d j u s t e d   as  r e q u i r e d   by  a d j u s t m e n t   m e c h a n i s m  

( n o t   shown)   u n d e r   t h e   c o n t r o l   of  t h e   m i c r o p r o c e s s o r  

r e f e r r e d   to   e a r l i e r .  

One  m e a n s   of   e f f e c t i n g   s i d e   c o m p a c t i o n   o f  



t h e   s t r i p   i s   i l l u s t r a t e d   in  F i g u r e   3.  T h u s ,   t w o  

e n d l e s s   b e l t s   2 1 ,  2 2   can   be  p r o v i d e d ,   t o   e a c h   s i d e  

of  t h e   r o l l s ,   o n e ,   21 ,   a  s m o o t h   s u r f a c e d   b e l t   a n d  

the   o t h e r ,   22,  a  h e a v y   d u t y   s u p p o r t   b e l t ,   w i t h   b o t h  

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

t h e   r o l l s .   E a c h   b e l t   i s   d r i v e n   a t   a  l i n e a r   s p e e d  

e q u a l   to   t h e   p e r i p h e r a l   s p e e d   of  t h e   r o l l s   t o  

r e d u c e   to   a  m i n i m i n a l   d e g r e e   any  f r i c t i o n   b e t w e e n  

t h e   b e l t s   21  and  t h e   r o l l s .   As  p o w d e r   p a s s e s  

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

of  t h e   p o w d e r   i s   p r e v e n t e d   by  t h e   b e l t s   21 ,   2 2 ,  

w i t h   t h e   e f f e c t   t h a t   a  s u b s t a n t i a l l y   u n i f o r m  

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



1.  A  m e t a l   s t r i p   c h a r a c t e r i s e d   by  t w o   o r  

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

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

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

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

c o m p o s i t e   m e t a l   s t r i p .  

2.  A  m e t a l   s t r i p   as   i n   C l a i m   1 

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  f i r s t   and  s e c o n d  

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

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

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

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

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

3.  A  m e t a l   s t r i p   as  in  C l a i m   1  or  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 h e   m e t a l s   c h o s e n   f o r  j o i n i n g  

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

r e q u i r e d   p r o p e r t i e s   of  t h e   f i n i s h e d   s t r i p ,   and  a r e  

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

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

t r e a t m e n t ,   t h a t   t he   c o m p a c t e d   s t r i p   w o u l d   n o r m a l l y  

be  s u b j e c t e d   to   in  t h e   c r e a t i o n   of  a  f i n i s h e d  

p r o d u c t .  

4.  A  m e t a l   s t r i p   as  in  C l a i m   3  f o r   t h e  

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

one   m e t a l   i s   a  h i g h   s p e e d   s t e e l   and  t h e   o t h e r   m e t a l  



is   a  t o u g h e r   s t e e l .  

5.  A  m e t a l   s t r i p   as  in  any  of  C l a i m s   1  t o  

4  c h a r a c t e r i s e d   in  t h a t   e a c h   m e t a l   p o w d e r   i s   of  l o w  

c a r b o n   or  i s   c a r b o n   f r e e ,   f o r   e a s e   of  m e c h a n i c a l  

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

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

r e q u i r e d .  

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

s t r i p   as  in  C l a i m   1  c h a r a c t e r i s e d   in  t h a t   f i r s t   a n d  

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

s t r i p e d   s t r i p   and  t h e   s t r i p e d   s t r i p   t h e n   p a s s e d  

t h r o u g h   a  t u b e   s i n t e r   f u r n a c e   t o   f u r t h e r   t h e  

d e n s i f i c a t i o n   of  t h e   s t r i p   by  p a r t i a l   or  t o t a l  

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

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

l e n g t h s   w i t h   one  edge   f o r m e d   f rom  one  m e t a l   p o w d e r  

and  t h e   o t h e r   e d g e   f o r m e d   f r o m   t h e   o t h e r   m e t a l  

p o w d e r .  

7.  A  m e t h o d   as  in  C l a i m   6  c h a r a c t e r i s e d   i n  

t h a t   e a c h   p o w d e r   i s   i n i t i a l l y   of  low  c a r b o n   or  i s  

c a r b o n   f r e e ,   and   t h e   s t r i p   w i t h   s a i d   p o w d e r s  

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

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

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

r e q u i r e d .  

8.  A  m e t h o d   as  in   C l a i m   6  or  C l a i m   7  f o r  



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

t h a t   one   p o w d e r   i s   of  h i g h   s p e e d   s t e e l   and  t h e  

o t h e r   p o w d e r   i s   a  t o u g h e r   s t e e l ,   h a c k s a w   t e e t h  

b e i n g   c u t   on  t o   t h e   e d g e   f o r m e d   by  t h e   h i g h   s p e e d  

s t e e l   and   s a i d   t e e t h   b e i n g   s e t   p r i o r   to   t h e   r e -  

c a r b u r i s a t i o n   t r e a t m e n t .  

9.  A  h o p p e r   f o r   u se   in  t h e   p r o c e s s   o f  

C l a i m   6  and   f o r   t h e   a c c u r a t e   d i s p e n s i n g   of  t w o   o r  

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

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

p o w d e r s   c h a r a c t e r i s e d   in  t h a t   t h e   h o p p e r   i s   d i v i d e d  

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

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

v a l v e   c a p a b l e   of  m a n u a l   o r  a u t o m a t i c   a d j u s t m e n t .  

10.   E q u i p m e n t   f o r   t h e   p r o d u c t i o n   of  a  

s t r i p   as   i n   C l a i m   1  c h a r a c t e r i s e d   i n   t h a t  

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

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

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

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

s t r i p .  
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