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(54)  Method,  apparatus  and  forming  roll  for  forming  material  with  a  bidirectional  periodicity. 

A  sheet  material  (6)  is  passed  between  a  pair  of 
forming  rolls  (7,  8)  having  working  surfaces  with  form- 
ing  teeth  of  a  wave-shape  which  has  a  periodicity 
within  two  mutually  perpendicular  sections.  The  rolls 
are  constructed  from  elements  in  the  form  of  helical 
spur  gears  (3)  keyed  on  a  common  shaft  (5)  and  may 
be  interspersed  with  straight  spur  gears  (4).  This  per- 
mits  the  continuous  formation  of  a  structural  material 
having  a  bidirectional  periodicity,  that  is  a  material  (1) 
having  a  wave-form  construction  within  each  of  two 
mutually  perpendicular  sections.  The  pitch  of  the  wave- 
form  can  be  altered  by  changing  the  depth  of  action 
between  the  rolls.  Such  bidirectional  material  can  have 
a  structural  performance  comparable  with  that  of  a 
honeycomb  sandwich  material  and  has  many  other  uses. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  r o l l   f o r m i n g   m e t h o d  

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

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

The  p r e s e n t   i n v e n t o r   has   p r e v i o u s l y   p r o p o s e d  

( in   J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  5 4 - 2 3 0 3 5 )   a  s t r u c t u r a l  

m a t e r i a l   w h i c h   is  f o r m e d   i n t o   a  w a v e ,   e a c h   wave  h a v i n g  

t r a p e z o i d a l   wave  h e a d   and  wave  b o t t o m ,   s a i d   t r a p e z o i d a l  

wave  h e a d   and  wave  b o t t o m   b e i n g   m e a n d e r e d   in  a  z i g z a g   o r  

w a v e - l i k e   f a s h i o n   w i t h i n   a  s u r f a c e   f o r m e d   by  s a i d   wave  h e a d  

and  wave  b o t t o m ,   and  has   a  s i d e   i n c l i n e d   b e t w e e n   t h e   a d j o i n -  

ing   wave  h e a d   and  wave  b o t t o m ,   s a i d   s i d e   c o m p r i s i n g   a  l i n e -  

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

b a s i c a l l y   f o r m e d   by  a  m o t h e r - l i n e   j o i n i n g   t h e   wave  h e a d  

w i t h   t h e   wave  b o t t o m .  

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

e x t r e m e l y   e x c e l l e n t   p r o p e r t i e s   as  f o l l o w s :  

(A)  S h e a r   r i g i d i t y   r a t e   w i t h i n   a  s u r f a c e  

v e r t i c a l   to   an  e x t e n t   of  t h e   s t r u c t u r a l   m a t e r i a l   i s   l a r g e .  

(B)  E l a s t i c   m o d u l u s   in  a  d i r e c t i o n   v e r t i c a l   t o  

an  e x t e n t   of  t h e   s t r u c t u r a l   m a t e r i a l   i s   l a r g e .  

(C)  M a c h i n i n g   and  f o r m i n g   a r e   e a s i l y   a c h i e v e d .  

(D)  The  s t r u c t u r a l   m a t e r i a l   can   be  d e s i g n e d  



w i t h o u t   l i m i t a t i o n   t o   g a g e .  

(E)  The  s t r u c t u r a l   m a t e r i a l   can   be  u s e d   a s  

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

S i n c e   t h e   w a v e - f o r m   has   a  good   a p p e a r a n c e   a l s o  

in  t e r m s   of  d e s i g n ,   t h e   s t r u c t u r a l   m a t e r i a l   can   be  u s e d  

as  an  o r n a m e n t a l   m a t e r i a l   w i t h o u t   m o d i f i c a t i o n .   S i n c e   a  

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

i t   can   be  j o i n e d   w i t h   a  s i n g l e   f a c e   p l a t e   to   f o r m   a  r e i n -  

f o r c i n g   p l a t e   h a v i n g   no  d i r e c t i v i t y   in  s t r e n g t h .   Two  f a c e  

p l a t e s   may  be  j o i n e d   to   t h e   wave  h e a d   and  wave  b o t t o m   t o  

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

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

b e t w e e n   t h e   j o i n e d   f a c e   p l a t e s   i s   c o n t i n u o u s   to   s u i t a b l y  

r e s t r i c t   a  f l o w   of  f l u i d s ,   and   a  s u r f a c e   a r e a   i s   l a r g e .  

I f   t h i s   i s   u t i l i z e d   as  a  p i p i n g   s y s t e m ,   i t   may  s e r v e   as  a  
(" 

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

many  u s e s .  

A  m e t h o d   u s i n g   a  p r e s s   h a s   h e r e t o f o r e   b e e n  

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

m a t e r i a l s   (Fo r   e x a m p l e ,   J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No.  5 2 - 4 4 8 6 6 ) .   S u c h   a  m a n u f a c t u r i n g   m e t h o d   i s   an  e x t r u s i o n  

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

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

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

of   s a i d   p o r t i o n   w i t h   t h e   r e s u l t   t h a t   t h e   wave  h e a d   and  w a v e  



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

to  r e s u l t   in  e x c e s s i v e   d e c r e a s e   in   w a l l   w h i c h n e s s   a n d  

b r e a k a g e .  

T h e r e f o r e ,   a  m e t h o d   has   been   h e r e t o f o r e   e m p l o y e d  

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

g r a d u a l l y   i n c r e a s e d   in  h e i g h t   f r o m   one  end  to  t h e   o t h e r   t o  

i n t e r m i t t e n t l y   f e e d   a  m e t a l   p l a t e   p i t c h   by  p i t c h   t h e r e b y  

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

t h e   b r e a k a g e   of  m a t e r i a l .   In  s u c h   a  m e t h o d ,   h o w e v e r ,   t h e  

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

to   i n c r e a s e   t h e   p r o d u c t i v i t y .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   a  b i -  

d i r e c t i o n a l   s t r u c t u r a l   m a t e r i a l   i s   f o r m e d   a t   one  e f f o r t   b y  
r. 

ma le   and  f e m a l e   f o r m i n g   r o l l s   h a v i n g   t h e   same  w a v e - f o r m   a s  

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

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

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

as  n o t e d   a b o v e .  

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

a  m a t e r i a l   has   a  s m a l l   p o r t i o n   to   be  r e s t r i c t e d   by  r o l l s  

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

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

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



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

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

p o s s i b l e .  

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

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

same  w a v e - f o r m   as  t h a t   o f   t h e   b i d i r e c t i o n a l   s t r u c t u r a l  

m a t e r i a l .   In   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f o r m i n g   r o l l s  

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

a  s h a p e   of   a  h e l i c a l   s p u r   g e a r   and  a  s t r a i g h t   s p u r   g e a r ,  

w h i c h   a r e   c o m b i n e d   to   f o r m   a  f o r m i n g   r o l l .   A c c o r d i n g l y ,  

t h e   r o l l s   may  be  p r o d u c e d   v e r y   e a s i l y .  

The  p r e s e n t   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  

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

F i g u r e s   1  and  2  a r e   r e s p e c t i v e l y   p e r s p e c t i v e   v i e w s  

s h o w i n g   one  e x a m p l e   of   a  s t r u c t u r a l   m a t e r i a l   f o r m e d   b y  

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

F i g u r e s   3 ( a )   and  3 ( b )   a r e   p l a n   v i e w s   s h o w i n g   e m b o d i m -  

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

i n v e n t i o n ;  

F i g u r e s   4 ( a )   and  4 ( b )   a r e   p e r s p e c t i v e   v i e w s   s h o w i n g  

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

F i g u r e s   5  and  6  i l l u s t r a t e   t h e   f u n c t i o n   of   a  r o l l  

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



F i g u r e s   7 ( a )   and  7  (b)  i l l u s t r a t e s   t a n d e m   f o r m i n g  

d e v i c e s .  

F i g .   1  is   a  p e r s p e c t i v e   v i e w   of  one  e x a m p l e   o f  

a  s t r u c t u r a l   m a t e r i a l   1  h a v i n g   a  b i d i r e c t i o n a l   p e r i o d i c i t y  

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

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

wave  h e a d   and  wave  b o t t o m   b e i n g   9 0 ° .   M a t e r i a l   is   l i a b l e  

to  be  b r o k e n   a t   t h e   t i m e   of  f o r m i n g   in  t he   v i c i n i t y   o f  

z i g z a g   t o p   p o r t i o n s   e n c i r c l e d   by  d o t t e d   l i n e s ,   and  in  o r d e r  

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

a  can  be  made  to   have   1200  or  a  p a r a l l e l   p o r t i o n   2  is   p r o -  

v i d e d   in  t h e   v e r t i c a l   a n g l e   p o r t i o n   as  shown  in  F i g .   2 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   a  r o l l   f o r   f o r m i n g  

a  s t r u c t u r a l   m a t e r i a l   1  shown  in  F i g .   1  or  F i g .   2  f r o m  

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

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

f a s h i o n   w h i c h   shows   o n l y   t h e   wave  h e a d   in  F i g .   3.  T h e r e  

a r e   a  l a t e r a l   t y p e   f o r m i n g   r o l l   in  w h i c h   f o r m i n g   t o o t h -  

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

as  shown  in  F i g .   3 ( a )   and  a  l o n g i t u d i n a l   f o r m i n g   r o l l   i n  

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

d i r e c t i o n   of  t h e   r o l l   as  shown  in  F i g .   3 ( b ) .   The  l a t e r a l  

t y p e   f o r m i n g   r o l l   is   more   r e a l i s t i c   t h a n   t h e   o t h e r   in  t e r m s  

of  f a b r i c a t i o n   as  w i l l   be  d e s c r i b e d   h e r e i n a f t e r .  



T h a t   i s ,   as  shown  in  F i g .   4,  t h e   f o r m i n g   r o l l  

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

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

e a c h   s e g m e n t   i s   in  t h e   f o r m   of  a  h e l i c a l   s p u r   g e a r   3  or  a  

s t r a i g h t   s p u r   g e a r   4,  w h i c h   i s   s l i p p e d   r o u n d   a  s h a f t   5  b y  

means   of  a  key   or  t h e   l i k e   as  i s   w e l l   k n o w n .   E a c h   s e g m e n t  

may  be  r e a d i l y   m a n u f a c t u r e d   by  a  c o n v e n t i o n a l   t e c h n i q u e   f o r  

m a n u f a c t u r i n g   g e a r s .  

A  m a t e r i a l   6  may  be  p a s s e d   t h r o u g h   b e t w e e n   t h e  

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

f o r m   a  s t r u c t u r a l   m a t e r i a l   1  a t   one  e f f o r t .   In  t h i s   f o r m i n g  

m e t h o d ,   s u c h   f o r m a t i o n   s eems   to   be  r e n d e r e d   p o s s i b l e   b e c a u s e  

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

of  l e n g t h   a b o u t   10  to   30%  is   a p p e a r e d   in  t h e   l e n g t h w i s e  

d i r e c t i o n   of  t h e   m a t e r i a l   6  a t   t h e   t i m e   of  m a c h i n i n g ,   a n d  

e x t r u s i o n   m a c h i n i n g   i s   r e l i e v e d   t h r o u g h   t h a t   a m o u n t .  

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

of   t h e   f o r m i n g   t o o t h - f o r m s .  

In  F i g .   5,  t h e   wave   h e i g h t   or   p i t c h   of  t h e  

s t r u c t u r a l   m a t e r i a l   1  i s   n o t   d e t e r m i n e d   by  t h e   t o o t h   h e i g h t  

of  t h e   f o r m i n g   r o l l s   7,  8  b u t   d e t e r m i n e d   by  a  p o s i t i o n   9 

a t   w h i c h   t h e   t o o t h   t o p   t o u c h e s   w i t h   t h e   m a t e r i a l .   T h e r e f o r e ,  

t h e   d e p t h   of  a c t i o n   b e t w e e n   b o t h   t h e   f o r m i n g   r o l l s   7,  8 

may  be  a d j u s t e d   to   t h e r e b y   m a n u f a c t u r e   a  s t r u c t u r a l   m a t e r i a l  

d i f f e r e n t   in   p i t c h   by  t h e   same  f o r m i n g   d e v i c e .  



In  t h e   e v e n t   t h e   d e p t h   of  a c t i o n   b e t w e e n   b o t h  

t h e   f o r m i n g   r o l l s   7,  8  i s   made  to   be  s h a l l o w   in  o r d e r   t o  

h a v e   a  s m a l l e r   p i t c h ,   a  gap   b e t w e e n   t h e   f o r m i n g   t o o t h -  

f o r m s   is   i n c r e a s e d ,   and  t h e r e f o r e ,   i f   i t   i s   d e s i g n e d   s o  

t h a t   o n l y   one  r o l l   8  i s   a  d r i v e   r o l l   and  t h e   o t h e r   r o l l  

is   a  d r i v e n   r o l l ,   t h e   w a v e - f o r m   of  t h e   s t r u c t u r a l   m a t e r i a l  

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

d i r e c t i o n   of  t h e   m a t e r i a l  5   and  has   a  g e n t l e   i n c l i n a t i o n  

a t   t he   r e a r   s i d e   t h e r e o f .   T h u s ,   in  o r d e r   to   f o r m   a  w a v e -  

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

n e c e s s a r y   t h a t   b o t h   t h e   r o l l s   a r e   d r i v e n   so  as  to   e q u a l i z e  

t he   gap  of  t h e   f o r m i n g   t o o t h - f o r m   a t   f r o n t   and  r e a r .  

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

a c t i o n   b e t w e e n   t h e   f o r m i n g   r o l l s   made  to   be  s h a l l o w ,   a s  

d e s c r i b e d   a b o v e ,   t h e   wave  h e a d   and  t h e   wave  b o t t o m   10  o f  

t h e   w a v e - f o r m   of  t h e   s t r u c t u r a l   m a t e r i a l   1  a r e   c u r v e d   t o  

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

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

as  in  t h e   c a s e   of  u t i l i z i n g   i t   as  a  h e a r t - m a t e r i a l   f o r  

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

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

by  t h e   f o r m i n g   r o l l   11,   as  shown  in  F i g .   7  (b)  a f t e r   w h i c h  

a  s i z i n g   r o l l   or  a  s e t t i n g   r o l l   12  may  be  u s e d   to   i m p r o v e  

a  f l a t n e s s   of  t h e   wave  h e a d   and  wave  b o t t o m .   S o m e t i m e s ,  

t h e   i n c l i n e d   s u r f a c e   j o i n i n g   t h e   wave  head   w i t h   t h e   w a v e  



b o t t o m   has   i t s   m o t h e r - l i n e   w h i c h   i s   n o t   a  s t r a i g h t   l i n e  

or  w h i c h   i s   n o t   a  l i n e a r l y   woven   s u r f a c e   in   a  s e n s e   o f  

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

i s   s a t i s f a c t o r y   w i t h o u t   m o d i f i c a t i o n .  

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

is   d i f f i c u l t   in   m a c h i n i n g   or  in   c a s e   of  p a r t i c u l a r l y   r e -  

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

i n g   s t a n d s   a r e   u s e d   to   s e r v e   as  a  t a n d e m   f o r m i n g   m e t h o d  

w h e r e b y   a  m a t e r i a l   is   f o r m e d   by  a  p r e f o r m i n g   r o l l   13  i n t o  

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

t h e   t h u s   o b t a i n e d   m a t e r i a l   i s   f i n i s h e d   to   a  f i n a l   s h a p e   a n d  

d i m e n s i o n . I n   F i g u r e   7 ( a ) ,   r e f e r e n c e   n u m e r a l   15  d e s i g n a t e s  

a  gap  a d j u s t i n g   m e a n s   f o r   t h e   r o l l   13 ,   w h i c h   can   be  in   t h e  

f o r m   of  a  s u i t a b l e   w e l l - k n o w n   m e c h a n i s m   s u c h   as  a  m e c h a n i s m  

in  w h i c h   a  b e a r i n g   p o r t i o n   i s   moved   up  and  down  by  a  s c r e w .  



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

m a t e r i a l   w i t h   a  b i d i r e c t i o n a l   p e r i o d i c i t y   (1)  c h a r a c t e r i s e d  

by  p a s s i n g   t h e   s h e e t   m a t e r i a l   (6)  b e t w e e n   a  p a i r   f o r m i n g  

r o l l s   ( 7 , 8 )   h a v i n g   w o r k i n g   s u r f a c e s   w i t h   f o r m i n g   t e e t h  

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

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

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

a l   m a t e r i a l   w i t h   a  b i d i r e c t i o n a l   p e r i o d i c i t y   (1)  c h a r a c t e r i s e d  

by  a  p a i r   of   c o o p e r a t i n g   f o r m i n g   r o l l s   ( 7 , 8 )   e a c h   h a v i n g  

a  w o r k i n g   s u r f a c e   w i t h   f o r m i n g   t e e t h   of   a  w a v e - s h a p e   w h i c h  

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

3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2  c h a r a c t e r i s e d   b y  

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

4.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  or   c l a i m   3  c h a r a c t e r -  

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

5.  A p p a r a t u s   a c c o r d i n g   to   a n y  o n e   o f   c l a i m s   2  to  4  

c h a r a c t e r i s e d   by  a  p a i r   of   f i n i s h i n g   r o l l s   (12)   d o w n s t r e a m  

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

and  t r o u g h s   o f   t h e   w a v e - s h a p e   in   t h e   f o r m e d   m a t e r i a l .  

6.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of   c l a i m s   2  to  5 

c h a r a c t e r i s e d   by  a  p a i r   of   p r e - f o r m i n g   r o l l s   (13)   u p s t r e a m  

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

t o w a r d s   s a i d   s t r u c t u r a l   m a t e r i a l .  

7.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   o f   c l a i m s   2  to  6 

c h a r a c t e r i s e d   in   t h a t   e a c h   s a i d   f o r m i n g   r o l l   ( 7 , 8 )   i s   c o n s t r -  

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

s p u r   g e a r s   ( 3 ) .  



8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i s e d   i n  

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

f o r m   of   a  s t r a i g h t   s p u r   g e a r   (4)  b e t w e e n   two  s a i d   h e l i c a l  

s p u r   g e a r s   ( 3 ) .  

9.  A  f o r m i n g   r o l l   f o r   s h a p i n g   s h e e t   m a t e r i a l ,   c h a r a c t e r -  

i s e d   in   t h a t   s a i d   f o r m i n g   r o l l   ( 7 , 8 )   i s   c o n s t r u c t e d   f r o m  

a  p l u r a l i t y   of   e l e m e n t s   i n   t h e   f o rm  of   h e l i c a l   s p u r   g e a r s  
(3)   to   p r o v i d e   a  f o r m i n g   r o l l   h a v i n g   a  w o r k i n g   s u r f a c e  

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

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