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(54)  Method  and  apparatus  for  rolling  plate. 
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Plate  is  rolled  to  form  a  substantially  cylindrical  article  on 
apparatus  comprising  a  support  bed  for  the  plate  (13),  a  rotat- 
able  mandrel  (20)  with  a  gripper  (36)  for  engaging  an  edge  of 
the  plate  (13),  and  pressure  rollers  (17, 18)  adjacent  the  man- 
drel  (20)  to  engage  said  plate.  An  edge  of  the  plate  (13)  is  en- 
gaged  by  gripper  (36)  and  the  mandrel  (20)  is  rotated  to  ad- 
vance  the  plate  (13)  past  said  pressure  rollers  (17,18)  to  curve 
the  plate  into  a  cylinder  shape,  the  mandrel  (20)  and  said  pres- 
sure  rollers  (17,  18)  are  relatively  movable  to  create  a  force  on 
the  advancing  plate  (13)  at  least  during  the  final  stages  of  roll- 
ing  to  prevent  relative  movement  of  the  plate  (13)  and  mandrel 
(20). 



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

p a r t i c u l a r l y ,   b u t   n o t   e x c l u s i v e l y   to   t h e   r o l l i n g   of  s t e e l  

p l a t e   in  s u b s t a n t i a l l y   c y l i n d r i c a l   f o rm  to  p r o d u c e   a  p i p e .  

In  U .S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 8 7 9 , 9 9 4 ,   t h e r e  

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

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

r o t a t a b l e   m a n d r e l .   S t e e l   p l a t e   i s   r o l l e d   by  e n g a g i n g   a n  

edge   of  t h e   p l a t e   u n d e r   a  f l a n g e   of  a  g r i p p e r   r i b   e x t e n d -  

ing   a x i a l l y   on  t h e   c y l i n d r i c a l   s u r f a c e   of  a  m a n d r e l .   T h e  

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

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

m a n d r e l   t h r o u g h   180°   t h e n   e n g a g i n g   t h e   o p p o s i t e   edge   o f  

t h e   p l a t e   w i t h   t h e   m a n d r e l   and  c u r v i n g   t h e   r e m a i n i n g   1 8 0 ° .  

One  p r o b l e m   t h a t   has   b e e n   e x p e r i e n c e d   in   t h e   p e r -  

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

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

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

of  c u r v i n g   of  t h e   p l a t e   t h r o u g h   t h e   f u l l   360°   u n l e s s  

a d e q u a t e   p r e c a u t i o n s   a r e   t a k e n .   T h i s   i n s t a b i l i t y   i s  

b r o u g h t   a b o u t   by  t h e   m o m e n t s   and  f o r c e s   w h i c h   a r e   e x e r t e d  

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

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

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

The  p r o b l e m   h a s   to   d a t e   b e e n   met  by  t h e   use   o f  

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

t h a t   d e s c r i b e d  i n   t h e   a b o v e - m e n t i o n e d   U .S .   p a t e n t   s p e c i -  

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



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

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

h a v e   p r o v e d   w o r k a b l e   in  p r a c t i c e ,   t h e y   a r e   c u m b e r s o m e  

and   t e n d   to  damage   t h e   s u r f a c e   of  t h e   w o r k p l a t e .  

I t   ha s   b e e n   f o u n d   t h a t   t h e   same  r e s u l t s   can   b e  

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

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

a r t i c l e   w h i c h   c o m p r i s e s   e n g a g i n g   an  edge   of  t h e   p l a t e  

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

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

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

c u r v e   s a i d   p l a t e ,   r e v e r s i n g   t h e   p l a t e   to   e n g a g e   i t s '  

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

c y l i n d e r ,   s a i d   m a n d r e l   and  s a i d   p r e s s u r e   means   b e i n g  

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

s a i d   p l a t e   and   s a i d   p r e s s u r e   means   can   be  c o n t r o l l e d .  

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

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

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

m e a n s   f o r   e n g a g i n g   an  edge   of  t h e   p l a t e ,   p r e s s u r e   m e a n s  

a d j a c e n t   s a i d   m a n d r e l   a d a p t e d   to   e n g a g e   s a i d   p l a t e ,  

i n c l u d i n g   t h e   s t e p s   of  e n g a g i n g   an  edge   of  t h e   p l a t e   b y  

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

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

a  c y l i n d e r   s h a p e   c h a r a c t e r i z e d   in   t h a t   s a i d   m a n d r e l   a n d  

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

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

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

p l a t e   and  s a i d   m a n d r e l .  



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

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

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

r o t a t a b l e   a b o v e   a  p l a t e   s u p p o r t   b e d ,   p r e s s u r e   r o l l e r   m e a n s  

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

i ng   s a i d   p l a t e ,   s a i d   m a n d r e l   and  s a i d   p r e s s u r e   r o l l e r  

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

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

o p e r a t i o n   to   a p p l y   a  f o r c e   a g a i n s t   s a i d   p l a t e   as  i t   i s  

a d v a n c e d .  

Thus   c o n t a c t   i s   m a i n t a i n e d   b e t w e e n   s a i d   p l a t e   a n d  

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

and  a p p l i e d   to  s a i d   p l a t e   t h e r e b y   p r e v e n t i n g   l a t e r a l  

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

m a n d r e l .   T h e s e   l a t e r a l   f o r c e s   m a y  o r   may  n o t   i n c l u d e  

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

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

m a n d r e l .  

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

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

t h e   m a n d r e l   and  a r e   r e l a t i v e l y   m o v a b l e   to   t h e   m a n d r e l   o r  

v i c e   v e r s a .   I t   i s   a  s i m p l e   m a t t e r   to   p r o v i d e   s u c h  

r e l a t i v e   m o v e m e n t   s u c h   as  by  a d j u s t a b l e   m e c h a n i c a l   l i n k a g e s  

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

m e c h a n i s m s   s u c h   as  s l i p p e r s   or  f r i c t i o n   b r a k e s   e n g a g i n g  

t h e   e x t e r n a l   s u r f a c e   of  t h e   p l a t e ,  

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 ,   by  way  o f  

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



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

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

v i e w   of  t h e   m a n d r e l ;  

F i g u r e   2  i s   an  end  e l e v a t i o n a l   v i e w   of  p a r t   of  t h e  

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

F i g u r e s   3  to   5  a r e   s c h e m a t i c   v i e w s   s h o w i n g   v a r i o u s  

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

R e f e r r i n g   f i r s t l y   to   F i g u r e s   1  and  2  t h e r e   i s   s h o w n  

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

f r a m e w o r k   11  e m b o d y i n g   s u p p o r t i n g   r o l l e r s   12  or  o t h e r  

l i k e   m e a n s   upon   w h i c h   s t e e l   or  o t h e r   p l a t e   13  may  b e  

a d v a n c e d   h o r i z o n t a l l y   a t   a  c o n v e n i e n t   h e i g h t .   The  f r a m e -  

w o r k   11  h a s   a  w e l l   14  t h r o u g h   w h i c h   a  m a s s i v e   s u p p o r t i n g  

I - b e a m   15  e x t e n d s   in   a  d i r e c t i o n   a t   r i g h t - a n g l e s   to   t h e  

d i r e c t i o n   of  a d v a n c e m e n t   of  t h e   p l a t e   13  w i t h   i t s   f l a n g e s  

h o r i z o n t a l .   The  u p p e r   f l a n g e   16  s u p p o r t s   two  h o r i z o n t a l  

r o l l e r s   17  and  18  t h e   a x e s   of  w h i c h   e x t e n d   in  t h e   l o n g i -  

t u d i n a l   d i r e c t i o n   of  t h e   I - b e a m   15  a t   an  a p p r o p r i a t e  

h e i g h t   f o r   t h e   u p p e r   s u r f a c e   of  t h e   r o l l e r s   17  and  18 

to   be  a t   t h e   same  h e i g h t   as  t h e   u p p e r   s u r f a c e s   of  t h e  

r o l l e r s   12.  Thus   f l a t   p l a t e   a d v a n c e d   a l o n g   t h e   r o l l e r s  

12  a l s o   c o n t a c t s   and  r u n s   upon   t h e   r o l l e r s   17  and   1 8 .  

The  l e n g t h s   of   t h e   r o l l e r s   17  and  18  a r e   s u f f i c i e n t l y  

g r e a t   to   e n g a g e   t h e   f u l l   w i d t h   of  t h e   p l a t e   13.  T h e  

r o l l e r s   17  and   18  a r e   shown  s u p p o r t e d   by  end  b r a c k e t s  

19  f i x e d   on  t h e   f l a n g e   16  and  i t   i s   to   be  u n d e r s t o o d  

t h a t   as  many  i n t e r m e d i a t e   s u p p o r t i n g   b r a c k e t s   may  b e  

p r o v i d e d   a l o n g   t h e   r o l l e r s   17  and  18  as  a r e   d e e m e d  

n e c e s s a r y   to   p r e v e n t   s i g n i f i c a n t   f l e x i n g .  



The  f l a n g e   16  i s   p r o v i d e d   w i t h   means   f o r   s u p p o r t i n g  

a  m a n d r e l   20  w i t h   i t s   a x i s   a b o v e   t h e   web  of  t h e   I - b e a m  

15  c e n t r a l l y   s p a c e d   b e t w e e n   t h e   r o l l e r s   17  and  18  b u t  

a b o v e   t h e m .   As  shown  by  F i g u r e   2  t h e   s u p p o r t i n g   m e a n s  

c o m p r i s e s   two  h y d r a u l i c   c y l i n d e r s   21  and  22.  One  

c y l i n d e r   21  i s   f i x e d   in  p o s i t i o n   w i t h   a  s h a f t   b e a r i n g   23  

m o u n t e d   on  t h e   u p p e r   end  of  i t s   p i s t o n   rod   24.  The  o t h e r  

c y l i n d e r   22  a l s o   has   a  p i s t o n   rod   25  w i t h   a  s h a f t   b e a r i n g  

26  m o u n t e d   on  i t s   e n d ,   b u t   i n s t e a d   of  b e i n g   f i x e d   to   t h e  

f l a n g e   16  i t   i s   c o n n e c t e d   by  a  p i v o t   p i n   27  to   a  b r a c k e t  

28  f i x e d   on  t h e   f l a n g e   16.  The  c y l i n d e r   22  i s   p i v o t a l l y  

c o n n e c t e d   to  t h e   p i s t o n   rod   29  of  a  f u r t h e r   h y d r a u l i c  

c y l i n d e r   30  p i v o t e d   to   t h e   web  of  t h e   I - b e a m   15  so  t h a t  

by  r e t r a c t i o n   of  t h e   p i s t o n   r o d   29  i n t o   t h e   c y l i n d e r   3 0  

t h e   c y l i n d e r   22  t o g e t h e r   w i t h   i t s   p i s t o n   rod   25  a n d  

b e a r i n g   26  can   be  swung  d o w n w a r d l y   f r o m   t h e   f u l l   l i n e  

p o s i t i o n   shown  in  F i g u r e   2  i n t o   t h e   p o s i t i o n   shown  i n  

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

m o v e m e n t   of  t h e   p l a t e   1 3 .  

W i t h   t h e   c y l i n d e r   22  in   i t s   e r e c t   p o s i t i o n   s h o w n  

in  f u l l   l i n e s   in  F i g u r e   2,  i t s   b e a r i n g   26  and  t h e   b e a r -  

ing   23  p r o v i d e   s u p p o r t   f o r   t h e   s h a f t   31  of  t h e   m a n d r e l .  

M a n d r e l s   of  d i f f e r e n t   d i a m e t e r s   can  be  u s e d   w i t h   a p p r o -  

p r i a t e   r a i s i n g   or  l o w e r i n g   of  t h e   p i s t o n   r o d s   24  and  2 5 .  

S u i t a b l e   d r i v e   means   i s   p r o v i d e d   f o r   t h e   s h a f t   31  c o m -  

p r i s i n g   a  m o t o r   32  and  r e d u c t i o n   and  r e v e r s i n g   g e a r   b o x  

33,   b o t h   m o u n t e d   on  t h e   I - b e a m   15  w i t h   a  d o u b l e   u n i v e r s a l  

d r i v e   c o n n e c t i o n   34  e x t e n d i n g   f rom  t h e   g e a r   box  33  to  t h e  



s h a f t   3 1 .  

The  m a n d r e l   20  may  be  in   t h e   f o r m   of  a  c y l i n d r i c a l  

drum  as  shown  in  F i g u r e s   1  and  2,  in   w h i c h   c a s e   f o r   t h e  

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

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

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

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

c y l i n d e r .   In  a d d i t i o n   t h e   p o w e r   c y l i n d e r s   21  and  2 2  

a r e   a c t u a t a b l e   to   move  t h e   m a n d r e l   up  or  down  d u r i n g   a n  

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

in   g r e a t e r   d e t a i l   l a t e r .  

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

t h e r e o n   of  a  g r i p p e r   36  w h i c h   c o n s i s t s   of  a  c o n t i n u o u s  

r i b   e x t e n d i n g   in   an  a x i a l   d i r e c t i o n   a t   t h e   p e r i p h e r a l  

r e g i o n   of  t h e   m a n d r e l .   The  g r i p p e r   36  p r o j e c t s   r a d i a l l y  

away  f r o m   t h e   m a n d r e l   f o r   a  s h o r t   d i s t a n c e   and  h a s   t w o  

f l a n g e s   37  w h i c h   e x t e n d   in   t h e   c i r c u n f e r e n t i a l   d i r e c t i o n ,  

one  a t   e a c h   s i d e .   The  f l a n g e s   37  p r o v i d e   b e t w e e n   t h e m -  

s e l v e s   and   t h e   p e r i p h e r y   or  t h e   p a r t i a l   p e r i p h e r a l   s u r f a c e  

of  t h e   m a n d r e l   a  r e c e s s   w h i c h   i s   s l i g h t l y   g r e a t e r   i n  

w i d t h   t h a n   t h e   t h i c k n e s s   of   t h e   p l a t e   w i t h   w h i c h   t h e  

m a n d r e l  i s   to   be  u s e d .  

The  g r i p p e r   36  on  m a n d r e l   20  a p p l i e s   a  moment   t o  

t h e   e d g e   of  t h e   p l a t e   13  when  t h e   m a n d r e l   i s   r o t a t e d   i n  

t h e   d i r e c t i o n   of  a r r o w   A,  e q u a l   to   t h e   p l a s t i c   moment   o f  

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

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

17,   18.   F i g u r e s   3  to   5  show  s c h e m a t i c a l l y   t h e   v a r i o u s  

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

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



in  F i g u r e s   1  to   2 .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   t o r q u e   a p p l i e d   t o  

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

f o r m i n g   c y c l e ,   and  e q u a l   to   t h e   p l a s t i c   moment   (MPL) 

of  t h e   p l a t e   13,  i s   in  f a c t   a p p l i e d   to   t h e   p l a t e   e d g e  

v i a   t h e   g r i p p e r   36.  The  m a n d r e l   20  a c t s   as  g u i d e   a n d  

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

20  and  t h e   p l a t e   13.  W h i l s t   t h e   p l a t e   is   in  c o n t a c t  

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

b e n d i n g   moment   e q u a l   to  t h e   p l a s t i c   moment   ( M P L ) .  

In  t h e   c l o s i n g   s t a g e s   shown  in  F i g u r e s   4  and  5  n e a r  

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

g r i p p e r   36  w i l l   c a u s e   t h e   p l a t e   to  e s c a p e   or  s p i n   a w a y  

f r o m   t h e   m a n d r e l   in  t h e   d i r e c t i o n   of  r o t a t i o n   of  t h e  

m a n d r e l   u n l e s s   p r e v e n t a t i v e   means   a r e   e m p l o y e d .  

The  p r e v e n t a t i v e   means   a r e   b a s i c a l l y   t h o s e   w h i c h  

w i l l   a p p l y   a  h o r i z o n t a l   r e t a r d i n g   f o r c e   or  c o m p o n e n t   o f  

f o r c e   to  t h e   p l a t e   in  a d d i t i o n   to  t h e   r o l l e r   f o r c e   F r  

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

At  t h e   c l o s i n g   s t a g e s   v i z .   F i g u r e s   4  and  5  MPL 

( t h e   g r i p p e r   m o m e n t )   i s   o p p o s e d   by  an  e q u a l   and  o p p o s i t e  

moment   c o m p r i s i n g   t h e   sum  of  m o m e n t s   c a u s e d   by  e x t e r n a l l y  

a p p l i e d   r o l l e r   f o r c e s   H F r l ,   HFr2  and  t h e   i n t e r n a l  

f r i c t i o n a l   f o r c e s   µ  F r 1 ,   µ  F r 2 .  

The  o p p o s i n g   m o m e n t s   a r e   g e n e r a t e d   by  l o w e r i n g   t h e  

m a n d r e l   by  o p e r a t i o n   of  p o w e r   c y l i n d e r s   21,   22  in  t h e  

d i r e c t i o n   of  a r r o w   B  or  r a i s i n g   t h e   r o l l e r s   (by  m e a n s  

n o t   shown)   u n t i l   b o t h   r o l l e r s   a r e   e n g a g e d   by  t h e   p l a t e  

t h e r e b y   c r e a t i n g   l a t e r a l   f o r c e s   F r l  a n d   F r 2 .   The  a c t i o n  



of  t h e   f o r c e s   c r e a t e s   a  h o r i z o n t a l   c o m p o n e n t   of  f o r c e  

HFr2  and  H F r 2 ,   w h i c h   g i v e   r i s e   to   t h e s e   o p p o s i n g  

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

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

f r o m   t h e   m a n d r e l .  

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

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

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

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



1.  A  m e t h o d   of  r o l l i n g   a  p l a t e   to  fo rm  a  s u b -  

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

a  s u p p o r t   bed  f o r   t h e   p l a t e   ( 1 3 ) ,   a  r o t a t a b l e   m a n d r e l  

(20)   w i t h   a  g r i p p e r   means   (36)   f o r   e n g a g i n g   an  e d g e  

of  t h e   p l a t e ,   and  p r e s s u r e   means   ( 17 ,   18)  a d j a c e n t  

s a i d   m a n d r e l   (20)   f o r   e n g a g i n g   s a i d   p l a t e   ( 1 3 ) ,   s a i d  

m e t h o d   c o m p r i s i n g   e n g a g i n g   an  edge   of  t h e   p l a t e   ( 1 3 )  

by  s a i d   g r i p p e r   means   ( 3 6 ) ,   t u r n i n g   t h e   m a n d r e l   ( 2 0 )  

to  a d v a n c e   s a i d   p l a t e   (13)   p a s t   s a i d   p r e s s u r e   m e a n s  

( 1 7 ,   18)  to  c u r v e   s a i d   p l a t e   (13)   i n t o   a  c y l i n d e r   s h a p e ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   m a n d r e l   (20)   and  s a i d  

p r e s s u r e   means   ( 1 7 ,   18)  a r e   r e l a t i v e l y   m o v a b l e   to   c r e a t e  

a  f o r c e   on  s a i d   a d v a n c i n g   p l a t e   (13)   a t   l e a s t   d u r i n g  

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

of  t h e   p l a t e   (13)   and  s a i d   m a n d r e l   ( 2 0 ) .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  

p r e s s u r e   means   i n c l u d e s   a  p a i r   of  r o l l e r s   ( 17 ,   18)  m o u n t e d  

on  e i t h e r   s i d e   of  c e n t r e   b e l o w   s a i d   m a n d r e l   (20)   a n d  

a r r a n g e d   to  e n g a g e   t h e   p l a t e   (13)   s u c h   t h a t   upon  r e l a t i v e  

m o v e m e n t   b e t w e e n   s a i d   r o l l e r s   ( 17 ,   18)  and  s a i d   m a n d r e l  

(20)   s a i d   r o l l e r s   ( 1 7 ,   18)  a p p l y   s a i d   f o r c e   on  s a i d  

a d v a n c i n g   p l a t e   (13)   to  p r e v e n t   r e l a t i v e   m o v e m e n t   of  t h e  

p l a t e   (13)   and  s a i d   m a n d r e l   (20)   s o l e l y   as  a  r e s u l t   o f  

s a i d   a p p l i e d   f o r c e .  



3.  A p p a r a t u s   f o r   c a r r y i n g   ou t   t h e   m e t h o d   a s  

c l a i m e d   in   c l a i m   1,  c o m p r i s i n g   a  m a n d r e l   (20)   r o t a t a b l e  

a b o v e   a  p l a t e   s u p p o r t   b e d ,   and  p r e s s u r e   means   ( 17 ,   1 8 )  

m o u n t e d   a d j a c e n t   s a i d   m a n d r e l   (20)   f o r   c o n t a c t i n g   a n d  

s u p p o r t i n g   s a i d   p l a t e   ( 1 3 ) ,   c h a r a c t e r i z e d   in  t h a t   t h e  

m a n d r e l   (20)   and  s a i d   p r e s s u r e   means   ( 1 7 ,   18)  a r e  

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

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

a  f o r c e   a g a i n s t   s a i d   p l a t e   (13)   as  i t   i s   a d v a n c e d .  

4.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   3,  w h e r e i n   t h e  

p r e s s u r e   means   i n c l u d e s   a  p a i r   of  r o l l e r s   (17 ,   18)  m o u n t e d  

on  e i t h e r   s i d e   of  c e n t r e   b e l o w   t h e   m a n d r e l   ( 2 0 ) ,   s a i d  

m a n d r e l   (20)   b e i n g   r e l a t i v e l y   m o v a b l e   t o w a r d s   t h e   r o l l e r s  

( 1 7 ,   1 8 ) .  
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