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©  Method  of  bending  plate  materials. 
  Disclosed  is  a  method  of  bending  a  plate  material  by 
means  of  an  exclusive-use  die  shoe  for  the  plate  material  to 
be  worked  and  a  versatile  bending  means  having  a  pressing 
surface.  wherein  the  edge  portion  of  the  die  shoe  (10)  serves 
as  a  bending  surface  (11)  for  the  plate  material  (5);  the  plate 
material  (5)  is  mounted  on  and  secured  to  the  die  shoe  (10). 
bending  means  (15, 16,  and  17;  18)  are  brought  into  contact 
with  and  pressed  against  a  portion  of  the  surface  to  be  bent 
(13)  of  the  plate  material  (5),  moving  the  same  along  the 
surface  to  be  bent,  and  bending  the  surface  to  be  bent  step 
by  step.  The  bending  means  (15,  16,  and  17)  comprise  a 
plurality  of  bending  members,  each  bending  member  being 
formed  in  such  a  manner  that  the  angle  of  each  of  the 
pressing  surfaces  (19,  20,  and  21)  thereof  is  formed  such  as 
to  become  gradually  larger,  and  the  bending  members  are 
used  in  sequence  starting  with  the  one  having  the  pressing 
surface  with  the  smallest  angle.  Or,  the  bending  means  (18) 
is  a  bending  member  having  a  pressing  surface  parallel  to 
the  axis  of  the  bending  member  and  is  inclined  against  the 
plate  material  step  by  step. 



BACKGROUND  OF THE  INVENTION 

1.  F i e l d   of  t h e   I n v e n t i o n  

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

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

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

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

2.  D e s c r i p t i o n   of  t he   r e l a t e d   A r t  

As  m e t h o d s   of   f o r m i n g   b e n t   p r o d u c t s   such   as  t h o s e  

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

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

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

a r e   known.   F o r   i n s t a n c e ,   in  t he   c a s e   of  f o r m i n g   a  b e n t  

p r o d u c t   1  h a v i n g   a  f l a n g e   p o r t i o n   7  w i t h   an  e l o n g a t e d   p o r t i o n  

8  and  a  s h r u n k   p o r t i o n   9  s u c h   as  the   one  shown  i n  F i g .   1 ,  

s u c h   a  p r o d u c t   is  f o r m e d   by  s t a m p i n g   w i t h   an  e x c l u s i v e - u s e  

d i e   a s s e m b l y .   F i g .   2  shows   a  m e t h o d   of  s t a m p i n g ,   in  w h i c h  

the   l e f t   h a l f  p o r t i o n   t h e r e o f   shows   t h e   s t a t e   i m m e d i a t e l y  

b e f o r e   w o r k i n g .   A  p l a t e   m a t e r i a l   5  is  m o u n t e d   on  a  d i e  

6  whose   s u r f a c e   c o n f o r m s   to  t he   c o n f i g u r a t i o n   of  t h e   p l a t e  

m a t e r i a l  5   to  be  w o r k e d .   A  p u n c h  2   c o r r e s p o n d i n g   to  t h e  

d i e   6  is  l o w e r e d   t o w a r d   t he   p l a t e   m a t e r i a l   5,  and  t h e   p l a t e  

m a t e r i a l   5  is  c l a m p e d   b e t w e e n   the   punch   2  and  a  c u s h i o n  



p a d  4   p r o v i d e d   w i t h   a  c u s h i o n   p in   3  t h e r e b e l o w .   F u r t h e r m o r e ,  

the   p l a t e - m a t e r i a l   5  is  b e n t   by  the   d i e   6  by  l o w e r i n g   t h e  

p u n c h   2,  t h e r e b y   f o r m i n g   a  b e n t   web  p o r t i o n   7  as  shown  i n  

the   r i g h t   h a l f   p o r t i o n   of  F i g .   2 .  

F i g .   3A  shows  a  m e t h o d   w h i c h   e m p l o y s   r o l l   f o r m i n g .  

The  p l a t e   m a t e r i a l   5  is   c o n t i n u o u s l y   worked   by  a  p l u r a l i t y  

of   s e t s   of  r o l l s   ( i n   F i g .   3A,  a  f i r s t   r o l l   to  a  f o u r t h   r o l l )  

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

t h e   p l a t e   m a t e r i a l   5  in  s e q u e n c e .   F i g .   3B  shows   f r o n t   e l e v a -  

t i o n a l   v i e w s   i l l u s t r a t i n g   each   of  t he   b e n d i n g   s u r f a c e   o f  

t he   f i r s t   r o l l   to  t he   f o u r t h   r o l l   shown  in  F i g .   3A  ( " P u r e s u  

Kako  B i n r a n "   ( S t a m p i n g   H a n d b o o k ) ,   pp.  2 4 8  -   265 ,   p u b l i s h e d  

by  M a r u z e n ) .  

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

h o w e v e r ,   the   c o s t   of  t h e   d i e   a s s e m b l y   is  i n c r e a s e d   s i n c e  

an  e x c l u s i v e - u s e   d i e   a s s e m b l y   i s   u s e d   fo r   one  t y p e   of  b e n t  

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

t h e r e f o r e   r e q u i r e d .   F u r t h e r m o r e ,   l a r g e   n o i s e   i s   g e n e r a t e d  

at   t h e   t ime  of  w o r k i n g .   M o r e o v e r ,   t h e   a f o r e m e n t i o n e d   m e t h o d  

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

i s   l i a b l e   to  o c c u r   ( t h e   s u r f a c e   of  a  p l a t e   m a t e r i a l   is   l i a b l e  

to  be  g a l l e d   by  a  d i e   a s s e m b l y ) .   T h i s   g a l l i n g   p h e n o m e n o n  

is   p a r t i c u l a r l y   n o t i c e a b l e   in  t h e   s h r u n k   p o r t i o n   9 .  

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

is  s u p e r i o r   to  t he   a f o r e m e n t i o n e d   s t a m p i n g   in  t e r m s   of  n o i s e ,  



g a l l i n g ,   and  o t h e r   a s p e c t s .   H o w e v e r ,   t he   a p p l i c a t i o n   o f  

t h i s   m e t h o d   is  r e s t r i c t e d   to  a  w o r k p i e c e   w h i c h   has  a  f i x e d  

c r o s s - s e c t i o n a l   s h a p e   and  a  b e n d i n g   l i n e   of  wh ich   is  s t r a i g h t  

or  s l i g h t l y   c u r v e d .   In  o t h e r   w o r d s ,   t h i s   m e t h o d   has  a  d r a w -  

back   in  t h a t   i t   is  i m p o s s i b l e   to  form  a  b e n t   p r o d u c t   1 ,  

whose   b e n t   l i n e   is  no t   s t r a i g h t   but   c u r v e d   as  in  t he   c a s e  

of  t h e   one  shown  in  F i g .   1,  i . e . ,   one  h a v i n g   an  e l o n g a t e d  

p o r t i o n   8  and  a  s h r u n k   p o r t i o n   9 .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   is  i n t e n d e d   to  o v e r c o m e  

the   p r o b l e m s   of  s t a m p i n g   w h i c h   r e s u l t s   f rom  t he   f a c t   t h a t  

a  d i e   a s s e m b l y   is  e x c l u s i v e l y   used   fo r   one  t y p e   of  b e n t  

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

and  t he   p r o b l e m s   of  the   g e n e r a t i o n   of  n o i s e   at   the   t i m e  

of  work  and  of  g a l l i n g   in  r e l a t i o n   to  a  w o r k p i e c e .   At  t h e  

same  t i m e ,   the   p r e s e n t   i n v e n t i o n   is  a l s o   i n t e n d e d   to  o v e r c o m e  

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

w i t h   a  c u r v e d   b e n t   l i n e   is  i m p o s s i b l e   in  t he   r o l l   f o r m i n g  

m e t h o d .  

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

is  p r o v i d e d   which   has  an  edge  p o r t i o n   s e r v i n g   as  a  b e n d i n g  

s u r f a c e   f o r   the  p l a t e   m a t e r i a l ;   the   p l a t e   m a t e r i a l   is  m o u n t e d  

on  and  s e c u r e d   to  t he   d i e   shoe   w i t h   t he   s u r f a c e   t h e r e o f  

w h i c h   is  to  be  b e n t   e x t e n d i n g   from  the   b e n d i n g   s u r f a c e   o f  



t he   d i e   s h o e ;   a  v e r s a t i l e   b e n d i n g   means   h a v i n g   a  p r e s s i n g  

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

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

p l a t e   m a t e r i a l   w h i c h   is  to  be  b e n t ;   t h e   b e n d i n g   means  i s  

moved  a l o n g   the   s u r f a c e   to  be  b e n t ;   and  the  same  s u r f a c e  

is   b e n t   by  s m a l l   d e g r e e s .   C o n s e q u e n t l y ,   t he   p l a t e   m a t e r i a l  

can  be  b e n t   in  c o r r e s p o n d e n c e   w i t h   t he   s h a p e   of  the  b e n d i n g  

s u r f a c e   f o r m e d   a t   t he   edge  p o r t i o n   of  s a i d   d i e   shoe   as  w e l l  

as  the   s h a p e   of  the   b e n d i n g   m e a n s .  

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 ,   s i n c e   t h e  

p l a t e   m a t e r i a l   s u r f a c e   to  be  b e n t   is  w o r k e d   by  moving   a  

b e n d i n g   means  s t e p   by  s t e p ,   i t   i s ,   f i r s t   of  a l l ,   p o s s i b l e  

to  p r e v e n t   g e n e r a t i o n   of  n o i s e   at   t he   t i m e   of  work  and  t o  

p r e c l u d e   the   o c c u r r e n c e   of  any  g a l l i n g   of  a  w o r k p i e c e .  

At  the   same  t i m e ,   i t   b e c o m e s   p o s s i b l e   s i m p l y   by  r e p l a c i n g  

d i e   s h o e   to  form  not   o n l y   a  b e n t   p r o d u c t   w i t h   a , b e n t   l i n e  

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

c u r v e d   b e n t   l i n e ,   t he   f o r m a t i o n   of  w h i c h   has  h i t h e r t o   b e e n  

p o s s i b l e   on ly   by  u s i n g   an  e x c l u s i v e - u s e   d i e   a s s e m b l y .   T h u s ,  

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

m o r e ,   i t   becomes   p o s s i b l e   to  e f f e c t   a  r e d u c t i o n   in  p r o d u c t i o n  

c o s t   by  v i r t u e   of  t he   a b o v e - m e n t i o n e d   v e r s a t i l i t y ,   and  i t  

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

of   p r o d u c t s   in  s m a l l   l o s t s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

-  F i g .   1  is  a  p e r s p e c t i v e   view  which   i l l u s t r a t e s  

one  e x a m p l e   of  a  b e n t   p r o d u c t ;  

F i g .   2  is  a  c r o s s - s e c t i o n a l   view  i l l u s t r a t i n g  

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

m e t h o d ,   in  which   the  l e f t   h a l f   p o r t i o n   shows  a  s t a t e   p r i o r  

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

a  s t a t e   a f t e r   the   b e n d i n g   w o r k ;  

F i g .   3A  is  a  s i d e   e l e v a t i o n a l   view  i l l u s t r a t i n g  

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

f o r m i n g   m e t h o d ,   in  wh ich   f o u r   p a i r s   of  r o l l s   a re   u s e d ;  

F i g .   3B  is  a  f r o n t   e l e v a t i o n a l   view  i l l u s t r a t i n g  

the   b e n d i n g   s u r f a c e s   of  t he   f i r s t   to  f o u r t h   r o l l s   s h o w n  

in  F i g .   3A; 

F i g .  4   is  a  p e r s p e c t i v e   view  i l l u s t r a t i n g   a  b e n d i n g  

m e t h o d   r e l a t i n g   to  t he   p r e s e n t   i n v e n t i o n ;   , 

F i g s .   5  t o  7   a r e   c r o s s - s e c t i o n a l   v i e w s   each   i l l u s -  

t r a t i n g   a  s t a t e   in  which   t h e   p o r t i o n s   V,  VI,  and  VII  o f  

F i g .  4   are   b e i n g   b e n t ;  

F i g .   8A,  8B  and  8C  a re   v i ews   s i m i l a r   to  F i g s .  

5  t o  7   in  which   s i n g l e   b e n d i n g   member  is  u s e d ;  

F i g .   9  is  a  p e r s p e c t i v e   view  which   i l l u s t r a t e s  

a n o t h e r   e x a m p l e   of  a  b e n t   p r o d u c t ;  

F i g .   10A  is  a  p e r s p e c t i v e   view  of  a  f l a t   p l a t e  

m a t e r i a l   f o r   f o r m i n g   the   b e n t   p r o d u c t   as  shown  in  F i g .   9 ;  

a n d  



F i g .   10B  is  a  p e r s p e c t i v e   view  of  a  p l a t e   w i t h  

a  b e n t   web  p o r t i o n   b e f o r e   f o r m i n g   a  b e n t   f l a n g e   p o r t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

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

in  t he   a t t a c h e d   d r a w i n g s .   F i g .  4   is  a  p e r s p e c t i v e   v i e w  

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

t i o n .   In  the   f i g u r e ,   an  e x c l u s i v e - u s e   d i e   s h o e   10  w i t h  

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

to  be  worked   is  s h o w n ,   and  the   edge  p o r t i o n   of  t h e   d i e   s h o e  

10  is  fo rmed   as  a  b e n d i n g   s u r f a c e   11.  The  s h a p e   of   t h e  

b e n d i n g   s u r f a c e   11  is  f o r m e d   in  a  r e c t i l i n e a r   s h a p e   in  a  

c a s e   where   a  b e n d i n g   l i n e   12  is   a  s t r a i g h t   l i n e ,   and  i n  

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

p r e s e n t   i n v e n t i o n   in  a  c a s e   where   the   b e n d i n g   l i n e   12  i s  

c u v e d .   The  p l a t e   m a t e r i a l   5  is  m o u n t e d   and  s e c u r e d   on  t h e  

d i e   shoe   10  by  means   of  a  s e p a r a t e   s e c u r i n g   member  ( n o t  

s h o w n )   in  such   a  m a n n e r   t h a t   t he   s u r f a c e   to  be  w o r k e d   13 

t h e r e o f   e x t e n d s   f rom  the  b e n d i n g   s u r f a c e   11.  A  s i d e   s u r f a c e  

14  c o n s i t u t i n g   the   b e n d i n g   s u r f a c e   11  of  t h e   d i e   s h o e   10 

is   f o rmed   at  an  a n g l e   s l i g h t l y   s m a l l e r   t h a n   the  b e n d i n g  

a n g l e   of  the   s u r f a c e   to  be  b e n t   13  of  the   p l a t e   m a t e r i a l ,  

and  is  a r r a n g e d   such   t h a t   the  a n g u l a r   d i f f e r e n c e   A6  t h e r e -  

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



to  be  w o r k e d   13.  F i g s .   5  to  7  show  v e r s a t i l e   b e n d i n g   m e m b e r s  

15,  16,  and  17  w h i c h   a re   u s e d   f o r   t he   b e n d i n g   work  in  a c c o r d a n c e  

w i t h   the  p r e s e n t   i n v e n t i o n .   The  b e n d i n g   m e m b e r s   15,  1 6 ,  

and  17  have  p r e s s i n g   s u r f a c e s   19,  20,  and  21  and  a r e   a r r a n g e d  

such   as  to  move  a l o n g   the   s u r f a c e   to  be  ben t   13  ( i . e . ,   i n  

. t h e   d i r e c t i o n   of  t he   a r r o w   28  in  F i g .   4)  w h i l e   c o m i n g   i n t o  

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

b e n t   13.  Each  b e n d i n g   member   15,  16,  and  17  is  f o r m e d   s u c h  

as  to  be  s p l i t   in  many  s t a g e s   ( s p l i t   i n t o   n)  so  t h a t   t h e  

a n g l e s   81,  82,  . . . ,   @n  of  t he   p r e s s i n g   s u r f a c e s   19,  2 0 ,  

and  21  t h e r e o f   w i l l   become  g r a d u a l l y   l a r g e r .   By  u s i n g   t h e s e  

b e n d i n g   m e m b e r s   15,  16,  and  17  in  s e q u e n c e ,   t h e   a r r a n g e m e n t  

is  such   t h a t   edge   waves   a r e   p r e v e n t e d   from  b e i n g   f o r m e d  

at  t he   edge   p o r t i o n s   by  g r a d u a l l y   e n l a r g i n g   t h e   b e n d i n g  

a n g l e s   of  the   s u r f a c e   to  be  b e n t   13  from  the   f l a t   s t a t e ,  

i . e . ,   by  p r e v e n t i n g   the   b e n d i n g   a n g l e s   from  c h a n g i n g   a b r u p t l y .  

A l t h o u g h   f i x e d   g u i d e s   may  be  used   as  the  b e n d i n g   m e m b e r s  

15,  16,  and  17,  in  t h e   p r e s e n t   e m b o d i m e n t   t h e r y   a r e   f o r m e d  

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

t h a t   t h e i r   f r i c t i o n a l   r e s i s t a n c e   w i l l   become  s m a l l   at   t h e  

t i m e   when  the   b e n d i n g   members   a re   moved  a l o n g   t he   s u r f a c e  

to  be  b e n t   1 3 .  

In  the  e m b o d i m e n t   as  shown  in  F i g s .   5,  6  and  7 ,  

the   b e n d i n g   member s   15,  16,  17  each  h a v i n g   a  p r e s s i n g   s u r f a c e  

i n c l i n e d   by  a n g l e   @1, @2  . . .   @n  a g a i n s t   the   a x i s   of  t h e  



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

in  F i g s .   8A,  8B  and  8C,  a  b e n d i n g   member  18  h a v i n g   a  p r e s s i n g -  

s u r f a c e   p a r a l l e l   to  the   a x i s   of  the   b e n d i n g   member  may  b e  

used   by  i n c l i n i n g   t h e   b e n d i n g   member  by  a n g l e   @1,  @2 ... 

8n  s t e p   by  s t e p   a g a i n s t   the   p l a t e   m a t e r i a l .  

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

on  the   b a s i s   of  the   a f o r e m e n t i o n e d   e m b o d i m e n t .   The  p l a t e  

m a t e r i a l   5  is  m o u n t d   on  and  s e c u r e d   to  the   d i e   s h o e   1 0 ,  

and  t he   b e n d i n g   member  15  is  f i r s t   b r o u g h t   i n t o   c o n t a c t  

w i t h   and  p r e s s e d   a g a i n s t   t he   s u r f a c e   to  be  b e n t   13  of  t h e  

p l a t e   m a t e r i a l   5.  Then ,   t he   s u r f a c e   to  be  b e n t   13  is  b e n t  

by  m o v i n g   t h e   b e n d i n g   member  15  a l o n g   the   s u r f a c e   to  b e  

b e n t   13.  N e x t ,   t he   b e n d i n g   member  15  is  r e p l a c e d   w i t h   t h e  

b e n d i n g   member   16,  and  b e n d i n g   work  is  c a r r i e d   ou t   in  a  

m a n n e r   s i m i l a r   to  t h a t   d e s c r i b e d   a b o v e .   F u r t h e r ,   b e n d i n g  

work   is  c a r r i e d   out   s t e p   by  s t e p   by  the   b e n d i n g   member   17 

so  as  to  o b t a i n   an  i n t e n d e d   f i n a l   b e n d i n g   a n g l e ,   t h e r e b y  

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

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

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

and  a  b e n t   f l a n g e   s u r f a c e .   In  c a s e   of  f o r m i n g   a  b e n t   p r o d u c t  

31  h a v i n g   a  c u r v e d   web  s u r f a c e   p o r t i o n   35  as  shown  in  F i g .  

9,  a  p l a t e   m a t e r i a l   5  as  shown  in  F i g .   10A  is  b e n t   to  f o r m  

a  web  p o r t i o n   35  as  s een   in  F i g .   10B.  T h e r e a f t e r ,   a  f l a n g e  

p o r t i o n   37  w i t h   an  e l o n g a t e d   p o r t i o n   38  and  a  s h r u n k   p o r t i o n  



39  is  f o rmed   by  t he   a f o r e m e n t i o n e d   m e t h o d ,   so  t h a t   a  b e n t  

p r o d u c t   31  as  shown  in  F i g .   9  is  f o r m e d .  



1.  A  m e t h o d   of  b e n d i n g   a  p l a t e   m a t e r i a l   by  m e a n s  

of  an  e x c l u s i v e - u s e   d i e   s h o e   f o r   s a i d   p l a t e   m a t e r i a l   t o  

be  worked   and  a  v e r s a t i l e   b e n d i n g   means   h a v i n g   a  p r e s s i n g  

s u r f a c e ,   c h a r a c t e r i z e d   in  t h a t   t he   edge   p o r t i o n   of  s a i d  

d i e   shoe  (10)   s e r v e s   as  a  b e n d i n g   s u r f a c e   (11)   for   s a i d  

p l a t e   m a t e r i a l   (5)  and  s a i d   p l a t e   m a t e r i a l   (5)  is  m o u n e d  

on  and  s e c u r e d   to  s a i d   d i e   shoe  ( 1 0 ) ,   b e n d i n g   means  ( 1 5 ,  

16,  and  17;  18)  b e i n g   b r o u g h t   i n t o   c o n t a c t   w i t h   and  p r e s s e d  

a g a i n s t   a  p o r t i o n   of  s a i d   s u r f a c e   to  be  b e n t   (13)  of  s a i d  

p l a t e   m a t e r i a l   ( 5 ) ,   the   same  b e i n g   moved  a l o n g   s a i d   s u r f a c e  

to  be  b e n t ,   and  s a i d   s u r f a c e   to  be  b e n t   b e i n g   ben t   s t e p  

by  s t e p .  

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

to  c l a i m   1,  w h e r e i n   s a i d   b e n d i n g   means   (15 ,   16,  and  1 7 )  

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

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

t h e   p r e s s i n g   s u r f a c e s   (19 ,   20,  and  21)  t h e r e o f   is  f o r m e d  

s u c h   as  to  become  g r a d u a l l y   l a r g e r ,   and  s a i d   b e n d i n g   m e m b e r s  

a r e   used   in  s e q u e n c e   s t a r t i n g   w i t h   t he   one  w i t h   the  p r e s s i n g  

s u r f a c e   h a v i n g   the   s m a l l e s t   a n g l e .  



3.  A  me thod   of  b e n d i n g   a  p l a t e   m a t e r i a l   a c c o r d i n g  

to  c l a i m   1,  w h e r e i n   s a i d   b e n d i n g   means   is  a  b e n d i n g   m e m b e r  

(18)   h a v i n g   a  p r e s s u r e   p a r a l l e l   to  the  a x i s   of  the   b e n d i n g  

member  and  s a i d   b e n d i n g   member   is  i n c l i n e d   a g a i n s t   t he   p l a t e  

m a t e r i a l   s t e p   by  s t e p .  

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

to  any  one  of  c l a i m s   1  t h r o u g h   3,  w h e r e i n   s a i d   b e n d i n g   m e a n s  

(15 ,   16,  and  17;  18)  a re   f o r m e d   w i t h   the  s t r u c t u r e   of  r o t a t i n g  

r o l l s .  
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