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54)  Method  of  reducing  springback  in  mechanically  pressed  sheet  materials  -  II. 

A  method  is  disclosed  for  mechanically  deforming  sheet 
material  to  substantially  reduce  the  resultant  springback.  The 
sheet  material  is  pressed  through  a  first  increment  to  bend 

the  material  at  a  first  locus,  and  is  then  pressed  through  a 
second  increment  to  bend  the  material  at  a  second  locus 
spaced  a  small  predetermined  distance  from  the  first  locus. 



BACKGROUND  OF  THE  INVENTION 

S p r i n g b a c k   is  a  p h e n o m e n o n   a l w a y s   p r e s e n t   in  t h e  

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

t y p i c a l l y   c a r r i e d   ou t   by  the  use  of  p r e s s e s   b r o a d l y   c l a s s i -  

f i e d   by  the  s o u r c e   of  power  as  h y d r a u l i c   or  m e c h a n i c a l .  

C e r t a i n   a l t e r n a t i v e s   a re   a v a i l a b l e   when  u s i n g   h y d r a u l i c  

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

b e c a u s e   of  the   l o w e r   s t r a i n   r a t e   i n v o l v e d .   However ,   m o r e  

e f f i c i e n t   and  r a p i d   p r o d u c t i o n   can  be  a c h i e v e d   w i th   m e c h -  

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

h i g h   speed   ram  m o v e m e n t .  

The  f i n a l   shape   of  s h e e t   m e t a l   p a r t s   fo rmed  b y  
m e c h a n i c a l   p r e s s   b e n d i n g   d e p e n d s   i m p o r t a n t l y   upon  t h e  

c o n t r o l   of  s p r i n g b a c k .   S p r i n g b a c k   is  the   n a t u r a l   t e n d e n c y  
of  the  m a t e r i a l   to  r e v e r t   to  i t s   o r i g i n a l   shape   a f t e r   t h e  

b e n d i n g   f o r c e   has  b e e n   r e m o v e d .   I t   has  been   g e n e r a l l y  

b e l i e v e d   h e r e t o f o r e   t h a t   the  s p r i n g b a c k   is  p r o p o r t i o n a l   t o  

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

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

h a r d n e s s   of  the   m a t e r i a l .   I t   has  been   c o n v e n t i o n a l   f o r  

t o o l   d e s i g n e r s   to  c o r r e c t   such  s p r i n g b a c k   by  (a)  o v e r -  

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

r e l a x   to  a  s h a p e   t h a t   is  more  p r e c i s e l y   d e s i r e d   upon  r e l i e f  

of   the   b e n d i n g   f o r c e ,   or  (b)  r e s t r i k i n g   the  m a t e r i a l   in  t h e  

same  d i e   at   the   same  bend  p o i n t   to  e n c o u r a g e   the  m a t e r i a l  

to  more  c l o s e l y   c o n f o r m   to  the  d e s i r e d   d i e   c o n f i g u r a t i o n .  

To  f a c i l i t a t e   o v e r c o m p e n s a t i o n ,   t a b l e s   of  d a t a   r e s u l t i n g  
f rom  i n c r e m e n t a l   c h a n g e s   in  s p r i n g b a c k   w i t h   v a r i a n c e s   i n  

the  m a t e r i a l   t h i c k n e s s ,   h a r d n e s s   and  bend  r a d i u s   have  b e e n  

g e n e r a t e d .   H o w e v e r ,   due  to  the  n u m e r o u s   v a r i a b l e s   t h a t  

s e e m i n g l y   a f f e c t   m e c h a n i c a l   p r e s s   s p r i n g b a c k ,   such  t a b l e s  

of  d a t a   have  been   l i m i t e d   to  s i m p l e   b e n d s ,   as  in  a  V - s h a p e .  



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

r e m a i n s   a  p r o b l e m   f o r   p r e s s e d   mi ld   s t e e l s .   Wi th   the  a d v e n t  

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

in  e x c e s s   of  3515  bar  in  r e l a t i v e l y   t h i n   s e c t i o n s ,   t h e  

p r o b l e m   has  become  more  p r o n o u n c e d .   I t   has  been   found   t h a t  

p r o j e c t i n g   and  c o m p e n s a t i n g   fo r   s p r i n g b a c k ,   b a s e d   u p o n  
v a r i o u s   p h y s i c a l   c h a r a c t e r i s t i c s   of  the   m a t e r i a l ,   does   n o t  

w o r k .   I t   a p p e a r s   t h a t   the   compound  e f f e c t   of  h i g h e r  

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

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

s p r i n g b a c k   than   t h a t   w h i c h   is  o f t e n   e n c o u n t e r e d   in  p r o -  
d u c t i o n   p a r t s   made  of   c o n v e n t i o n a l   s h e e t   m e t a l .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   is  a  method  of  m e c h a n i c a l l y   d e -  

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

the   a p p a r e n t   s p r i n g b a c k   of  the  m a t e r i a l ,   i r r e s p e c t i v e   of  a  

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

t h i c k n e s s   of  the   m a t e r i a l   and  speed   of  the   d e f o r m i n g  

member .   The  i n v e n t i o n   u s e s   p r o g r e s s i v e   p r e s s i n g   of  s h e e t  

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

r e s u l t .   R e s i d u a l   s p r i n g b a c k   from  the  f i r s t   s t r i k i n g   a c t i o n  

s u b t r a c t s   from  the  s p r i n g b a c k   of  the  s e c o n d   s t r i k i n g   a c t i o n  

to  s i g n i f i c a n t l y   r e d u c e   the  r e s u l t a n t   s p r i n g b a c k   in  t h e  

p r o d u c t .  

The  me thod   c o m p r i s e s   (a)  s t r i k i n g   t o g e t h e r   m a l e  

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

t r a v e l   to  f i r s t l y   bend  the  s h e e t   m a t e r i a l   p l a c e d   t h e r e -  

b e t w e e n   a b o u t   at   l e a s t   a  f i r s t   l o c u s   to  d e f i n e   a  f i r s t  

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

a n g l e ,   and  (b)  s t r i k i n g   t o g e t h e r   male   and  f e m a l e   f o r m i n g  

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

bend  s a i d   f i r s t   d e f o r m e d   s h e e t   m a t e r i a l   member  a b o u t   a t  

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

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



S e v e r a l   modes  of  p r o v i d i n g   r e d u c e d   or  z e r o  

r e s u l t a n t   s p r i n g b a c k   can  be  used  in  a c c o r d a n c e   w i th   t h i s  

m e t h o d .   One  mode  e m p l o y s   r e p e a t e d   s t r i k i n g   m o v e m e n t s   t o  

s e p a r a t e l y   p r o v i d e   the  f i r s t   and  s e c o n d   b e n d i n g ;   e a c h  

f e m a l e   member  and  male  member  is  c h a n g e d   in  c r o s s - s e c t i o n a l  

s i z e   f o r   the  s e c o n d   s t r i k i n g   movement   to  c r e a t e   the  s p a c i n g  

n e e d e d   b e t w e e n   the  f i r s t   and  s e c o n d   bend  r a d i i .   S u c h  

c h a n g e   may  be  an  e n l a r g e m e n t   or  r e d u c t i o n   b e c a u s e   t h e  

s e c o n d   bend  r a d i u s   can  be  l o c a t e d   to  e i t h e r   s i d e   of  t h e  

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

f e r a b l y   o f   0.5  to  6. 4  m m .  

I t   is   a d v a n t a g e o u s   to  c o n t r o l   the   gap  b e t w e e n   t h e  

male   punch  member  and  the  f e m a l e   member  d u r i n g   e a c h  

s t r i k i n g   i n c r e m e n t   to  c o n t r o l   the  amoun t   of  r e s u l t a n t  

s p r i n g b a c k .   The  gap  can  be  in  a  wide  r a n g e   f o r   the  f i r s t  

s t r i k i n g   a c t i o n ,   p r e f e r a b l y   a b o u t   1 .5  x  2 .0   t i m e s   t h e  

t h i c k n e s s   of  the   m a t e r i a l .   The  gap  f o r   the  s e c o n d   s t r i k i n g  

i n c r e m e n t   is  o p t i m a l l y   e q u a l   to  the  t h i c k n e s s   of  t h e  

m a t e r i a l   and  o p e r a b l y   in  a  r ange   of  1 . 0 - 1 . 5   t i m e s   t h e  

t h i c k n e s s   of  the   m a t e r i a l .   I t   has  been   found   d e s i r a b l e   t o  

l i m i t   the   c o r n e r   r a d i u s   of  s a id   members   to  a b o u t   t h e  

t h i c k n e s s   of  the   m a t e r i a l .  

A n o t h e r   mode  is  to  form  the  f e m a l e   d i e   w i t h  

t a p e r e d   w a l l s   and  to  c a r r y   out   the  f i r s t   and  s e c o n d   b e n d i n g  

as  p a r t   of  a  c o n t i n u o u s   p r e s s i n g   m o t i o n .   T h u s ,   b e n d i n g   o f  

the   s h e e t   m a t e r i a l   at   a  f i r s t   l o c u s   would   o c c u r   d u r i n g   t h e  

i n i t i a l   i n c r e m e n t   of  t r a v e l   of  the  male   member  i n t o   t h e  

t a p e r e d   f e m a l e   member  and  the  s e c o n d   or  s u b s e q u e n t   b e n d i n g s  

would   o c c u r   as  the  male   member  moves  t h r o u g h   a d d i t i o n a l  

i n c r e m e n t s   of  t r a v e l   down  a long   the  t a p e r e d   w a l l s   of  t h e  

f e m a l e   member ,   c r e a t i n g   b e n d i n g   at   d i f f e r e n t   l o c i .   I n  

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

male   d i e   is  moved  d u r i n g   a  s i n g l e   s t r i k i n g   a c t i o n   to  m a t e  

w i t h   the  f e m a l e   m e m b e r .  



SUMMARY  OF  THE  DRAWINGS 

F i g u r e s   1-3  i l l u s t r a t e   d i a g r a m a t i c a l l y   a n d  

s e q u e n t i a l l y   the   p h e n o m e n a   e m p l o y e d   by  t h i s   i n v e n t i o n ;  

F i g u r e s   4 a - 4 b   i l l u s t r a t e   the  s e q u e n t i a l   s t e p s   f o r  

a  p r e f e r r e d   me thod   of  t h i s   i n v e n t i o n   w h e r e i n   the  male   p u n c h  

member  is  r e d u c e d   in  s i z e   f o r   the   s e c o n d   s t r i k i n g   a c t i o n ;  

F i g u r e s   5 a - 5 b   i l l u s t r a t e   d i a g r a m a t i c a l l y   s e q u e n c e s  

of  a n o t h e r   mode,  w h e r e i n   the  f e m a l e   m o l d i n g   member  i s  

r e d u c e d   in  s i z e   f o r   the  s e c o n d   s t r i k i n g   a c t i o n ;  

F i g u r e   6  is  s t i l l   a n o t h e r   d i a g r a m a t i c   v i e w  

i l l u s t r a t i n g   s t i l l   a n o t h e r   mode  of  the  i n v e n t i v e   m e t h o d  

h e r e i n   w h e r e i n   a  s i n g l e   s t r i k i n g   s t e p   is  e m p l o y e d   w i t h   a  

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

F i g u r e s   7  and  8.  a re   g r a p h i c a l   i l l u s t r a t i o n s  

s h o w i n g   the  v a r i a t i o n   of  s p r i n g b a c k   in  c e r t a i n   s t e e l   s h e e t  

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

as  a  f u n c t i o n   of  pad  p r e s s u r e   and  d i e   gap  r e s p e c t i v e l y .  

F i g u r e   9  is  a  g r a p h i c a l   i l l u s t r a t i o n   of  t h e  

v a r i a t i o n   of  s p r i n g b a c k   w i t h   a  v a r i a t i o n   in  the   r e s t r i k e  

d i e   gap  f o r   the  m e t h o d   mode  d e p i c t e d   in  F i g u r e s   4a  and  4 b ;  

F i g u r e   10  i s   a  g r a p h i c a l   i l l u s t r a t i o n   of  s p r i n g -  

back   as  f u n c t i o n   of  b o t t o m   d i e   g a p .  

F i g u r e s   11  and  12  a r e   g r a p h i c a l   i l l u s t r a t i o n s  

d e p i c t i n g   the  v a r i a t i o n   of  s p r i n g b a c k   w i t h   d i e   gap  f o r   t h e  

m e t h o d   mode  of  F i g u r e s   5a  and  5 b ;  

F i g u r e s   13  and  14  a re   g r a p h i c a l   i l l u s t r a t i o n s   o f  

the   v a r i a t i o n   of  s p r i n g b a c k   w i t h   d i e   gap ,   f o r   the   r e s p e c -  

t i v e   m a t e r i a l s   i n d i c a t e d ,   when  e m p l o y i n g   the  m e t h o d   mode  o f  

F i g u r e   6 .  



DETAILED  DESCRIPTION 

S p r i n g b a c k   is  a l w a y s   p r e s e n t   in  a  b e n d i n g   o p e r a -  

t i o n   p e r f o r m e d   on  s h e e t   m a t e r i a l s   t h a t   have   an  e l o n g a t i o n  

of  at  l e a s t   1.5%  and  have  a  m e l t i n g   t e m p e r a t u r e   at  l e a s t  

t w i c e   the  t e m p e r a t u r e   at  which   p r e s s i n g   o c c u r s .   S p r i n g -  

back  c a n n o t   be  t h e o r e t i c a l l y   e l i m i n a t e d   s i n c e   t h e r e   i s  

l i t t l e   one  can  do  to  a l t e r   the  Y o u n g ' s   m o d u l u s   of  a  

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

to  the  me thod   of  t h i s   i n v e n t i o n   i n c l u d e   a l l   s h e e t   m a t e r i a l s  

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

and  s o l i d   s t r u c t u r e   d u r i n g   p r e s s i n g .   Th i s   i n v e n t i o n   i s  

p a r t i c u l a r l y   u s e f u l   fo r   s h e e t   m e t a l s   such  as  mi ld   s t e e l s  

( c o l d   r o l l e d ,   low  c a r b o n ,   h e r e i n a f t e r   CRLC),  h igh   s t r e n g t h ,  

low  a l l o y   s t e e l s   ( h e r e i n a f t e r   HSLA),  and  a l l o y s   of  a l u -  

minum,  m a g n e s i u m   and  c o p p e r .  

T h i s   i n v e n t i o n   has  d i s c o v e r e d   t h a t   if   the  s h e e t  

m a t e r i a l   is  d e f o r m e d   at  two  bend  l o c i   (or  bend  r a d i i ) ,   t h e  

r e s u l t a n t   s p r i n g b a c k   w i l l   be  s u b s t a n t i a l l y   r e d u c e d   a n d  

o p t i m a l l y   e l i m i n a t e d .   The  p r e r e q u i s i t e   fo r   t h i s   a c h i e v e -  

ment  is  the   e x i s t e n c e   of  two  bend  c o r n e r s   in  the  m a t e r i a l  

a p p l i e d   s e q u e n t i a l l y .   The  r e l a t i v e   l o c a t i o n   of  the  t w o  

c o r n e r s   is  no t   a  l i m i t a t i o n .   Tha t   is  to  say ,   the  s e c o n d  

bend  r a d i u s   or  l o c u s   can  be  l o c a t e d   r e l a t i v e l y   i n w a r d l y   o r  

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

in  r e s u l t a n t   s p r i n g b a c k .  

When  f o r m i n g   such  m a t e r i a l s   w i th   the  use  of  a  

m e c h a n i c a l   p r e s s ,   i t   has  been  found   t h a t   the  c o n v e n t i o n a l  

m e c h a n i s m s   to  c o m p e n s a t e   or  a l l o w   f o r   s p r i n g b a c k   are   n o t  

r e l i a b l e   or  e f f e c t i v e   when  w o r k i n g   w i t h   h i g h e r   s p e e d  

p r e s s e s   and  h i g h e r   s t r e n g t h   m a t e r i a l   such  as  HSLA  m a t e r i a l  

h a v i n g   a  t e n s i l e   s t r e n g t h   g r e a t e r   t h a n   3 5 1 5  b a r .  



A  m e c h a n i c a l   p r e s s   is  the   m a c h i n e   used  f o r   m o s t  

c o l d   w o r k i n g   o p e r a t i o n s   of  s h e e t   m e t a l   m a t e r i a l .   S u c h  

p r e s s   c o n s i s t s   of  a  m a c h i n e   f rame  s u p p o r t i n g   a  bed  and  a  

ram,  a  s o u r c e   of  p o w e r ,   and  a  m e c h a n i s m   to  c a u s e   the  ram  t o  

move  in  l i n e   w i t h   and  at  r i g h t   a n g l e s   to  the   bed .   A  p r e s s  

in  and  of  i t s e l f   is   not   s u f f i c i e n t   as  a  p r o d u c t i o n   m a c h i n e ,  

b u t   must   be  e q u i p p e d   w i t h   t o o l s   commonly   c a l l e d   punch   a n d  

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

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

used   in  the   e x a m p l e s   of  t h i s   i n v e n t i o n ,   a  male   punch   m e m b e r  

is  c a r r i e d   by  the   ram  and  is  moved  in  a  downward   d i r e c t i o n  

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

f e m a l e   m o l d i n g   member .   The  male   punch   member   moves  t h e  

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

c o n t o u r   of  the   f e m a l e   m o l d i n g   member  r e q u i r i n g   deep   p e n e -  
t r a t i o n   of  t he   male   punch   member  i n t o   an  o p e n i n g   of  t h e  

f e m a l e   m o l d i n g   member ,   f o r m i n g   such   c o m p l e x   s e c t i o n s   as  a  

U - s h a p e   or  ha t   s e c t i o n .  

P r e s s e s   can  b e ' c o n v e n i e n t l y   c l a s s i f i e d   i n t o   t w o  

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

M e c h a n i c a l   p r e s s e s   a re   d e s i r a b l e ,   p a r t i c u l a r l y   in  t h e  

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

c y c l i n g   and  t h e r e b y   g r e a t e r   p r o d u c t i o n .   M e c h a n i c a l   p r e s s e s  
t h a t   a re   a s s o c i a t e d   w i t h   the  me thod   of  t h i s   i n v e n t i o n   c a n  

have   a  v a r i e t y   of  m e c h a n i c a l   means  f o r   a p p l y i n g   power   t o  

the   ram  such   as  t h r o u g h   a  c r a n k ,   a  cam,  an  e c c e n t r i c ,   a  

power   s c r e w ,   a  r a c k   and  p i n i o n ,   a  k n u c k l e   j o i n t ,   a  t o g g l e ,  

and  even   p n e u m a t i c   m e a n s .  

T h i s   i n v e n t i o n   has  d i s c o v e r e d   t h a t   by  d e f o r m i n g  

s h e e t   m e t a l   w i t h   a  p r e s s   at  two  s p a c e d   bend  l o c i   (or   b e n d  

r a d i i ) ,   the   r e s u l t a n t   s p r i n g b a c k   can  be  s u b s t a n t i a l l y  

r e d u c e d   and  o p t i m a l l y   e l i m i n a t e d .   The  p r e r e q u i s i t e   f o r  

t h i s   a c h i e v e m e n t   is  the   e x i s t e n c e   of  two  bend  c o r n e r s   w h i c h  

a re   s p a c e d   a p a r t   a  s m a l l   d i s t a n c e   t y p i c a l l y   not   e a s i l y  

o b s e r v a b l e ,   b u t   in  some  c a s e s   o b s e r v a b l e .   The  r e l a t i v e  



l o c a t i o n s   of  the  two  c o r n e r s   is  not   a  l i m i t a t i o n .   T h i s  

i n v e n t i o n   a c h i e v e s   such  r e s u l t   by  way  of  a  m e c h a n i c a l   p r e s s  

u s i n g   t y p i c a l l y   a  male  punch  member  and  a  f e m a l e   m o l d i n g  

member .   A f t e r   a  f i r s t   b e n d i n g   a c t i o n   is  c o m p l e t e d   at   a  

f i r s t   bend  l o c u s ,   one  or  bo th   of  the   members   is  c h a n g e d   i n  

s h a p e   or  s i z e   to  bend  the  s h e e t   m e t a l   at   a  c l o s e l y   s p a c e d  

s e c o n d   bend  l o c u s .   The  i n c r e m e n t s   of  t r a v e l   to  c r e a t e   b o t h  

b e n d i n g   a c t i o n s   may  be  p a r t   of  a  common  s t r i k i n g   a c t i o n   o r  

may  be  s e p a r a t e d   and  r e p e a t e d   s t r i k i n g   a c t i o n s .  

T u r n i n g   to  F i g u r e   1,  an  i l l u s t r a t i o n   is  g i v e n   o f  

why  the   r e s u l t a n t   s p r i n g b a c k   is  r e d u c e d   in  b e n d i n g   of  s h e e t  

m a t e r i a l s .   The  e l a s t i c   s t r a i n   i n t r o d u c e d   in  each  b e n d i n g  

o p e r a t i o n   w i t h   t h i s   method   is  s i g n i f i c a n t ,   one  s t r a i n   b e i n g  

o f f s e t   a g a i n s t   the   o t h e r   s t r a i n   to  c o n t r o l   s p r i n g b a c k .   I n  

F i g u r e   1,  a f t e r   a  bend  is  made  a t   a  l o c u s   A,  the  f r e e  

s i d e w a l l   10  of  such  bend  is  s l a n t e d   from  the  d e s i r e d   u p -  

r i g h t   p l a n e   11  due  to  s p r i n g b a c k .   S i n c e   the  d i e   used  t o  

fo rm  the   bend  was  d e s i g n e d   to  form  a  r i g h t   a n g l e ,   t h e  

e l a s t i c   n a t u r e   of  the   m a t e r i a l   has  w i t h d r a w n   the  f r e e  

s i d e w a l l   10  b a c k   t h r o u g h   an  a n g l e   of  t h e t a   ( e ) .   I f ,   a s  

shown  in  F i g u r e   2,  the  bend  is  c o m p r e s s e d   f u l l y   b e t w e e n   t w o  

p a r a l l e l   b l o c k s   12  and  13,  the  s h e e t   m e t a l   w i l l   not   go  b a c k  

to  i t s   o r i g i n a l   f l a t   c o n d i t i o n   a f t e r   r e l e a s e   of  the   b l o c k s ;  

t h e r e   r e m a i n s   a  r e s i d u a l   s p r i n g b a c k   of  t h e t a   p r i m e   ( O ' ) .  

T h i s   c o m p r e s s i o n   of  the  bend  a t   A  w i l l   t ake   p l a c e   if  t h e  

d e f o r m e d   s h e e t   m e t a l   of  F i g u r e   1  were   b e n t   a  s e c o n d   t ime  b y  

use  of  a  punch   and  m o l d  ,   bu t   at  a  bend  l o c u s   of  B  ( s e e  

F i g u r e   3) .   The  p r e v i o u s l y   f r e e   s i d e w a l l   10  w i l l   be  p r e s s e d  

to  a  f l a t   c o n f i g u r a t i o n   (or  a p p r o a c h i n g   f l a t n e s s )   when  t h e  

bend  B  is  f o r m e d ;   t h i s   is  s y m b o l i z e d   by  d i e s   8  and  9  m o v i n g  

t o g e t h e r .   The  i n c l i n a t i o n   of  the  f r e e   w a l l   10  w i l l   have  a  

r e s u l t a n t   s p r i n g b a c k   which  is  the  c o m p o s i t e   of  new  s p r i n g -  

b a c k   9B  ( c r e a t e d   by  b e n d i n g   at  B)  c o u n t e r a c t e d   by  the  r e s i -  

d u a l   s p r i n g b a c k   e l .   Th is   a s s u m e s   the  s e p a r a t i o n   d i s t a n c e  



b e t w e e n   the  two  bend  l o c i   A  and  B  is  not   s i g n i f i c a n t l y  

n o t i c e a b l e .   T h u s ,   the   i n v e n t i o n   h e r e i n   is  a  m e c h a n i s m   b y  

which   the   o r i g i n a l   s p r i n g b a c k   a n g l e   can  be  c o n v e r t e d   i n t o   a  
r e s i d u a l   s p r i n g b a c k   t h a t   works   o p p o s i t e   to  a  s u b s e q u e n t  

s p r i n g b a c k   i n c r e m e n t   eB.  Th i s   r e d u c e s   the  r e s u l t a n t  

s p r i n g b a c k   s i g n i f i c a n t l y   ( e B  -   e '  ) .  

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

the   p r e s s i n g   of  s h e e t   m e t a l   by  m e c h a n i c a l   means  as  o p p o s e d  

to  h y d r a u l i c   p r e s s e s .   D e f o r m a t i o n   in  a  m e c h a n i c a l   p r e s s   i s  

c a r r i e d   ou t   w i t h   c o n s i d e r a b l e   e n e r g y   wh ich   e x e r t s   a  s t r o n g  

i n f l u e n c e   on  s p r i n g b a c k   in  the  f o r m a t i o n   of  complex   s h a p e s .  

The  t e rm  e p s i l o n ,   wh ich   is  r e l a t e d   to  the  Y o u n g ' s   m o d u l u s  

of  m a t e r i a l s ,   c o n t r o l s   the  s p r i n g b a c k .   As  the  p r e s s   s p e e d  

or  s t r a i n   r a t e   is  i n c r e a s e d ,   the   o v e r a l l   s t r e s s / s t r a i n  

c u r v e   is  d i s p l a c e d   t o w a r d   h i g h e r   s t r e s s   l e v e l s .   Thus ,   f o r  

a  g i v e n   b e n d i n g   g e o m e t r y ,   e l a s t i c   s t r a i n   or  s p r i n g b a c k  

i n c r e a s e s   w i t h   i n c r e a s i n g   p r e s s   s p e e d .   In  a d d i t i o n ,   t h e  

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

to  h i g h   s t r e n g t h   s t e e l .   E x c e s s i v e   s p r i n g b a c k   is  e n c o u n -  

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

b e c a u s e   of  the   compound  e f f e c t   of  h i g h   s t r e n g t h   and  h i g h  

m e c h a n i c a l   p r e s s   s p e e d .  

A  p r e f e r r e d   mode  for   c a r r y i n g   ou t   the  i n v e n t i v e  

m e t h o d   h e r e i n   is  i l l u s t r a t e d   in  F i g u r e s   4a  and  4b.  T h e  

f i r s t   s t e p   of  the   m e t h o d   c o m p r i s e s   p r e s s i n g   or  s t r i k i n g  

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

male   punch   member  11  and  a  f e m a l e   m o l d i n g   member  12  w i t h   a  

f l a t   s h e e t   m e t a l   p a n e l   10  t h e r e b e t w e e n .   The  f e m a l e   m o l d i n g  

member  has  an  o p e n i n g   13  w i t h   a  mouth   13a  p r o v i d e d   w i t h  

r o u n d e d   e d g e .   The  o p e n i n g   may  be  v a r i o u s l y   s h a p e d   such   a s  

a  s l o t   or  o t h e r   r e g u l a r   g e o m e t r i c   c o n f i g u r a t i o n .   The  m a l e  

punch   member  has  a  body  w i t h   a  s u b s t a n t i a l l y   f l a t   b o t t o m  

f a c e   14  p r o v i d e d   w i t h   r o u n d e d   e d g e s   14a  at  o p p o s i t e   s i d e s .  



The  t r a n s v e r s e   w i d t h   15  of  f ace   14  is  d e s i g n e d   to  b e  

s l i g h t l y   s m a l l e r   t h a n   the  w i d t h   16  of  o p e n i n g   13,  p r o d u c i n g  

a  r e s i d u a l   d i e   gap  17  a f t e r   a l l o w a n c e   is  made  f o r   t h e  

t h i c k n e s s   18  of  the   s h e e t   m e t a l   p a n e l .   The  speed   o f  

s t r i k i n g   is  p r e f e r a b l y   in  e x c e s s   of  5 . 0 8  m / m i n   o p t i m a l l y  

9 .  1 5  m / m i n .  

The  s t r i k i n g   a c t i o n   ( see   F i g u r e   4a)  b e n d s   t h e  

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

as  A.  The  male   punch   member  11  is  d e s i g n e d   to  form  a n  

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

o p e r a t i o n   w i t h   the  f e m a l e   m o l d i n g   member  12.  The  p r e -  
f e r r e d   r a n g e   of  b e n d i n g   at  l o c u s   A  is  4 5 - 9 5 ° .   The  s i d e -  

w a l l s   19  of  the   U  a r e   to  be  d e s i r a b l y   p a r a l l e l   a f t e r   d e f o r -  

m a t i o n ;   h o w e v e r ,   s p r i n g b a c k   from  the  f i r s t   b e n d i n g   a c t i o n  

c a u s e s   the  s i d e w a l l s   to  be  c a n t e d   o u t w a r d l y   an  a n g l e   e .  

The  s h e e t   m e t a l   form  r e s u l t i n g   f rom  the  f i r s t   i n -  

c r e m e n t   of  s t r i k i n g   a c t i o n   may  have  a  crown  or  c u r v i l i n e a r  

s e c t i o n   20  f o r m e d   at   the   base   of  the   U,  b e t w e e n   the  f i r s t  

bend  l o c i   A.  T h i s   c u r v i l i n e a r   s e c t i o n   is  due  to  t h e  

4 - p o i n t   b e n d i n g   moment  a p p l i e d   to  s e c t i o n   28.  The  s i d e -  

w a l l s   24  p o s s e s s   a  n o n p a r a l l e l   c o n d i t i o n   b e c a u s e   o f  

s p r i n g b a c k   a b o u t   l o c u s   A.  The  c u r v i l i n e a r   s e c t i o n   may  b e  

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

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

The  s e c o n d   s t e p   ( F i g u r e   4b)  of  the   p r o c e s s   is  t o  

s t r i k e   the  members   11  and  12  t o g e t h e r   t h r o u g h   a  s e c o n d  

i n c r e m e n t   of  t r a v e l   w i t h   the  f i r s t   b e n t   s h e e t   m e t a l   t h e r e -  

b e t w e e n   ( h a v i n g   b e n d s   at  l o c i   A).  Th i s   s t e p   is  p r e f e r a b l y  

c a r r i e d   o u t   by  r e s t r i k i n g   the  members ,   u s i n g   a  d i f f e r e n t  

s i z e d   male  punch   member  and  u s i n g   d i f f e r e n t   s i z e d   f e m a l e  

m o l d i n g   member  r e s p o n d i n g   to  the  change   in  s i z e   of  the  m a l e  

member .   The  s h e e t   m e t a l   is  s e c o n d l y   b e n t   a t   a  p a i r   of  b e n d  

l o c i   B,  each   s p a c e d   a  s m a l l   d i s t a n c e   from  a  bend  l o c u s   A. 



The  t r a n s v e r s e   d i m e n s i o n   of  the  male   punch  m e m b e r  

is   c h a n g e d   p r e f e r a b l y   by  0.  5 to  6 .  35  mm  when  w o r k i n g   w i t h  

mos t   s h e e t   m e t a l s .   For  the   e m b o d i m e n t   of  F i g u r e   4,  a  
s m a l l e r   male  punch  member  was  e m p l o y e d .   The  p a i r s   of  b e n d  

l o c i   B  were  t h u s   l o c a t e d   i n s i d e   the  p a i r   of  bend  l o c i   A. 

H o w e v e r ,   use  of  an  e n l a r g e d   male  punch   member  w i l l   a l s o   b e  

s u c c e s s f u l .   The  s p r i n g b a c k   a n g l e   6B  is  r e d u c e d   by  the  r e -  

s i d u a l   s p r i n g b a c k   el  r e s u l t i n g   from  the   f l a t t e n i n g   of  t h e  

o r i g i n a l   bend  at  A  d u r i n g   the  f o r m a t i o n   of  the  new  bend  a t  

B. 

The  d ie   gap  ( t h e   s e p a r a t i o n   b e t w e e n   the  s i d e   w a l l  

of  t he   male  punch  member  and  the  s i d e   w a l l   of  the  f e m a l e  

m o l d i n g   c a v i t y ,   s a i d   w a l l s   b e i n g   p a r a l l e l   to  the   d i r e c t i o n  

of  s t r i k i n g )   has  some  e f f e c t   in  c o n t r o l l i n g   the   amoun t   o f  

r e s u l t a n t   s p r i n g b a c k   when  the  male   or  f e m a l e   member  i s  

i n c r e a s e d   in  s i z e   fo r   the   s e c o n d   s t r i k i n g   i n c r e m e n t .  

H o w e v e r ,   when  the  male  or  f e m a l e   member  is  d e c r e a s e d   i n  

s i z e   ( r e d u c e d   t r a n s v e r s e   d i m e n s i o n   f o r   the  m o l d i n g   c a v i t y  

or  punch   b o d y ) ,   the   b o t t o m   d i e   gap  d u r i n g   r e s t r i k e   b e c o m e s  

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

b a c k .   B o t t o m   d ie   gap  is  the   d i s t a n c e   b e t w e e n   the  b o t t o m  

w a l l   or  f a c e   of  the   ma le   punch   member  and  the  u p p e r   f a c e   o r  

w a l l   of  the   c o u n t e r p a d   used   as  p a r t   of  the   f e m a l e   m o l d i n g  

member ,   the  w a l l s   b e i n g   t r a n s v e r s e   to  the   d i r e c t i o n   o f  

p r e s s i n g .  

For  p u r p o s e s   of  t h i s   i n v e n t i o n ,   p r e s s i n g   a n d  

s t r i k i n g   is  d e f i n e d   to  mean  the   b e n d i n g   of  s h e e t   m e t a l  

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

at   the   bend  to  one  s i d e   of  the   s h e e t   b e i n g   s u b j e c t e d   t o  

t e n s i o n ,   the   o t h e r   s i d e ,   of  c o u r s e ,   b e i n g   s u b j e c t e d   t o  

c o m p r e s s i o n .   Th i s   p h e n o m e n o n   of  b e n d i n g   is  to  be  d i s t i n -  

g u i s h e d   from  d r a w i n g ,   w h e r e   the  e n t i r e   c r o s s - s e c t i o n   of  t h e  

s h e e t   m e t a l   or  member  to  be  s h a p e d   is  s u b j e c t e d   to  f o r c e s  

t h a t   e x c e e d   the  e l a s t i c   l i m i t   and  t h e r e b y   p e r m i t   p l a s t i c  

f l o w   of  the  m e t a l   t h r o u g h o u t   the  e n t i r e   c r o s s - s e c t i o n .  



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

d e s c r i b e d   me thod   of  F i g u r e   4  a re   shown  in  F i g u r e s   7 - 1 0 .  

Two  t y p e s   of  s h e e t   m e t a l   were  s u b j e c t e d   to  U - c h a n n e l  

b e n d i n g   o p e r a t i o n s   in  a  m e c h a n i c a l   p r e s s .   One  type   was  a n  
a l u m i n u m   k i l l e d ,   deep   drawn  s t e e l   (AKDQ)  h a v i n g   a  n o m i n a l  

c h e m i s t r y   by  w e i g h t   p e r c e n t   of  a b o u t   .07%  C,  .23%  Mn, 

<.02%  P,  .018%  S,  and  .06%  Al;  a n o t h e r   t ype   was  h i g h  

s t r e n g t h ,   low  a l l o y   (HSLA)  h a v i n g   a  n o m i n a l   c h e m i s t r y   o f  

.09%  C,  .05%  Mn,  .011%  P,  .016%  S,  .08%  Al  and  .23%  T i .  

Both  s h e e t   m e t a l s   were  .031"   t h i c k   ( . 8   mm) .  

The  male   punch  member  11  was  s h a p e d   to  have  a  

w i d t h   b e t w e e n   c o r n e r   r a d i i   14a  of  a b o u t   2 5 . 4 m m ,  

a  l e n g t h   a l o n g   i t s   f ace   of  a b o u t   127  mm,   a n d  

a  h e i g h t   a l o n g   the  l i n e   of  movement   of  a b o u t  

76 .2   mm .  The  c o r n e r   r a d i i   14a  of  the   male   punch  m e m b e r  

was  3 .18   mm .  The  f e m a l e   m o l d i n g   member  12  h a d  

an  o p e n i n g   13  c o m p l i m e n t a r y   in  s h a p e   to  the  male  m e m b e r  

a l l o w i n g   i t   to  p a s s   t h e r e i n t o .   The  edge   r a d i i   13a  of  t h e  

mouth   e n t r a n c e   to  o p e n i n g   13  was  a b o u t   6 .  3 5  m m .  

The  members   when  s t r u c k   t o g e t h e r   fo rmed   a  U - s h a p e d   c r o s s -  

s e c t i o n   in  the  s h e e t   m e t a l   member  h a v i n g   90°  a n g l e s   at  i t s  

bend  l o c i .   The  d i e   gap  was  s e t   at   v a r y i n g   w i d t h s   b y  

c h a n g i n g   b a c k u p   sh ims   s u p p o r t i n g   the  s p l i t   h a l v e s   of  t h e  

f e m a l e   m o l d i n g   m e m b e r .  

A  s i n g l e   a c t i o n   m e c h a n i c a l   p r e s s   was  used  to  c a r r y  

the   m e m b e r s .   The  p r e s s   ram  had  an  a v e r a g e   c a l c u l a t e d   p u n c h  

s p e e d   of  0 . 1 5  i n / s e c .   SAE  30  m o t o r   oil  w a s  
c o a t e d   on  the  s h e e t   m e t a l   to  f u n c t i o n   as  a  l u b r i c a n t   d u r i n g  

p r e s s i n g .   S p r i n g b a c k   was  m e a s u r e d ;   the   o v e r a l l   e x p e r i -  

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

e s t i m a t e d   to  be  a b o u t  +   1/2  d e g r e e .  



S h e e t   m e t a l   p r e s s i n g s   were  f i r s t   made  u s i n g   on ly   a  

s i n g l e   s t r i k i n g   a c t i o n   in  a c c o r d a n c e   w i t h   the   p r i o r   a r t .  

The  d i e   gap   ( d e f i n e d   to  mean  the   d i s t a n c e   b e t w e e n   t h e  

s i d e w a l l s   20  of  the  male  punch   member  and  the  s i d e w a l l   o f  

the  o p e n i n g   in  the  f e m a l e   m o l d i n g   member ,   when  m a t e d )   a n d  

the   p r e s s u r e   a p p l i e d   to  a  c o u n t e r p a d   21  ( s e e   F i g u r e   5)  w e r e  

v a r i e d   in  the   hope  of  s u b s t a n t i a l l y   r e d u c i n g   s p r i n g b a c k .  

H o w e v e r ,   as  shown  in  F i g u r e   7,  s p r i n g b a c k   d e c r e a s e s   w i t h  

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

v a r i e d   a c c o r d i n g   to  s h e e t   m a t e r i a l   and  d i e   gap .   For  t h e  

AKDQ  m a t e r i a l ,   the   p l a t e a u   s t a r t e d   a t   a b o u t   2. 5  bar   a t  t h e  

0.  89  m m   die  gap  and  about  4. 2  bar  at  the  1.  27  m m   die  gap.  F o r  

the   HSLA  m a t e r i a l ,   i t   was  a b o u t   3.5  bar  at  the  0. 89  m m   die  g a p  

and  a b o u t   1. 4  MPa  at  the  1,  27  mm  die  gap.  For   b o t h  

s t e e l s ,   s p r i n g b a c k   c o u l d   no t   be  e l i m i n a t e d   by  a  v a r i a t i o n  

in  c o u n t e r p a d   p r e s s u r e .   A l s o ,   as  shown  in  F i g u r e   8 ,  

s p r i n g b a c k   c o u l d   not   be  e l i m i n a t e d   by  a  v a r i a t i o n   in  d i e  

gap  f o r   HSLA  s t e e l s   and  s u b s t a n t i a l l y   so  f o r   AKDQ  s t e e l s .  

S h e e t   m e t a l   p r e s s i n g s   were  t h e n   made  u s i n g   t h e  

m e t h o d   of  F i g u r e   4  w h e r e b y   a  s m a l l e r   male   punch   member  w a s  

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

c a r r i e d   ou t   u s i n g   a  male   punch   w i t h   a  t r a n s v e r s e   d i m e n s i o n  

of  2 9 . 5   mm  at  a  die  die  gap  of  1. 25  m m .   T h e  

m e a s u r e d   w a l l   i n c l i n a t i o n   was  9°  f o r   HSLA  and  3°  5 5 '  

f o r   AKDQ  s t e e l   c h a n n e l s .   The  c h a n n e l s   were  r e s t r u c k   w i t h   a  

n a r r o w e r   punch   h a v i n g   a  t r a n s v e r s e   d i m e n s i o n   of  2 5 . 4   mm 

at  v a r y i n g   d i e   g a p s ,   see  F i g u r e   9.  S p r i n g b a c k  

d e c r e a s e d   i n i t i a l l y   w i t h   i n c r e a s i n g   r e s t r i k e   d i e   gap  a n d  

r e a c h e d   a  minimum  at   a  d i e   gap  of  a b o u t   1 .  9  mm  i n  A K D Q  

s t e e l ,   b u t   was  l e s s   in  HSLA  110  s t e e l   c h a n n e l s   ( a b o u t  1 .  4  m m ) .  

The  t r e n d   was  t h e n   r e v e r s e d   w i t h   f u r t h e r   i n c r e a s e  

in  r e s t r i k e   d i e   gap .   R e s i d u a l   s p r i n g b a c k   e '   d e p e n d s   on  t h e  

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

d i e   gap  in  the  p r e s e n t   i n s t a n c e .   The  l a r g e r   the  s e p a r a t i o n  

d i s t a n c e ,   the   l a r g e r   i s   e '   and  the  more  is  the  n e t   r e d u c -  

t i o n   of  r e s u l t a n t   s p r i n g b a c k .   Th i s   seems  to  e x p l a i n   t h e  



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

gap .   A f t e r   p a s s i n g   the  o p t i m u m   s e t t i n g ,   f u r t h e r   i n c r e a s e s  

in  d i e   gap  r e n d e r e d   the  f e m a l e   m o l d i n g   member  no  l o n g e r  

e f f e c t i v e   to  p e r f o r m   a  s e c o n d   b e n d ;   o v e r a l l   s p r i n g b a c k ,  

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

o r i g i n a l   v a l u e .   T h i s   mode  is  a l s o   e f f e c t i v e   to  r e d u c e   t h e  

r e s u l t a n t   s p r i n g b a c k   by  t o e - i n   or  n e g a t i v e   s p r i n g b a c k   in  a  

wide  r a n g e   of  d ie   g a p s .  

As  a  v a r i a t i o n ,   the   s e c o n d   b e n d i n g   or  r e s t r i k e  

a c t i o n   was  c a r r i e d   ou t   u s i n g   an  o v e r s i z e d   male  p u n c h  

member .   The  s t a r t i n g   c h a n n e l s   were  p r e f o r m e d   wi th   a  m a l e  

punch  h a v i n g   a  t r a n s v e r s e   d i m e n s i o n   of  25 .4   mm  a t  

a  d i e   gap  of  1 .25   mm.  The  w i d t h   of  punch  used  f o r  

r e s t r i k e   was  29 .5   mm.  F i g u r e   10  shows  t h e  

o b s e r v e d   s p r i n g b a c k   as  a  f u n c t i o n   of  r e s t r i k e   b o t t o m   d i e  

g a p .  

T u r n i n g   now  to  F i g u r e   5,  a n o t h e r   mode  fo r   c a r r y i n g  

o u t   the   m e t h o d   of  t h i s   i n v e n t i o n   is  i l l u s t r a t e d .   T h e  

t r a n s v e r s e   d i m e n s i o n   of  the  male  punch   fo r   the  f i r s t   a n d  

s e c o n d   s t r i k i n g   a c t i o n s ,   was  a b o u t   the   same,  bu t   the   f e m a l e  

m o l d i n g   member  had  a  r e d u c e d   o p e n i n g   13  f o r   the  s e c o n d   E 

s t r i k i n g   a c t i o n ,   t h e r e b y   r e d u c i n g   the   d i e   gap.   The  s e c o n d  

bend  l o c i   B  were   t hus   l o c a t e d   i n s i d e   the  f i r s t   bend  l o c i   A. 

S p r i n g b a c k   a g a i n   was  r e d u c e d   by  t h i s   s e q u e n c e ,   see  F i g u r e s  

11  and  1 2 . .   At  the  same  d ie   gap ,   s p r i n g b a c k   was  a l w a y s  

l e s s   in  the   r e s t r i k e   o p e r a t i o n   t han   in  the  o r i g i n a l   f o r m i n g  

o p e r a t i o n .   I t   is   p r e f e r a b l e   t h a t   the  d ie   gap  d u r i n g  

r e s t r i k e   be  on  the  o r d e r   of  the  m e t a l   t h i c k n e s s ,   t h a t   i s ,  

i t   s h o u l d   be  w i t h i n   the  t o l e r a n c e   of  +  0 .254   mm  to  the  m e t a l  

t h i c k n e s s .   T h i s   mode  was  more  e f f e c t i v e   w i t h   HSLA  s t e e l  

t h a n   w i t h   AKDQ  in  s t e e l   c h a n n e l s .   With  HSLA  s t e e l s ,  

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

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

b e n d i n g   i n c r e a s i n g l y   moved  away  from  the  punch  as  the  d i e  

gap  in  the  f i r s t   s t r i k i n g   o p e r a t i o n   i n c r e a s e d ,   t h u s  

i n c r e a s i n g   the  s e p a r a t i o n   d i s t a n c e   b e t w e e n   two  c o r n e r s .  



S t i l l   a n o t h e r   mode  f o r   c a r r y i n g   ou t   the   m e t h o d   i s  

shown  in  F i g u r e   6,  which   c o m p r i s e s   the  use  of  a  t a p e r e d  

f e m a l e   m o l d i n g   member .   Only  a  s i n g l e   s t r i k i n g   a c t i o n   i s  

n e c e s s a r y   fo r   t h i s   mode,  bu t   the   c o n c e p t   of  a  d o u b l e   b e n d  

or  p l u r a l   bend  t e c h n i q u e   is  s t i l l   e m p l o y e d .   The  a r r a n g e -  

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

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

F i g u r e   6.  If   a  l i n e   is  d rawn  t a n g e n t   to  the  c o r n e r s   of  t h e  

f e m a l e   m o l d i n g   d i e s   31  and  32,  the  r e s u l t i n g   c o n f i g u r a t i o n  

is  a  s i n g l e   f e m a l e   m o l d i n g   member  w i t h   a  t a p e r e d   w a l l   33 

h a v i n g   an  i n c l i n a t i o n   a n g l e   as  i n d i c a t e d .   R e s u l t a n t  

s p r i n g b a c k   is   r e d u c e d   by  such  t a p e r e d   d i e .   The  e f f e c t   o f  

d i e   gap  on  s p r i n g b a c k   in  f e m a l e   m o l d i n g   members   h a v i n g   a  

w a l l   i n c l i n a t i o n   of  3°  and  5°  i s   shown  in  F i g u r e s   13  a n d  

14.  For  c o m p a r i s o n ,   p r e s s i n g   w i t h   p a r a l l e l   w a l l s   b e t w e e n  

punch   and  mo ld ,   w i t h   an  i n c l i n a t i o n   a n g l e   of  z e ro   d e g r e e s ,  

is  shown  in  b r o k e n   l i n e   in  each   of  t h e s e   f i g u r e s .   A 

r e d u c t i o n   in  s p r i n g b a c k   c o u l d   be  r e a l i z e d   in  a  t a p e r e d   d i e  

as  the   d i e   gap  is  d e c r e a s e d   to  the   o r d e r   of  the   t h i c k n e s s  

of  the   m a t e r i a l .   Th i s   mode  e l i m i n a t e s   d i f f e r e n c e s   i n  

s p r i n g b a c k   b e t w e e n   two  v e r y   d i f f e r e n t   s t e e l   s h e e t s   w h i c h  

v a r y   b e c a u s e   of  c h e m i s t r y   or  m a t e r i a l   t h i c k n e s s e s .  

In  the   d o u b l e   or  p l u r a l   b e n d i n g   t e c h n i q u e  

of  t h i s   i n v e n t i o n ,   t h e r e   is  l i t t l e   r e s t r i c t i o n   on  t h e  

p r o c e s s   due  to  m a t e r i a l   p r o p e r t y   v a r i a t i o n ,   c h e m i c a l  

c o m p o s i t i o n ,   t h i c k n e s s   of  the  m a t e r i a l ,   or  b e c a u s e   o f  

the  i n a c c e s s i b i l i t y   of  the  male   punch   in  p e r f o r m i n g  

a  d e e p ,   n a r r o w   d e f o r m a t i o n   o p e r a t i o n .   The  i n s e n -  

s i t i v i t y   of  the   p r e s e n t   p r o c e s s   to  the   m a t e r i a l   p r o -  

p e r t i e s   is  s i g n i f i c a n t .   The  o b s e r v e d   s p r i n g b a c k   w h i c h  

is  a  d i f f e r e n c e   b e t w e e n   the  s e c o n d   s p r i n g b a c k  



a n g l e   and  the  r e s i d u a l   s p r i n g b a c k   a n g l e   of  the  f i r s t  

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

T h i s   is  u n o b v i o u s   b e c a u s e   bo th   s p r i n g b a c k   a n g l e s   a r e  

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

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

o t h e r   t y p e s   of  f o r m i n g   s h a p e s   can  be  c a r r i e d   ou t   by  t h i s  

i n v e n t i o n ,   such  as  L - s h a p e s ,   V - s h a p e   g r o o v e s   and  ha t   s h a p e d  

s e c t i o n s   and  o t h e r   f o r m s   of  p r e s s i n g ,   such  as  by  r o l l  

f o r m i n g .   The  more  c o m p l e x   the  p a r t i c u l a r   b e n d i n g  

o p e r a t i o n ,   the   more  e f f e c t i v e   the  p r e s e n t   m e t h o d .  



1.  A  me thod   of  m e c h a n i c a l l y   d e f o r m 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 z e d   by  the  fo l lowing   s t e p s :  

(a)  s t r i k i n g   t o g e t h e r   male   and  f e m a l e   f o r m i n g  

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

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

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

h a v i n g   a  p o s i t i v e   s p r i n g b a c k   a n g l e ;  

(b)  s t r i k i n g   t o g e t h e r   male   and  f e m a l e   f o r m i n g  

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

bend  s a i d   d e f o r m e d   s h e e t   m a t e r i a l   member  a b o u t   a t   l e a s t   a  

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

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

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

2.  The  m e t h o d   as  in  c la im  1,  c h a r a c t e r i z e d   in  that  s a i d  

r e s u l t a n t   s p r i n g b a c k   a n g l e   is  s u b s t a n t i a l l y   z e r o .  

3.  The  m e t h o d   as  in  c l a im  1,  c h a r a c t e r i z e d   in  that  said  f i r s t  

b e n d i n g   is   c a r r i e d   out   i n d e p e n d e n t l y   of  s a i d   s e c o n d   b e n d i n g  

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

f o r m i n g   member  fo r   s a i d   f i r s t   s t r i k i n g   i n c r e m e n t   i s  

d i f f e r e n t   in  s i z e   t han   the  male   f o r m i n g   member  f o r   s a i d  

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

is  a d j u s t e d   in  s i z e   to  m a i n t a i n   a  p r e d e t e r m i n e d   gap  b e t w e e n  

s a i d   members   d u r i n g   b o t h   s t r i k i n g   m o v e m e n t s .  

4.  The  m e t h o d   as  in  c l a im  1,  c h a r a t e r i z e d   in  that  s a i d  

s p a c i n g   d i s t a n c e   of  s t e p   (b)  i s   in  the  r a n g e   o f  

1. 27  mm  to  6.  35  m m .  



5.  The  m e t h o d   as  in  c l a im  1,  c h a r a c t e r i z e d   in  that  said  s h e e t  

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

h a v i n g   a  y i e l d   s t r e n g t h   in  e x c e s s   of  3 5 1 5  b a r .  

6.  The  m e t h o d   as  in  c l a im  1,  c h a r a c t e r i z e d   in  that  the  s h e e t  
m a t e r i a l   is  d e f o r m e d   by  s a i d   f i r s t   b e n d i n g   i n t o   a  U - s h a p e  

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

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

7.  The  m e t h o d   as  in  c l a im   1,  c h a r a c t e r i z e d   in  that  said  f i r s t  

r a d i u s   of  s a i d   male  f o r m i n g   member  fo r   s t e p s   (a)  and  (b)  i s  

e q u a l   to  or  l e s s   t h a n   3. 18  m m .  

8.  The  m e t h o d   as  in  c la im  1,  c h a r a c t e r i z e d   in  that  said  f i r s t  

b e n d i n g   is  c a r r i e d   ou t   i n d e p e n d e n t l y   of  s a i d   s e c o n d   b e n d i n g  

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

f o r m i n g   members   fo r   s a i d   f i r s t   and  s e c o n d   s t r i k i n g  

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

c o n f i g u r a t i o n s ,   w h i l e ' t h e   male  f o r m i n g   member  is  a d j u s t e d  

in  s i z e   to  m a i n t a i n   a  p r e d e t e r m i n e d   gap  b e t w e e n   s a i d  

members   d u r i n g   b o t h   s t r i k i n g   i n c r e m e n t s .  

9.  The  m e t h o d   as  in  c l a im  3  or  8,  c h a r a c t e r i z e d   in  that  t h e  

d i f f e r e n c e   in  s i z e   of  the  male  or  f e m a l e   f o r m i n g   member  i s  

a  r e d u c t i o n   in  s i z e   from  the  f i r s t   s t r i k i n g   i n c r e m e n t ,   a n d  

the  p r e d e t e r m i n e d   gap  is  d e t e r m i n e d   by  the  s p a c e   b e t w e e n  

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

of  s t r i k i n g .  

10.  The  m e t h o d   as  in  c l a im  3  or  8,  c h a r a c t e r i z e d   in  that  t h e  

d i f f e r e n c e   in  s i z e   of  the  male  or  f e m a l e   f o r m i n g   member  i s  

an  e n l a r g e m e n t   from  the  f i r s t   s t r i k i n g   i n c r e m e n t ,   and  t h e  

p r e d e t e r m i n e d   gap  is  d e t e r m i n e d   by  the  s p a c e   b e t w e e n   t h e  

s i d e s   of  the   f o r m i n g   members  t r a n s v e r s e   to  the  d i r e c t i o n   o f  

s t r i k i n g .  



11.  The  m e t h o d   as  in  c l a im  1,  c h a r a c t e r i z e d   in  that  said  f i r s t  
and  s e c o n d   s t r i k i n g   i n c r e m e n t s   a re   c a r r i e d   ou t   d u r i n g   t h e  

same  s t r i k i n g   a c t i o n ,   s a i d   f e m a l e   f o r m i n g   member  h a v i n g   a  

mold  c a v i t y   d e f i n e d   by  w a l l s   t a p e r e d   r e l a t i v e   to  t h e  

d i r e c t i o n   of  s t r i k i n g   to  e f f e c t   p r o g r e s s i v e   and  s e q u e n t i a l  

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

l o c i   w h i l e   s a i d   male   f o r m i n g   member  is  c a r r i e d   i n t o   s a i d  

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

12.  The  m e t h o d   as  in  c l a im   11,  c h a r a c t e r i z e d   in  that  s a i d  

c a v i t y   w a l l s   a re   i n c l i n e d   r e l a t i v e   to  s a i d   l i n e   of  a c t i o n  

by  an  amount   in  the  r a n g e   of  2 - 1 2 ° .  

13.  A  Method  of  f o r m i n g   h i g h   s t r e n g t h ,   low  a l loy  shee t   s t e e l ,  

c h a r a c t e r i z e d   by  the  fo l lowing   s t e p s :  
(a)  s t r i k i n g   s a i d   s h e e t   s t e e l   w i t h   a  punch   m e m b e r  

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

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

w i t h   s e p a r a t e d   f i r s t   bend  r a d i i ;  

(b)  s t r i k i n g   s a i d   p r e s s e d   s e c t i o n   w i t h   a  s e c o n d  

punch   member  a g a i n   i n t o   s a i d   f e m a l e   m o l d i n g   member ,   s a i d  

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

d i s t a n c e   l e s s   t han   the  s e p a r a t i o n   b e t w e e n   the   bend  r a d i i   o f  

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

14.  The  m e t h o d   as  in  c l a im   13,  c h a r a c t e r i z e d   in  that  s a i d  

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

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

f i r s t   punch   member  by  an  amoun t   of  1. 27  m m  t o   6 .  3 5  m m .  



15.  The  m e t h o d   as  in  c la im  12,  c h a r a c t e r i z e d   in  that  the  g a p  

b e t w e e n   the  p o r t i o n   of  s a i d   members   a d j a c e n t   the  f i r s t   b e n d  

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

m a x i m i z e   r e s i d u a l   s p r i n g b a c k .  

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

f rom  the   d e f o r m a t i o n   of  h i g h   s t r e n g t h ,   low  a l l o y   s t e e l  

b l a n k s   a t   a  bend  r a d i u s ,   s a i d   m e t h o d   being  c h a r a c t e r i z e d   by  

p r o g r e s s i v e l y   p r e s s i n g   s a i d   b l a n k   a t   f i r s t   and  s e c o n d   b e n d  

r a d i i   a d j a c e n t   to  each  o t h e r .  
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