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*j  Method  ot  reducing  curling  in  pressed  sheet  materials. 

A  method  of  reducing  curling  in  pressed  sheet  material  s 
s  disclosed.  The  undeformed  sheet  material  is  pressed  to  s 
equentially  form  opposite  and  separated  bend  radii.  During  i 
uch  pressing,  the  separating  section  between  the  bend  radii  s 
>  subjected  to  a  sliding  fulcrum  to  bend  and  unbend  said 

action  as  well  as  rub  one  side  of  the  panel  to  impart  a  first train.  The  panel  is  counter  rubbed  on  its  opposite  side  to npart  a  strain  opposite  to  the  first  strain  to  reduce  or iiminate  curling. 
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A   method  of  reducing  curling  in  pressed  sheet  material 
is  disclosed.  The  undeformed  sheet  material  is  pressed  to 
sequentially  form  opposite  and  separated  bend  radii.  During 
such  pressing, the  separating  section  between  the  bend  radii 
is  subjected  to  a  sliding  fulcrum  to  bend  and  unbend  said 

section  as  well  as  rub  one  side  of  the  panel  to  impart  a  first strain.  The  panel  is  counter  rubbed  on  its  opposite  side  to impart  a  strain  opposite  to  the  first  strain  to  reduce  or eliminate  curling. 



BACKGROUND  OF  THE  INVENTION 

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

m e t a l   p a n e l s ,   u s u a l l y   r e f e r s   to  p a n e l s   t h a t   have  some  

d e g r e e   of  r e v e r s e   b e n d i n g   i n v o l v e d .   In  complex   s h a p e d  

p a n e l s ,   f o r c e s   have  been   a p p l i e d   to  the  s h e e t   m a t e r i a l  

which   c a u s e   s p a c e d ,   bu t   o p p o s i t e l y   o r i e n t e d ,   bend  r a d i i   t o  

be  f o r m e d .   If   the  s h e e t   m a t e r i a l   is  fo rmed   in  a  p r e s s   w i t h  

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

s e q u e n t i a l l y   and  the  s e c t i o n   of  the  s h e e t   m a t e r i a l   b e t w e e n  

t he   bend  r a d i i   w i l l   be  s u b j e c t e d   to  p r o g r e s s i v e   b e n d i n g   a n d  

u n b e n d i n g   w h i c h   may  i n c l u d e   some  r u b b i n g   or  s h e a r i n g   f o r c e s  

on  one  s i d e .   Such  b e n d i n g   and  u n b e n d i n g   f o r c e s   p r o d u c e   a  

t ype   of  s p r i n g b a c k   which   c u r l s   the  s e p a r a t i n g   s e c t i o n .  

To  i l l u s t r a t e ,   if  a  p a n e l   of  s h e e t   m e t a l   were  t o  

be  fo rmed   i n t o   a  ha t   s e c t i o n   ( c o m p l e x   c o n f i g u r a t i o n ) ,   a  

T - s h a p e d   male   punch   member  would   be  s t r u c k   d o w n w a r d l y   u p o n  

the  p a n e l   l y i n g   a t o p   a  f e m a l e   m o l d i n g   member .   As  t h e  

c e n t e r   zone  of  the  p a n e l   is  f o r c e d   i n t o   the  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 ,   the  s k i r t   of  the   p a n e l   is  f o l d e d  

u p w a r d l y   ( a t   a  f i r s t   bend)   u n t i l   the  p a n e l   edge  m a r g i n s   a r e  

r e s t r a i n e d   by  the  o v e r h a n g i n g   head  of  the  T - s h a p e d   p u n c h .  

The  head  of  the  punch  i m p a r t s   a  s e c o n d   bend  o p p o s i t e   to  t h e  

f i r s t   b end ,   bu t   s p a c e d   t h e r e f r o m .   B e c a u s e   such  b e n d s   a r e  

fo rmed   s e q u e n t i a l l y ,   c u r l i n g   s t r a i n   is  i n v o l v e d .   As  t h e  

f i r s t   bend  p r o c e e d s ,   the  p a n e l   is  d rawn   more  d e e p l y   i n t o  

the  f e m a l e   m o l d i n g   member .   The  p a n e l   edges   become  p r o -  

g r e s s i v e l y   more  r e s t r a i n e d   as  the  punch   head  a p p r o a c h e s  

c l o s e l y   the  f e m a l e   m o l d i n g   member .   Wi th   the  p a n e l   e d g e s  

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



p u l l e d   i n t o   the  f e m a l e   m o l d i n g   member ,   the  i n t e r m e d i a t e  

p a n e l   s e c t i o n   w i l l   be  p r o g r e s s i v e l y   b e n t   and  u n b e n t   a l o n g  

w i t h   b e i n g   r u b b e d   v i g o r o u s l y   on  one  s i d e .   The  b e n d i n g   a n d  

u n b e n d i n g   (as   we l l   as  r u b b i n g )   o c c u r s   by  s l i d i n g   c o n t a c t   o f  

the   i n t e r m e d i a t e   s e c t i o n   a g a i n s t   the   edge  or  mouth   of  t h e  

f e m a l e   m o l d i n g   member  wh ich   a c t s   as  a  f u l c r u m ,   c r e a t i n g  

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

i n t e r m e d i a t e   s e c t i o n   ( b e t w e e n   the  i n n e r   and  o u t e r   s u r f a c e s  

of  the  p a n e l ) .   Upon  r e m o v a l   of  the  male  punch   and  w i t h -  

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

s e c t i o n . w i l l   a ssume  a  c u r l e d   c o n d i t i o n ,   no t   c o n f o r m i n g   t o  

the   c o n f i g u r a t i o n   of  the   f e m a l e   m o l d i n g   member  in  wh ich   i t  

was  s t r u c k .  

A t t e m p t s   to  e l i m i n a t e   such  c u r l i n g   have   i n c l u d e d  

r e s t r i k i n g   the   same  male   punch   and  f e m a l e   m o l d i n g   m e m b e r s  

t o g e t h e r   w i t h   l i t t l e   s u c c e s s .   An  a t t e m p t   has   b e e n   made  t o  

a d j u s t   the   f e m a l e   m o l d i n g   member   to  v a r y   the   d i e   gap  w i t h  

the   male   punch   member ;   t h i s   has  no t   p r o v e d   s u c c e s s f u l   i n  

r e m o v i n g   c u r l i n g   when  e m p l o y e d   w i t h   the  same  male   p u n c h  

member   d u r i n g   r e s t r i k e .   V a r y i n g   the  s p e e d   a t   wh ich   t h e  

p r e s s   ram  is  moved  to  c a r r y   the   male   punch  member  has  a l s o  

d e m o n s t r a t e d   l i t t l e   or  no  e f f e c t   upon  s o l v i n g   the   c u r l i n g  

p r o b l e m .  

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 ,   c u r l i n g   has  become  a  s e v e r e   p r o b l e m  

in  d e e p l y   fo rmed   s e c t i o n s   b e c a u s e   of  the  compound  e f f e c t   o f  

b o t h   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   p r e s s  

s p e e d s   to  form  the  m a t e r i a l .   A l t h o u g h   l o w e r   s p e e d s   r e d u c e  

the   s e v e r i t y   of  c u r l i n g ,   the   p r o b l e m   r e m a i n s .   M o r e o v e r ,  

l o w e r   s p e e d s   a re   not   a t t r a c t i v e   b e c a u s e   g r e a t e r   f o r c e s   a r e  

r e q u i r e d   to  form  the  m a t e r i a l   w i t h   g r e a t e r   f r i c t i o n   b e t w e e n  

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



SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  me thod   of  o v e r c o m i n g  

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

b e n d i n g .   The  f i r s t   s t e p   of  t h i s   me thod   c o m p r i s e s   p r e s s i n g  

a  p a n e l   of  m a t e r i a l   to  s e q u e n t i a l l y   form  o p p o s i t e   a n d  

s e p a r a t e d   bend  r a d i i   t h e r e i n .   D u r i n g   such  p r e s s i n g ,   t h e  

s e p a r a t i n g   s e c t i o n   of  t he   p a n e l   b e t w e e n   the  bend  r a d i i   i s  

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

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

to  i m p a r t   a  f i r s t   s t r a i n   in  the  s e p a r a t i n g   s e c t i o n .  

S e c o n d l y ,   the   p a n e l   is  c o u n t e r   r u b b e d   on  i t s   o p p o s i t e   s i d e  

to  i m p a r t   a  s t r a i n   o p p o s i t e   to  the   f i r s t   s t r a i n   to  r e m o v e  

the  c u r l i n g .   The  c o u n t e r   r u b b i n g   is  c a r r i e d   ou t   e i t h e r  

s i m u l t a n e o u s l y   or  s u b s e q u e n t   to  the  f i r s t   p r e s s i n g .   T h e  

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

i m p a r t e d   by  the  p r e s s   w i t h   r e d u c e d   c u r v i l i n e a r   s p r i n g b a c k  

in  the  s e p a r a t i n g   s e c t i o n .  

T h i s   me thod   has  p a r t i c u l a r   u t i l i t y   in  f o r m i n g   h a t  

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

a n g l e s   of  a b o u t   90° .   Such  f o r m s   t y p i c a l l y   c o m p r i s e   a  h i g h  

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

c h a s s i s   c o n s t r u c t i o n .  

I t   is  a d v a n t a g e o u s   in  c a r r y i n g   ou t   the  a b o v e  

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

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

l e n g t h   of  at   l e a s t   1 2 , 7 m m   and  the   bend  r a d i i   are  w i t h i n  

the  r a n g e   of  3, 18  m m  t o   6,  35 mm The  d i e   gap  ( s p a c e   b e t w e e n  

the  ma ted   male   punch  member  and  f e m a l e   m o l d i n g   member)   i s  

p r e f e r a b l y   c o n t r o l l e d   d u r i n g   f i r s t   p r e s s i n g   to  1 . 5  -   3 . 0  

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

r u b b i n g ,   the   d i e   gap  is  p r e f e r a b l y   c o n t r o l l e d   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 .   Die  gap  is  d e c r e a s e d   i n  

p r o p o r t i o n   to  an  i n c r e a s e   in  s t r e n g t h   of  the  s h e e t   m e t a l .  



One  d e s i r a b l e   mode  f o r   c a r r y i n g   ou t   the   me thod   i s  

to  c a r r y   ou t   a  f i r s t   p r e s s i n g   w i t h   one  p a i r   of  male   p u n c h  

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

r u b b i n g   by  use  of  a  s e c o n d ,   o v e r s i z e d   ma le   punch   member  i n  

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

In  a n o t h e r   mode  of  c a r r y i n g   ou t   the   i n v e n t i o n ,   a  

b i n d e r   e l e m e n t   may  be  e m p l o y e d   a d j a c e n t   the   e n t r a n c e  

o p e n i n g   of  the  f e m a l e   m o l d i n g   member  to  g u i d e   the  m o v e m e n t  

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

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

u n i f o r m   b e n d i n g   and  u n b e n d i n g   d u r i n g   p r e s s i n g .   T h i s   mode  

may  be  f u r t h e r   m o d i f i e d   by  i n c o r p o r a t i n g   a  bead   or  k n u c k l e  

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

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

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

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

Yet  a n o t h e r   mode  c o m p r i s e s   u s i n g   a  male   p u n c h  

member  w i t h   n e g a t i v e l y   t a p e r e d   s i d e w a l l s   so  t h a t   t h e  

n e c e s s i t y   fo r   a  r e s t r i k e   is  e l i m i n a t e d .   The  c o r n e r   r a d i u s  

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

i m p a r t s   b e n d i n g   and  u n b e n d i n g   to  one  s i d e   of  the   s h e e t  

m a t e r i a l   p a n e l   d u r i n g   p r e s s i n g ,   as  in  the   p r e f e r r e d   m o d e .  

The  c o r n e r   r a d i u s   on  the  male  punch   member ,   f o rmed   by  i t s  

n e g a t i v e l y   i n c l i n e d   w a l l s   and  a  f l a t   punch   f a c e ,   c o u n t e r  

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

w i t h d r a w a l   of  the  male   punch   member  f rom  the   f e m a l e   m o l d i n g  

m e m b e r .  

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

be  o b t a i n e d   by  r e d u c i n g   the  r e s i d u a l   d i e   gap  b e t w e e n   t h e  

ma le   and  f e m a l e   members   ( m i n u s   the  t h i c k n e s s   of  t h e  

m a t e r i a l )   to  a  v a l u e   wh ich   is  not   s u b s t a n t i a l l y   z e r o ,   b u t  

a b o u t   0 ,254   m m .  



SUMMARY  OF  THE  DRAWINGS 

F i g u r e   1  is  a  s c h e m a t i c   f low  d i a g r a m   of  t h e  

v a r i o u s   s e q u e n c e s   in  c a r r y i n g   out   the  p r e f e r r e d   method  o f  

t h i s   i n v e n t i o n ,   the   s u b f i g u r e s   of  l d - l g   r e p r e s e n t i n g  

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

1 a - 1 c ;  

F i g u r e   2  is   a  s c h e m a t i c   d i a g r a m   of  p r e s s   a p p a r a t u s  
used   to  c a r r y   ou t   an  a l t e r n a t i v e   mode  of  the  me thod   u s i n g   a  
b i n d e r   e l e m e n t ;   F i g u r e   2a  is  a  p l a n   v iew  of  a  p o r t i o n   o f  

F i g u r e   2 ;  

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

s h o w i n g   s t i l l   a n o t h e r   a l t e r n a t i v e   method   mode  f o r   c a r r y i n g  

o u t   the  i n v e n t i o n   h e r e i n ,   s u b f i g u r e   3d  r e p r e s e n t i n g   a n  

e n l a r g e d   p o r t i o n   of  the  s t r u c t u r e   shown  in  s u b f i g u r e   3 b ;  

F i g u r e   4  is  an  i l l u s t r a t i o n   of  y e t   s t i l l   a n o t h e r  

a l t e r n a t i v e   e m b o d i m e n t   f o r   the  me thod   e m p l o y i n g   a  k n u c k l e  

on  the   b i n d e r   s t r u c t u r e   to  a p p l y   c o u n t e r   r u b b i n g ;  

F i g u r e   5  is  a  d i a g r a m t i c   v iew  of  y e t   a n o t h e r  

a r r a n g e m e n t   for   c a r r y i n g   out  the  me thod   e m p l o y i n g   a  

c o u n t e r p r e s s u r e   pad  p o s i t i o n e d   at  a  p r e d e t e r m i n e d   d i s t a n c e  

b e l o w   the  f e m a l e   m o l d i n g   member;   s u b f i g u r e   5b  b e i n g   a n  

e n l a r g e d   v iew  of  the   s h e e t   m e t a l   a f t e r   i t   is  w i t h d r a w n   f r o m  

the   p r e s s   s t r u c t u r e   in  s u b f i g u r e   5a;  a n d  

F i g u r e   6  is  a  p h o t o g r a p h   of  s h e e t   m e t a l   h a t  

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

i n v e n t i o n .  

DETAILED  DESCRIPTION 

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

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

f r ame   s u p p o r t i n g   a  bed  and  a  ram,  a  s o u r c e   of  power   and  a  
m e c h a n i s m   to  c a u s e   the  ram  to  move  in  l i n e   w i t h   and  a t  

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  n o t  

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 ,   bu 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   p u n c h e s   and  m o l d s ,   each  of  w h i c h  



are   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 ,   as  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   p u n c h  m e m b e r   is  c a r r i e d   by  the  ram  and  i s  

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

m o l d i n g   member  d e s i g n e d   to  a l l o w   the   male   p u n c h   member  t o  

p e n e t r a t e   t h e r e i n t o .  

P r e s s e s   can  be  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 .  
T h i s   i n v e n t i o n   is  a p p l i c a b l e   to  the   use  of  e i t h e r   t ype   o f  

such  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   from  a  

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

c y c l i n g   and  more  r a p i d   p r o d u c t i o n .  

When  w o r k i n g   w i t h   such  p r e s s e 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   i f   the   s h e e t   m a t e r i a l   i s   s t r a i n e d   o r  

s t r e s s e d   by  c o u n t e r   r u b b i n g   on  the   s u r f a c e   of  the   s h e e t  

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

was  a p p l i e d   by  b e n d i n g   and  u n b e n d i n g   d u r i n g   p r e s s i n g   t o  

c r e a t e   c u r l i n g ,   the   c u r v i l i n e a r   s p r i n g b a c k   (o r   c u r l i n g )   c a n  

be  e l i m i n a t e d   or  s i g n i f i c a n t l y   r e d u c e d .   S p r i n g b a c k   w h i c h  

r e s u l t s   in  an  o u t - o f - s h a p e   c u r l e d   s e c t i o n   may  be  due  i n  

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

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

and  (b)  d e f o r m a t i o n   s t r a i n   i m p o s e d   by  s h e a r i n g   or  s u r f a c e  

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

t h i c k n e s s .  

C u r l i n g   is  d e f i n e d   h e r e i n   to  mean  c u r v i l i n e a r  

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

b e e n   s u b j e c t e d   to  s e p a r a t e d   and  o p p o s e d   s e q u e n t i a l  

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

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

as  i t   is  p u l l e d   i n t o   the  f e m a l e   m o l d i n g   member   d u r i n g  

p r e s s i n g .   S e q u e n t i a l   p e r m a n e n t   b e n d i n g   is  i n v o l v e d   s i n c e  

one  bend  is  i m p a r t e d   p r i o r   to  the   c o m p l e t i o n   of  the  o t h e r  

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



a r o u n d   the  form  ( f u l c r u m )   f o r   the  s econd   bend .   Bend  r a d i i  

is  used  h e r e i n   as  r e f e r r i n g   to  the  bend  in  the  s h e e t  

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

member  or  f e m a l e   m o l d i n g   member  t h e r e a g a i n s t .  

A  p r e f e r r e d   me thod   f o r   c a r r y i n g   ou t   the  p r e s e n t  
i n v e n t i o n   c o m p r i s e s   i n t e r p o s i n g   a  p a n e l   10  of  u n d e f o r m e d  

s h e e t   m e t a l   b e t w e e n   a  male   punch   member  11  and  a  f e m a l e  

m o l d i n g   member  12  c a r r i e d   by  a  p r e s s   of  the  type   d e s c r i b e d  

in  " T e c h n i q u e s   of  P r e s s w o r k i n g   S h e e t   M e t a l " ,   by  D.F.  E a r y  

and  E.A.  Reed,   2nd  E d i t i o n ,   P r e n t i c e - H a l l ,   I n c . ,   1 9 7 4 .  

F i r s t ,   the   members   11  and  12  a re   moved  t o g e t h e r ,  

such  as  by  a  r a p i d   s t r i k i n g   or  p r e s s i n g ,   to  form  p r o g r e s -  

s i v e l y   o p p o s i t e   and  s e p a r a t e d   bend  r a d i i   13  and  14  in  t h e  

s h e e t   m e t a l   ( see   F i g u r e   l c ) .   The  s e c t i o n   15  of  the  p a n e l  

b e t w e e n   the   bend  r a d i i   is  s u b j e c t e d   to  b e n d i n g   and  u n -  

b e n d i n g   a b o u t   the  f u l c r u m   30,  as  w e l l   as  r u b b i n g   or  s h e a r  

f o r c e s ,   on  one  s i d e ,   h e r e   b e i n g   the   o u t e r   s u r f a c e   10a.   As 

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

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

in  t h i s   s e c t i o n .   S e c o n d l y ,   e i t h e r   d u r i n g   p r e s s i n g   o r  

i n d e p e n d e n t l y   t h e r e o f ,   the   o t h e r   or  i n s i d e   s u r f a c e   10b  o f  

the  s e p a r a t i n g   s e c t i o n   15  of  the  s h e e t   m e t a l   p a n e l   i s  

c o u n t e r   r u b b e d   ( e n g a g e d   by  a  f u l c r u m   33)  to  impose   a  s t r a i n  

g e n e r a l l y   e q u a l   and  o p p o s i t e   to  the  f i r s t   s t r a i n   r e s u l t i n g  

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

In  c a r r y i n g . o u t   the  f i r s t   s t e p ,   the  p r e s s   i s  

p r e f e r a b l y   of  a  m e c h a n i c a l   t ype   h a v i n g   a  power   l i n k a g e   t o  

the  ram  w h i c h   may  be  a  c r a n k ,   a  cam,  an  e c c e n t r i c ,   a  p o w e r  

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 ,   a n d  

even   a  p n e u m a t i c   c o u p l i n g   m e a n s .   As  shown  in  F i g u r e s  

l a - l c ,   the   male  and  f e m a l e   members   a re   each  c o n t o u r e d   t o  

u l t i m a t e l y   form  a  ha t   s e c t i o n   ( s e e   F i g u r e   lg)  h a v i n g   p a i r s  

of  o p p o s i t e l y   o p p o s e d   bend  r a d i i   13-14  and  16-17   s e p a r a t e d  

by  a  d e s i r a b l y   f l a t   w e b b i n g   18.  The  male  punch  member  11 

is  p r e f e r a b l y   T - s h a p e d ,   h a v i n g   a  c e n t r a l   punch  body  19  w i t h  



an  o v e r h a n g i n g   head  20.  The  body  19  is  a d a p t e d   to  s e a t  

w i t h i n   the  c a v i t y   21  of  the   f e m a l e   m o l d i n g   member  to  c r e a t e  

one  bend  14  and  the  head   20  is  a d a p t e d   to  s e a t   a g a i n s t   t h e  

s h o u l d e r   30  s u r r o u n d i n g   the  e n t r a n c e   to  the  o p e n i n g   o r  

c a v i t y   of  the  f e m a l e   m o l d i n g   member  to  form  a  s e c o n d   b e n d  

13.  The  o p e n i n g   or  c a v i t y   21  of  the  f e m a l e   m o l d i n g   m e m b e r  

12  r e c e i v e s   the  body  of  the  male  member  w i t h   a  p r e d e t e r -  

mined   s p a c i n g   or  d i e   gap  22  t h e r e b e t w e e n   to  a c c o m m o d a t e   n o t  

o n l y   the  t h i c k n e s s   23  of  the   m a t e r i a l ,   b u t   a l s o   to  p r o v i d e  

a  p r e d e t e r m i n e d   r e s i d u a l   s p a c e   24.  The  d e p t h   of  t h e  

o p e n i n g   w i t h i n   the  f e m a l e   m o l d i n g   member  is  d e s i g n e d   to  b e  

g r e a t e r   t h a n   the  d e p t h   25  of  the  body  of  the  male   p u n c h  

member  so  t h a t   upon  c o m p l e t e   p e n e t r a t i o n   of  the  male   p u n c h  

member   w i t h i n   the  f e m a l e   m o l d i n g   member ,   the   head   20  w i l l  

s e a t   f u l l y .   The  f l a n g e s   26,  s i d e w a l l s   15,  and  w e b b i n g   18 

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

h a t   s e c t i o n   c o n f i g u r a t i o n   of  the   t o o l i n g .   A  c o u n t e r p a d   27 

is   p r e f e r a b l y   used  to  g r i p   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  punch   member ;   c o u n t e r p a d   27  is  t y p i c a l l y   s t a t i o n e d  

f l u s h   w i t h   the  e n t r a n c e   to  c a v i t y   21  and  r e s i s t s   the  p u n c h  

w i t h   a  f o r c e   of  a b o u t   300  ps i   a p p l i e d   v i a   a  p i n   28  a n d  

h y d r a u l i c   or  p n e u m a t i c   a c t u a t o r   2 9 .  

S h e e t   m a t e r i a l s   which   r e s p o n d   to  t h i s   m e t h o d  

i n c l u d e   m e t a l l i c   and  n o n m e t a l l i c   m a t e r i a l s   h a v i n g   (a)  a n  

e l o n g a t i o n   of  at  l e a s t   1.5%  p e r m i t t i n g   the   m a t e r i a l   to  b e  

p e r m a n e n t l y   b e n t ,   and  (b)  a  m e l t i n g   t e m p e r a t u r e   a t   l e a s t  

d o u b l 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   (so  t h a t  

the   m a t e r i a l   can  be  c o l d   worked   at  c o n v e n t i o n a l   room  t e m -  

p e r a t u r e   in  a  s o l i d   r i g i d   f o r m ) .   In  a d d i t i o n ,   the  s h e e t  

m a t e r i a l   mus t   have   s u f f i c i e n t   s t r u c t u r a l   r i g i d i t y   t o  

w i t h s t a n d   the  s h e a r i n g   or  r u b b i n g   in  some  m o d e s .  

T y p i c a l l y ,   t h i s   n e c e s s i t a t e s   a  t h i c k n e s s   of  a b o u t   1 , 2 7 m m  
i n c h e s   fo r   c o n v e n t i o n a l   c a r b o n   s t e e l   and  f o r   HSLA  s t e e l  

when  s u b j e c t e d   to  the  mode  of  F i g u r e s   1  a n d   3 .  



D u r i n g   an  e a r l y   s t a g e   ( F i g u r e   la)   of  p r e s s i n g ,   t h e  

o u t e r   m a r g i n   10c  of  the  s h e e t   m e t a l   p a n e l   is  f r e e   and  o u t  

of  c o n t a c t   w i t h   the  head  or  body  of  the  male  punch  m e m b e r .  

The  p a n e l   is  drawn  i n t o   the  o p e n i n g   21  of  the  f e m a l e  

m o l d i n g   member  12  and  is  c a u s e d   to  be  b e n t   at  f i r s t   r a d i i  

14.  The  s e c t i o n s   15  f l a r e   o u t w a r d l y   out   of  c o n t a c t   w i t h  

the  male   punch   member .   When  the   male   punch  member  h a s  

e n t e r e d   the  f e m a l e   m o l d i n g   member  to  a  g r e a t e r   d e g r e e   ( a s  

shown  in  F i g u r e   l b ) ,   the  f l a r e d   m a r g i n s   10c  w i l l   c o n t a c t  

the  head .  20   of  the  male  punch   member ;   the  m a r g i n s   of  t h e  

s h e e t   m e t a l   p a n e l   w i l l   be  r e s t r a i n e d   from  f r e e l y   f o l d i n g  

u p w a r d l y   and  w i l l   bend  d o w n w a r d l y .   Th i s   i n c r e a s e s   t h e  

r u b b i n g   c o n t a c t   of  the  p a n e l   o u t e r   s u r f a c e   on  the  c o r n e r  

r a d i u s   30  of  the  f e m a l e   m o l d i n g   member .   Th i s   s t r a i n  

c o n t i n u e s   to  be  i m p a r t e d   as  the  s h e e t   m e t a l   is  drawn  m o r e  

d e e p l y   i n t o   the  f e m a l e   m o l d i n g   member  ( see   F i g u r e   l c ,   f u l l  

l i n e ) .   T h i s   c o n t i n u o u s   and  p r o g r e s s i v e   b e n d i n g   and  u n -  

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

i m p a r t s   a  s t r a i n   g r a d i e n t   a c r o s s   t h e  m e t a l   t h i c k n e s s   2 3 .  

Such  d i f f e r e n t i a l   s t r a i n   is  c o n t a i n e d   when  the  members   a r e  

m a t e d .   Howeve r ,   upon  w i t h d r a w a l   of  the   male  punch  m e m b e r  

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

d e f o r m e d   s h e e t   m e t a l   p a n e l ,   w i l l   r e s p o n d   to  s t r a i n   g r a -  
d i e n t s   t h e r e i n   and  a s sume  a  s h a p e   as  shown  in  s u b f i g u r e   l g .  

The  s i d e w a l l s   or  s e c t i o n s   15  a re   p r o g r e s s i v e l y   c u r l e d   a l o n g  

a  c u r v i l i n e a r   p a t h .   The  b o t t o m   web  18  is  f l a t   b e c a u s e   o f  

the  a p p l i c a t i o n   of  the  c o u n t e r p a d ,   b u t   would  be  c r o w n e d  

w i t h o u t   such  a p p l i c a t i o n .  

C o u n t e r   r u b b i n g   is  p r e f e r a b l y   c a r r i e d   ou t   w i t h   t h e  

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

f e m a l e   m o l d i n g   member  and  the  f i r s t   punch  member  i s  

w i t h d r a w n .   A  s e c o n d ,   but   o v e r s i z e d ,   male  punch  member  31 

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

o v e r s i z i n g   of  1 , 5 7 5  m m   is  r e s t r u c k   or  p r e s s e d   i n t o   t h e  

f e m a l e   m o l d i n g   member.   Th i s   t i m e ,   the  i n n e r   s u r f a c e   32 



of  the  s h e e t   m e t a l   p a n e l   w i l l   be  e n g a g e d   and  r u b b e d   b y  

punch   s u r f a c e   31,  i m p a r t i n g   a p p r o x i m a t e l y   e q u a l   a n d  

o p p o s i t e   s t r a i n   to  the  f i r s t   s t r a i n .   The  s u r f a c e   31  of  t h e  

o v e r s i z e d   punch   member  31  a p p l i e s   s h e a r i n g   or  r u b b i n g  

f o r c e s .   Upon  r e m o v a l   of  the  s h e e t   m e t a l   p a n e l   from  t h e  

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

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

the   t o o l i n g   members   11  and  1 2 .  

U n c o m p e n s a t e d   c u r l i n g   is  due  in  p a r t   to  t w o  

p h e n o m e n a ,   one  is  the   s p r i n g b a c k   due  to  the  p r o g r e s s i v e  

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

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

c o n t a c t e d   the  o v e r h a n g i n g   head  of  the  male   punch   m e m b e r .  

To  f a c i l i t a t e   t o t a l   r e m o v a l   of  such  c u r l i n g ,   t h e r e   must   b e  

f a i r l y   a c c u r a t e   o v e r s i z i n g   of  the  male   punch   member  t o  

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

the  i n t e r i o r   s u r f a c e .   T h i s   is  d i f f i c u l t   to  a c c o m p l i s h  

t h r o u g h o u t   the  e n t i r e   h e i g h t   of  the  s e p a r a t i n g   s e c t i o n   1 5 .  

To  e l i m i n a t e   t h i s   u n p r e d i c t a b i l i t y   of  the   d e g r e e   to  w h i c h  

c o u n t e r   r u b b i n g   mus t   be  a p p l i e d   to  the  i n n e r   s u r f a c e ,   a  

m o d i f i c a t i o n   of  the   m e t h o d   can  be  c a r r i e d   o u t   as  shown  i n  

F i g u r e s   2  and  2a.   A  b i n d e r   or  r e s t r a i n i n g   e l e m e n t   34  i s  

m o u n t e d   a t o p   the  f e m a l e   m o l d i n g   member  12.  Such  b i n d e r  

e l e m e n t   g u i d e s   the  s h e e t   m e t a l   p a n e l   10  in  a  h o r i z o n t a l  

d i r e c t i o n   36  t r a n s v e r s e   to  the  l i n e   of  m o v e m e n t   35  of  t h e  

p u n c h   member .   As  the  p a n e l   is  fed  to  the  p r e s s e d   c e n t e r  

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

( f l a r i n g )   to  l a t e r   e n g a g e   the  o v e r h a n g   of  the  head  of  t h e  

ma le   punch   member .   Such  r e s t r a i n t   is  a f f o r d e d   by  t h e  

b i n d e r   34  w h i c h   f o r m s   a  s l o t   37  t h r o u g h   w h i c h   the  p a n e l   may  

p a s s   in  a  h o r i z o n t a l   d i r e c t i o n .   Now  the  o u t e r   s u r f a c e   1 0 a  

of  s e c t i o n   15  is  u n i f o r m l y   r u b b e d   t h r o u g h o u t   the  e n t i r e  

s t r o k e   of  the  male   punch   member  t h e r e b y   f a c i l i t a t i n g   e q u a l  

a 



c o u n t e r   r u b b i n g   d u r i n g   r e s t r i k i n g   w i t h   an  o v e r s i z e d   m a l e  

punch   member .   The  f i r s t   s t r a i n   is  now  u n i f o r m   t h r o u g h o u t  

the  s e c t i o n   15  so  t h a t   the  s t r a i n   r e s u l t i n g   from  u n i f o r m  

c o u n t e r   r u b b i n g   d u r i n g   r e s t r i k i n g   is  more  a c c u r a t e l y   e q u a l  

to  the  f i r s t   s t r a i n .  

A n o t h e r   a l t e r n a t i v e   mode  fo r   the  me thod   is  s h o w n  

in  F i g u r e s   3 a - 3 d ,   which   mode  e l i m i n a t e s   the  n e c e s s i t y   f o r   a  

r e s t r i k e   m o t i o n .   The  male   punch   member  40  is  fo rmed  w i t h  

n e g a t i v e l y   i n c l i n e d   s i d e w a l l s   41  to  the  body  43  of  t h e  

p u n c h .   T h i s   p e r m i t s   the  c o r n e r   r a d i u s   43  ( f o r m e d   b e t w e e n  

the  n e g a t i v e l y   i n c l i n e d   w a l l s   41  and  the  b o t t o m   f a c e   44  o f  

the   p u n c h )   to  have  p a r t i c u l a r   u t i l i t y   d u r i n g   w i t h d r a w a l  o f  

the  punch   member .   The  male  punch   member  c o n t a c t s   a  f i x e d  

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

m o t i o n ;   c o n t a c t   is  by  the  punch  f a c e   44  and  c o r n e r   r a d i i   45 

o n l y .   T h e r e   is  no  r e l a t i v e   r u b b i n g   a c t i o n   b e t w e e n   the  m a l e  

punch   member  and  the  s h e e t   m e t a l   as  i t   is  drawn  wi th   i t .  

T h e r e   is  b e n d i n g   and  u n b e n d i n g   as  we l l   as  r u b b i n g   of  t h e  

o u t s i d e   s u r f a c e   46  on  the  c o r n e r   r a d i u s   43  of  the  f e m a l e  

m o l d i n g   member  to  i m p a r t   the  c u r l i n g   s t r a i n .  

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

punch   member  by  b r i n g i n g   the  c o r n e r   r a d i u s   45  i n t o   a  l i n e  

c o n t a c t   w i t h   the  s e p a r a t i n g   s e c t i o n   48.  The  n e g a t i v e   a n g l e  

of  the   male   punch  member  p e r m i t s   the  s h e e t   m e t a l   p a n e l   t o  

have  a  s l i g h t   o v e r i n c l i n a t i o n   49  in  the  p r e s s e d   c o n d i t i o n .  

T h u s ,   upon  w i t h d r a w a l   of  the  male   punch  member ,   t h e r e   i s  

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

o p p o s i t e   r u b b i n g   e f f e c t   upon  the  i n n e r   s u r f a c e   5 0 ,  

c o u n t e r i n g   the  e f f e c t   of  o u t e r   s u r f a c e   r u b b i n g .   L i n e  

c o n t a c t   c o n c e n t r a t e s   f o r c e s   to  ac t   more  l i k e   the  c o r n e r  

r u b b i n g   of  the  f e m a l e   m o l d i n g   member .   Th is   r e s u l t s   in  t h e  

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

fo r   a  r e s t r i k e .   The  use  of  a  n e g a t i v e l y   i n c l i n e d   m a l e  

punch   member  does   make  p o s s i b l e   the  e l i m i n a t i o n   of  a  s e c o n d  

s t r i k i n g   a c t i o n .  



An  a l t e r n a t i v e   mode  shown  in  F i g u r e   4  r e t a i n s   t h e  

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

of  s t r a i g h t   w a l l e d   p u n c h e s .   A  c o n v e n t i o n a l   male   p u n c h  

member  11  is  e m p l o y e d   h a v i n g   a  s t r a i g h t - s i d e d   body  19.  T h e  

b i n d e r   e l e m e n t   53  has   a  b e a d   54  d e p e n d i n g   f rom  the  i n n e r  

edge   to  impose   a  p r e d e t e r m i n e d   p r e s s u r e   upon  the   i n n e r  

s u r f a c e   10b  of  the  s h e e t   m e t a l   p a n e l   10  as  i t   is  p r o g r e s -  

s i v e l y   d rawn  t h r o u g h   the   b i n d e r   e l e m e n t   i n t o   the   o p e n i n g   21 

of  the  f e m a l e   m o l d i n g   member   12.  As  t h i s   o c c u r s ,   e q u a l   a n d  

o p p o s i t e   s t r a i n   is  i m p a r t e d   s i m u l t a n e o u s l y   to  the   i n n e r   a n d  

o u t e r   s u r f a c e s   10a  and  10b  of  the  s h e e t   m e t a l   p a n e l ,   p r e -  

v e n t i n g   any  c u r l i n g   t e n d e n c y .   Th i s   is  a c c o m p l i s h e d   d u r i n g  

the   downward  s t r i k i n g   m o t i o n   of  the  male  p u n c h   member .   T h e  

w i t h d r a w a l   of  the   male   p u n c h   member  does   no t   e n t e r   i n t o   t h e  

s e q u e n c e   of  r e m o v a l   of  s t r a i n   and  t h u s   can  be  e x t r e m e l y  

r a p i d .  

The  use  of  a  c o u n t e r p a d   27  to  a s s i s t   in  e l i m i n -  

a t i n g   b o t h   c u r l i n g   and  b e n d i n g   s p r i n g b a c k   can  be  e m p l o y e d  

as  shown  in  F i g u r e   5a.   The  b i n d e r   e l e m e n t   is  a g a i n   u s e d  

h a v i n g   a  bead   54  to  i m p o s e   a  c o n t i n u o u s   p r e s s u r e   d u r i n g   t h e  

downward   s t r i k i n g   of  t he   s h e e t   m e t a l   p a n e l .   The  c o u n t e r p a d  

27  is  p o s i t i o n e d   a  d i s t a n c e   55  be low  the   mou th   56  of  t h e  

f e m a l e   m o l d i n g   member  12.  When  the  s h e e t   m e t a l   p a n e l   i s  

d e f o r m e d   by  p r e s s i n g   t h r o u g h   d i s t a n c e   55,  t h e r e   i s  

c o u n t e r p a d   p r e s s u r e   to  c o n f r o n t   the  male   p u n c h   m e m b e r .  

A  c u r v i l i n e a r   form  is  i m p a r t e d   to  web  18  of  the  p a n e l .  

Upon  c o n f r o n t a t i o n   of  the   male   punch   member  w i t h   t h e  

c o u n t e r p a d ,   the  web  in  the  s h e e t   m e t a l   w i l l   be  f l a t t e n e d   t o  

s p r e a d   a p a r t   the  f i r s t   bend  l o c i   A.  T h u s ,   upon  f u r t h e r  

t r a v e l   of  the   ma le   p u n c h   member ,   the  p a n e l   w i l l   be  b e n t   a t  

a  new  l o c i   B  ( s p a c e d   a  s l i g h t   d i s t a n c e   f rom  A).  T h e  

i n i t i a t i o n   of  a  s e c o n d   b e n d ,   due  to  the  s p r e a d i n g   a p a r t   o f  

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

in  a c c o r d a n c e   w i t h   the   c o n c e p t   and  phenomemon  t a u g h t   i n  

a n o t h e r   copend ing   a p p l i c a t i o n .  



the   d i s c l o s u r e s   which   are   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  
T h e  e l i m i n a t i o n   of  the   b e n d i n g   s p r i n g b a c k   f a c i l i t a t e s   a  

t r u e r   n o n c u r l e d   s e c t i o n   15  w i t h   e x t r e m e l y   r e d u c e d  

o u t - o f - f l a t n e s s .  

In  c a r r y i n g   out   t e s t s   u t i l i z i n g   the  me thod   mode 

shown  in  F i g u r e s   l a - l c ,  a   f i r s t   p r e s s e d   s p e c i m e n   w a s  

p r e p a r e d   u t i l i z i n g   HSLA  s t e e l   h a v i n g   a  t h i c k n e s s   of  1 , 4 5 m m  

and  a  t e n s i l e   s t r e n g t h   of  3515  ba r .   The  bend  r a d i i   w e r e  

3 ,  18mmfor   the  male  punch   member  and 6 ,35mm for   the  f e m a l e  

m o l d i n g   member .   For  each  s p e c i m e n ,   the  male   punch   m e m b e r ,  

u s e d   fo r   the  f i r s t   s t r i k e ,  h a d   a  w i d t h   o f  2 9 , 4 m m   and  a  d i e  

gap  of  3 , 1 5  m m   S p e c i m e n   60  was  not  r e s t r u c k   ( s e e   F i g u r e   6)  

and  e x h i b i t e d   s e v e r e   c u r l i n g .   S p e c i m e n   61  was  r e s t r u c k  

w i t h   an  o v e r s i z e d   male   punch  member  h a v i n g   a  w i d t h   o f  

2 6 , 9 7 m m a n d   r e s u l t e d   in  a  d e s i r a b l e   ha t   s e c t i o n   as  shown  i n  

F i g u r e   7.  S u c c e s s f u l   r e d u c t i o n   or  e l i m i n a t i o n   of  c u r l i n g  

was  o b t a i n e d   w i t h   s i m i l a r   p r o c e s s i n g   by  v a r y i n g   the  die   g a p  
d u r i n g   p r e s s i n g   to 1,016 to 1,778 mm the optimum 0,254mm added to  t h e  

t h i c k n e s s   of  the  m a t e r i a l .   The  s e c t i o n   b e t w e e n   the  b e n d  

r a d i i   s h o u l d   p r e f e r a b l y   be  at  l e a s t   12, 7  m m  t o   a c h i e v e  

n o t i c e a b l e   e l i m i n a t i o n   of  c u r l i n g .   When  u s i n g   the  m e t h o d  

mode  of  F i g u r e s   3 a - 3 d ,   the   r e s i d u a l   d i e   gap  (Δd)  t h a t  

p r o v e d   to  r e d u c e   c u r l i n g   the  most   was  in  the  r a n g e   o f  

0, 20  m m   to  0,  559  mm  and  o p t i m a l l y   at  0,  3 . 0  m m ,   the  m e t a l   t h i c k n e s s  

b e i n g   a b o u t   1 , 4 4 8 m m .  



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

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

c h a r a c t e r i z e d   by  the  fo l lowing  s t e p s :  

(a)  p r e s s i n g   s a i d   p a n e l   to  s e q u e n t i a l l y   f o r m  

o p p o s i t e   and  s e p a r a t e d   bend  r a d i i   t h e r e i n ,   the  s e p a r a t i n g  

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

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

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

s t r a i n ;  

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

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

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

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

s p r i n g b a c k   in  s a i d   s e p a r a t i n g   s e c t i o n .  

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

p r e s s i n g   is  c a r r y i n g   ou t   w i t h   a  male   punch   member  and  a  

f e m a l e   m o l d i n g   member  d e s i g n e d   to  i m p a r t   a  ha t   s e c t i o n  

c o n f i g u r a t i o n   to  the  p a n e l ,   s a i d   ha t   s e c t i o n   h a v i n g   p a i r s  

of  o p p o s e d   b e n d i n g   r a d i i   c o n n e c t e d   by  a  w e b .  

3.  The  me thod   as  in  C l a i m   2,  c h a r a c t e r i z e d   by  that  each   of  

s a i d   bend  r a d i i   have   an  a n g l e   of  a b o u t   90°  and  the  b e n d  

r a d i i   of  e a c h   p a i r   b e i n g   s e p a r a t e d   by  an  i n t e r m e d i a t e  

s e c t i o n   h a v i n g   a  l e n g t h   of  at   l e a s t   1 2 , 7  m m .  

4.  The  method   as  in  C l a i m   1,  c h a r a c t e r i z e d  b y   t h a t ,  

the  r u b b i n g   of  sail  separating  section  in  s t e p   (b)  is  c a r r i e d   o u t  

s u b s e q u e n t   to  the   b e n d i n g   and  u n b e n d i n g   in  s t e p   ( a ) .  



5.  The  me thod   as  in  C la im   4 ,  c h a r a c t e r i z e d   i n  t h a t ,  

the  rubb ing   of  step  (b)  is  c a r r i e d   out  by  the  use  of  a  second  m a l e  
punch   member  h a v i n g   an  o v e r s i z e d   c r o s s - s e c t i o n   e f f e c t i v e   t o  

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

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

6.  The  me thod   as  in  C la im  1 ,  c h a r a c t e r i z e d   in  t h a t ,  
said  p r e s s i n g   is  c a r r i e d   out  with  the  use  of  a  ma le   punch  m e m b e r  

and  a  m a t i n g   f e m a l e   m o l d i n g   member  wh ich   t o g e t h e r ,   when  

m a t e d ,   p r o v i d e   a  d i e   gap  t h e r e b e t w e e n ,   s a i d   members   b e i n g  

c o n t r o l l e d   to  l i m i t   s a i d   d ie   gap  to  1 . 5 - 3 . - 0   t i m e s   t h e  

t h i c k n e s s   of  the  s h e e t   m a t e r i a l   d u r i n g   s t e p   ( a ) .  

7.  The  me thod   as  in  C la im  6,  c h a r a c t e r i z e d   in  t h a t ,  

the  m e m b e r s   are   c o n t r o l l e d   to  ad jus t   the  die  gap  in  step  (b)  to  s u b -  

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

8.  The  me thod   as  in  C la im   6,  c h a r a c t e r i z e d   in  t h a t ,  

sa id   m e m b e r s   are  c o n t r o l l e d   to  p r o g r e s s i v e l y   d e c r e a s e   said  d i e  

gap  in  p r o p o r t i o n   to  an  i n c r e a s e   in  the  m a t e r i a l   s t r e n g t h  

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

9.  The  method   as  in  C la im  6 ,  c h a r a c t e r i z e d   in  that  t h e  

r e s i d u a l   d i e   gap  b e t w e e n   s a i d   members   is  a d j u s t e d   to  b e  

a b o u t   0, 254  mm  d u r i n g   s t e p   ( b ) .  

10.  The  me thod   as  in  C la im   1,  c h a r a c t e r i z e d   i n  t h a t  

the bendracdi  each  have  a  rad ius   in  the  r a n g e   of  3, 18  mm  to  6, 35  m m .  

11.  The  me thod   as  in  C l a i m   1 ,  c h a r a c t e r i z e d   in  t h a t ,  

a  fixed  b inde r   e l e m e n t   is  e m p l o y e d   dur ing  step  (a)  to  engage  a n d  

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

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

s i d e .  



12.  The  m e t h o d   as  in  C l a i m   1,  c h a r a c t e r i z e d   i n  t h a t ,  

the  male   punch   m e m b e r   is  T - s h a p e d   with  a  c e n t r a l   punch  body  and  a n  

o v e r h a n g i n g   h e a d ,   s a i d   body  and  f e m a l e   m o l d i n g   m e m b e r  

i m p a r t i n g   a  f i r s t   bend  to  s a i d   p a n e l   d u r i n g   p r e s s i n g  

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

o v e r h a n g i n g   head   and  f e m a l e   m o l d i n g   member ,   s a i d   p a n e l  

b e i n g   r u b b e d   on  s a i d   one  s i d e   d u r i n g   the   f o r m a t i o n   of  s a i d  

s e c o n d   b u t   o p p o s i t e   b e n d .  

13.  The  method   as  in  C l a i m   11,  c h a r a c t e r i z e d   in  t h a t ,  

said  b i n d e r   e l e m e n t   s u p p o r t s   a  knuck le   to  s i m u l t a n e o u s l y   rub  t h e  

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

d e f o r m a t i o n   s t r a i n   o p p o s i t e   to  the  s t r a i n   i m p a r t e d   to  s a i d  

one  s i d e .  

14.  A  m e t h o d   of  r e d u c i n g   c u r l i n g   in  s h e e t   m e t a l  

pane l s   s u b j e c t e d   to  s e q u e n t i a l   opposed   b e n d i n g , c h a r a c t e r i z e d   by  t h e  

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

an  o p e n i n g   of  a  f e m a l e   m o l d i n g   member  by  use  of  a  m a t i n g  

male   punch   m e m b e r ,   s a i d   f e m a l e   m o l d i n g   member  h a v i n g   a t  

l e a s t   one  c o r n e r   r a d i u s   d e f i n i n g   an  edge  of  s a i d   o p e n i n g  

and  s a i d   ma le   punch   member  h a v i n g   a  p u n c h   body  w i t h  

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

f a c e   to  d e f i n e   a c u t e   a n g l e d   c o r n e r   r a d i i ,   one  s i d e   of  s a i d  

s h e e t   m e t a l   p a n e l   b e i n g   c a u s e d   to  rub  a g a i n s t   s a i d   o n e  

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

to  i m p a r t   a  d e f o r m a t i o n   s t r a i n   to  s a i d   one  s i d e ;   a n d  

(b)  w i t h d r a w i n g   s a i d   male   punch   member  f rom  s a i d  

f e m a l e   m o l d i n g   member  so  as  to  u n i f o r m l y   rub  the  o t h e r   s i d e  

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

s a i d   ma le   p u n c h   member  so  as  to  i m p a r t   a  s t r a i n   s u b s t a n -  

t i a l l y   e q u a l   and  o p p o s i t e   to  the  s t r a i n   in  s a i d   one  s i d e   o f  

s a i d   s h e e t   m e t a l   p a n e l .  



15.  The  m e t h o d   as  in  C l a i m   14,  c h a r a c t e r i z e d   in  t h a t  

said  male   punch  m e m b e r   is  p r e s s e d   to  seat   a g a i n s t   the  b o t t o m   of  t h e  

f e m a l e   m o l d i n g   member  d u r i n g   s t e p   ( a ) .  

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

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

c h a r a c t e r i z e d   by  the  fo l lowing   s t e p s :  

(a)  p l a c i n g   s a i d   s h e e t   p a n e l   w i t h i n   at  l e a s t   o n e  

b i n d e r   e l e m e n t   s l o t t e d   to  c l o s e l y   c o n f o r m   to  the  t h i c k n e s s  

of  s a i d   p a n e l   and  o r i e n t e d   to  a l l o w   the  p a n e l   to  p a s s  

t h e r e t h r o u g h   in  a  f i r s t   d i r e c t i o n ;  

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

m o l d i n g   member  h a v i n g   an  e n t r a n c e   o p e n i n g   d e f i n e d   by  c o r n e r  

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

t r a n s v e r s e   to  s a i d   f i r s t   d i r e c t i o n   c a u s i n g   one  s i d e   of  s a i d  

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

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

f i r s t   d e f o r m a t i o n   s t r a i n   t h e r e t o ;   a n d  

(c)  w h i l e   p r e s s i n g ,   r u b b i n g   the  o p p o s i t e   s i d e   o f  

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

o p p o s i t e   to  the  f i r s t   d e f o r m a t i o n   s t r a i n .  

17.  The  m e t h o d   as  in  C la im  16,  c h a r a c t e r i z e d   in  t h a t  

the  s tep  (c)  is  c a r r i e d   out  by  the  use  of  a  knuck le   on  said  b i n d e r  

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

to  s a i d   o p p o s i t e   s i d e   of  s a i d   s h e e t   m e t a l   p a n e l .  

18.  The  m e t h o d   as  in  C la im   16,  c h a r a c t e r i z e d   in  t h a t  

in  s tep  (b)  said  male   p u n c h   m e m b e r   c o n f r o n t s   a  c o u n t e r p a d  

p r e p o s i t i o n e d   a  d i s t a n c e   be low  the  e n t r a n c e   o p e n i n g   of  s a i d  

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

p r e s s i n g   movement   to  f l a t t e n   the  s h e e t   m e t a l   e n g a g e d   b y  

s a i d   c o u n t e r p a d   c a u s i n g   s a i d   punch  to  form  new  bend  r a d i i  

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

p r e s s i n g .  
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