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@  Precision  forging  press. 

The  invention  concerns  precision  forging  presses 
comprising  a  plurality  of  punches  (4, 5)  adapted  to  be  driven 
by  respective  drive  means  for  forging  a  workpiece. 

An  object  of  the  invention  is  to  provide  a  press  in  which 
high  precision  in  dimensions  as  well  as  in  quality  of  the 
forged  product  is  assured. 

The  invention  is  characterised  by  the  press  including 
means  (17,  14,  20)  by  which  the  positions  of  the  upper  and 
lower  punches  can  be  continuously  controlled  as  desired 
from  the  beginning  of  deformation  of  a  workpiece  (3)  up  to 
the  termination  of  deformation.  Said  means  enable 
positional  information  relating  to  the  respective  punches  to 
be  converted  into  voltages,  the  converted  voltages  to  be 
compared  with  programmed  reference  voltages,  and  the 
movements  of  the  respective  punches  to  be  continuously 
controlled  in  accordance  with  the  comparison  results. 



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

p r e c i s i o n   f o r g i n g   p r e s s e s .  

H e r e t o f o r e ,   p r e c i s i o n   f o r g i n g   p r e s s e s   of  t h e   t y p e   i n  

w h i c h   a  w o r k p i e c e   i s   f o r g e d   w i t h i n   a  s p a c e   d e f i n e d   by  u p p e r  

and  l o w e r   d i e s   by  means   of  h y d r a u l i c a l l y   o p e r a b l e   u p p e r   a n d  

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

d i e s ,   r e s p e c t i v e l y ,   h a v e   b e e n   known  and  g e n e r a l l y   u s e d .   I n  

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

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

t r o l   c o n t i n u o u s l y   t h e   p o s i t i o n s   of  t h e   u p p e r   and  l o w e r   p u n c h e s  

as  d e s i r e d   f rom  t h e   b e g i n n i n g   of  d e f o r m a t i o n   of  t h e   w o r k p i e c e  

up  to  t h e   end  of   d e d o r m a t i o n .   H o w e v e r ,   none   of  t h e   p r e c i -  

s i o n   f o r g i n g   p r e s s e s   of  t h e   p r i o r   a r t   has   b e e n   p r o v i d e d   w i t h  

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

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

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

t i o n s   of   t h e   u p p e r   and  l o w e r   p u n c h e s   can  be  c o n t r o l l e d   c o n t i n -  

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

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

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

a d a p t e d   to   be  d r i v e n   by  r e s p e c t i v e   d r i v e   means   f o r   f o r g i n g  

a  w o r k p i e c e ,   c h a r a c t e r i s e d   by  means   for   c o n v e r t i n g   p o s i t i o n a l  

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

a  r e f e r e n c e   v o l t a g e   g e n e r a t o r   f o r   g e n e r a t i n g   a  p l u r a l i t y   o f  



p r o g r a m m e d   r e f e r e n c e   v o l t a g e s ,   c o m p a r a t o r   means   f o r   c o m p a r -  

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

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

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

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

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  r e a d i l y   u n d e r s t o o d ,  

and  o t h e r   f e a t u r e s   and  o b j e c t s   of   t h e   i n v e n t i o n   made  m o r e  

a p p a r e n t ,   one  p r e f e r r e d   e m b o d i m e n t   w i l l   now  be  d e s c r i b e d  

w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h   : -  

F i g u r e   1  i s   a  s y s t e m   d i a g r a m   s h o w i n g   one  e x a m p l e   o f  

p r i o r   a r t   p r e c i s i o n   f o r g i n g   p r e s s ,   p a r t l y   in   c r o s s - s e c t i o n ,  

F i g u r e   2  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w   s h o w i n g  

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

o p e r a t i o n ,  

F i g u r e   3  i s   a  v i e w   s i m i l a r   to   F i g u r e   2  s h o w i n g   t h e   d i e s  

a t   t h e   t e r m i n a t i o n   of   a  f o r g i n g   o p e r a t i o n   when  a  w o r k p i e c e  

h a s   b e e n   s h a p e d   by  t h e   d i e s ,   a n d  

F i g u r e   4  i s   a  s y s t e m   d i a g r a m   s h o w i n g   s a i d   p r e f e r r e d  

e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ,   p a r t l y   in  c r o s s - s e c t i o n .  

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

and  o p e r a t i o n   of   one  e x a m p l e   of   p r i o r   a r t   p r e c i s i o n   f o r g i n g  

p r e s s   w i l l   be  e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g u r e   1,  in  o r d e r  

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

R e f e r r i n g   to   F i g u r e   1,  t h e   p r e s s   c o m p r i s e s   an  u p p e r   d i e  

1  and  a  l o w e r   d i e   2,  w h i c h   d e f i n e   a  f o r g i n g   s p a c e   in  w h i c h   a  

w o r k p i e c e   3  o f  r a w   m a t e r i a l   can  be  a c c o m m o d a t e d .   An  u p p e r  



p u n c h   4  and  a  l o w e r   p u n c h   5  a r e   a s s o c i a t e d   w i t h   r e s p e c t i v e  

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

ma in   ram  5.  The  u p p e r   and  l o w e r   p u n c h e s   4  and  5  s l i d a b l y  

p r o j e c t   t h r o u g h   t h e   u p p e r   and  l o w e r   d i e s   1  and   2  r e s p e c t i v e l y ,  

i n t o   t h e   f o r g i n g   s p a c e   upon   a c t u a t i o n   of   an  u p p e r   a u x i l i a r y  

ram  7  and  a  l o w e r   a u x i l i a r y   ram  8.  To  t he   b o t t o m   of  t h e  

ma in   ram  6  i s   m o u n t e d   an  u p p e r   b o l s t e r   9  to   w h i c h   t h e   u p p e r  

d i e   1  i s   f i x e d .   S i m i l a r l y ,   a  l o w e r   b o l s t e r   10  i s   p r o v i d e d  

to   w h i c h   t h e   l o w e r   d i e   2  i s   f i x e d ,   t h e   l o w e r   b o l s t e r   10  

b e i n g   m o u n t e d   on  a  m a c h i n e   f r a m e - 1 1 .   H y d r a u l i c   c i r c u i t s  

a r e   p r o v i d e d   f o r   t h e   u p p e r   a u x i l i a r y   ram  7,  l o w e r   a u x i l i a r y  

ram  8  and  ma in   ram  6,  r e s p e c t i v e l y ,   s a i d   c i r c u i t s   i n c l u d i n g  

p r e s s u r e   r e g u l a t i o n   v a l v e s   12a ,   12b  and  12c ,   s w i t c h i n g  

v a l v e s   1 3 a ,   13b  and  13c ,   h y d r a u l i c   pumps  14a ,   14b  and  1 4 c  

and  f l o w   r a t e   r e g u l a t i o n   v a l v e s   15a  and  1 5 b .  

For   a  f o r g i n g   o p e r a t i o n ,   a t   f i r s t   when  t h e   d i e s   1  and  2 

a r e   in  an  o p e n e d   c o n d i t i o n ,   t h e   w o r k p i e c e   3  of   raw  m a t e r i a l  

i s   i n s e r t e d  b e t w e e n   t h e   d i e s   1  and  2.  T h e n ,   t h e   s w i t c h i n g  

v a l v e   13c  i s   a c t u a t e d   to   i n t r o d u c e   p r e s s u r i z e d   o i l   i n t o   t h e  

u p p e r   c h a m b e r   of  t h e   ma in   ram  6  by  t h e   a c t i o n   of  t he   h y d r a u -  

l i c   pump  14c ,   and  t h e r e b y   t h e   main   ram  6  i s   l o w e r e d   to   c l o s e  

t h e   d i e s   1  and  2  t o g e t h e r .   S u b s e q u e n t l y ,   t h e   u p p e r   a n d  

l o w e r   p u n c h e s   4  and  5  a r e   s e t   in  m o t i o n   to   p r e s s   i n t o   t h e  

d i e s   1  and  2  by  t h e   a c t u a t i o n   of   t h e   u p p e r   and  l o w e r   a u x i l -  

i a r y   rams  7  and  8,  r e s p e c t i v e l y ,   and  t h u s   t h e   f o r g i n g   o f  

t h e   w o r k p i e c e   3  of   raw  m a t e r i a l   i s   s t a r t e d .  



In  t h i s   o p e r a t i o n ,   in  o r d e r   to  a s s u r e   p r e c i s i o n   i n  

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

3a,   t h e   p o s i t i o n s   A  and  B  of  t h e   u p p e r   and  l o w e r   p u n c h e s  

4  and  5  a t   t h e   s t a r t   of   d e f o r m a t i o n   of  t h e   w o r k p i e c e   3 ,  

as  w e l l   as  t h e   p o s i t i o n s   A1  and  B1  of  t h e   u p p e r   and  l o w e r  

p u n c h e s   4  and  5  a t   t h e   end  of  d e f o r m a t i o n   (as  shown  i n  

F i g u r e s   2  and  3  r e s p e c t i v e l y )   m u s t   a l w a y s   be  k e p t   c o n s t a n t .  

M o r e o v e r ,   in  t h e   c a s e   of  a  f o r g e d   p r o d u c t   h a v i n g   a  c o m p l e x  

s h a p e ,   n o t   o n l y   t h e   p u n c h   p o s i t i o n s   A  and  B  a t   t h e   s t a r t  

and  end  of   d e f o r m a t i o n   of  t h e   w o r k p i e c e ,   b u t   a l s o   t h e   s u c -  

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

be  c o n t i n u o u s l y   c o n t r o l l e d .   H o w e v e r ,   s u c h   r e q u i r e m e n t s  

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

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

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

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

p r o d u c t   c a n n o t   be  o b t a i n e d .  

T u r n i n g   now  to  t h e   p r e f e r r e d   e m b o d i m e n t   of   t h e   p r e s e n t  

i n v e n t i o n   i l l u s t r a t e d   in  F i g u r e   4,  c o m p o n e n t   p a r t s   e q u i v a -  

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

p r e s s   shown  in  F i g u r e   1  a r e   g i v e n   l i k e   r e f e r e n c e   n u m e r a l s .  

T h u s ,   t h e   p r e s s   c o m p r i s e s   an  u p p e r   d i e   1,  and  a  l o w e r   d i e  

2  d e f i n i n g   a  f o r g i n g   s p a c e   f o r   a  w o r k p i e c e   3,  an  u p p e r  

p u n c h   4,  a  l o w e r   p u n c h   5,  a  main   ram  6,  u p p e r   and  l o w e r  

a u x i l i a r y   rams  7,  8  r e s p e c t i v e l y ,   u p p e r   and  l o w e r   b o l s t e r s  

9  and  10  r e s p e c t i v e l y ,   a  m a c h i n e   f r a m e   11  and  h y d r a u l i c  



c i r c u i t s   i n c l u d i n g   p r e s s u r e   r e g u l a t i o n   v a l v e s   12a ,   12b  a n d  

12c ,   a  s w i t c h i n g   v a l v e   13c  and  h y d r a u l i c   pumps  14a ,   1 4 b  

and  14c .   The  a b o v e - r e f e r r e d   to   c o m p o n e n t s   a r e   i d e n t i c a l  

to   t h o s e   i n c l u d e d   in  t h e   p r i o r   a r t   p r e s s   shown  in  F i g u r e  

1 .  

In  t h i s   e m b o d i m e n t   t h e   p r e s s   has   a  moun t   t a b l e   16  f o r  

a  p o t e n t i o m e t e r   17b  p r o v i d e d   on  t h e   m a c h i n e   f r a m e   11,  a  

moun t   t a b l e   18  f o r   a  p o t e n t i o m e t e r   17a  p r o v i d e d   on  t h e  

u p p e r   b o l s t e r   9,  and  r a c k s   19a  and  19b  m o u n t e d   on  t h e  

u p p e r   and  l o w e r   a u x i l i a r y   ram  7,  8  r e s p e c t i v e l y ,   w h i c h  

r a c k s   a r e   m e s h e d   w i t h   p i n i o n s   20a  and  20b  r e s p e c t i v e l y ,  

m o u n t e d   on  t h e   e n d s   of   t h e   s h a f t s   of  t h e   p o t e n t i o m e t e r s  

17a  and  17b.   The  c o n t r o l   c i r c u i t   f o r   t h e   p r e s s   i n c l u d e s  

a m p l i f i e r s   21a  and  21b ,   e l e c t r o m a g n e t i c a l l y   o p e r a b l e   s e r v o  

v a l v e s   22a   and  22b ,   w h i c h   a r e   i n c l u d e d   in  t h e   h y d r a u l i c  

c i r c u i t s   f o r   t h e   u p p e r   and  l o w e r   a u x i l i a r y   rams  7  and  8 ,  

r e s p e c t i v e l y ,   and  a  t e m p l a t e   24  t h a t   i s   m o v a b l e   a l o n g   a n  

a r r o w e d   d a s h - d o t   l i n e   C-C  and  whose   p r o f i l e   i s   d e s i g n e d  

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

t h e   p u n c h e s   4  and  5.  R e f e r e n c e   n u m e r a l s   25a  and  2 5 b  

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

s h a f t   e n d s ,   w i t h   p i n i o n s   26a  and  26b  m e s h e d   w i t h   r a c k s  

27a  and  27b  r e s p e c t i v e l y .   At  one  e n d ,   e a c h   r a c k   2 7 a  

and  27b  has   a  r o l l e r   28a  and  28b  r e s p e c t i v e l y   s e r v i n g   a s  

a  cam  f o l l o w e r ,   t h e   o t h e r   end  of   e a c h   r a c k   b e i n g   s l i d a b l y  

s u p p o r t e d   by  a  r a c k   g u i d e   29a ,   29b  r e s p e c t i v e l y .   I n  



a d d i t i o n ,   t h e   r a c k s   27a  and  27b  a r e   a d a p t e d   to   be  u r g e d  

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

24  v i a   t h e i r   r o l l e r s   28a  and  28b ,   r e s p e c t i v e l y ,   by  s u i t -  

a b l e   r e s i l i e n t   means   n o t   s h o w n .  

In  o p e r a t i o n ,   s i n c e   t h e   u p p e r   a u x i l i a r y   ram  7  and  t h e  

u p p e r   p u n c h   4  a r e   d r i v e n   i n t e g r a l l y ,   t h e   p o t e n t i o m e t e r  

17a  w h i c h   g e n e r a t e s   a  v o l t a g e   c o r r e s p o n d i n g   to   t h e   p o s i t i o n  

of   t h e   u p p e r   a u x i l i a r y   ram  7,  can  r e p r e s e n t   t h e   e x t e n t   o f  

i n s e r t i o n   of   t h e   u p p e r   p u n c h   4  i n t o   t h e   f o r g i n g   s p a c e  

d e f i n e d   by  t h e   d i e s   1  and  2.  The  same  i s   a l s o   t r u e   w i t h  

r e s p e c t   to   t h e   l o w e r   p u n c h   5,  and  t h e   v o l t a g e   g e n e r a t e d   b y  

t h e   p o t e n t i o m e t e r   17b  i n d i c a t e s   t h e   e x t e n t   of   i n s e r t i o n   o f  

t h e   l o w e r   p u n c h   5  i n t o   t h e   s p a c e   f o r m e d   by  t h e   d i e s   1  and  2 .  

The  v o l t a g e s   g e n e r a t e d   by  t h e   p o t e n t i o m e t e r s   17a  a n d  

17b  r e s p e c t i v e l y ,   a r e   c o m p a r e d   in   c o m p a r a t o r   c i r c u i t s   X l  

and  X2  w i t h   p r o g r a m m e d   r e f e r e n c e   v o l t a g e s   g e n e r a t e d   by  a  

p r o g r a m m e d   r e f e r e n c e   v o l t a g e   g e n e r a t o r   23  c o n s i s t i n g   of  t h e  

a b o v e - d e s c r i b e d   t e m p l a t e   24,  p o t e n t i o m e t e r s   25a  and  2 5 b ,  

p i n i o n s   26a  and  26b ,   r a c k s   27a  and  27b ,   r o l l e r s   28a  a n d  

28b  and  r a c k   g u i d e s   29a  and  29b ,   and  t h e   d i f f e r e n c e   s i g n a l s  

i s s u e d   f rom  t h e   c o m p a r a t o r   c i r c u i t s   X1  and  X2  a r e   a m p l i f i e d  

by  t h e   a m p l i f i e r s   21a  and  21b  and  t h e n   a p p l i e d   to   t h e  

s i g n a l   i n p u t s   of  t h e   s e r v o   v a l v e s   22a  and  22b ,   r e s p e c t i v e l y .  

As  a  r e s u l t ,   t h e   s e r v o   v a l v e s   22a  and  22b  a r e   a c t u a t e d   t o  

d r i v e   t h e   u p p e r   a u x i l i a r y   ram  7  and  t he   l o w e r   a u x i l i a r y   r a m  

8  by  means   of  t h e   r e s p e c t i v e   h y d r a u l i c   p r e s s u r e   s o u r c e s  



1 2 a - 1 4 a   and  1 2 b - 1 4 b   so  t h a t   t h e   d i f f e r e n c e   b e t w e e n   t h e  

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

by  t h e   p o t e n t i o m e t e r s   17a  and  17b  may  be  n u l l e d .  

A c c o r d i n g l y ,   t h e   p o s i t i o n s   of  t h e   u p p e r   and  l o w e r   p u n c h e s  

4  and  5  can  be  c o n t i n u o u s l y   c o n t r o l l e d   in   a c c o r d a n c e   w i t h  

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

g rammed  r e f e r e n c e   v o l t a g e   g e n e r a t o r   2 3 .  

In  t h e   p r o g r a m m e d   r e f e r e n c e   v o l t a g e   g e n e r a t o r   23,  t h e  

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

p o s i t i o n s   of  t h e   u p p e r   and  l o w e r   p u n c h e s   4  and  5  a r e  

g e n e r a t e d   in   a c c o r d a n c e   w i t h   t h e   p r o f i l e   of   t h e   t e m p l a t e   2 4 .  

T h e r e f o r e ,   i f   t h e   p r o f i l e   of  t h e   t e m p l a t e   24  i s   a p p r o -  

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

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

o p e r a t i o n , a n d   i f   t h e   t e m p l a t e   24  is   moved  in  t h e   d i r e c t i o n  

of  a r r o w   D  in  F i g u r e   4  d u r i n g   t h e   f o r g i n g   o p e r a t i o n   f r o m  

t h e   f o r g i n g   s t a r t   p o s i t i o n   up  to   t h e   f o r g i n g   t e r m i n a t i o n  

p o s i t i o n ,   t h e n   i t   b e c o m e s   p o s s i b l e   to   c o n t r o l   c o n t i n u o u s l y  

t h e   p o s i t i o n s   of   t h e   u p p e r   and  l o w e r   p u n c h e s   4  and  5 

d u r i n g   t h e   e n t i r e   f o r g i n g   p r o c e s s .  

I t   i s   to   be  n o t e d   t h a t   w h i l e   d e s c r i p t i o n   has   b e e n   m a d e  

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

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

m e t h o d   can  be  e q u a l l y   a p p l i e d   f o r   a  f o r g i n g   p r e s s   in  w h i c h  

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

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

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



h o r i z o n t a l   d i r e c t i o n s .   In  a d d i t i o n  ,   a l t h o u g h   a  p r o -  

g rammed   r e f e r e n c e   v o l t a g e   g e n e r a t o r   23  of  t e m p l a t e   t y p e  

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

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

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

g e n e r a t o r ,   an  e l e c t r o n i c   c o m p u t e r ,   e t c .   f o r   t h e   t e m p l a t e  

t y p e   g e n e r a t o r .  

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

i n v e n t i o n ,   s i n c e   t h e   m o v e m e n t s   or  p o s i t i o n s   of  t h e   p u n c h e s  

can  be  c o n t i n u o u s l y   c o n t r o l l e d   d u r i n g   t h e   f o r g i n g   p r o c e s s  

f rom  t h e   f o r g i n g   s t a r t   p o s i t i o n   up  to   t h e   f o r g i n g   t e r m i n a -  

t i o n   p o s i t i o n ,   t h e   mode  of  d e f o r m a t i o n   f l o w   of  t h e   w o r k -  

p i e c e   i s   a l w a y s   k e p t   c o n s t a n t ,   and  as  a  r e s u l t ,   e x c e l l e n t  

f o r g e d   p r o d u c t s   h a v i n g   good   q u a l i t y   and  h i g h   p r e c i s i o n  

in  d i m e n s i o n s   can   be  o b t a i n e d .  

S i n c e   many  m o d i f i c a t i o n s   can  be  made  in  t h e   c o n s t r u c -  

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

c i a t e d   t h a t   i t   i s   g i v e n   by  way  of  e x a m p l e   o n l y   and  m a n y  

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

c o u l d   be  made  w i t h o u t   d e p a r t i n g   t h e   s c o p e   t h e r e o f .   I t  

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

a b o v e   d e s c r i p t i o n   and  shown  in  F i g u r e   4  of  t h e   a c c o m p a n y -  

i n g   d r a w i n g s   s h a l l   be  i n t e r p r e t e d   as  i l l u s t r a t i v e   and  n o t  

as  a  l i m i t a t i o n   of  t h e   s c o p e   of  t h e   i n v e n t i o n .  



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

p u n c h e s   a d a p t e d   to   be  d r i v e n   by  r e s p e c t i v e   d r i v e   means   f o r  

f o r g i n g   a  w o r k p i e c e ,   c h a r a c t e r i z e d   by  means   f o r   c o n v e r t i n g  

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

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

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

c o m p a r a t o r   means   f o r   c o m p a r i n g   s a i d   r e s p e c t i v e   c o n v e r t e d  

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

r e f e r e n c e   v o l t a g e s ,   and  c o n t r o l   means   f o r   c o n t r o l l i n g   s a i d  

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

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

2.  A  p r e c i s i o n   f o r g i n g   p r e s s   as  c l a i m e d   in  C l a i m   l ,   i n  

w h i c h   s a i d   d r i v e   means   c o n s i s t s   of  a  h y d r a u l i c   ram  and  a  

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

means   c o n s i s t s   of  an  a m p l i f i e r   and  a  s e r v o   v a l v e   i n t e r p o s e d  

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

3.  A  p r e c i s i o n   f o r g i n g   p r e s s   as  c l a i m e d   in  C l a i m   1  o r  

C l a i m   2 , c h a r a c t e r i s e d   in  t h a t   s a i d   r e f e r e n c e   v o l t a g e   g e n e r a t o r  

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

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

a d a p t e d   to   be  r o t a t e d   in  r e s p o n s e   to  m o v e m e n t s   of  t h e  

c o r r e s p o n d i n g   cams  f o r   g e n e r a t i n g   t h e   r e s p e c t i v e   r e f e r e n c e  

v o l t a g e s .  
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