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A  bridge  type  punch  press. 
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(§7)  A  punch  press  (20),  for  punching  a  workpiece,  utilizing  an 
elongated  punch  support  which  is  formed  from  removable  in- 
terconnected  punch  cartridges  (92)  and  an  elongated  die  sup- 
port  which  is  formed  from  removable  interconnected  die  car- 
tridges  (94).  A  punch  head  (32)  is  supported  from  a  frame  (30) 
which  spans  the  punching  area.  A  two  axis  positioning  system 
is  provided  for  positioning  the  sheet  metal  workpiece  within 
the  punching  area  beneath  the  punch  head.  Punch  head  (32) 
through  appropriate  mechanical  interposer  (160)  engages  a 
punch  which  in  conjunction  with  an  associated  die,  positioned 
there  beneath,  forms  a  hole  in  the  workpiece.  The  elongated 
punch  sections  (92)  and  die  sections  (94)  can  be  moved  out  of 
the  punch  press  frame,  disengaged  and  removed  or  replaced. 
The  first  punch  section  (92)  and  first  die  section  (94)  engage 
driver  sections  (192,194)  which  are  disposed  in  the  frame 
(30).  The  driver  sections  (192,  194)  are  then  moved  to  bring 
the  tool  supporting  sections  (92,  94)  into  the  press.  A  second 
punching  head  (34)  which  is  separated  by  the  lenght  of  one 
cartridge  (92,  94)  can  be  provided  for  double  punching.  A  dis- 
appearing  table  (95)  which  is  engaged  by  the  last  die  section 
(94)  brought  into  the  press  is  utilized  for  supporting  the  work- 
sheet.  Each  cartridge  section  includes  at  least  two  rows  of 
tools.  Aligning  holes  for  all  tools  are  on  one  side  of  each  tool 
cartridge  (92,  94).  Before  punching  the  aligning  holes  are 
engaged  by  an  inaex  pin  to  pro  /ide  high  accuracy  alignment  of 
the  selected  punch  and  die. 

ACTORUM  AG 

@ A  punch  press  (20), for  punching  a  workpiece,  utilizing  an 
elongated  punch  support  which  is  formed  from  removable  in- 
terconnected  punch  cartridges  (92)  and  an  elongated  die  sup- 
port  which  is  formed  from  removable  interconnected  die  car- 
tridges  (94).  A  punch  head  (32)  is  supported  from  a  frame  (30) 
which  spans  the  punching  area.  A  two  axis  positioning  system 
is  provided  for  positioning  the  sheet  metal  workpiece  within 
the  punching  area  beneath  the  punch  head.  Punch  head  (32) 
through  appropriate  mechanical  interposer  (160)  engages  a 
punch  which  in  conjunction  with  an  associated  die,  positioned 
there  beneath,  forms  a  hole  in  the  workpiece.  The  elongated 
punch  sections  (92)  and  die  sections  (94)  can  be  moved  out  of 
the  punch  press  frame,  disengaged  and  removed  or  replaced. 
The  first  punch  section  (92)  and  first  die  section  (94)  engage 
driver  sections  (192,194)  which  are  disposed  in  the  frame 
(30).  The  driver  sections  (192,  194)  are  then  moved  to  bring 
the  tool  supporting  sections  (92,  94)  into  the  press.  A  second 
punching  head  (34)  which  is  separated  by  the  lenght  of  one 
cartridge  (92,  94)  can  be  provided  for  double  punching.  A  dis- 
appearing  table  (95)  which  is  engaged  by  the  last  die  section 
(94)  brought  into  the  press  is  utilized  for  supporting  the  work- 
sheet.  Each  cartridge  section  includes  at  least  two  rows  of 
tools.  Aligning  holes  for  all  tools  are  on  one  side  of  each  tool 
cartridge  (92,  94).  Before  punching  the  aligning  holes  are 
engaged  by  an  index  pin  to  provide  high  accuracy  alignment  of 
the  selected  punch  and  die. 



BACKGROUND  OF  THE  INVENTION 

Techn ica l   F i e l d  

This  i n v e n t i o n   r e l a t e s   to  metal   working  and  more  p a r t i c u l a r l y  

to  an  improved  b r i dge   type  sheet   metal   punching  p r e s s .  

Background  A r t  

Sheet  meta l   punch  p r e s s e s   with  a  b r i d g e   type  frame  s u p p o r t i n g   a  

punching  head  have  been  known  for  some  t ime.  U.S.  Pa t en t   No. 

3 ,449,991  t eaches   a  t u r r e t   type  punch  p ress   where in   the  p u n c h i n g  

head  is  s u p p o r t e d   from  a  frame  which  ex tends   ac ross   the  w o r k p i e c e  

suppor t   t a b l e .   U.S.  Pa t en t   No.  4 ,220 ,062   t eaches   a  punch  p r e s s  

which  u t i l i z e s   e l onga t ed   tool   s u p p o r t i n g   members  which  can  be  moved 

back  and  f o r t h   to  s e l e c t   the  proper   t o o l .   U.S.  P a t e n t   No.  4 , 1 6 8 , 6 4 4  

t eaches   a  s tamping  machine  i n c l u d i n g   a  too l   changing  mechan i sm.  

DISCLOSURE  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   t eaches   a  punch  p ress   having  a  p u n c h i n g  

head,  suppor t ed   on  a  b r i dge   type  frame,  which  s e l e c t i v e l y   e n g a g e s  
t o o l s   suppor t ed   in  an  e l onga t ed   s e c t i o n a l i z e d   c a r t r i d g e .   The  b r i d g e  

frame  suppor t   spans  a  work  area  in  w h i c h  a   workshee t   is  p o s i t i o n e d  

along  two  axes ,   in  the  X-Y  d i r e c t i o n s .   The  l i n e a r   s e c t i o n a l i z e d  

c a r t r i d g e   system  i nc ludes   at  l e a s t   two  rows  of  t o o l i n g   which  a r e  

o f f s e t .   Punch  c a r t r i d g e s   and  a s s o c i a t e d   die  c a r t r i d g e s   are  m o v a b l e  

t o g e t h e r  i n   a  l i n e a r   f a s h i o n   to  move  the  d e s i r e d   too l   under  t h e  

punching  head.   Use  of  a e c t i o n a l i z e d   l i n e a r   c a r t r i d g e s   permit   e a s y  
o f f - l i n e   too l   c h a n g i n g .  

A  workp iece   suppor t   t a b l e   is  s e c u r e l y   f a s t e n e d   to  one  end  o f  

the  main  b r i dge   type  frame  to  form  an  i n t e g r a l   frame  for  the  punch  

p r e s s .   The  b r i d g e   frame  i nc ludes   two  suppor t   a reas   and  the  end  o f  

the  workpiece   suppor t   t a b l e  a w a y   from  the  b r i d g e   frame  i n c l u d e s  

ano the r   suppor t   area  to  p rov ide   a  t h r e e   area  suppor t   for  the  p u n c h  

p r e s s .  
A  second  punching  head  can  be  p rov ided   on  the  b r i d g e - t y p e  

suppor t   frame  to  permit   s imu l t aneous   making  of  two  p a r t s .   The .  

second  punching  head  is  spaced  from  the  f i r s t   punching  head  by  one  
c a r t r i d g e   l e n g t h   so  tha t   two  i d e n t i c a l   t oo led   c a r t r i d g e s   can  b e  

suppor t ed   in  s e r i e s .   This  pe rmi t s   the  s i m u l t a n e o u s   making  of  two 

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



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

For  a  b e t t e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n ,   r e f e r e n c e   may  b e  

had  to  the  p r e f e r r e d   embodiment  exemplary  of  the  i n v e n t i o n   shown  i n  

the  accompanying  drawings  in  w h i c h :  

F igure   1  is  an  i s o m e t r i c   view  of  a  punch  p ress   c o n s t r u c t e d  

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

F igure   2  is  a  top  view  of  the  punch  press   shown  in  F igure   1; 

F igure   3  is  a  l e f t   s ide   view  of  the  punch  press   shown  in  F i g u r e  

1;  

F igure   4  is  a  f r o n t   view  of  the  punch  press   shown  in  F igure   1;  

F igure   5  is  a  s e c t i o n   view  through  the  punching  a s s e m b l y  

showing  the  d i s a p p e a r i n g   t a b l e   and  e longa t ed   tool   c a r t r i d g e s ;  

F igure   6  is  a  view  s i m i l a r   to  F igure   5  but  with  the  c a r t r i d g e s  

moved  to  the  r i g h t ;  

F igure   7  is  a  s e c t i o n   view  taken  of  F igure   6  along  the  l i n e  

VI I -VI I   th ru   a  punch  c a r t r i d g e   and  a  die  c a r t r i d g e ;  

F igure   8  is  a  top  view  of  the  upper  punch  c a r t r i d g e   showing  a  

p o r t i o n   of  the  d r i v e r   s e c t i o n   and  one  too l   c a r t r i d g e ;  

F igure   9  is  a  s e c t i o n   view  taken  of  F igure   8  along  the  l i n e  

IX-IX  showing  the  c o n n e c t i o n   between  the  d r i v e r   s e c t i o n   and  the  t o o l  

c a r t r i d g e ;  

F igure   10  is  an  i s o m e t r i c   view  of  an  upper  and  lower  c a r t r i d g e ;  

F igure   11  is  a  top  view  of  the  lower  die  c a r t r i d g e   and  d r i v e r ;  

F igure   12  is  a  view  of  F igure   11  along  the  l i n e   X I I - X I I ;  

F igure   13  is  a  s e c t i o n   view  along  the  l i n e   X I I I - X I I I   of  F i g u r e  

11 ;  

F igure   14  is  a  view  s i m i l a r   to  F igure   13  but  with  an  a d d i t i o n a l  

c a r t r i d g e   in  p l a c e ;  

F igure   15  is  a  view  showing  the  X-axis   c ross   s l i d e ;  

F igure   16  is  a  view  showing  the  Y-axis   c a r r i a g e   d r i v e ;  

F igure   17  is  a  d e t a i l e d   view  of  the  indexing   p i n ;  

F igure   18  is  an  i s o m e t r i c   view  from  the  back  of  the  p r e s s  

showing  a  t i l t i n g   unload  t a b l e ;  

F igure   19  is  a  view  of  the  punch  head  assembly  with  p o r t i o n s  

d e l e t e d   or  broken  away  for   c l a r i t y ;  

F igure   20  is  a  view  taken  in  F igure   19  along  the  l i n e   XX-XX; 

F igure   21  is  a  d i a g r a m a t i c   view  of  the  c a r t r i d g e   d r ive   s y s t e m  



showing  the  die  c a r t r i d g e ;  

Figure   22  is  a  d i a g r a m a t i c   view  of  the  c a r t r i d g e   d r ive   s y s t e m  

showing  the  punch  c a r t r i d g e ;  

Figure   23  is  a  d i a g r a m a t i c   view  of  the  d i s a p p e a r i n g   t a b l e  

showing  the  a u t o m a t i c   c o n n e c t i o n   s y s t e m ;  

Figure   24  is  a  c ross   s e c t i o n   th ru   a  punch  ho lde r   and  d i e  

h o l d e r ;  

F igure   25  is  an  i s o m e t r i c   view  of  the  too l   changing  s t a t i o n ;  

a n d ,  

Figure   26  thru   30  i l l u s t r a t e   c a r t r i d g e   changing  o p e r a t i o n   in  a  

t h ree   c a r t r i d g e   p r e s s ;  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

R e f e r r i n g   now  to  the  d rawings ,   and  F igu re s   1  thru   4  i n  

p a r t i c u l a r ,   t h e r e   is  shown  a  punch  p re s s   20  c o n s t r u c t e d   a c c o r d i n g   t o  

the  t e a c h i n g   of  the  p r e s e n t   i n v e n t i o n .   Punch  p ress   20  i s  

c o n s t r u c t e d   wi th   a  b r i dge   frame  p ress   assembly  30  having  a  two  a x e s ,  

X-Y,  sheet   p o s i t i o n i n g   system  50  i n t e g r a l l y   connec ted   t h e r e t o .  

P r e f e r a b l y   b r i d g e   frame  30  s u p p o r t s   a  pa i r   of  punching  heads  3 2 - a n d  

34.  Punch  head  32  is  the  s t a n d a r d   punch  head  and  punch  head  34  i s  

o p t i o n a l   for  twin  punching .   Twin  punching  heads  32  and  34  a r e  

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

double   machine  p r o d u c t i v i t y .  

A  c a r t r i d g e   t o o l i n g   a r r angemen t   90,  as  shown  in  F igure   10,  

c o n s i s t i n g   -of  a  punch  c a r t r i d g e   92  and  a  die  c a r t r i d g e   94,  i s  

p o s i t i o n a b l e   w i t h i n   b r i d g e   frame  30.  The  punch  ho ld ing   c a r t r i d g e   92 

is  p rovided   for  ho ld ing   punches ,   and  the  die  ho ld ing   c a r t r i d g e   94  i s  

p rov ided   for  s u p p o r t i n g   a p p r o p r i a t e   d ies   used  with  the  punches .   The 

punch  c a r t r i d g e   92  and  die  c a r t r i d g e   94  are  s y n c h r o n o u s l y  

p o s i t i o n a b l e   w i t h i n   frame  30  to  b r ing   a  s e l e c t e d   punch  into  p o s i t i o n  

for  being  a c t i v a t e d ,   th rough  an  a p p r o p r i a t e   mechanism,  by  one  of  t h e  

punching  heads  32,  34.  During  o p e r a t i o n   a  s u i t a b l e   die  for  use  w i t h  

the  s e l e c t e d   punch  is  p o s i t i o n e d   to  r e c e i v e   the  a c t i v a t e d   punch.  As 

shown  in  F igu re s   21  and  22  and  as  w i l l   be  d e s c r i b e d  i n   more  d e t a i l  

h e r e i n a f t e r   the  punch  c a r t r i d g e   d r i v e   and  die  c a r t r i d g e   d r ive   a r e  

synch ron i zed   t o g e t h e r   and  d r i ven   from  a  common  motor  th rough   d r i v e  

cha ins   whereby  each  punch  ' is  always  d i r e c t l y   l o c a t e d   above  i t s  

a s s o c i a t e d   d ie .   The  punch  and  die  c a r t r i d g e s   92,  94  are  moved  b a c k  

and  f o r t h   in  lock  s tep  so  t h a t   when  the  d e s i r e d   punch  is  moved  to  a  



p o s i t i o n   under  the  punch  head  32,  34  the  d e s i r e d   die  is  also  a l w a y s  

p r o p e r l y   p o s i t i o n e d   benea th   the  punch  at  e x a c t l y   the  same  t i m e .  

During  o p e r a t i o n   a  workpiece   21  to  be  punched  is  moved  into  t h e  

p roper   p o s i t i o n   benea th   one  of  the  punching  heads  32,  34by  s h e e t  

p o s i t i o n i n g   system  5 0 .  

The  b r i d g e   p ress   frame  30  s u p p o r t s   the  l i n e a r  t o o l   h o l d i n g  

c a r t r i d g e   92,  94  and  punch  heads  32,  34.  The  two  axis   s h e e t  

p o s i t i o n i n g   system  50  suppo r t s   and  p o s i t i o n s   a  shee t   metal   w o r k p i e c e  

21.  The  p ress   frame  30  and  i n t e g r a l   s h e e t m e t a l   suppor t   t a b l e   f r a m e  

50  d e f i n e   a  t h r e e   po in t   suppor t   area   and  a l ignment   of  worksheet   21 

r e l a t i v e   to  a  s e l e c t e d   punching  t oo l   is  i n s u r e d   at  a l l   t i m e s ,  

i n d e p e n d e n t   of  the  suppor t   f l o o r .   Punch  p ress   20  t h e r e f o r e   does  n o t  

r e q u i r e   a  s p e c i a l   f o u n d a t i o n   and  t h i s   r educes   i n s t a l l a t i o n   time  and  

c o s t ,   and  s i m p l i f i e s   r e l o c a t i o n .   The  t a b l e   c a r r i a g e   52,  w h i c h  

s u p p o r t s   a  c ross   s l i d e   51  having  shee t   meta l   g r i p p e r s   54,  56  mounted  

t h e r e o n ,   is  of  a  b r i d g e   type  c o n s t r u c t i o n   p e r m i t t i n g   sheet   l o a d i n g  

from  the  s ide   or  f r o n t   end  of  punch  p ress   20 .  

A  c a r t r i d g e   suppor t   c a r t   70,  u t i l i z e d   with  punch  p ress   20 ,  

r e c e i v e s   the  punch  and  die  l i n e a r   c a r t r i d g e s   92,  94  from  punch  p r e s s  
20  and  pe rmi t s   o f f l i n e   too l   changing .   While  the  on l i ne   c a r t r i d g e s  

a r e   a c t i v e l y   used  in  punching  a  w o r k s h e e t ,   the  o f f l i n e   c a r t r i d g e s  

can  have  t h e i r   t o o l s   checked  and  r e p l a c e d   as  r e q u i r e d   to  be  r e a d y  

for   the  next   l o t   of  shee t   meta l   pane l s   to  be  punched.  Setup  t i m e  

for  the  next   se t   of  shee t   meta l   pane l s   w i l l   then  be  shor t   and  

c o n s i s t   of  s l i d i n g   out  one  se t   of  c a r t r i d g e s   92,  94  and  s l i d i n g   i n  

the  a l r e a d y   loaded  second  set   of  c a r t r i d g e s   92,  94.  This  c o n c e p t  

i n c r e a s e s   machine  upt ime  and  p r o d u c t i v i t y .  

R e f e r r i n g   now  to  F igu re s   5  th rough  14  t he re   is  shown  a  l i n e a r  

c a r t r i d g e   too l   system  90  u t i l i z e d   in  punch  p ress   20.  Linear   t o o l  

c a r t r i d g e   system  90  c o n s i s t s   of  punch  c a r t r i d g e   s e c t i o n s   92  and  d i e  

c a r t r i d g e   s e c t i o n s   94.  Tool  c a r t r i d g e s   92  and  94  are  s i m u l t a n e o u s l y  

moved  in to   p roper   p o s i t i o n   so  t h a t   when  punching  head  32,  34  e n g a g e s  
a  s e l e c t e d   punching  too l   In  c a r t r i d g e   92  i t   is  r e c i p r o c a t e d   t h r o u g h  

the  workshee t   21  in to   an  a s s o c i a t e d   die  suppor ted   by  c a r t r i d g e   94 

b e n e a t h   workshee t   21.  As  shown  in  F igu re s   5  and  6,  d r i v e r   s e c t i o n s  

192  and  194,  which  can  engage  and  p o s i t i o n   c a r t r i d g e s   92  and  94 

r e s p e c t i v e l y ,   are  movable  w i t h i n   the  frame  p o r t i o n   30  of  punch  p r e s s  
20.  A  p l u r a l i t y   of  c a r t r i d g e s   92  and  94  can  be  l inked   t o g e t h e r   t o  

form  a  c a r t r i d g e   wi th   the  d e s i r e d   too l   s e l e c t i o n .   A  d i s a p p e a r i n g  



t a b l e   95  is  engaged  by  the  l a s t   die  c a r t r i d g e   94  and  is  p o s i t i o n e d  

f o l l o w i n g   the  l a s t   die  c a r t r i d g e   94  i n  f r a m e   3 0 .  

As  bes t   shown  in  F igures   21,  22  and  23  a  common  d r ive   motor  202 

through  an  a p p r o p r i a t e   chain  d r ive   a r r angemen t   s y n c h r o n o u s l y   d r i v e s  

punch  d r ive   s p r o c k e t   210  and  die  d r i ve   s p r o c k e t   2 3 0 . . S p r o c k e t s  2 1 0  

and  230  are  a t t a c h e d   to  d r ive   s h a f t s   212  and  232  r e s p e c t i v e l y .  
.At tached  to  s h a f t s   212  are  s p r o c k e t s   214  and  216  which  d r ive   c h a i n s  

218  and  220.  A  d r i v e r   b lock  192  is  connec ted   to  d r iven   cha ins   218 

and  220  to  be  p o s i t i o n e d   as  these   cha ins   are  moved  by  d r i v e   m o t o r  

202.  Dr iver   block  192  a t t a c h e d   to  the  dual  d r ive   chains   218  and  220 

moves  the  upper  punch  c a r t r i d g e   92  to  p o s i t i o n   a  d e s i r e d   too l   u n d e r  

punch  head  32,  3 4 .  

Drive  motor  202  d r i v e s   chain   203  which  is  connec ted   t o  

s p r o c k e t s   210  and  230  for  synchronous   p o s i t i o n i n g   of  c a r t r i d g e s   9 2 ,  

94.  As  d r i ve   motor  202  p o s i t i o n s   s p r o c k e t   230  the  connected   s h a f t  

232  s u p p o r t s   and  p o s i t i o n s   s p r o c k e t s   234,  236.  Sprocke t s   234  and  

236  d r ive   a  pa i r   of  mating  chains   238  and  240  r e s p e c t i v e l y .   D r i v e r  

b lock   194  is  connec ted   to  and  p o s i t i o n e d   by  the  pa i r   of  m a t i n g  

cha ins   238,  240.  Connected  to  d r i v e r   b lock   194  are  die  c a r t r i d g e s  

94  which  are  p o s i t i o n e d   s y n c h r o n o u s l y   with  t h e i r   mating  p u n c h  

c a r t r i d g e s   9 2 .  

In  o rder   to  suppor t   the  shee t   dur ing   punching ,   as  t h e  

c a r t r i d g e s   move  back  and  f o r t h ,   a  d i s a p p e a r i n g   t a b l e   95  is  p r o v i d e d .  

D i s a p p e a r i n g   t a b l e   95  c o n s i s t s   of  s e c t i o n s   97,  which  are  p o s i t i o n e d  

by  the  l a s t   c a r t r i d g e   94,  and  s e c t i o n s   242,  which  are  p o s i t i o n e d  

with  the  d r i v e r   b lock  194.  As  shown  in  F igures   13  and  14,  when 

c a r t r i d g e s   94  are  being  connected   t o g e t h e r   pin  110  is  in  a  r a i s e d  

p o s i t i o n   and  lock ing   pin  112  moves  in to   p o s i t i o n   to  m a i n t a i n   pin  110 

in  a  r a i s e d   p o s i t i o n .   For  the  l a s t   c a r t r i d g e   94  used  however,   p i n  
110  is  not  locked  in  an  upward  p o s i t i o n .   Pin  110  is  sp r ing   b i a s e d  

to  a  down  p o s i t i o n   and  when  not  locked  in  an  up  p o s i t i o n   w i l l ,   a s  

the  l a s t   c a r t r i d g e   94  e n t e r s   punch  p ress   frame  30,  engage  and  move 

d i s a p p e a r i n g   t a b l e   s e c t i o n s   97.  D i s a p p e a r i n g   t a b l e   95  w i l l   t h e n  

f i l l   in  the  a rea   benea th   the  punching  heads  w i t h i n   frame  30  which  i s  

not  occupied   by  c a r t r i d g e s   94.  T h e  d i s a p p e a r i n g   t a b l e   95  i s  

p rov ided   to  p rov ide   suppor t   for  the  shee t   meta l   workpiece   next  t o  

the  die  c a r t r i d g e   94.  Two  a r r angemen t s   of  d i s a p p e a r i n g   t a b l e s   a r e  
u t i l i z e d .   In  one  a r r angement   p o r t i o n s   242  of  d i s a p p e a r i n g   t a b l e   95 

are  a t t a c h e d   to  and  p o s i t i o n e d   by  the  pa i r   of  mating  chains   238 ,  



240.  The  d i s a p p e a r i n g   t a b l e   95  c o n s i s t s   of  a  s e r i e s   of  U-shaped  

s u p p o r t   s u r f a c e s   t ha t   are  capable   of  d i s a p p e a r i n g   from  t h e  

h o r i z o n t a l   p lane  and  moving  downward  v e r t i c a l l y   as  the  c a r t r i d g e   94 

moves  to  the  r i g h t .   Each  t a b l e   l i n k   242  is  a r t i c u l a t e d   from  i t s  

c o n n e c t i o n   to  cha ins   238  and  240  to  n e g o t i a t e   the  90  degree  c o r n e r .  

As  die   c a r t r i d g e   94  is  moved  back  and  f o r t h   d i s a p p e a r i n g   t a b l e s  

s e c t i o n s   242  move  into  and  out  of  the  h o r i z o n t a l   p lane  to  p r o v i d e  

s u p p o r t   for  the  s h e e t m e t a l   workpiece   on  one  s ide   of  die  c a r t r i d g e  

s e c t i o n s   94.  The  pa i r   of  mating  chains   238  and  240  extend  a r o u n d  

s p r o c k e t s   which  are  a t t a c h e d   to  s h a f t s   244  and  246  and  complete  t h e  

loop  at  d r i v e r   194 .  

A  d i f f e r e n t   a r rangement   is  p rov ided   for  d i s a p p e a r i n g   t a b l e  

s e c t i o n s   97  which  are  p o s i t i o n e d   and  p rov ide   suppor t   at  the  rear   o f  

die   c a r t r i d g e   94.  D i s a p p e a r i n g   t a b l e s   s e c t i o n s   97  which  a r e  

p rov ided   at  the  r ea r   of  c a r t r i d g e   94  are  a t t a c h e d   to  a  second  p a i r  

of  mat ing  cha ins   250  and  252.  The  second  set   of  mating  c h a i n s  

extend  around  i d l e r   s p r o c k e t   254,  256,  258,  260  which  are  s u p p o r t e d  

by  i d l e r   s h a f t s   244,  246.  D i s a p p e a r i n g   t a b l e s   s e c t i o n s   97  f o l l o w  

a u t o m a t i c a l l y   the  l a s t   die  c a r t r i d g e   s e c t i o n s   94  to  be  pu l l ed   i n t o  

punch  p re s s   20.  I d l e r   s p r o c k e t s   254,  256  and  i d l e r   s p r o c k e t s   258 ,  

260  which  suppor t   chains   250,  252  have  bea r i ng   suppor t s   from  s h a f t s  

244  and  246  r e s p e c t i v e l y .   Thus  i d l e r   s p r o c k e t s   254,  256,  258,  260 

can  t u rn   i n d e p e n d e n t l y   of  t h e i r   s u p p o r t i n g   s h a f t s   244,  246.  T h e s e  

s p r o c k e t s   254,  256,  258  and  260  which  suppor t   chains   250  and  252 

have  b a l l   b e a r i n g   c e n t e r s   in  order   to  tu rn   f r e e l y   on  the  r e s p e c t i v e  

suppo r t   s h a f t s   244,  246  and  t h e r e f o r   do  not  n e c e s s a r i l y   turn  and 

r o t a t e   when  mating  chains   238,  240  are  p o s i t i o n e d .   Chains  250,  252 

are  a t t a c h e d   to  the  v e r t i c a l   suppor t   p ins   110  l o c a t e d   in  c a r t r i d g e  

94  by  means  of  an  anchor  shaped  hook  262  having  two  U- shaped  

p o r t i o n s .   The  hook  262  a l lows  the  engaged  c a r t r i d g e   94  to  p u l l  
cha ins   250  and  252  and  p o s i t i o n   the  a s s o c i a t e d   d i s a p p e a r i n g   t a b l e  

s e c t i o n s   97.  An  a i r   c y l i n d e r   270  p o s i t i o n s   an  i d l e r   sha f t   272  t o  

m a i n t a i n   a  c o n s t a n t   p u l l  o n   chains   250,  252  so  tha t   the  hooks  262 

f i r m l y   a t t a c h   to  pins  110  even  when  c a r t r i d g e   94  moves  in  o p p o s i t e  

d i r e c t i o n .   That  i s ,   c y l i n d e r   270  b i a s e s   chains   2 5 0 ,  2 5 2   t o w a r d s  

r e t r a c t e d   p o s i t i o n   in to   engagement  with  pins  110.  

An  a u t o m a t i c   c o n n e c t i o n   system  is  provided  for  a u t o m a t i c a l l y  

engaging  and  p o s i t i o n i n g   the  d r ive   chain  250,  252  for  d i s a p p e a r i n g  
t a b l e   s e c t i o n s   97.  Since  punch  press   20  can  be  ope ra t ed   with  one  o r  



more  die  c a r t r i d g e s   i t   is  impor t an t   tha t   the  d i s a p p e a r i n g   t a b l e  

s e c t i o n s   97  fo l low  the  l a s t   c a r t r i d g e   94  s e c t i o n   to  be  i n t r o d u c e d  

in to   press   frame  20  to  suppor t   the  workshee t   21  to  be  punched.  The 

d i s c l o s e d   system  r e q u i r e s   no  o p e r a t o r   i n t e r v e n t i o n   or  any  s p e c i a l  

tool   or  f i x t u r e s   to  accommodate  au toma t i c   c o n n e c t i o n   of  chains   250 ,  

252  to  the  l a s t   die  c a r t r i d g e   94 .  

During  o p e r a t i o n   as  the  die  c a r t r i d g e   d r i v e r   b lock   194  moves  t o  

p r o j e c t   die  c a r t r i d g e s   94  o u t s i d e   of  the  p ress   frame  30  and  onto  t h e  

change  s t a t i o n   ca r t   70  the  d i s a p p e a r i n g   t a b l e s   s e c t i o n s   97  move 

around  the  corner   and  descend  v e r t i c a l l y   towards  the  lower  c h a i n  

l e v e l .   When  the  d i s a p p e a r i n g   t a b l e   e lements   have  t o t a l l y   l e f t   t h e  

h o r i z o n t a l   upper  p o s i t i o n   and  have  c l e a r e d   a  path  for  the  c a r t r i d g e  

to  pass  above  them  the  hook  262  on  each  of  the  two  chains   250  and  

252  c o n t a c t   the  s t a t i o n a r y   chain  pins  271.  The  b ias   fo rce   to  p u l l  

the  chains   250,  252  downward  to  a  r e t r a c t e d   p o s i t i o n   p rov ided   by  t h e  

a i r   c y l i n d e r   270,  ac t s   as  a  c o n s t a n t   sp r ing   fo rce   p u l l i n g   hooks  262 

in to   c o n t a c t   with  pins  271 .  

Each  hook  262  has  two  U-shaped  p o r t i o n s .   One  of  the  U - s h a p e d  

p o r t i o n s   engage  pin  110  when  the  d i s a p p e a r i n g   t a b l e   s e c t i o n s   97  a r e  

moved  by  c a r t r i d g e   94.  The  o ther   U-shaped  p o r t i o n   engages  pin  271 

when  c a r t r i d g e s   94  are  moved  out  of  punch  p ress   20.  The  c a r t r i d g e   94 

when  moved  onto  too l   ca r t   can  be  s l i d   h o r i z o n t a l l y   to  d i s c o n n e c t  

lock ing   e lements   120  and  122.  It  should  be  noted  tha t   the  t o o l  

c a r t r i d g e   94  can  be  i n t e r c h a n g e d   and  r e p l a c e d   w i thou t   the  need  f o r  

the  o p e r a t o r   to  use  any  t o o l s .   S l i d i n g   c a r t r i d g e   94  h o r i z o n t a l l y   on  

ca r t   70  d i s c o n n e c t s   the  j o i n t s .   When  a  new  c a r t r i d g e   has  been  s l i d  

in to   p o s i t i o n   and  the  c o n t r o l   system  for  the  p ress   e n e r g i z e d   a  p u n c h  

d r i v e r   b lock   tows  c a r t r i d g e   94  back  in to   the  p ress   frame.  D u r i n g  

t h i s   i n i t i a l   motion  s e c t i o n s   97  of  the  d i s a p p e a r i n g   t a b l e   r e m a i n s  

s t a t i o n a r y   s ince   hook  262  remains  in  engagement  with  pin  271.  If  a  

f o l l o w i n g   die  c a r t r i d g e   94  is  in  p o s i t i o n ,   pin  110  is  held  in  the  up 

p o s i t i o n   as  shown  in  F igure   14.  In  t h i s   f a s h i o n   as  c a r t r i d g e   94  i s  

towed  pas t   hook  262  no  connec t i on   w i l l   be  made  and  the  d i s a p p e a r i n g  

t a b l e   s e c t i o n s   97  w i l l   remain  in  a  s t a t i o n a r y   downward  p o s i t i o n .   As 

the  l a s t   c a r t r i d g e   94  is  pu l l ed   in,  from  the  tool   change  s t a t i o n s   o n  

c a r t   70,  pin  110  moves  v e r t i c a l l y   downward  as  i t   is  pu l l ed   off   o f  

cam  s u r f a c e   274.  Pin  110  is  then  in  p o s i t i o n   as  shown  in  F igure   13.  

As  the  end  of  the  l a s t   c a r t r i d g e   94,  to  go  in to   the  p ress   f r a m e ,  
e n t e r s   i t   engages  hook  262  and  moves  the  a s s o c i a t e d   cha ins   250,  252 .  



A f t e r   t h i s   poin t   motion  of  the  c a r t r i d g e   e n t e r i n g   the  frame  i s  

fo l lowed   by  the  d i s a p p e a r i n g   t ab l e   s e c t i o n s   97  as  they  are  e l e v a t e d  

up  to  the  h o r i z o n t a l   p o s i t i o n .   D i s a p p e a r i n g   t a b l e   s e c t i o n s   97  a r e  

towed  evenly  by  the  two  pins  110  which  c o n t a c t   the  hooks  262  t h a t  

a t t a c h e s   the  ends  of  chains   250,  2 5 2 .  

When  c a r t r i d g e s   90  are  moved  to  the  o f f l i n e  p o s i t i o n   t h e  

t o o l i n g   c a r t r i d g e s   are  moved  o u t s i d e   of  the  main  b r i d g e   press   f r ame  

s t r u c t u r e   30  onto  a  suppor t   t r ay   s t r u c t u r e   70.  An  upper  s u p p o r t  

t r a y   s u p p o r t s   the  punch  ho lder   o f f l i n e   c a r t r i d g e   92  while   a  l o w e r  

t r ay   s u p p o r t s   the  die  ho lder   o f f l i n e   c a r t r i d g e   94.  Once  t h e  

c a r t r i d g e s   92,  94  are  o u t s i d e   of  the  b r i d g e   frame  30  they  may  b e  

s e p a r a t e d   by  moving  the  o f f l i n e   c a r t r i d g e   s e c t i o n s   92,  94  t o w a r d s  

the  o p e r a t o r .   As  can  bes t   be  seen  in  F igure   9,  s e p a r a t i o n   of  t h e  

o f f l i n e   c a r t r i d g e s   92,  94  from  the  o n l i n e   c a r t r i d g e s   92,  94  i s  

accompl i shed   by  s l i d i n g   the  upward  p r o j e c t i n g   member  120  from  t h e  

downward  p r o j e c t i n g   l a t c h   122.  S i m i l a r   l a t c h i n g   members  a r e  

p rov ided   on  both  punch  c a r t r i d g e   92  and  die  c a r t r i d g e   9 4 .  

As  shown  in  F igures   24  and  10,  the  upper  too l   c a r t r i d g e   92 

c o n t a i n s   s t anda rd   punch  h o l d e r s   149.  The  punch  ho lde r   149  c o n t a i n s  

the  punch  301  and  se rves   as  the  moving  bea r ing   s u r f a c e   a g a i n s t   t h e  

punch  c a r t r i d g e   92  dur ing  punching  p e r i o d s .   Index  pin  ho les   91  a r e  

p rov ided   in  l i n e   with  each  punch  ho lde r   149,  which  is  suppor ted   i n  

punch  c a r t r i d g e   92.  Index  pin  holes   93  are   p rov ided   in  d i e  

c a r t r i d g e   94  in  l i n e   with  each  die  ho lde r   151.  C a r t r i d g e s   92  and  94 

have  a  bea r ing   s u r f a c e   for  use  in  s l i d i n g   the  d e s i r e d   punch  h o l d e r  

149  and  die  ho lde r   151  under  the  punch  head  32,  34.  To  i n c r e a s e   t h e  

t oo l   d e n s i t y   in  the  c a r t r i d g e s   92,  94  two  p a r a l l e l   rows  of  t o o l s  

have  been  used.   The  rows  of  t o o l s   are  s t a g g e r e d   along  t h e i r  

l o n g i t u d i n a l   axes  so  tha t   only  one  too l   at  a  time  is  engaged  by  a  

punch  head  32,  34.  Normally  s e v e r a l   t oo l   c a r t r i d g e s   92,  94  w i l l  

be  used.   The  t o o l s   in  the  f i r s t   c a r t r i d g e   92,  94  are  the  ones  to  b e  

used  on  a  wide  v a r i e t y   of  p a r t s .   These  t oo l s   w i l l   be  m a i n t a i n e d  

o n l i n e   for   most  p a r t s .   In  t h i s   f a s h i o n   i t   is  not  n e c e s s a r y   to  h a v e  

a  d u p l i c a t e   se t   of  these   common  t o o l s   in  p l ace .   The  o f f l i n e  

c a r t r i d g e s   92,  94  c o n t a i n   va r ious   punches  and  d ies   t h a t   change  f rom 

p a r t   to  p a r t .   The  number  of  t oo l s   in  the  c a r t r i d g e   92,  94  which  i s  

m a i n t a i n e d   o n l i n e   most  of  the  time  ve r sus   the  number  of  t o o l s   in  t h e  

c a r t r i d g e s   92,  94  which  are  f r e q u e n t l y   o f f l i n e   can  be  v a r i e d   to  s u i t  

s p e c i f i c   r e q u i r e m e n t s .   C a r t r i d g e s   92,  94  can  be   c o n f i g u r e d   to  h o l d  



as  many  t oo l s   as  des i r ed   by  the  u s e r .  

When  twin  punching  heads  32  and  34  are  u t i l i z e d ,   any  number ,  

s ize   and  p o s i t i o n   of  the  t oo l s   in  the  second  c a r t r i d g e   can  be  a  

r epea t   of  the  t oo l s   in  the  f i r s t   c a r t r i d g e .   The  two  punching  h e a d s  

32  and  34  are  o f f s e t   by  the  l eng th   of  one  c a r t r i d g e . . I n   t h i s   manner  

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

punch  head  32  an  i d e n t i c a l   tool   can  a l so   be  p o s i t i o n e d   under  t h e  

second  punch  head  34.  Punch  heads  32  and  34  o p e r a t e   in  p a r a l l e l  

the reby   producing   two  i d e n t i c a l   p a r t s   or  ho les   at  the  same  t i m e .  

The  two  punch  heads  32,  34  can  a lso  be  o p e r a t e d   s e p a r a t e l y   t o  

produce  s i m i l a r   pa r t s   at  the  same  t ime.   This  can  be  a c c o m p l i s h e d  

when  one  panel  needs  one  a d d i t i o n a l   hole   or  one  l e s s   hole   by  s i m p l y  

programming  one  punch  head  to  run  when  the  o the r   does  not .   T h i s  

o p e r a t i o n   c r e a t e s   s i m i l a r   pane ls   whi le   s t i l l   en joy ing   the  twin  punch  

p r o d u c t i v i t y   b e n e f i t s   for  the  m a j o r i t y   of  common  ho les   in  b o t h  

p a n e l s .  

F igures   25  thru  30  i l l u s t r a t e   c a r t   70  which  is  used  f o r  

changing  c a r t r i d g e s .   Cart  70  p r o v i d e s   suppor t   for  t h r e e   se t s   o f  

tool   c a r t r i d g e s .   Cart  70  a lso  i n c l u d e s   a  s t o r a g e   area  b e n e a t h   t h e  

suppor t   area   for  holding  a d d i t i o n a l   t o o l s .   In  the  top  work  area  t h e  

c a r t r i d g e s   can  e a s i l y   be  m a n i p u l a t e d   for  changing  punches  and  d i e s .  

As  a  punch  and  die  c a r t r i d g e   set   90  e x i t   from  the  p ress   onto  t h e  

tool   s t a t i o n   each  c a r t r i d g e   92,  94  e n t e r s   i t s   own  r e s p e c t i v e   s u p p o r t  

t r a y .   The  punch  and  die  suppor t   t r a y s   are  equipped  with  a  s e r i e s   o f  

r o l l e r   wheels  which  engage  and  suppor t   the  c a r t r i d g e   92,  94  as  i t  

l eaves   the  p ress   frame  30  and  e n t e r s   onto  i t s   a s s o c i a t e d   t r a y .   T h i s  

p rov ides   for  low  f r i c t i o n   and  a l lows  the  c a r t r i d g e s   to  e a s i l y   b e  

i n s e r t e d   into  the  hat  shaped  s e c t i o n   t r a y s .   When  a  punch  and  d i e  

c a r t r i d g e   set   90  have  been  f u l l y   pushed  i n t o   p o s i t i o n   on  the  t o o l  

changing  ca r t   70  the  upper  and  lower  t r a y s   may  then  be  m a n u a l l y  
moved  forward  and  backward  in  a  d i r e c t i o n   p e r p e n d i c u l a r   to  t h e i r  

l o n g i t u d i n a l   axes .   The  upper  and  lower  t r a y s   are  equipped  w i t h  

r o l l e r   wheels  tha t   mate  with  the  top  of  the  too l   change  s t a t i o n   t o  
a l low  the  c a r t r i d g e s   92,  94  to  be  e a s i l y   s e p a r a t e d   from  one  a n o t h e r .  

The  s e p a r a t e d   c a r t r i d g e s   can  be  r e p l a c e d   with  o the r   c a r t r i d g e s .  
These  c a r t r i d g e s   can  be  connected   with  o the r   c a r t r i d g e s   which  r e m a i n  

in  the  press   or  with  the  d r i v e r   b l o c k s .   The  s l i d i n g   d i s c o n n e c t i o n  

of  one  set   of  c a r t r i d g e s   from  ano the r   is  a ccompl i shed   by  t h e  
h o r i z o n t a l   s e p a r a t i o n   of  the  upward  p r o j e c t i n g   member  120  f r o m  



downward  p r o j e c t i n g   l a t c h   122.  No  t o o l s   are  r e q u i r e d   by  t h e  

o p e r a t o r   to  i n t e r c h a n g e   c a r t r i d g e s   at  the  too l   change  s t a t i o n .  

F igures   26  thru   30  i l l u s t r a t e   a  t h r e e   c a r t r i d g e   system  and  a  

changing  sequence .   C a r t r i d g e   set   901  c o n t a i n s   s t a n d a r d   t o o l s   t h a t  

are  used  on  a l l   j obs .   C a r t r i d g e   set   902  is  a t t a c h e d   to  c a r t r i d g e  

set   901  and  c o n t a i n s   the  s p e c i a l   t o o l s   a s s o c i a t e d   w i t h   a  f i r s t   j o b .  

C a r t r i d g e   s e t s   901  and  902  then  o p e r a t e   i n s i d e   of  p ress   frame  30  t o  

produce  holes   in  the  s h e e t m e t a l   workpiece   21.  C a r t r i d g e   set  903  i n  

the  meantime  is  s i t t i n g   o f f l i n e   at  the  too l   change  s t a t i o n   70  and  i s  

popu la t ed   with  t o o l s   to  be  used  in  the  next   job.   The  i n t e r c h a n g e   o f  

c a r t r i d g e   s e t s   902  and  903  is  shown  in  sequence   in  F igures   27  t h r u  

30.  During  changing  c a r t r i d g e   set   902,  as  shown  in  F igure   28,  i s  

moved  onto  the  too l   c a r t r i d g e   ca r t   70.  C a r t r i d g e   se t s   902  and  903 

are  then  manual ly   s l i d   in  a  d i r e c t i o n   h o r i z o n t a l l y   - p e r p e n d i c u l a r   t o  

the  too l   c a r t r i d g e   motion  in  the  p r e s s ,   l e av ing   c a r t r i d g e   set   903 

connected   to  c a r t r i d g e   se t   901.  The  servo  system  then  p u l l s  

c a r t r i d g e   set   903  and  901  back  in to   o p e r a t i o n   in  the  p r e s s .   B e f o r e  

press   20  resumes  o p e r a t i o n   too l   change  s t a t i o n   70  is  moved  backward  

to  a  p o s i t i o n   as  shown  in  F igure   26.  Tool  change  s t a t i o n   70  r i d e s  

on  f ixed   r a i l s   and  is  moved  back  and  f o r t h   between  the  p o s i t i o n s  

shown  in  F igures   26  and  27  by  a  pneumat ic   c y l i n d e r .  

F igures   5  and  6  i l l u s t r a t e   the  c a r t r i d g e   system  i n s t a l l e d   in  a  

b r i d g e   frame  punch  p ress   s t r u c t u r e   30.  The  b r i dge   frame  30  p r o v i d e s  

e x c e l l e n t   r i g i d i t y   and  suppor t   for  the  punching  heads  32  and  34  and  

the  too l   c a r t r i d g e s   92  and  94.  A  c a r t r i d g e   too l   changing  window  98 

is  p rovided   at  one  s ide   of  the  p re s s   frame  30.  This  window  98 

p r o v i d e s   an  opening  to  a l low  tool   c a r t r i d g e s   92,  94  to  be  moved  o u t  

of  the  p ress   frame  30  onto  too l   c a r t   7 0 .  

F igure   24  shows  a  v e r t i c a l   s e c t i o n   e l e v a t i o n   of  a  punch  h o l d e r  

149  in  an  upper  c a r t r i d g e   92  above  a  die  ho lde r   151  in  a  l o w e r  

c a r t r i d g e   94.  Punch  ho lde r   149  is  held  in  an  u p r i g h t   or  r a i s e d  

p o s i t i o n   in  upper  c a r t r i d g e   92  by  means  of  a  cam  302  r e s t i n g   a g a i n s t  

a  p lunger   pin  304.  P lunger   pin  304  is  p r e s sed   t i g h t l y   a g a i n s t   cam 
s u r f a c e   302  by  sp r ing   306.  This  mechanism  w i l l   a d e q u a t e l y   r e t a i n  

the  puneh  ho lde r   149  in  i t s   r a i s e d   p o s i t i o n .   When  the  punch  h o l d e r  

149  is  i n s e r t e d   under  the  punch  head  ram  the  fo rce   of  the  ram  p u s h e s  

punch  ho lde r   149  downward  and  cam  302  pushes  the  p lunger   pin  304 

back  into  i t s   c a v i t y   the reby   a l l owing   the  punch  ho lde r   to  p r o c e e d  
downward  out  of  the  upper  c a r t r i d g e   92.  The  punch  301  held  by  punch  



ho lde r   149  can  then  mate  with  an  a p p r o p r i a t e   die  321  through  t h e  

i n t e r v e n i n g   s h e e t m e t a l   workpiece   to  produce  the  d e s i r e d   ho le .   The 

crank  sha f t   and  ram  then  move  to  a  park  p o s i t i o n   at  top  dead  c e n t e r .  

At  the  top  dead  c e n t e r   p o s i t i o n   p lunger   pin  304  has  remated  with  t h e  

cam  s u r f a c e   302  and  w i l l   hold  the  punch  h o l d e r s   149  in  t h e i r   upward 

p o s i t i o n   as  they  l eave   the  mating  T-shaped  head  area   in  the  ram.  

The  punch  c a r t r i d g e   94  and  die  c a r t r i d g e   92  f e a t u r e   a  gu ideway  

bea r ing   system  c o n s i s t i n g   of  a  p l a s t i c   type  bea r i ng   m a t e r i a l   on  t h e  

c a r t r i d g e   mating  with  the  m e t a l i c   way  s t r i p s .   Both  punch  c a r t r i d g e  

94  and  die  c a r t r i d g e   92  are  equipped  with  sea l   s t r i p s   t h a t   mate  w i t h  

the  way  t r a c k   to  keep  f o r e i g n   deb r i s   out  of  the  area  of  the  b e a r i n g  

s u r f a c e   and  d i s t r i b u t e   l u b r i c a t i o n   to  the  s u r f a c e s .  

C a r t r i d g e   92  is  suppor ted   by  an  angled   way  126  and  a  f l a t   way 
128.  During  punching  an  index  pin  87  engages  an  opening  91  i n  

c a r t r i d g e   92  and  urges   c a r t r i d g e   92  a g a i n s t   a  v e r t i c a l   face  132  o f  

s l a n t e d   way  126.  This  index  pin  a r rangement   p r o v i d e s   for  a c c u r a t e  

a l ignment   of  c a r t r i d g e   92.  The  lower  die  c a r t r i d g e   94  a lso   i s  

guided  on  an  angled  way  136  and  a  f l a t   way  s u r f a c e   138.  During  t h e  

punching  o p e r a t i o n   an  index  pin  87  engages  an  opening  93  i n  

c a r t r i d g e   94  and  urges   i t   in to   high  accuracy   c o n t a c t   with  a  v e r t i c a l  

face  142  of  guideway  136.  The  lower  c a r t r i d g e   94  is  suppor t ed   by  

a  b o l s t e r   p l a t e   124  dur ing  punching ,   thus  p r e v e n t i n g   punching  l o a d s  

from  being  a p p l i e d   to  the  bea r ing   guideway  s y s t e m .  

R e f e r r i n g   now  to  F igure   17  t h e r e   is  shown  a  more  d e t a i l e d   v i e w  

of  the  index ing   pin  mechanism.  When  c a r t r i d g e   92  is  p o s i t i o n e d   w i t h  

the  d e s i r e d   punching  too l   benea th   punching  head  32,  34  index  pin  87 

is  d r iven   by  an  a p p r o p r i a t e   d r ive   mechanism  89  in to   index ing   h o l e  

91.  Dr iv ing   index ing   pin  87  into  hole   91  a c c u r a t e l y   a l i g n s   p u n c h  

c a r t r i d g e   92  l o n g i t u d i n a l l y   and  moves  i t   back  a g a i n s t   v e r t i c a l  

s u r f a c e   132  of  the  s l a n t e d   guideway  126.  This  p r o v i d e s   for  h i g h  

accu racy   a l ignmen t   of  the  s e l e c t e d   too l   in  c a r t r i d g e   92.  A  s i m i l a r  

mechanism  is  p rov ided   for  a l i g n i n g   the  mating  die  in  die  c a r t r i d g e  
94.  Thus,  a c c u r a t e   a l ignment   of  the  punch  and  die  dur ing   o p e r a t i o n  
is  a s s u r e d .   When  twin  punching  heads  32,  34  are  p rov ided   two  s e t s  
of  index  pins  are  u t i l i z e d .   At  each  punch  head  l o c a t i o n   t h e r e   is  an: 

index  pin  for  the  upper  c a r t r i d g e   and  one  for  the  lower  c a r t r i d g e  
for  a  t o t a l   of  four  index  p i n s .  

In  o rder   for  one  of  the  punch  heads  32,  34  to  s e l e c t   and 

o p e r a t e   one  of  the  two  rows  of  t o o l i n g   in  punch  c a r t r i d g e s   92  a n  



i n t e r p o s e r   mechanism  is  r e q u i r e d .   As  can  be  seen  in  F igures   19  and  

20,  the  T-shaped  punch  head  159  f i t s   w i t h i n   a  T-shaped  s l o t   161  i n  

an  i n t e r p o s e r   160.  Two  i n t e r p o s e r s   are  p rov ided   to  l i n e   up  with  t h e  

f r o n t   and  r ea r   rows  of  punch  t oo l s   in  the  c a r t r i d g e   92.  As 

d e s c r i b e d   above,  the  t oo l s   in  the  c a r t r i d g e   92  a r e  - l o c a t e d   in  a  

s t a g g e r e d   p i t c h   c o n f i g u r a t i o n   such  t h a t   when  the  s p e c i f i c   p u n c h i n g  

too l   is  b rought   in  l i n e   with  the  two  i n t e r p o s e r s   only  one  of  t h e  

T-shaped  s l o t s   161  engages  a  punching  t o o l .   In  t h i s   f a s h i o n   t h e  

c a r t r i d g e   can  be  brought   onto  an  i n t e r p o s e r   c e n t e r l i n e   and  t h e  

punching  head  32,  34  o p e r a t e d   to  s t r o k e   the  i n t e r p o s e r   160  and  t h e  

a l i g n e d   punching  too l   in  a  v e r t i c a l   p l ane .   The  o ther   i n t e r p o s e r   160 

and  T - s l o t   161  is  l o c a t e d   between  punching  too l   p o s i t i o n s   of  t h e  

a l t e r n a t e   row  of  t oo l s   and  t h e r e f o r e   does  not  a c t u a t e   a  punch  i n  

t h a t   row.  The  two-row  t o o l i n g   c a r t r i d g e   g r e a t l y   enhances  the  p a c k i n g  

d e n s i t y   of  t o o l s   w i t h i n   the  c a r t r i d g e   92,  94.  More  than  two  rows  i s  

p o s s i b l e .  

Many  p a r t s   p roces sed   on  punch  p r e s s e s   are  of  the  type  w h e r e  

m u l t i p l e   i d e n t i c a l   p a r t s   are  grouped  onto  a  common  l a r g e r   s h e e t .  

With  the  d i s c l o s e d   punch  press   20  s i g n i f i c a n t   p r o d u c t i v i t y   i n c r e a s e s  

can  be  o b t a i n e d   by  i n c o r p o r a t i n g   two  i d e n t i c a l   punch  head  mechan i sms  

32,  34  t ha t   i n t e r a c t   with  i d e n t i c a l   t o o l i n g   in  the  t o o l i n g   c a r t r i d g e  

system  90.  Each  c a r t r i d g e   system  90  c o n s i s t s   of  a  punch  c a r t r i d g e  

92  and  a  die  c a r t r i d g e   94.  In  the  p r e f e r r e d   embodiment  each  s y s t e m  
90  c o n t a i n s   twelve  punches  and  d i e s .   The  punches  and  dies   used  i n  

the  c a r t r i d g e   system  are  i d e n t i c a l   to  those   used  in  some  p r i o r   a r t  

punching  machines .   In  the  p r e s e n t   p r e f e r r e d   embodiment  in  t h e  

c a r t r i d g e s   92,  94  are  24"  long.   It  is  to  be  unde r s tood   h o w e v e r ,  

t h a t   d i f f e r e n t   l e n g t h   c a r t r i d g e s   could  a lso   be  used.   The  s p a c i n g  

between  twin  punch  head  mechanisms  32,  34  is  a lso   des igned  to  b e  

24".  The  second  too l   c a r t r i d g e   set   90  can  be  loaded  to  c o n t a i n  

i d e n t i c a l   too l   s i z e   and  spacing  p a t t e r n s   as  the  f i r s t   tool   c a r t r i d g e  

se t   90.  For  twin  punching  the  two  se t s   of  c a r t r i d g e   s e t s   90 

c o n t a i n i n g   common  t o o l s   are  loaded  into  the  c a r t r i d g e   system.  A 

common  shee t   meta l   panel   can  then  be  loaded  onto  the  t a b l e   51  and  

p r o c e s s e d   by  means  of  a c t u a t i n g   both  punch  heads  at  the  same  t i m e  

whi le   the  shee t   is  s t a t i o n a r y   at  each  of  i t s   d e s i r e d   X-Y 

c o o r d i n a t e s .   The  r e s u l t   is  s imu l t aneous   punching  of  two  i d e n t i c a l  

p a r t s   and  the  t h roughpu t   of  the  machine  is  v i r t u a l l y   d o u b l e d .  

C a r r i a g e   52  spans  and  extends   around  the  s ides   of  w o r k p i e c e  



suppor t   t a b l e   53.  Table  53   i n c l u d e s   a  p l u r a l i t y   of  s p h e r i c a l   r o l l e r  

suppor t   members  which  permit   low  f r i c t i o n   movement  of  work  sheet   2 1 .  

As  shown  on  F igure   16  c a r r i a g e   52  is  c o n s t r u c t e d   to  extend  a r o u n d  

work  t a b l e   53  and  engages  a  b a l l   screw  p o s i t i o n i n g   mechanism.  As 

servo  motor  55  is  d r i v e n ,   through  an  a p p r o p r i a t e   b a l l   s c r e w  

a r r a n g e m e n t ,   c a r r i a g e   52  moves  a  workpiece   to  the  d e s i r e d   Y - a x i s  

l o c a t i o n .   Servo  d r ive   motor  55  r o t a t e s   a  suppor t ed   b a l l   screw  w h i c h  

is  engaged  by  a  b a l l   screw  nut  a t t a c h e d   to  an  u n d e r p o r t i o n   o f  

c a r r i a g e   52.  C a r r i a g e   52  r i d e s   on  l i n e a r   ways  and  s u p p o r t s .  

R e f e r r i n g   now  to  F igure   15  the re   is  shown  a  p a r t i a l   s e c t i o n  

view  of  the  c ross   s l i d e   which  p rov ides   for  x - a x i s   p o s i t i o n i n g   of  t h e  

workp iece .   Servo  d r ive   motor  57  d r i v e s   a  b a l l   screw  a r r a n g e m e n t  

which  p o s i t i o n s   c ross   s l i d e   51  along  the  X-axes.   Sheet  g r i p p e r s   54 

and  56  are  r e t a i n e d   in  T - s l o t   formed  in  c ross   s l i d e   member  5 1 .  

Sheet  g r i p p e r s   54  and  56  are  r e l a t i v e l y   p o s i t i o n a b l e   on  c ross   s l i d e  

51  and  they  can  gr ip   the  end  or  s ides   of  a  work  shee t   21.  G r i p p e r s  

54  and  56  are  suppor ted   by  member  51  which  is  movable  a c r o s s  

c a r r i a g e   52  to  p rov ide   for  X-axis   p o s i t i o n i n g   of  the  g r i p p e d  

worksheet   2 1 .  

When  u t i l i z i n g   a  workshee t   g r i p p i n g   system  which  can  be  l o a d e d  

from  the  end  or  the  s ide   i t   is  n e c e s s a r y   to  have  workho lde r s   54,  56 

tha t   are  capab le   of  g r i p p i n g   the  end  of  the  s h e e t ,   as  is  s t a n d a r d  

f a s h i o n ,   o r   the  s ides   of  the  s h e e t .   One  c o n f i g u r a t i o n   of  a n  

a c c e p t a b l e  w p r k h o l d e r   is  i l l u s t r a t e d   in  F igure   2.  Copending  U . S .  

Pa t en t   A p p l i c a t i o n   No.  e n t i t l e d   U n i v e r s a l   Sheet  M e t a l  

Holder  ( D i s c l o s u r e   No.  200800238)  whose  t e a c h i n g s   are  h e r e i n  

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

p r e f e r r e d   u n i v e r s a l   workshee t   h o l d e r .  

F igure   18  i l l u s t r a t e s   an  au toma t i c   un load ing   f e a t u r e .   By 

u t i l i z i n g   a  l i n e a r   tool   c a r t r i d g e   concep t ,   f i n i s h e d   small   s i ze   s h e e t  

metal   p a r t s   can  be  s e p a r a t e d   from  the  pa ren t   m a t e r i a l   by  means  of  a  
b lade   tool   with  the  r e s u l t i n g   par t   ex tend ing   through  the  punch  p r e s s  
20  and  not  being  t rapped   between  t u r r e t s .   The  f i n i s h e d   p a r t s   can  b e  

suppor t ed   on  a  t i l t a b l e   unload  t a b l e   170.  During  o p e r a t i o n   t h e  

f i n i s h e d   p a r t s   can  be  cut  f r e e   from  the  pa ren t   m a t e r i a l   and  t h e  

unload  t a b l e   170  t i l t e d   to  al low  the  pa r t   to  s l i d e   off   onto  a  s t a c k  

on  a  r e c e i v i n g   c a r t   172.  This  concept   can  a lso  work  with  i n d i v i d u a l  

p a r t s   where  upon  comple t ion   of  punching  the  workho lde r s   54,  56  would  
be  r e l e a s e d   and  the  t a b l e   170  t i l t e d   to  a l low  the  par t   to  s l i d e   o f f  



onto  an  unload  s t a c k .   This  c o n s t r u c t i o n   i n c r e a s e s   the  s y s t e m  

th roughpu t   by  e l i m i n a t i o n   of  the  manual  unload  cycle   and  a l s o  

r educes   l oad ing   time  by  a l lowing   the  c a r r i a g e   52  and  workho lde r s   54,  

56  to  r e t u r n   to  the  load  p o s i t i o n   in  p a r a l l e l   with  the  u n l o a d  

f u n c t i o n   and  come  to  r e s t   with  the  workho lde r s   54,  56  .open  ready  t o  

r e c e i v e   the  next   p a r t .  
The  s i ze   of  pa r t   tha t   can  be  cut  f r ee   by  a  b lade   tool   i s  

l i m i t e d   to  one  where  the  pa r t   i t s e l f   due  to  i t s   s i ze   and  mass  may 

become  u n s t a b l e   and  move  as  i t s   r e t a i n i n g   p i ece   of  meta l   to  the  m a i n  

panel   becomes  s m a l l e r   and  sma l l e r   as  i t   is  cut  o f f .   The  twin  punch  

c o n s t r u c t i o n   e l i m i n a t e s   t h i s   problem  by  doing  the  c u t o f f   a c t i o n   on  

a p p r o x i m a t e l y   24"  c e n t e r s   t he reby   always  l e a v i n g   a  widely   spaced  two 

tab  c o n n e c t i o n   to  the  panel   u n t i l   the  f i n i s h e d   c u t o f f   s t r o k e   when 

the  two  punches  in  p a r a l l e l   sever   the  f i n i s h e d   pa r t   from  the  p a r e n t  

pane l .   The  b r i dge   frame  30  is  an  I-beam  s t r u c t u r e   tha t   o f f e r s  

s t r u c t u r a l   s t r e n g t h   and  r i g i d i t y   in  the  v e r t i c a l   and  h o r i z o n t a l  

p l a n e s .   This  r i g i d i t y   p rov ides   more  suppor t   for  the  t o o l i n g   and  

w i l l   r e s u l t   in  b e t t e r   punch  and  die  a l i gnmen t   dur ing  a l l   phases  o f  

punch ing ,   forming,   and  n i b b l i n g .   This  i n c r e a s e d   r i g i d i t y   w i l l   i n  

turn   improve  too l   l i f e .   The  l ock ing   i ndex ing   pins  87  are  mounted  i n  

c lo se   p r o x i m i t y   to  the  punch  and  die  s t a t i o n s   and  t h i s   a ids   i n  

a l i g n m e n t .   Suppor t ing   the  i n t e g r a l   b r i dge   frame  and  t a b l e   a s s e m b l y  

on  t h r e e   mounting  pad  a reas   reduces   s t r e s s e s   in  the  machine  due  t o  

uneven  and  s e t t l i n g   f l o o r s .   Shock  a b s o r b i n g   pads  are  i n s e r t e d  

u n d e r n e a t h   the  mounting  pads,   w i thou t   d i s t u r b i n g   the  shee t   to  punch  

a l i g n m e n t ,   to  f u r t h e r   reduce  dynamic  f l o o r   l o a d i n g .   This  t h r e e  

suppor t   area   c o n s t r u c t i o n   and  shock  pads  e l i m i n a t e s   the  need  f o r  

s p e c i a l   f o u n d a t i o n s   and  p ress   20  can  r e s t   on  a  s t a n d a r d   c o n c r e t e  

shop  f l o o r .  

Punch  p re s s   20  a l so   i n c l u d e s   an  improved  c l u t c h - b r a k e   s l i d e r  

crank  punch  head  32  or  34.  Punch  head  32,  34  i n c l u d e s   a  c r a n k s h a f t  

179  which  is  d r i ven   by  an  e l e c t r i c   motor  th rough   a  c l u t c h   181.  A 

brake  182  is  u t i l i z e d   f o r   s topp ing   c r a n k s h a f t   179  at  the  top  dead  

c e n t e r   p o s i t i o n .   A  more  complete   d e s c r i p t i o n  .  o f   the  improved  

punching  head  is  given  in  copending  U.S.  A p p l i c a t i o n   No. 

e n t i t l e d   Punch  Head  for  a  Punch  Press   (Dis l   No.  20080024)  whose  

t e a c h i n g s   are  h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .   Each  time  a  punch  
head  32,  34  comple tes   a  punch  cyc le   the  brake  182  d i s s i p a t e s   a  f i x e d  

amount  of  energy  as  heat   in  s topp ing   c r a n k s h a f t   179  r o t a t i o n .   When 



the  punch  head  32,  34  is  o p e r a t e d   at  i t s   maximum  punching  r a t e   t h e  

heat  load  on  the  brake  182  and  the  brake  l i n i n g   t e m p e r a t u r e s   are  a t  

a  peak.  High  brake   l i n i n g   t e m p e r a t u r e s   a f f e c t   b r ak ing   f r i c t i o n   and 

cause  v a r i a t i o n s   to  occur  in  the  c r a n k s h a f t   179  s t o p p i n g   p o s i t i o n .  

In  the  d i s c l o s e d   punch  p ress   20  the  c r a n k s h a f t   r . p . m .   speed  i s  

reduced  to  l i g h t e n   the  heat   load  on  the  brake  1 8 . 2  T h i s   is  v e r y  

e f f e c t i v e   s ince   the  energy  absorbed  by  brake   182  is  a  f u n c t i o n   o f  

the  square  of  the  c r a n k s h a f t   179  r o t a t i o n a l   speed.   Axial   brake  a i r  

flow  is  a lso   u t i l i z e d   and  t h i s   p r o v i d e s   s u p e r i o r   c o o l i n g .   To  o f f s e t  

the  lower  r . p .m .   and  to  f u r t h e r   improve  the  punching  r a t e ,   t h e  

c r a n k s h a f t   179  e c c e n t r i c i t y   is  i n c r e a s e d   s i g n i f i c a n t l y .   By  d o i n g  

t h i s ,   a  much  s m a l l e r   p o r t i o n   of  the  c r a n k s h a f t   179  r e v o l u t i o n   i s  

u t i l i z e d   when  punching .   In  the  d i s c l o s e d   punch  p ress   20  the  punch  

is  exposed  from  c a r t r i d g e   92  for  l e s s   than  183  degrees   of  c r a n k s h a f t  

r o t a t i o n .   Thus,  only  a  p o r t i o n   o f  t h e   c r a n k s h a f t   r e v o l u t i o n   c y c l e  

is  in  s e r i e s   with  the  t a b l e   move  t ime;  the  r ema inde r   of  t h e  

c r a n k s h a f t   r e v o l u t i o n   is  in  p a r a l l e l   with  t a b l e   move  time  a l l owing   a  

h igher   punch  r a t e .   The  o v e r a l l   r e s u l t   of  the  reduced  c r a n k s h a f t  

r . p .m.   and  the  i n c r e a s e d   c r a n k s h a f t   e c c e n t r i c i t y   is  tha t   w h i l e   t h e  

system  o p e r a t e s   at  a  lower  crank  r . p . m .   a  h ighe r   punching  r a t e   c a n  

be  ach ieved .   This  c o n s t r u c t i o n   pe rmi t s   c o n t i n u o u s   s t r o k e   n i b b l i n g  

and  thus  e l i m i n a t e s   a  major  source   of  heat   g e n e r a t i o n .  

Cont inuous  s t r o k e   n i b b l i n g   can  be  a ch i eved   by  engaging  t h e  

c l u t c h   181  for  the  f i r s t   punching  s t r o k e   and  then  l e a v i n g   i t   e n g a g e d  

u n t i l   the  l a s t   punch  s t r o k e   has  been  pe r fo rmed .   The  c l u t c h   181  i s  

then  d i sengaged   and  brake  182  a p p l i e d   in  the  same  f a s h i o n   as  d u r i n g  

i n t e r m i t t e n t   punching.   Each  360  degree   r e v o l u t i o n   of  punch  h e a d  

c r a n k s h a f t   179  movement  is  d iv ided   in to   two  segments ,   punching  c y c l e  

and  work  sheet   advance  cyc l e .   In  order   to  i n s u r e   t ha t   the  w o r k s h e e t  

21  is  not  in  motion  dur ing  the  punching  c y c l e ,   the  c a r r i a g e   52  i s  

not  al lowed  to  advance  u n t i l   the  punch  is  s a f e l y   r e t r a c t e d   up  i n s i d e  

the  upper  c a r t r i d g e   92.  This  a s s u r e s   t ha t   the  punch  has  b e e n  

s t r i p p e d   from  the  shee t   even  if   the  s t r i p p e r   has  not  per formed  i t s  

t a sk .   The  c a r r i a g e   52  is  then  advanced  to  the  next  p o s i t i o n   b e f o r e  

the  punch  r eaches   the  top  s u r f a c e   of  the  workp iece   to  be  p u n c h e d .  

To  have  s u f f i c i e n t   time  to  advance  the  shee t   21  between  p u n c h  

c y c l e s ,   i t   is  d e s i r a b l e   to  have  a  l a r g e r   p e r c e n t a g e   of  e a c h  

c r a n k s h a f t   r e v o l u t i o n   a s s o c i a t e d   with  t a b l e   movement.  The  d i s c l o s e d  

press   20  with  i t s   i n c r e a s e d   e c c e n t r i c i t y   c r a n k s h a f t   179  a l lows  more  



than  177  degrees   of  r o t a t i o n   for  t a b l e   movement.  This  coupled  w i t h  

the  lower  r . p . m .   p r o v i d e s   for   adequa te   shee t   movement  d u r i n g  

c o n t i n u o u s   s t r o k e   n i b b l i n g .   Even  h i g h e r   h i t s   per  minute   can  b e  

ach ieved   by  a l l owing   the  c a r r i a g e   52  to  advance  as  soon  as  the  punch  

s t r i p p e r   has  l i f t e d   to  the  top  s u r f a c e   of  workshee t   2 1 .  

R e f e r r i n g   to  F igure   10  t h e r e   is  shown  a  pa i r   o f .  c a r t r i d g e s   92 

and  94  and  a  p a i r   of  a l i g n i n g   pins  21  and  23  which  can  be  used  f o r  

o f f l i n e   too l   c a r t r i d g e   a l i g n m e n t .   In  o rde r   to  a l low  the  o p e r a t o r   t o  

check  the  a l ignment   between  a  new  punch  and  die  added  to  t h e  

c a r t r i d g e   system  90  the  two  p r e c i s i o n   pins   21  and  23  can  be  i n s e r t e d  

to  couple   the  upper  c a r t r i d g e   92  to  the  lower  c a r t r i d g e   94  i n  

p r e c i s e   a l i g n m e n t .   When  t h i s   is  done  the  o p e r a t o r   can  manual ly   p u s h  

the  punch  ho lde r   149  assembly  down  compress ing   the  punch  h o l d e r  

suppor t   sp r ing   306  and  moving  pin  304  to  a l low  the   punch  to  e n t e r  

in to   the  die  to  v e r i f y   p roper   a l i gnmen t   and  the  proper   too l   is  i n  

p l a c e .   In  most  p r i o r   a p p l i c a t i o n s   too l   a l ignmen t   is  normal ly   done  

at  the  punching  s t a t i o n   where  the  t o o l s   are  brought   into  p o s i t i o n .  

They  are  then  locked  in  p o s i t i o n   and  the  c r a n k s h a f t   is  m a n u a l l y  

r o t a t e d   with  a  hand  too l   to  v e r i f y   t ha t   the  proper   punch  e n t e r s   t h e  

d ie .   This  t ime  consuming  o p e r a t i o n   r educes   p r o d u c t i v i t y .  

P r e c h e c k i n g   of  the  a l ignment   of  the  punch  and  d ies   in  the  o f f l i n e  

too l   ca r t   70  w i l l   enhance  t h r o u g h p u t   of  the  s y s t e m .  

An  a d d i t i o n a l   f e a t u r e   of  the  twin  punch  system  is  tha t   i t   w i l l  

a l low  shee t s   wider  than  the  normal  c a p a c i t y   of  the  p ress   to  b e  

punched.   For  example,   r e f e r r i n g   to  the  24"  d i s t a n c e   between  t h e  

two  punch  heads ,   i t   is  p o s s i b l e   to  punch  a  shee t   24"  wider  t h a n  

normal  c a p a c i t y   by  f i r s t   punching  normal  width   c a p a b i l i t y   a c ros s   t h e  

shee t   and  then  removing  the  shee t   a n d  t u r n i n g   i t   around  180  d e g r e e s  

or  t u r n i n g   the  shee t   over  to  expose  the  unpunched  s ide   to  the  s e c o n d  

punch  head.  The  shee t   would  then  have  the  remain ing   unpunched  a r e a s  

punched  by  the  second  punch  head.   Using  t h i s   t e c h n i q u e   a l lows  o n e  
l e s s   c a r t r i d g e   worth  of  t o o l s   to  be  u t i l i z e d   on  the  shee t   s i nce   a l l  

t h r e e   c a r t r i d g e s   cannot   be  b rought   under  both  punch  heads  for  use  o n  
the  machine.   However,  i f   the  o p e r a t o r   can  put  a  s u i t a b l e   number  o f  

t o o l s   in  the  two  c a r t r i d g e s   to  per form  the  d e s i r e d   p u n c h i n g  

o p e r a t i o n ,   t h i s   f e a t u r e   is  very  powerfu l   s ince   i t   adds  t h e  

e q u i v a l e n t   of  24"  a d d i t i o n a l - w i d t h   c a p a c i t y   to  the  m a c h i n e .  

A  c o n t r o l l e r   18,  as  shown  in  F igure   4,  is  p rov ided   f o r  

c o n t r o l l i n g   o p e r a t i o n   of  punch  p ress   2 0 .   C o n t r o l l e r   18  is  a  t h r e e  



axes  Computer  Numerical   Cont ro l   (CNC).  The  X-Y  t a b l e   p o s i t i o n i n g  

axes  and  the  p o s i t i o n i n g   of  the  too l   c a r t r i d g e   are  of  a  c losed   l o o p  

servo  de s ign .   This  ensu re s   t ha t   machine  d r i v e s   are  at  t h e  

p r e s c r i b e d   p o s i t i o n s   p r i o r   to  punch ing .   The  c o n t r o l l e r   m a i n t a i n s   on  

a l l   t h ree   axes  the  proper   a c c e l e r a t i o n   and  v e l o c i t y .   p r o f i l e s   and  

l i m i t s   as  well   as  c o n t r o l s   the  axes  p o s i t i o n i n g .  

C o n t r o l l e r   18  a lso   c o n t r o l s   a l l   o the r   major  machine  f u n c t i o n s  

such  as  the  punching  heads  32,  34,  the  w o r k h o l d e r s   54,  56  t h e  

worksheet   p o s i t i o n i n g   system,  the  l u b r i c a t i o n   sys tem,   the  w o r k s h e e t  

l o a d - u n l o a d   sys tem,   the  slug  removal  system  and  v a r i o u s   o t h e r  

au toma t i c   f u n c t i o n s   which  might  be  used  on  punch  p ress   20.  The 

c o n t r o l l e r   18  c o n t i n u o u s l y   mon i to r s   a l l   i m p o r t a n t   machine  f u n c t i o n s  

and  p a r a m e t e r s .   It   a u t o m a t i c a l l y   d i a g n o s e s   o p e r a t i n g   e r r o r s   a n d / o r  

out  of  l i m i t   c o n d i t i o n s .   C o n t r o l l e r   18  then  d i s a b l e s   a f f e c t e d  

f u n c t i o n s   and  d i s p l a y s   the  a p p r o p r i a t e   e r r o r   message  on  the  v i s u a l  

r e a d o u t .   C o n t r o l l e r   18  is  des igned   to  o p e r a t e   on  p iece   pa r t   d a t a  

s u p p l i e d   from  p a p e r - t a p e ,   the  o p e r a t o r ' s   panel   keyboard  or  a  r e m o t e  

source  such  as  ano the r   computer  via  a  b u i l t   in  communicat ion   p a r t .  



1.  A  punch  p re s s   (20)  having  a  frame  which  spans  a  p u n c h i n g  

a rea ,   a  punch  head  (32)  suppor t ed   on  said  frame  (30)  above  the  punch  

a rea ,   a  two  ax i s   workshee t   p o s i t i o n i n g   mechanism  (50)  f o r  

p o s i t i o n i n g   a  shee t   meta l   workpiece   at  d e s i r e d   l o c a t i o n s   in  t h e  

punching  a r ea ,   c h a r a c t e r i z e d   b y :  

an  e l o n g a t e d   punch  suppor t   formed  from  removable   punch  

c a r t r i d g e s   (92)  j o i n e d   t o g e t h e r   and  p o s i t i o n a b l e   as  a  un i t   to  b r i n g  

a  s e l e c t e d   punch  benea th   the  punch  head;  a n d ,  

an  e l o n g a t e d   die  suppor t   formed  from  removable   d i e  

c a r t r i d g e s   (94),   c o r r e s p o n d i n g   to  sa id   punch  c a r t r i d g e s   (92),   j o i n e d  

t o g e t h e r   and  p o s i t i o n a b l e   as  a  u n i t   to  p o s i t i o n   an  a p p r o p r i a t e   d i e  

to  r e c e i v e   the  s e l e c t e d   p u n c h .  

2.  A  punch  p r e s s   (20)  as  c la imed  in  Claim  1  c h a r a c t e r i z e d   b y :  

a  second  punch  head  (34)  s u p p o r t e d   on  sa id   frame  (30)  

above  the  punching  area   and  s e p a r a t e d   from  sa id   punch  head  (32)  by  

the  l eng th   of  a  c a r t r i d g e   (92),   ( 9 4 ) .  

3.  A  punch  p re s s   (20)  as  c la imed  in  Claim  1  c h a r a c t e r i z e d   b y :  

a  punch  d r i v e r   s e c t i o n   (192)  d i sposed   in  sa id   punch  p r e s s  

(20)  for  engaging  and  p o s i t i o n i n g   a  punch  c a r t r i d g e   ( 9 2 ) .  

a  die  d r i v e r   s e c t i o n   (194)  d i sposed   in  sa id   punch  p r e s s  
for  engaging  and  p o s i t i o n i n g   a  die  c a r t r i d g e   ( 9 4 ) .  

4.  A  punch  p r e s s   (20)  as  c la imed  in  Claim  1  c h a r a c t e r i z e d   b y :  

a  d i s a p p e a r i n g   t a b l e   which  is  engaged  and  p o s i t i o n e d   by  

the  l a s t   removable   die  c a r t r i d g e   (94)  which  is  j o i n e d   t o g e t h e r   t o  

form  said  e l o n g a t e d   die  s u p p o r t .  

5.  A  punch  p re s s   (20)  as  c la imed  in  Claim  1  c h a r a c t e r i z e d   b y :  

at  l e a s t   t w o   rows  of  l o n g i t u d i n a l l y   a l i g n e d   p u n c h e s  

suppor t ed   in  each  punch  c a r t r i d g e ;   a n d ,  

6.  A  punch  p re s s   (20)  as  c laimed  in  Claim  5  c h a r a c t e r i z e d   b y :  

a  p l u r a l i t y   of  openings   (91)  formed  on  one  s ide   of  e a c h  

punch  c a r t r i d g e   s e c t i o n ,   sa id   at  l e a s t   two  rows  of  punches,   e a c h  

opening  a s s o c i a t e d   wi th   one  of  the  punches  in  each  row; 



-  
a  punch  index  pin  (87)  movable  in to   engagement  wi th   t h e  

opening  which  c o r r e s p o n d s   to  the  punch  to  be  a c t i v a t e d   for  a c c u r a t e  

a l ignment   dur ing   p u n c h i n g ;  

a  p l u r a l i t y   of  openings   (93)  formed  on  one  s ide   of  e a c h  

die  s e c t i o n ,   each  opening  a s s o c i a t e d   wi th   a  die  to  be  a l i g n e d   w i t h  

i t s   a s s o c i a t e d   punch;  a 

a  die  index  pin  (87)  movable  into  engagement  with  t h e  

proper   opening  for  a c c u r a t e   a l i gnmen t   the  die  s e c t i o n   d u r i n g  

p u n c h i n g .  

7.  A  punch  p ress   for  a c t i n g   on  a  workshee t   c o m p r i s i n g :  

a  main  frame  d e f i n i n g   an  e l o n g a t e d   opening  e x t e n d i n g  

t h e r e t h r o u g h   and  being  suppor t ed   from  two  p o i n t s ;  

a  t a b l e   f r a m e  s e c u r e l y   a t t a c h e d   to  the  main  frame  and  

having  a  s i n g l e   area   suppor t   spaced  a p a r t   from  the  c o n n e c t i o n   t o  

said  main  frame  to  de f i ne   in  c o n j u n c t i o n   with  sa id   main  frame  a  

t h r e e - a r e a   suppor t   s y s t e m ;  

a  punch  head  mechanism  s u p p o r t e d   from  sa id   main  f r a m e  

i n c l u d i n g   a  ram  which  can  be  r e c i p r o c a t e d ;  

a  work  t a b l e   suppor t ed   on  sa id   t a b l e   frame  for   s u p p o r t i n g  

the  w o r k s h e e t ;  

X-Y  axes  shee t   p o s i t i o n i n g   means  d i sposed   for  t w o - a x i s  

p o s i t i o n i n g   of  the  workshee t   on  sa id   work  t a b l e ;  

.  a -  p l u r a l i t y   of  punches  p o s i t i o n a b l e   with  r e s p e c t   to  s a i d  

main  f r a m e ;  

punch  suppor t   means  for  s u p p o r t i n g   said  p l u r a l i t y  o f  

punches  from  sa id   main  f r a m e ;  

a  p l u r a l i t y   of  d ies   a s s o c i a t e d   with  sa id   p l u r a l i t y   o f  

punches  p o s i t i o n a b l e   with  r e s p e c t   to  sa id   main  f r a m e ;  

die  suppor t   means  for   s u p p o r t i n g   sa id   p u l a n t y   of  d ies   f r o m  

said  main  frame;  a n d ,  

c o n n e c t i n g   means  for  c o n n e c t i n g   the  ram  of  sa id   punch  h e a d  

to  a  s e l e c t e d   punch  which  in  c o o p e r a t i o n   with  the  a s s o c i a t e d   d i e  

ac t s   on  the  workshee t   when  the  punch  head  ram  r e c i p r o c a t e s .  

8.  A  punch  p ress   a s  c l a i m e d   in  Claim  7  where in   sa id   X-Y  a x e s  
p o s i t i o n i n g   means  c o m p r i s e s :  

a  c a r r i a g e   member  ex t end ing   above  and  a c ro s s   sa id   work  



t a b l e   and  movable  in  an  Y-axis   d i r e c t i o n   wi th   r e s p e c t   to  said  work  

t a b l e ;  

a  c ross   s l i d e   suppor t ed   from  and  movable  along  s a i d  

c a r r i a g e   in  an  X-axis   d i r e c t i o n ;   a n d ,  

a  pa i r   of  work  shee t   g r i p p e r s   s u p p o r t e d   from  said  c a r r i a g e  

and  movable  with  sa id   c ross   s l i d e   in  a  X-axis   d i r e c t i o n .  

9.  A  punch  p r e s s   as  claimed  in  Claim  8  w h e r e i n :  

sa id   shee t   meta l   g r i p p e r s   can  g r ip   an  end  or  s ide   of  a  

w o r k s h e e t .  

10.  A  punch  p re s s   as  c la imed  in  Claim  7  c o m p r i s i n g :  

an  u n l o a d i n g   t a b l e   d i sposed   on  sa id   main  frame  on  the  s i d e  

o p p o s i t e   sa id   t a b l e   frame;  and,  - 

means  for  t i l t i n g   sa id   u n l o a d i n g   t a b l e   with  r e s p e c t   t o  

sa id   main  frame  for  a u t o m a t i c a l l y   un load ing   p i eces   which  are  fo rmed  

from  the  w o r k s h e e t .  

11.  A  punch  p r e s s   for  a c t i n g   on  a  workshee t   to  form  p a r t s  

c o m p r i s i n g :  

a  frame  formed  from  s t r u c t u r a l   members  d e f i n i n g   a n  

e l o n g a t e d   opening  in to   which  the  shee t   workp iece   can  be   p o s i t i o n e d ;  

punch  ho ld ing   c a r t r i d g e   means  for  s u p p o r t i n g   a  p l u r a l i t y  

of  punches  and  being  suppor t ed   from  and  movable  with  r e s p e c t   to  s a i d  

f r a m e ;  

die  ho ld ing   c a r t r i d g e   means  for   s u p p o r t i n g   a  p l u r a l i t y   o f  

d ies   and  being  suppor t ed   from  and  movable  wi th   r e s p e c t   to  s a i d  

f r a m e ;  

a  punch  head  mechanism  s u p p o r t e d   from  sa id   frame  h a v i n g  

an  i n t e r p o s e r   for  engaging  and  r e c i p r o c a t i n g   a  punch  to  act  on  t h e  

w o r k s h e e t ;  

p o s i t i o n i n g   means  for   s y n c h r o n o u s l y   p o s i t i o n i n g   sa id   punch  

ho ld ing   c a r t r i d g e   means  and  sa id   die  h o l d i n g   c a r t r i d g e   means  to  t h e  

d e s i r e d   p o s i t i o n ;  

sa id   punch  ho ld ing   c a r t r i d g e   means  comprises   a  p u n c h  

d r i v e r   s e c t i o n   and  at  l e a s t   one  d e t a c h a b l e   punch  c a r t r i d g e   which  i s  

l a t c h a b l e   to  sa id   punch  d r i v e r   s e c t i o n   for  u n i t a r y   movement 

t h e r e w i t h ;   a n d ,  

said  die  ho ld ing   c a r t r i d g e   means  comprises   a  die  d r i v e r  



s e c t i o n   and  at  l e a s t   one  d e t a c h a b l e   die  c a r t r i d g e   which  is  l a t c h a b l e  

to  sa id   die  d r i v e r   s e c t i o n   for  u n i t a r y   movement  t h e r e w i t h .  

12.  A  punch  p ress   as  claimed  in  Claim  11  c o m p r i s i n g :  

a  work  suppor t   t a b l e   connec ted   to  sa id   frame  f o r  

s u p p o r t i n g   the  w o r k s h e e t ;  

a  workshee t   p o s i t i o n i n g   means  d i sposed   for  t w o - a x e s  

p o s i t i o n i n g   of  the  workshee t   on  sa id   work  suppor t   t a b l e ;   a n d ,  

a  d i s a p p e a r i n g   work  suppor t   t a b l e   s e c t i o n   a t t a c h e d   to  and  

movable  with  p o s i t i o n i n g   of  sa id   die  ho ld ing   c a r t r i d g e   m e a n s .  

13.  A  punch  p ress   as  c laimed  in  Claim  11  w h e r e i n :  

sa id   punch  h o l d e r   c a r t r i d g e   means  compr ises   two  p a r a l l e l  

rows  of  punches  with  the  punches  in  each  row  s t a g g e r e d   with  r e s p e c t  

to  the  punches  in  the  o the r   row;  a n d ,  

sa id   die  ho lde r   c a r t r i d g e   means  compr ises   two  rows  of  d i e s  

a l i g n e d   with  the  a s s o c i a t e d   punches  in  sa id   punch  ho ld ing   c a r t r i d g e  

m e a n s .  

14.  A  punch  p ress   as  c laimed  in  Claim  11  c o m p r i s i n g :  

a  second  punch  head  mechanism  suppor t ed   on  said  main  f r a m e  

spaced  a p a r t   from  said  punch  head  mechanism  d i sposed   to  engage  and  

o p e r a t e   punches  s u p p o r t e d   by  sa id   punch  ho ld ing   c a r t r i d g e   mean.  

15.  A punch  p re s s   as  c laimed  in  Claim  11  w h e r e i n :  

sa id   punch  head  mechanism  compr i ses   a  l a r g e   e c c e n t r i c  

crank  which  dur ing   a  punching  o p e r a t i o n   causes   the  o p e r a t e d   punch  t o  

p r o j e c t   th rough  the  work  t a b l e   p lane   for  l e s s   than  183  degrees   o f  

r o t a t i o n   of  sa id   c r a n k .  

16.  A  punch  p ress   as  c laimed  in  Claim  15  w h e r e i n :  

dur ing   o p e r a t i o n   the  punch  is  wi thdrawn  above  the  work  

t a b l e   area  for  s u f f i c i e n t   time  to  permi t   the  workp iece   to  be  moved 

to  ano the r   p o s i t i o n   p rov id ing   for   c o n t i n u o u s   n i b b l i n g .  

17.  A  punch  p ress   as  c laimed  in  Claim  11  w h e r e i n :  

an  opening  is  formed  in  at  l e a s t   one  s ide   of  the  punch  

p ress   to  permit   sa id   punch  c a r t r i d g e   and  said  die  c a r t r i d g e s   to  p a s s  
t h e r e t h r o u g h .  



18.  A  punch  p ress   as  c laimed  in  Claim  11  w h e r e i n :  

an  angled   way  guide  is  p rovided   on  one  s ide  only  of  t h e  

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

19.  A  punch  p ress   for  o p e r a t i n g   on  a  shee t   metal   w o r k p i e c e  

c o m p r i s i n g :  

a  b r i d g e   type  main  frame  which  spans  the  punching  a r e a ;  

a  punch  head  mechanism  d i sposed   on  sa id   b r i dge   type  m a i n  

frame  above  the  punching  a r e a ;  

a  workp iece   p o s i t i o n i n g   t a b l e   ex tend ing   from  the  p u n c h i n g  

area   for   s u p p o r t i n g   the  w o r k s h e e t ;  

a  two  axes  p o s i t i o n i n g   mechanism  d i sposed   for  p o s i t i o n i n g  

the  workshee t   at  d e s i r e d   l o c a t i o n s   in  the  work  a r e a ;  

an  e l o n g a t e d   l i n e a r   punch  ho ld ing   c a r t r i d g e   a s s e m b l y  

movable  on  sa id   b r i d g e   type  frame  above  the  work  area   having  two 

p a r a l l e l   rows  of  punches  d i sposed   t he reon   with  the  punches  in  e a c h  

row  being  a x i a l l y   s t a g g e r e d   with  r e s p e c t   to  the  punches  in  the  o t h e r  

row;  

c o n n e c t i n g   means  for  c o n n e c t i n g   sa id   punch  p ress   mechanism 

to  a  s e l e c t e d   punch  or  a  punching  o p e r a t i o n ;   a n d ,  

a  ma t ing ,   die  ho ld ing   c a r t r i d g e   assembly  mechanism 

d i sposed   benea th   sa id   punch  ho ld ing   c a r t r i d g e   assembly  and  b e i n g  

s y n c h r o n o u s l y   p o s i t i o n e d   wi th   the  punch  ho ld ing   c a r t r i d g e   so  t h e  

a p p r o p r i a t e   die   is  in  p o s i t i o n   dur ing   a  punching  o p e r a t i o n .  

20.  A  punch  p re s s   as  c la imed  in  Claim  19  w h e r e i n :  

sa id   c o n n e c t i n g   mechanism  comprises   a  member  having  a  p a i r  

of  s l o t t e d   t - s h a p e d   openings   formed  t h e r e i n   through  which  t - s h a p e d  

members  a t t a c h e d   to  the  tops  of  the  punches  pass  as  the  l i n e a r  

p u n c h - h o l d i n g   c a r t r i d g e   is  moved  and  depending  on  the  p o s i t i o n   a t  

which  the  l i n e a r   p u n c h - h o l d i n g   c a r t r i d g e   is  s topped  engages  a  punch  

in  one  of  the  two  p a r a l l e l   r o w s .  

21.  A  punch  p ress   as  c la imed  in  Claim  20  c o m p r i s i n g :  

a  p l u r a l i t y   of  index  openings   formed  on  one  s ide   of  s a i d  

l i n e a r   punch  ho ld ing   c a r t r i d g e ;   a n d ,  

a  punch  index  pin  d i sposed   to  engage  the  a p p r o p r i a t e  

opening  to  a c c u r a t e l y   a l i g n   sa id   l i n e a r   punch  ho ld ing   c a r t r i d g e  



befo re   p u n c h i n g .  

a  p l u r a l i t y   of  index  openings   formed  on  one  s ide  of  s a i d  

l i n e a r   die  ho ld ing   c a r t r i d g e ;   a n d ,  

a  die  index  pin  d i sposed   to  engage  the  proper   opening  t o  

a c c u r a t e l y   a l i g n   said  l i n e a r   die  ho ld ing   c a r t r i d g e   be fo re   p u n c h i n g .  

22.  A  punch  p ress   as  claimed  in  Claim  19  c o m p r i s i n g :  

a  second  punch  head  mechanism  d i sposed   on  said  b r i dge   t y p e  

frame  spaced  apa r t   from  said  f i r s t   punch  head  mechanism  by  t h e  

l eng th   of  one  punch  c a r t r i d g e ;   a n d ,  

a  second  connec t ing   means  d i sposed   to  connect   the  s e c o n d  

punch  head  mechanism  to  a  d e s i r e d   punch  dur ing  a  punching  o p e r a t i o n .  

23.  A  punch  p ress   c o m p r i s i n g :  

a  b r i d g e   type  p ress   frame  spanning  an  e l o n g a t e d   w o r k p i e c e  

area  where in   a  workpiece   is  l o c a t e d   dur ing  a  punch ing   o p e r a t i o n ;  

a  t a b l e   frame  a t t a c h e d   at  one  end  to  said  b r i dge   f r a m e ;  

a  work  t a b l e   suppor t ed   from  sa id   t a b l e   frame  f o r  

s u p p o r t i n g   a  w o r k p i e c e ;  

a  c a r r i a g e   ex tend ing   a c ro s s   and  movable  along  said  work  

t a b l e   in  a  Y-axis   d i r e c t i o n ;  

a  c ross   s l i d e   suppor t ed   from  and  movable  along  s a i d  

c a r r i a g e   in  an  X-axis   d i r e c t i o n ;  

a   f i r s t   pa i r   of  workshee t   g r i p p e r s   suppor t ed   from  and  

movable  wi th   sa id   c ross   s l i d e   in  an  X-axis   d i r e c t i o n ;  

a  pr imary  punch  head  mechanism  d i sposed   on  sa id   b r i d g e  

type  p ress   frame  above  the  workp iece   a r e a ;  

a  p l u r a l i t y   of  punches  suppor t ed   in  a  punch  h o l d i n g  

assembly  from  said  b r idge   type  p re s s   f r a m e ;  

connec t i ng   means  for  c o n n e c t i n g   a  s e l e c t e d   punch  to  s a i d  

punch  head  mechan ism;  

a  p l u r a l i t y   of  d ies   s u p p o r t e d   in  a  die  ho ld ing   a s s e m b l y  
from  said  b r idge   type  press   frame  benea th   sa id   die  ho lde r   to  work  i n  

c o n j u n c t i o n   with  the  o p e r a t e d   punch  on  a  workpiece   d i sposed   t h e r e  

b e t w e e n ;  

a  secondary   punch  head  mechanism  d i sposed   on  sa id   b r i d g e  

type  press   frame  spaced  a p a r t   from  sa id   pr imary   punch  head  mechan i sm 

and  suppor t ed   above  the  workpiece   a rea ;   a n d ,  

connec t ing   means  for  c o n n e c t i n g   a  s e l e c t e d   punch  to  s a i d  



secondary   punch  head  mechan i sm.  

24.  A  punch  p ress   as  claimed  in  Claim  23  w h e r e i n :  

sa id   punch  ho ld ing   assembly  comprises   removable  punch  

c a r t r i d g e   s e c t i o n s   which  are  j o ined   t o g e t h e r   for  u n i t a r y   movement;  

sa id   die  ho ld ing   assembly  compr ises   removable   d i e  

c a r t r i d g e   s e c t i o n s   which  are  j o ined   t o g e t h e r   for  u n i t a r y   movement;  

a n d ,  

sa id   secondary   punch  head  mechanism  is  spaced  from  s a i d  

p r imary   punch  head  mechanism  by  the  l eng th   of  a  punch  c a r t r i d g e  

s e c t i o n .  

25.  A  punch  p r e s s   as  c laimed  in  Claim  24  c o m p r i s i n g :  

a  d i s a p p e a r i n g   t a b l e   which  is  engaged  a n d *  p o s i t i o n e d   by  

the  l a s t   die  c a r t r i d g e   s e c t i o n .  

26.  A  punch  p re s s   as  c laimed  in  Claim  23  c o m p r i s i n g :  

an  un load ing   t a b l e   a t t a c h e d   to  sa id   b r idge   type  p r e s s  
frame  on  the  s ide   o p p o s i t e   the  t a b l e   frame;  a n d ,  

means  for   t i l t i n g   said  un load ing   t a b l e   for  a u t o m a t i c  

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

27.  A  punch  p re s s   as  c laimed  in  Claim  23  c o m p r i s i n g :  

a  second  pa i r   of  workshee t   g r i p p e r s ,   spaced  apa r t   f rom 

sa id   f i r s t   p a i r   of  workshee t   g r i p p e r s ,   suppor t ed   from  and  m o v a b l e  

along  sa id   c a r r i a g e .  
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