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§)  Method  of  mounting  an  eccentric  tool  retainer  to  a  die  shoe. 
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(§5  The  invention  relates  to  a  method  of  mounting  a  tool  re- 
tainer  plate  (  1  2)  for  a  punch  or  die  tool  (  1  6)  to  a  die  shoe  (14), 
the  retainer  plate  having  bolt  holes  (18,  20)  for  receiving  bolts 
therethrough  for  attaching  it  to  the  die  shoe,  a  bore  (30)  in  the 
plate  including  a  ball  lock  (48,  50,  52)  for  receiving  the  tool,  a 
first  dowel  pin  hole  (36)  being  concentric  with  the  bore  and  a 
second  dowel  pin  hole  (54)  being  spaced  therefrom  along  a  re- 
ference  line  for  locating  the  bore  (30)  relative  to  the  die  shoe. 
The  method  includes  the  steps  of  first  preparing  the  die  shoe 
by  selecting  a  location  on  the  die  shoe  including  a  point  to  coin- 
cide  with  the  centerline  of  the  bore  (30)  and  selecting  a  line, 
corresponding  in  orientation  to  the  reference  line,  extending 
through  that  point  to  determine  the  orientation  of  the  retainer, 
drilling  a  first  hole  (38)  in  the  die  shoe  coinciding  with  the  said 
point  for  receiving  the  first  dowel  pin,  drilling  a  second  hole  (56) 
in  the  shoe  on  the  line  for  receiving  the  second  dowel  pin,  drill- 
ing  and  tapping  mounting  holes  (22,  24)  in  the  shoe  for  receiv- 
ing  the  attaching  bolts,  inserting  the  first  and  second  dowel 
pins  into  their  respective  holes,  placing  the  retainer  plate  on  the 
shoe  such  that  the  first  and  second  dowel  pins  engage  the  cor- 
responding  dowel  pin  holes  in  the  plate,  and  threading  the  bolts 
through  the  mounting  holes  to  secure  the  plate  to  the  shoe. 

ACTORUM  AG 

  The  invention  relates  to  a  method  of  mounting  a  tool  re- 
tainer  plate  (12)  for  a  punch  or  die  tool  (16)  to  a  die  shoe  (14), 
the  retainer  plate  having  bolt  holes  (18,  20)  for  receiving  bolts 
therethrough  for  attaching  it  to  the  die  shoe,  a  bore  (30)  in  the 
plate  including  a  ball  lock  (48,  50,  52)  for  receiving  the  tool,  a 
first  dowel  pin  hole  (36)  being  concentric  with  the  bore  and  a 
second  dowel  pin  hole  (54)  being  spaced  therefrom  along  a  re- 
ference  line  for  locating  the  bore  (30)  relative  to  the  die  shoe. 
The  method  includes  the  steps  of  first  preparing  the  die  shoe 
by  selecting  a  location  on  the  die  shoe  including  a  point  to  coin- 
cide  with  the  centerline  of  the  bore  (30)  and  selecting  a  line, 
corresponding  in  orientation  to  the  reference  line,  extending 
through  that  point  to  determine  the  orientation  of  the  retainer, 
drilling  a  first  hole  (38)  in  the  die  shoe  coinciding  with  the  said 
point  for  receiving  the  first  dowel  pin,  drilling  a  second  hole  (56) 
in  the  shoe  on  the  line  for  receiving  the  second  dowel  pin,  drill- 
ing  and  tapping  mounting  holes  (22,  24)  in  the  shoe  for  receiv- 
ing  the  attaching  bolts,  inserting  the  first  and  second  dowel 
pins  into  their  respective  holes,  placing  the  retainer  plate  on  the 
shoe  such  that  the  first  and  second  dowel  pins  engage  the  cor- 
responding  dowel  pin  holes  in  the  plate,  and  threading  the  bolts 
through  the  mounting  holes  to  secure  the  plate  to  the  shoe. 



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   m e t h o d s   o f  

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

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

e c c e n t r i c   t o o l s   to   d i e   s h o e s   w h i c h   can   be  p e r f o r m e d  

by  n u m e r i c a l l y   c o n t r o l l e d   m a c h i n e r y .  

T o o l   r e t a i n e r s ,   s u c h   as  p u n c h   r e t a i n e r s ,  

t y p i c a l l y   a r e   d e s i g n e d   to   be  a t t a c h e d   to   a  d i e   s h o e  

or  m o v a b l e   p l a t e n   and  i n c l u d e   a  m e c h a n i s m   f o r   m o u n t -  

ing   a  t o o l   s u c h   as  a  p u n c h   s u c h   t h a t   t h e   t o o l   can   b e  

i n s e r t e d   or  r e m o v e d   r e l a t i v e l y   e a s i l y .   An  e x a m p l e  

of  s u c h   a  t o o l   r e t a i n e r   is   d i s c l o s e d   in  t h e   G a r g r a v e  

U . S .   P a t e n t   No.  3 , 5 6 3 , 1 2 4 ,   c o m m o n l y   a s s i g n e d .   T h a t  

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

r e t a i n e r   p l a t e   made  of   h a r d e n e d   s t e e l   w h i c h   i n c l u d e s  

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

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

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

be  m o u n t e d ,   and  a  l o c k i n g   c o m p o n e n t   s u c h   as  a  b a l l  

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

i n t o   a  b a l l   s e a t   in   t h e   t o o l   s h a n k .  

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

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

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

in  t h e   d i e   s h o e .   T h i s   d o w e l   p i n   and  d o w e l   p i n   h o l e  

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

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

l o c a t i o n   of  t h e   p u n c h   t o o l   on  t h e   d i e   s h o e .  

I f   a  t o o l   h a v i n g   an  e c c e n t r i c a l l y   s h a p e d  

p o i n t   is   u t i l i z e d ,   t h e   t o o l   and  r e t a i n e r   p l a t e   m u s t  

be  l o c a t e d   r a d i a l l y   w i t h   r e s p e c t   to  t h e   d i e   s h o e   a s  

w e l l ,   n e c e s s i t a t i n g   t h e   u se   of  a  s e c o n d   d o w e l   p i n  

w h i c h   is  r e c e i v e d   w i t h i n   a  d o w e l   p i n   h o l e   on  t h e  

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



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

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

to  t h e   d i e   s h o e .  

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

p l a t e   f o r   r e c e i v i n g   an  e c c e n t r i c   t o o l ,   i t   has   b e e n  

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

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

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

s u f f i c i e n t l y   c l o s e   t o l e r a n c e s ,   i t   was  n e c e s s a r y   t o  

u t i l i z e   t h e   p a r t i c u l a r   r e t a i n e r   p l a t e   i t s e l f   as  a  

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

m a t i n g   d o w e l   p i n   h o l e s   in   t h e   d i e   s h o e .   A c c o r d i n g l y ,  

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

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

r e t a i n e r   p l a t e ,   p r e f e r a b l y   h a v i n g   t h e   e c c e n t r i c  

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

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

d i e   s h o e   to   r e c e i v e   t h e   m o u n t i n g   b o l t s .   The  p u n c h  

was  r e m o v e d   and  t h e   r e t a i n e r   was  a t t a c h e d   to   t h e   d i e  

s h o e   w i t h   t h e   b o l t s ,   t h e n   t h e   d o w e l   p i n   h o l e s   w e r e  

d r i l l e d   by  p a s s i n g   t h e   d r i l l   b i t   t h r o u g h   t h e   a p p r o -  

p r i a t e   b o r e s   and  i n t o   t h e   r e t a i n e r   p l a t e .   The  d o w e l  

p i n s   w e r e   i n s e r t e d   i n t o   t h e   d o w e l   p i n   h o l e s   and  t h e  

r e t a i n e r   was  t h e n   r e a d y   to  r e c e i v e   t h e   p u n c h .  

T h e r e   a r e   s e v e r a l   d i s a d v a n t a g e s   w i t h   s u c h   a  

m o u n t i n g   m e t h o d .   For  e x a m p l e ,   s i n c e   i t   was  n e c e s s a r y  

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

t h r o u g h   t h e   a p p r o p r i a t e   b o r e s   in  t h e   r e t a i n e r   p l a t e ,  

a  d r i l l   b u s h i n g   was  u s e d   to  g u i d e   t h e   d r i l l   to  l o c a t e  

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

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

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

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

e r .   A n o t h e r   d i s a d v a n t a g e   is   t h a t   t h e   m o u n t i n g   m e t h o d  

r e q u i r e d   t h e   u s e   of   t h e   r e t a i n e r   p l a t e   i t s e l f ;   t h e r e -  

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



to  t h e   r e c e i p t   of  t h e   p a r t i c u l a r   r e t a i n e r   p l a t e   t o  

be  m o u n t e d   a t   t h e   j o b   s i t e .  

In  a d d i t i o n ,   t h e   m o u n t i n g   h o l e s   and  d o w e l  

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

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

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

new  h o l e s   w o u l d   h a v e   to   be  d r i l l e d   and  t a p p e d   t o  

r e c e i v e   a  d i f f e r e n t   r e t a i n e r   p l a t e .   Such   a  m e t h o d  

w o u l d   a l s o   be  i n a p p r o p r i a t e   f o r   p e r f o r m a n c e   by  n u m e r -  

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

t w e e n   d o w e l   h o l e s   on  t h e   d i e   s h o e   m u s t   be  d e t e r m i n e d  

by  m e a s u r i n g   t h e   p a r t i c u l a r   p l a t e   to  be  m o u n t e d .  

F u r t h e r m o r e ,   s u c h   a  m e t h o d   is   n o t   a p p r o p r i a t e   f o r  

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

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

of  m o u n t i n g   a  t o o l   r e t a i n e r   in   w h i c h   t h e   m o u n t i n g  

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

r e q u i r i n g   t h e   u s e   of   t h e   r e t a i n e r   p l a t e   i t s e l f .  

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

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

n u m e r i c a l l y   c o n t r o l l e d   m a c h i n e r y .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  

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

d o e s   n o t   r e q u i r e   t h e   u s e   of   t h e   r e t a i n e r   p l a t e   to   b e  

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

and  t a p p i n g   t h e   m o u n t i n g   b o l t   and  d o w e l   p i n   h o l e s .  

The  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   i s   a p p r o p r i a t e  

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

t h e   l o c a t i o n   of   t h e   h o l e s   is   n o t   d e t e r m i n e d   by  m e r e l y  

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

p l a t e ,   as  w i t h   p r e v i o u s   m e t h o d s .  

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

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

p r e p a r i n g   t h e   d i e   s h o e   by  s e l e c t i n g   a  l o c a t i o n   o n  

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



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

l i n e   e x t e n d i n g   t h r o u g h   t h e   p o i n t   to  d e t e r m i n e   t h e  

o r i e n t a t i o n   of  t h e   r e t a i n e r   on  t h e   s h o e ,   d r i l l i n g   a  

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

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

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

p i n ,   d r i l l i n g   and  t a p p i n g   m o u n t i n g   h o l e s   in   t h e   d i e  

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

d o w e l   p i n s   in   t h e   d o w e l   h o l e s ,   and  p l a c i n g   t h e   p l a t e  

on  t h e   s h o e   so  t h a t   t h e   d o w e l   p i n s   e n g a g e   t h e   d o w e l  

p i n   h o l e s   in   t h e   r e t a i n e r   p l a t e .   T h e n ,   t h e   r e t a i n e r  

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

t h r o u g h   t h e   b o l t   h o l e s   i n t o   t h e   m o u n t i n g   h o l e s .   T h e  

s e c o n d   d o w e l   p i n   h o l e   is   d r i l l e d   on  t h e   l i n e   w h i c h  

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

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

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

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

p l a t e .  

The  m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n   i s   m a d e  

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

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

h o l e s   i s   v e r y   c l o s e l y   t o l e r a n c e d ,   on  t h e   o r d e r   o f  +  

0 . 0 0 0 4 "   ( 0 . 0 1 0 1 6   mm).  In  a d d i t i o n ,   t h e   r e t a i n e r   h a s  

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

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

h a s   a  c e n t e r l i n e   w h i c h   i n t e r s e c t s   t h e   r e f e r e n c e   l i n e  

t h a t   p a s s e s   t h r o u g h   t h e   d o w e l   p i n   h o l e s   w i t h   a  r a d i a l  

t o l e r a n c e   o f  +   0°  5'  0 " .   F u r t h e r m o r e ,   t h e   b a l l  

w h i c h   i s   m o u n t e d   in   t h e   b a l l   h o l e   is   c l o s e l y   t o l e r -  

a n c e d ,   w i t h i n  +   0 . 0 0 0 0 2 5 "   ( 0 . 0 0 0 6 3 5   mm),  a  g r a d e   25  

b a l l   b e a r i n g .  

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

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

h o l e s   make  i t   p o s s i b l e   to  h a v e   t h e   d o w e l   p i n   h o l e s  

and  m o u n t i n g   b o l t   h o l e s   d r i l l e d   by  n u m e r i c a l l y   c o n -  

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



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

a p p r o p r i a t e   h o l e s   i n t o   t h e   d i e   s h o e   w i t h o u t   u t i l i z i n g  

t h e   p a r t i c u l a r   r e t a i n e r   p l a t e   to  be  m o u n t e d   to   l o c a t e  

t h e   h o l e s .   A n o t h e r   a d v a n t a g e   o f  t h e   m e t h o d   is   t h a t  

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

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

t h i s   t y p e   b e c o m e   d a m a g e d   or  o t h e r w i s e   r e n d e r e d   u s e -  

l e s s ,   i t   can   be  r e m o v e d   f r o m   t h e   d i e   s h o e   and  a n o t h e r  

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

d i m e n s i o n s ,   can   be  r e a d i l y   s u b s t i t u t e d   f o r   i t .  

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

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

can   be  f o r m e d   in   t h e   d i e   s h o e   w i t h o u t   u t i l i z i n g   t h e  

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

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

i n t e r c h a n g e a b l e ;   and  a  m e t h o d   of   m o u n t i n g   a  t o o l  

r e t a i n e r   p l a t e   w h i c h   c an   be  e m p l o y e d   by  n u m e r i c a l l y  

c o n t r o l l e d   m a c h i n e 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  m o r e  

r e a d i l y   u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  t o  

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 .   I  is   a  s i d e   e l e v a t i o n   in   s e c t i o n   of   a  

t o o l   r e t a i n e r   of   t h e   t y p e   r e q u i r e d   f o r   t h e   p e r f o r m -  

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

, m o u n t e d   on  a  d i e   s h o e ,   t a k e n   a t   l i n e   1-1   of   F i g .   2 ;  

F i g .   2  i s   a  p l a n   v i ew   of  t h e   r e t a i n e r   o f  

F i g .   1  w i t h   t h e   p u n c h   r e m o v e d ;   a n d  

F i g s .   3a ,   3b,   3c ,   and  3d  i l l u s t r a t e   t h e  

m e t h o d   of  t h e   p r e f e r r e d   e m b o d i m e n t   s e q u e n t i a l l y .  

As  shown  in  F i g s .   1  and  2,  an  e c c e n t r i c  

t o o l   r e t a i n e r ,   g e n e r a l l y   d e s i g n a t e d   10 ,   i n c l u d e s   a  

r e t a i n e r   p l a t e   12  w h i c h   is   m o u n t e d   on  a  d i e   s h o e   1 4  



and  s u p p o r t s   an  e c c e n t r i c   p u n c h   16.   A l t h o u g h   t h e  

r e t a i n e r   p l a t e   12  i s   shown  m o u n t i n g   o n l y   a  s i n g l e  

p u n c h   16 ,   t h e   m e t h o d   of   t h e   i n v e n t i o n   can   be  p e r -  
f o r m e d   w i t h   s i m i l a r   r e t a i n e r   p l a t e s   ( n o t   s h o w n )  

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

The  r e t a i n e r   p l a t e   12  i n c l u d e s   s m o o t h - b o r e d  

b o l t   h o l e s   1 8 , 2 0   ( F i g .   3c)  w h i c h   a r e   p o s i t i o n e d   i n  

r e g i s t r y   w i t h   m o u n t i n g   h o l e s   2 2 , 2 4   in  t h e   d i e   s h o e  

14  and  a r e   c o u n t e r s u n k   to  r e c e i v e   m o u n t i n g   b o l t s  

2 6 , 2 8   w h i c h   a r e   t h r e a d e d   i n t o   t h e   m o u n t i n g   h o l e s .  

H o l e s   1 8 , 2 0   one  s l i g h t l y   o v e r s i z e d   in  d i a m e t e r   w i t h  

r e s p e c t   to   t h e   d i a m e t e r s   of  b o l t s   2 6 , 2 8 .   For   e x a m -  

p l e ,   in  a  r e t a i n e r   p l a t e   u t i l i z i n g   m o u n t i n g   b o l t s  

w i t h   a  d i a m e t e r   of   . 3 5 4 3   i n .   ( 9 . 0   mm),  t h e   b o l t  

h o l e s   w o u l d   h a v e   a  d i a m e t e r   of   . 3 1 5 0   i n .   ( 8 . 0   m m ) .  

The  p u n c h   16  i s   m o u n t e d   w i t h i n   a  p u n c h   r e c e i v i n g  

b o r e   30  f o r m e d   in   t h e   r e t a i n e r   p l a t e   12 .   The  b o r e  

30  i n c l u d e s   a  c h a m f e r e d   s u r f a c e   32  and  r e c e i v e s   a  

b a c k i n g   p l u g   34  in   a  p r e s s   f i t .  

The  b a c k u p   p l u g   34  i n c l u d e s   a  f i r s t   l o c a t i n g  

d o w e l   p i n   h o l e   36  w h i c h   is   p o s i t i o n e d   in  r e g i s t r y  

w i t h   a  c o r r e s p o n d i n g   d o w e l   h o l e   38  in  t h e   d i e   s h o e  

14 .   The  d o w e l   h o l e s   3 6 , 3 8   a r e   m a i n t a i n e d   in   r e g i s t r y  

by  a  d o w e l   p i n   40.   The  d o w e l   p i n   40  i s   g e n e r a l l y  

c y l i n d r i c a l   in   s h a p e   and  i n c l u d e s   a  c e n t r a l   a x i s  

w h i c h   is  c o l i n e a r   w i t h   t h e   c e n t r a l   a x i s   A  of  t h e  

c y l i n d r i c a l   s h a n k   42  of  t h e   p u n c h   16.   The  p u n c h   16  

i n c l u d e s   a  p o i n t   44  h a v i n g   an  e c c e n t r i c   s h a p e ,   s u c h  

as  a  s q u a r e   or  r e c t a n g l e ,   and  a  b a l l   s e a t   4 6 , w h i c h   i s  

p r e c i s e l y   l o c a t e d   w i t h   r e s p e c t   to  t h e   e c c e n t r i c a l l y -  

s h a p e d   h e a d .   The  r e t a i n e r   p l a t e   12  i n c l u d e s   a  b a l l  

h o l e   48 ,   w h i c h   i n t e r s e c t s   t h e   b o r e   30  and  r e c e i v e s   a  

b a l l   50  and  s p r i n g   52.   The  p u n c h   16  is   r e t a i n e d  

w i t h i n   t h e   b o r e   30  by  t h e   e n g a g e m e n t   of  t h e   b a l l   50 

w i t h   t h e   s u r f a c e   of   t h e   b a l l   s e a t   4 6 .  



In  o r d e r   to  p r o v i d e   an  a c c u r a t e   r a d i a l  

l o c a t i o n   of  t h e   p u n c h   16,   t h e   r e t a i n e r   p l a t e   1 2  

i n c l u d e s   a  s e c o n d   d o w e l   p i n   h o l e   54  w h i c h   is   p o s i -  

t i o n e d   in  r e g i s t r y   w i t h   a  d o w e l   h o l e   56  in   t h e   d i e  

s h o e   14  and  r e c e i v e s   a  d i a m o n d - s h a p e d   d o w e l   p i n   58  o f  

w e l l - k n o w n   d e s i g n .   The  d o w e l   p i n   58  i s   p o s i t i o n e d  

w i t h i n   t h e   d o w e l   h o l e   56  in  t h e   d i e   s h o e   14  s u c h  

t h a t   t h e   d i a m o n d   p o r t i o n   60  p r o t r u d e s   i n t o   t h e   d o w e l  

p i n   h o l e   54  in   t h e   r e t a i n e r   p l a t e   1 2 .  

The  d o w e l   p i n   h o l e   54  i s   c y l i n d r i c a l   i n  

s h a p e   and  i s   f o r m e d   in  t h e   r e t a i n e r   p l a t e   12  s u c h  

t h a t   i t s   c e n t r a l   a x i s   B  i n t e r s e c t s   and  i s   a t   r i g h t  

a n g l e s   to  a  r e f e r e n c e   l i n e   C  ( s h o w n   in  F i g .   2)  w h i c h  

a l s o   i n t e r s e c t s   t h e   c e n t r a l   a x i s   A  of  t h e   p u n c h   1 6 .  

In  f o r m i n g   t h e   r e t a i n e r   p l a t e   12 ,   t h e   d o w e l   p i n   h o l e s  

3 6 , 5 4   a r e   f o r m e d   s u c h   t h a t   t h e   d i s t a n c e   D  b e t w e e n  

c e n t r a l   a x e s   A  and  B  is   a c c u r a t e   to   w i t h i n  +   0 . 0 0 0 4  

i n c h e s   ( 0 . 0 1 0 1 6   m m ) .  

S i m i l a r l y ,   t h e   b a l l   h o l e   48  i s   g e n e r a l l y  

c y l i n d r i c a l   in  s h a p e   and  i n c l u d e s   a  c e n t r a l   a x i s   E 

w h i c h   a l s o   i n t e r s e c t s   l i n e   C.  The  r e t a i n e r   p l a t e   1 2  

is   f o r m e d   w i t h   t h e   b a l l   h o l e   48  p o s i t i o n e d   s u c h   t h a t  

t h e   c e n t r a l   a x i s   D  i n t e r s e c t s   t h e   l i n e   C  w i t h   a  

t o l e r a n c e   o f  +   0°  5'  0 " ,   shown   as  a n g l e   t h e t a   in   F i g .  

2.  The  b a l l   50  i s   a l s o   p r e c i s i o n   g r o u n d   w i t h i n   a  

t o l e r a n c e   o f  +   0 . 0 0 0 0 2 5 "   ( 0 . 0 0 0 6 3 5   m m ) .  

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

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

t h a t   t h e   s t e p s   of  t h e   m e t h o d   be  p e r f o r m e d   in   p a r t   b y  

n u m e r i c a l l y   c o n t r o l l e d   m a c h i n e r y .   I n i t i a l l y ,   a  

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

p u n c h e s   on  t h e   d i e   s h o e   f o r   t h e   r e q u i r e d   m a n u f a c t u r -  

i n g   o p e r a t i o n .   As  shown  s c h e m a t i c a l l y   in   F i g .   3 a ,  

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

t a p p i n g   s t e p s   of  t h e   m e t h o d   is   g e n e r a t e d   by  t h e  

c o m p i l e r   of  a  c o m p u t e r   61 ,   t y p i c a l l y   a  CAD/CAM  t y p e  



( C o m p u t e r   A i d e d   D e s i g n / C o m p u t e r   A i d e d   M a n u f a c t u r e ) ,  

and  r e c o r d e d   in  t h e   fo rm  of   a  p e r f o r a t e d   p a p e r   t a p e  

or  a  m a g n e t i c   t a p e   c a s s e t t e   or  t h e   l i k e .   S i n c e   t h e  

o r i e n t a t i o n   of   t h e   d o w e l   h o l e s   3 6 , 5 4   ( F i g .   1)  r e l a -  

t i v e   to   t h e   e c c e n t r i c   p o i n t   44  of  t h e   p u n c h   42  i s  

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

l o c a t i o n s   f o r   m a t i n g   h o l e s   3 8 , 5 6 ,   as  w e l l   as  m o u n t i n g  

h o l e s   2 2 , 2 4   on  t h e   d i e   s h o e   14 ,   a r e   t r a n s m i t t e d   to  a  

n u m e r i c a l l y   c o n t r o l l e d   d r i l l   p r e s s   6 2 .  

As  shown  in  F i g .   3a ,   t h e   c h u c k   63  o f   t h e  

d r i l l   p r e s s   62  i s   f i r s t   p o s i t i o n e d   s u c h   t h a t   t h e   b i t  

64  i s   d i r e c t l y   o v e r   t h e   p o i n t   F  on  t h e   d i e   s h o e   1 4  

w h e r e   t h e   d o w e l   h o l e   38  is   to   be  d r i l l e d   to  r e c e i v e  

t h e   d o w e l   p i n   40.  The  d r i l l   p r e s s   i s   a c t u a t e d   a t  

t h e s e   c o o r d i n a t e s ,   and  t h e   c h u c k   63  is   d i s p l a c e d   t o  

d r i l l   t h e   h o l e   38  an  a p p r o p r i a t e   d e p t h   to  r e c e i v e  

t h e   d o w e l   p i n   40.   The  d r i l l   p r e s s   62  i s   t h e n   a c t u -  

a t e d   to   d i s p l a c e   t h e   c h u c k   63  to   a  p o i n t   G  a l o n g   a  

l i n e   C ' ,   c o r r e s p o n d i n g   to   l i n e   C  on  t h e   r e t a i n e r  

p l a t e   12.   P o i n t   G  is   s p a c e d   a  d i s t a n c e   a l o n g   l i n e  

C'  w h i c h   c o r r e s p o n d s   to  t h e   d i s t a n c e   D  b e t w e e n   a x e s  

A  and  B  on  t h e   r e t a i n e r   p l a t e   12  ( F i g .   2 ) .  

N e x t ,   t h e   c h u c k   63  is   d i s p l a c e d   to   d r i l l  

t h e   m o u n t i n g   h o l e s   2 2 , 2 4   in   t h e   d i e   s h o e   14,   and  t h e  

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

r e t a i n e r   p l a t e   12  w i l l   be  l o c a t e d   w i t h   s u f f i c i e n t  

p r e c i s i o n   by  t h e   d o w e l   p i n s   40  and  58,   i t   is   n o t  

n e c e s s a r y   t h a t   t h e   m o u n t i n g   h o l e s   2 2 , 2 4   be  l o c a t e d  

w i t h   r e l a t i v e l y   h i g h   p r e c i s i o n ;   i t   is   o n l y   n e c e s s a r y  

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

e n a b l e   t h e   m o u n t i n g   b o l t s   2 6 , 2 8   to  be  t h r e a d e d   i n t o  

t h e   h o l e s   when  t h e   r e t a i n e r   p l a t e   is   m o u n t e d .   S i n c e  

t h e   h o l e s   18 ,   20  a r e   s l i g h t l y   o v e r s i z e d   in  d i a m e t e r  

r e l a t i v e   to   t h e   d i a m e t e r s   of  t h e   m o u n t i n g   b o l t s   2 6 ,  

28 ,   t h e   p a i r s   of   h o l e s   18 ,   22  and  20,   24  can   b e  

s l i g h t l y   o u t   of   r e g i s t r y   y e t   p e r m i t   t he   b o l t s   to  p a s s  

t h r o u g h   t h e   p l a t e   12  to  s e c u r e   i t   to  t h e   s h o e   1 4 .  



As  shown  in  F i g .   3b ,   t h e   d o w e l   p i n s   40  a n d  

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

3 8 , 5 6 .   The  d i a m o n d - h e a d e d   d o w e l   p i n   58  is  r o t a t e d  

so  t h a t   t h e   d i a m o n d   s h a p e   is  in  i t s   p r o p e r   o r i e n t a -  

t i o n   r e l a t i v e   to  t h e   l i n e   C'  ( F i g .   3 a ) .  

As  shown  in  F i g .   3c ,   t h e   r e t a i n e r   p l a t e   1 2  

is  t h e n   p o s i t i o n e d   a d j a c e n t   t h e   d i e   s h o e   14  s u c h  

t h a t   t h e   d o w e l   p i n   h o l e s   3 6 , 5 4   r e c e i v e   t h e i r   r e s p e c -  
t i v e   d o w e l   p i n s   4 0 , 5 8 .   The  d o w e l   p i n s   4 0 , 5 8   a r e  

s i z e d   s u c h   t h a t   t h e y   make  a  s l i p   f i t   w i t h   t h e i r  

r e s p e c t i v e   h o l e s   3 6 , 5 4 .   The  p l a t e   12  is   now  p r e c i s e -  

ly   l o c a t e d   on  t h e   s h o e   1 4 .  

The  f i n a l   s t e p   i s   shown  in  F i g .   3d.  T h e  

m o u n t i n g   b o l t s   2 6 , 2 8   a r e   i n s e r t e d   i n t o   t h e   b o l t  

h o l e s   1 8 , 2 0   and  t h r e a d e d   i n t o   t h e   m o u n t i n g   h o l e s  

2 2 , 2 4   to  s e c u r e   t h e   r e t a i n e r   p l a t e   to  t h e   d i e   s h o e .  

Any  s l i g h t   m i s r e g i s t r a t i o n   of   h o l e s   18 ,   22  or  20 ,   24  

e x i s t i n g   when  t h e   p l a t e   12  i s   l o c a t e d   on  t h e   s h o e   1 4  

i s   c o m p e n s a t e d   f o r   by  t h e   d i f f e r e n c e s   in  d i a m e t e r  

b e t w e e n   t h e   h o l e s   18 ,   20  and  b o l t s   26,  28.  T h e  

r e t a i n e r   p l a t e   12  is  now  r e a d y   to  r e c e i v e   t h e   p u n c h  

16 .   The  p u n c h   16  i s   l o c a t e d   r e l a t i v e   to  t h e   d i e  

s h o e   14  by  t h e   use   of  t h e   l o c a t i n g   d o w e l   p i n   4 0 ,  

w h i c h   is  now  c o l i n e a r   w i t h   p o i n t   F  ( F i g .   3 a ) ,   a n d  

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

p r e c i s i o n   by  t h e   d o w e l   p i n   58,   w h i c h   is  now  c o l i n e a r  

w i t h   p o i n t   G  on  t h e   d i e   s h o e   1 4 .  

S i n c e   t h e   p u n c h   16  i t s e l f   i s   r a d i a l l y  

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

p l a t e   12 ,   t h e r e   is   no  n e e d   to   d e t e r m i n e   t h e   s p e c i f i c  

o r i e n t a t i o n   of  t h e   p u n c h   r e l a t i v e   to  t h e   p a r t i c u l a r  

r e t a i n e r   p l a t e   to  be  m o u n t e d ,   nor   is  t h e r e   is  a  n e e d  

to  t a k e   d i m e n s i o n s   of  t h e   s p e c i f i c   d o w e l   p i n   h o l e s  

of   t h e   r e t a i n e r   p l a t e   to  be  u t i l i z e d .   The  r e t a i n e r  

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

a r e   known  w i t h   h i g h   a c c u r a c y .   The  n u m e r i c a l l y   c o n -  

t r o l l e d   d r i l l   p r e s s   62  can   fo rm  t h e   n e c e s s a r y   h o l e s  



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

i t   by  t h e   c o m p u t e r   61 ,   w i t h o u t   h a v i n g   to   r e f e r   to   a  

s p e c i f i c   r e t a i n e r   p l a t e   or  u t i l i z e   a  s p e c i f i c   r e t a i n -  

er  p l a t e   as  a  t e m p l a t e   f o r   d e t e r m i n i n g   t h e   l o c a t i o n  

of   h o l e s   to  be  d r i l l e d .  



1.  A  m e t h o d   f o r   m o u n t i n g   a  t o o l   r e t a i n e r   p l a t e  

(12)  f o r   a  p u n c h   t o o l   (16)  to  a  d i e   s h o e   ( 1 4 ) ,   t h e  

r e t a i n e r   p l a t e   h a v i n g   b o l t   h o l e s   ( 1 8 , 2 0 )   f o r   r e c e i v -  

ing   b o l t s   ( 2 6 , 2 8 )   t h e r e t h r o u g h   f o r   a t t a c h i n g   i t   t o  

t h e   d i e   s h o e ,   a  b o r e   (30)  in  t h e   p l a t e   i n c l u d i n g  

l o c k i n g   m e a n s   ( 4 8 , 5 0 , 5 2 )   f o r   r e c e i v i n g   t h e   t o o l ,   a  

f i r s t   d o w e l   p i n   h o l e   (36)  c o n c e n t r i c   w i t h   t h e   b o r e  

and  a  s e c o n d   d o w e l   p i n   h o l e   (54)  s p a c e d   t h e r e f r o m  

a l o n g   a  r e f e r e n c e   l i n e   (C)  f o r   r a d i a l l y   l o c a t i n g   t h e  

b o r e   r e l a t i v e   to   t h e   d i e   s h o e ,   c h a r a c t e r i z e d   b y :  
f i r s t   p r e p a r i n g   t h e   d i e   s h o e   by  s e l e c t i n g   a  

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

c o i n c i d e   w i t h   a  c e n t e r l i n e   (A)  of  t h e   b o r e   a n d  

s e l e c t i n g   a  s e c o n d   l i n e   (C ' )   e x t e n d i n g   t h r o u g h   s a i d  

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

d r i l l i n g   a  f i r s t   h o l e   (38)  in  t h e   d i e   s h o e  

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

d o w e l   p i n   ( 4 0 ) ;  

d r i l l i n g   a  s e c o n d   h o l e   (56)  in   t h e   s h o e   o n  

s a i d   s e c o n d   l i n e   f o r   r e c e i v i n g   a  s e c o n d   d o w e l   p i n  

(60)  a t   a  l o c a t i o n   s p a c e d   f rom  s a i d   f i r s t   h o l e  

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

s e c o n d   d o w e l   p i n   h o l e s   on  t h e   p l a t e ;  

d r i l l i n g   and  t a p p i n g   m o u n t i n g   h o l e s   ( 2 2 , 2 4 )  

in  t h e   s h o e   f o r   r e c e i v i n g   t h e   b o l t s   a t   l o c a t i o n s  

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

to  l o c a t i o n s   of  t h e   b o l t   h o l e s   on  t h e   p l a t e ;  

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

( 4 0 , 5 8 )   in  s a i d   f i r s t   and  s e c o n d   h o l e s   in  t h e   s h o e ,  

r e s p e c t i v e l y ;  

t h e n   p l a c i n g   t h e   p l a t e   on  t h e   s h o e   s u c h  

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

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

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

r e l a t i v e   to  t h e   s h o e ;   a n d  



t h r e a d i n g   b o l t s   t h r o u g h   t h e   b o l t   h o l e s   i n t o  

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

t h e   s h o e .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  i n c l u d i n g   t h e  

i n i t i a l   s t e p   of   s e l e c t i n g   a  t o o l   r e t a i n e r   p l a t e   ( 1 2 )  

i n   w h i c h   t h e   s p a c i n g   of   t h e   d o w e l   p i n   h o l e s   ( 3 8 , 5 6 )  

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

0 . 0 0 0 4   i n c h e s   ( 0 . 0 1 0 1 6   m m ) .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m s   1  or  2  w h e r e i n  

s a i d   s e l e c t i n g   s t e p   i n c l u d e s   s e l e c t i n g   a  t o o l   r e t a i n -  

er  p l a t e   (12)  h a v i n g   a  b a l l   l o c k i n g   m e c h a n i s m   i n -  

c l u d i n g   a  b a l l   h o l e   (48)   w i t h   a  c e n t e r l i n e   (E)  i n t e r -  

s e c t i n g   a  l i n e   (C)  i n t e r s e c t i n g   s a i d   f i r s t   d o w e l   p i n  

h o l e   w i t h   a  t o l e r a n c e   o f   p l u s   or  m i n u s   0°  5'  0 " .  

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

(12)   f o r   a  p u n c h   t o o l   to   a  d i e   s h o e   u t i l i z i n g   a  

n u m e r i c a l l y   c o n t r o l l e d   d r i l l   p r e s s   (62)  w i t h   a  d i s -  

p l a c e a b l e   c h u c k   ( 6 3 ) ,   t h e   r e t a i n e r   p l a t e   h a v i n g   b o l t  

h o l e s   ( 1 8 , 2 0 )   f o r   r e c e i v i n g   b o l t s   ( 2 6 , 2 8 )   t h e r e -  

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

s h o e   ( 1 4 ) ,   a  b o r e   (30)  in   t h e   p l a t e   i n c l u d i n g   l o c k i n g  

m e a n s   ( 4 8 , 5 0 , 5 2 )   f o r   r e c e i v i n g   t h e   t o o l ,   a  f i r s t  

d o w e l   p i n   h o l e   (36)  c o n c e n t r i c   w i t h   t h e   b o r e   f o r  

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

s e c o n d   d o w e l   p i n   h o l e   (56)  s p a c e d   t h e r e f r o m   a  p r e -  

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

r e f e r e n c e   l i n e   (C)  f o r   r a d i a l l y   l o c a t i n g   t h e   b o r e ,  

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

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

m i n e d   p o i n t   (F)  c o i n c i d i n g   w i t h   t h e   c e n t r a l   a x i s   (A) 

of   t h e   f i r s t   d o w e l   p i n   h o l e   (36)  and  d r i l l i n g   a  

f i r s t   h o l e   (38)  in   t h e   d i e   s h o e   a t   s a i d   p o i n t ;  



s e l e c t i n g   a  l i n e   (CI)   i n t e r s e c t i n g   s a i d  

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

( C ) ;  

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

m i n e d   p o i n t   (G)  on  s a i d   s e l e c t e d   l i n e   and  s p a c e d  

f r o m   s a i d   f i r s t   p o i n t   a  d i s t a n c e   (D)  c o r r e s p o n d i n g  

to  t h e   d i s t a n c e   b e t w e e n   c e n t r a l   a x e s   of   t h e   f i r s t  

and  s e c o n d   d o w e l   p i n   h o l e s   and  d r i l l i n g   a  s e c o n d  

h o l e   (56)  in  t h e   d i e   s h o e   a t   s a i d   s e c o n d   p o i n t ;  

d i s p l a c i n g   t h e   c h u c k   to   d r i l l   and  t a p   m o u n t -  

i ng   h o l e s   ( 2 2 , 2 4 )   in   t h e   s h o e   f o r   r e c e i v i n g   t h e  

b o l t s   ( 2 6 , 2 8 )   a t   l o c a t i o n s   r e l a t i v e   to   s a i d   p o i n t s  

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

t h e   b o l t   h o l e s   and  r e f e r e n c e   l i n e   on  t h e   p l a t e ;  

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

( 4 0 , 5 8 )   in   s a i d   f i r s t   and  s e c o n d   h o l e s   in   s a i d   s h o e ,  

r e s p e c t i v e l y ;  

t h e n   p l a c i n g   t h e   p l a t e   on  s a i d   s h o e   s u c h  

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

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

by  l o c a t i n g   t h e   t o o l   r e c e i v i n g   b o r e   r e l a t i v e   to   t h e  

s h o e ;   a n d  

t h r e a d i n g   t h e   b o l t s   t h r o u g h   t h e   b o l t   h o l e s  

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

l y   on  t h e   s h o e .  
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