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@  Machine  tool  with  common  drive  for  worktable  and  pallet  shuttle. 

@  The  invention  relates  to  a  machine  tool  with  a  common 
drive  for  the  worktable  and  pallet  shuttle.  In  accordance 
with  the  invention,  the  worktable  and  pallet  shuttle  are 
driven  by  a  common  motor  (188)  which  is  mounted  on  the 
worktable  base  (10),  thereby  simplifying  the  machine  tool  ) 
and  reducing  its  cost.  The  motor  (188)  is  coupled  to  the  \ 
worktable  (18)  by  gears  (202,  116)  which  engage  when  / 
the  worktable  (18)  is  raised  to  be  indexed  and  disengage  )  *  
when  the  worktable  (18)  is  lowered.  The  motor  (188)  is  f  '  - 
coupled  to  the  pallet  shuttle  (54)  by  gears  (202,  210,  212,  ) 
80)  which  engage  when  the  worktable  base  (10)  is  moved 
into  the  shuttle  position  and  disengage  when  the  worktable 
base  is  moved  out  of  the  shuttle  position. 
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T h i s   i n v e n t i o n   r e l a t e s   to  m a c h i n e   t o o l s   w h i c h   h a v e  

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

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

the   w o r k t a b l e s .  

In  t he   p a s t ,   t he   r o t a r y   d r i v e   f o r   t he   w o r k t a b l e  

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

s e p a r a t e   and   r e q u i r e d   s e p a r a t e   m o t o r s ,   s e p a r a t e   g e a r   t r a i n s ,  

s e p a r a t e   p o s i t i o n   f e e d b a c k   s y s t e m s ,   and  s e p a r a t e   c o n t r o l   s y s -  
tems  f o r   t he   two  d r i v e s .  

The  o b j e c t   of   t h i s   i n v e n t i o n   is  to  p r o v i d e   a  m a -  

c h i n e   t o o l   in  w h i c h   the   r o t a r y   w o r k t a b l e   and  r e c i p r o c a t i n g  
s h u t t l e   m e c h a n i s m   a r e   d r i v e n   by  a  common  d r i v e .  

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 a c h i n e   t o o l   i n -  

c l u d i n g   a  b e d ;   a  t a b l e   b a s e   s l i d a b l y   m o u n t e d   on  s a i d   bed  f o r  

m o v e m e n t   a l o n g   a  f i r s t   a x i s ;   a  w o r k t a b l e   r o t a t a b l y   m o u n t e d  

on  s a i d   b a s e   f o r   r o t a t i o n   a b o u t   a  s e c o n d   a x i s   t r a n s v e r s e   t o  

s a i d   f i r s t   a x i s ;   a  m o t o r   m o u n t e d   on  s a i d   b a s e ;   and  d r i v e  

means   c o u p l e d   b e t w e e n   s a i d   m o t o r   and  s a i d   w o r k t a b l e   to  r o -  

t a t e   the   w o r k t a b l e ;   c h a r a c t e r i z e d   by  a  p a l l e t   s h u t t l e   s l i d e  

) s l i d a b l y   m o u n t e d   on  a  f r a m e   f o r   m o v e m e n t   a l o n g   a  t h i r d   a x i s  

t r a n s v e r s e   to  s a i d   f i r s t   a x i s   and  to  s a i d   s e c o n d   a x i s ,   s a i d  

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

and   o f f   of  s a i d   w o r k t a b l e   in  one  p o s i t i o n   t h e r e o f ;   and  d r i v e  

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

s a i d   w o r k t a b l e   is   in  p o s i t i o n   to   t r a n s f e r   p a l l e t s   t h e r e t o  

w h e r e b y   s a i d   m o t o r   d r i v e s   s a i d   s h u t t l e   s l i d e .  



By  e l i m i n a t i n g   s e p a r a t e   m o t o r s ,   s e p a r a t e   g e a r  

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

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

t h e   s h u t t l e   m e c h a n i s m ,   t h e   r o t a r y   d r i v e   f o r   t h e   w o r k t a b l e  

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

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

In  t h e   d r a w i n g s :  

F i g u r e   1  is  a  p l a n   v i ew   of   an  e m b o d i m e n t   o f   t h e  

i n v e n t i o n   w i t h   t h e   w o r k t a b l e   t h e r e o f   in   t h e   s h u t t l e   p o s i t i o n  

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

F i g .   2  is  an  end  e l e v a t i o n a l   v i ew   t a k e n   on  t h e  

l i n e   2 -2   of   F i g .   1 ;  

F i g .   3  is  a  s i d e   e l e v a t i o n a l   v i ew   t a k e n   on  t h e   l i n e  

3 - 3   of  F i g .   2 ;  

F i g .   4  is  an  a x i a l   s e c t i o n a l   v i e w   of   t h e   w o r k t a b l e  

s u p p o r t   and   i n d e x i n g   means   t h e r e f o r ;  

F i g .   5  is  a  c r o s s   s e c t i o n a l   v i e w   s h o w i n g   t h e   d r i v e  

m o t o r   and  d r i v e   g e a r   t r a i n   f o r   i n d e x i n g   t he   w o r k t a b l e ;  

F i g .   6  is  a  f r a g m e n t a r y   a x i a l   s e c t i o n a l   v i ew   o f  

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

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

F i g .   7  is  a  f r a g m e n t a r y   a x i a l   s e c t i o n a l   v i e w   s h o w -  

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

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

F i g .   8  is  a  f r a g m e n t a r y   c r o s s   s e c t i o n a l   v i e w   s h o w -  

ing   t h e   d r i v e   g e a r s   f o r   t h e   s h u t t l e   s l i d e ;   a n d  

F i g .   9  is  a  f r a g m e n t a r y   l o n g i t u d i n a l   s e c t i o n a l  

v i e w   t a k e n   on  t h e   l i n e   9 - 9   o f   F i g .   8 .  

R e f e r r i n g   to  F i g s .   1,  2 , a n d   3,  a  w o r k t a b l e   b a s e   10  

i s   s l i d a b l y   m o u n t e d   on  a  bed   12  ( F i g .   2)  by  h o r i z o n t a l   w a y s  

14  f o r   m o v e m e n t   a l o n g   a  h o r i z o n t a l   Z  a x i s   16  ( F i g .   1)  t o w a r d  

and   away  f r o m   a  m a c h i n e   t o o l   s p i n d l e   ( n o t   s h o w n ) .   A  w o r k -  

t a b l e   18  is   r o t a t a b l y   m o u n t e d   on  b a s e   10  f o r   r o t a t i o n   a b o u t  

a  v e r t i c a l   a x i s   20  ( F i g s .   2  and   3)  w h i c h   is  p e r p e n d i c u l a r  

to   Z  a x i s   16.  W o r k t a b l e   18  i s   a d a p t e d   to  s l i d a b l y   r e c e i v e  

a  c o n v e n t i o n a l   p a l l e t   22  and  to   c l a m p   p a l l e t   22  t h e r e t o   b y  

means   d e s c r i b e d   in  l a t e r   p a r a g r a p h s .  

P a l l e t   22  can  be  s l i d   o n t o   or   o f f   o f   w o r k t a b l e   1 5  



by  means   of   a  p a l l e t   s h u t t l e   m e c h a n i s m   24  w h i c h   i n c l u d e s   t w o  

s h u t t l e   b a s e s   26  and   28  ( F i g .   2)  t h a t   a r e   l o c a t e d   o p p o s i t e  

one  a n o t h e r   in  p o s i t i o n   to   f l a n k   w o r k t a b l e   18  when  w o r k t a b l e  

b a s e   10  is  moved  to   i t s   s h u t t l e   p o s i t i o n   as  shown  in   F i g s .  

1,  2,  and  3.  S h u t t l e   b a s e   26  has   a  b o t t o m   30  w h i c h   i s   a t -  

t a c h e d   to  t h e   f l o o r   by  l e v e l i n g   b o l t s   32  and  s u p p o r t s   a n  

u p r i g h t   34  w h i c h ,   in  t u r n ,   s u p p o r t s   a  top   36.  S h u t t l e   b a s e  

28  is  i d e n t i c a l   in  s t r u c t u r e ,   and  i n c l u d e s   a  b o t t o m   3 8 ,  

l e v e l i n g   b o l t s   40 ,   an  u p r i g h t   42 ,   and  a  top  44.   A  p a i r   o f  

s p a c e d   a p a r t   r a i l s   46  c a r r y i n g   r o l l e r s   48  a r e   m o u n t e d   o n  

s h u t t l e   b a s e   t op   36  to   s l i d a b l y   s u p p o r t   a  p a l l e t   22.   A  s i -  

m i l a r   p a i r   of   s p a c e d   a p a r t   r a i l s   50  c a r r y i n g   r o l l e r s   52  a r e  
m o u n t e d   on  s h u t t l e   b a s e   t o p   44  to   s l i d a b l y   s u p p o r t   a  p a l l e t  2 2 .  

The  s h u t t l e   m e c h a n i s m   a l s o   i n c l u d e s   a  comb  s h a p e d  

s h u t t l e   s l i d e   54  ( F i g .   1)  h a v i n g   a rms   56,  58,  and   60  w h i c h  

e x t e n d   i n w a r d l y   in  p o s i t i o n   to  e n g a g e   p a l l e t s   on  s h u t t l e  

b a s e s   26  or   28  o r   on  w o r k t a b l e   18.  S h u t t l e   s l i d e   54  i s  

m o u n t e d   f o r   s l i d i n g   m o v e m e n t   a l o n g   a  h o r i z o n t a l   a x i s   62  ( F i g .  

1,  w h i c h   i s   p e r p e n d i c u l a r   to   b o t h   a x e s   16  and  20.   The  s h u t -  

t l e   s l i d e   a rms   56 ,   58,   and   60  a r e   s p a c e d   a p a r t   to   s i m u l t a -  

n e o u s l y   t r a n s f e r   two  p a l l e t s ,   one  p a l l e t   b e i n g   p o s i t i o n e d   i n  

t h e   s p a c e   b e t w e e n   a rms   56  and   58,   and   t h e   o t h e r   b e i n g   p o s i -  

t i o n e d   in  t h e   s p a c e   b e t w e e n   a rms   58  and  60.  In  t h e   p o s i t i o n  

shown  in  F i g .   1,  s h u t t l e   s l i d e   54  is  in  p o s i t i o n   t o   m o v e  

p a l l e t   22  f r o m   w o r k t a b l e   18  to   s h u t t l e   b a s e   26  and   a t   t h e  

same  t i m e   to   move  a  p a l l e t   ( n o t   s h o w n )   f r o m   s h u t t l e   b a s e   2 8  

to  w o r k t a b l e   18.  In  o p e r a t i o n ,   a  p a l l e t   w o u l d   be  p l a c e d   o n  

s h u t t l e   b a s e   28  to   r e p l a c e   t h e   p a l l e t   22  on  w o r k t a b l e   1 8 ,  

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

50  and  r o l l e r s   52  can   be  s e e n .  

When  s h u t t l e   s l i d e   54  is   moved  to  t h e   l e f t   i n  

F i g .   1,  arm  58  p u s h e s   p a l l e t   22  o n t o   r a i l s   46  and   moves   p a l -  

l e t   22  a l o n g   r a i l s   46  to   t h e   c e n t e r   of   s h u t t l e   b a s e   26.   A t  

t h e   same  t i m e ,   arm  56  p u s h e s   t h e   p a l l e t   ( n o t   s h o w n )   on  s h u t -  

t l e   b a s e   28  a l o n g   r a i l s   50  and   o n t o   w o r k t a b l e   18.   W o r k t a b l e  

18  is   t h e n   moved  away  f r o m   t h e   s h u t t l e   p o s i t i o n   and   i n t o  

e n g a g e m e n t   w i t h   t h e   s p i n d l e   ( n o t   shown)   to   p e r f o r m   t h e   m a -  

c h i n i n g   o p e r a t i o n .   W h i l e   t h e   m a c h i n i n g   o p e r a t i o n   i s   in   p r o -  



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

s h u t t l e   b a s e   26  and   is   r e p l a c e d   by  an  u n m a c h i n e d   w o r k p i e c e .  

When  t h e   m a c h i n i n g   o p e r a t i o n   i s   c o m p l e t e d ,   w o r k t a b l e   18  i s  

moved   b a c k   to   t he   s h u t t l e   p o s i t i o n   s h o w n   in  F i g s .   1,  2  and   3  

a n d   s h u t t l e   s l i d e   54  is  moved  f r o m   l e f t   to   r i g h t   in   F i g .   1  t o  

move  one  p a l l e t   f r o m   w o r k t a b l e   18  to   s h u t t l e   b a s e   28  w h i l e  

t h e   o t h e r   is   moved  f rom  s h u t t l e   b a s e   26  to   w o r k t a b l e   1 8 .  

R e f e r r i n g   to  F i g .   3,  s h u t t l e   s l i d e   54  is   s u p p o r t e d  

on  i t s   r e a r   end  by  an  e l o n g a t e d   b r a c k e t   64  w h i c h   i s   a t t a c h e d  

a t   i t s   l o w e r   end  to  a  r a c k   g e a r   66  w h i c h   i s   s l i d a b l y   m o u n t e d  

in   a  h o r i z o n t a l   h o u s i n g   68.  On  i t s   f r o n t   e n d ,   s h u t t l e   s l i d e  

54  i s   s u p p o r t e d   by  a d j u s t a b l e   f i n g e r s   70  w h i c h   s l i d e   on  r a i l s  

50  and   46.   The  l o w e r   p o r t i o n   o f   f i n g e r s   70  a r e   made  o f   a  

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

on  r a i l s   50  and   4 6 .  A s   f i n g e r s   70  w e a r ,   t h e y   a r e   a d j u s t e d  

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

t h e y w e a r   f a r   e n o u g h .  

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

s l i d e   54  a r e   shown  more  c l e a r l y   in   F i g s .   8  and   9.  B r a c k e t   6 4  

i s   c o n n e c t e d   to   s l i d e   54  by  b o l t s   72  a n d   i s   c o n n e c t e d   to   r a c k  

66  by  b o l t s   74.   Rack   66  is  s l o t t e d   a t   75  and   77  to   s l i d a b l y  

e n g a g e   o p p o s e d   l i p s   76  and   78  on  t h e   f r o n t   o f   h o u s i n g   6 8 .  

R a c k   66  is   e n g a g e d   by  a  s h u t t l e   g e a r   80  w h i c h   i s  

a t t a c h e d   w i t h i n   h o u s i n g   68  by  a  t o p   p l a t e   82  w h i c h   is   a t t a c h -  

ed  t o   h o u s i n g   68  by  b o l t s   84.  S h u t t l e   g e a r   80  i s   r o t a t a b l y  

a t t a c h e d   to   top   p l a t e   82  and   to   t h e   b o t t o m   o f   h o u s i n g   68  a n d  

s e r v e s   to   d r i v e   s l i d e   54  v i a   r a c k   66  as   i s   d e s c r i b e d   in   l a -  

t e r   p a r a g r a p h s .  

H o u s i n g   68  is  a t t a c h e d   t o   t h e   s h u t t l e   b a s e   t o p s  

36  a n d   44  by  b r a c k e t s   86  ( F i g .   1)  a n d   i s   s u p p o r t e d   t h e r e b y .  

H o u s i n g   68  s u p p o r t s   r a c k   66  w h i c h ,   in   t u r n ,   s u p p o r t s   t h e  

r e a r   end   o f   s h u t t l e   s l i d e   54  w h o s e   f r o n t   end   i s   s u p p o r t e d  

by  f i n g e r s   7 0 .  

B e f o r e   d e s c r i b i n g   t h e   d r i v e   m e a n s   f o r   w o r k t a b l e   1 8  

a n d   s h u t t l e   s l i d e   54,   t h e   s t r u c t u r e   and   o p e r a t i o n   of   w o r k -  

t a b l e   18  w i l l   f i r s t   be  d e s c r i b e d .   W o r k t a b l e   18  i s   s u p p o r t e d  

by  a  b a s e   p l a t e   88  ( F i g .   4)  w h i c h   has   a  h o l l o w   c y l i n d r i c a l  

h o u s i n g   90  w e l d e d   t h e r e t o   and   an  o u t e r   c y l i n d e r   92  b o l t e d  



t h e r e t o   by  b o l t s   94.  A  s p a c e r   r i n g   96  e x t e n d s   b e t w e e n   b a s e  

p l a t e   88  and   o u t e r   c y l i n d e r   92.  A  b a s e   r i n g   98  is   b o l t e d   t o  

t h e   b o t t o m   of   o u t e r   c y l i n d e r   92  by  b o l t s   100  and   an  i n n e r  

c y l i n d e r   102  is  b o l t e d   to   b a s e   r i n g   98  by  b o l t s   104.   T h e  

a b o v e - d e s c r i b e d   p o r t i o n s   of  w o r k t a b l e   18  c o m p r i s e   t h e   f i x e d  

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

f o r   r o t a t i o n   on  t h e   b a s e   and  f o r   v e r t i c a l   m o v e m e n t   r e l a t i v e  

to   t h e   b a s e .  

The  t a b l e   top   106  has   a  c e n t r a l   d o w n w a r d l y   e x t e n d -  

ing   hub  108  w h i c h   is   s l i d a b l y   e n g a g e d   in  an  u p p e r   b o r e   1 1 0  

in  i n n e r   c y l i n d e r   102.   A  p a i r   of   0 - r i n g s   112  a r e   s e a t e d   i n  

g r o o v e s   in   hub  108  and   s e r v e   to   s e a l   in  c o m p r e s s e d   a i r   w h i c h  

is  i n t r o d u c e d   i n t o   an  a i r   g r o o v e   114  in  hub  108  by  c o n v e n -  
t i o n a l   means   n o t   shown .   The  c o m p r e s s e d   a i r   i s   u s e d   to   b l o w  

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

l a t e r   p a r a g r a p h s .   T a b l e   t o p   106  has   a  r i n g   g e a r   116  b o l t e d  

t h e r e t o   by  b o l t s   118  w h i c h   s e r v e s   to   r o t a t e   t a b l e   t op   1 0 6  

when  i t   is   d e s i r e d   to  i n d e x   i t .   The  d r i v e   f o r   r i n g   g e a r   1 1 6  

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

120  is   a t t a c h e d   to  t a b l e   top   106  and  o u t e r   c y l i n d e r   92  b y  

b o l t s   122  and   124.   T o o t h e d   c o u p l i n g   120  i n d e x e s   t a b l e   t o p  
106  to   one  of   a  p r e c i s e l y   d e t e r m i n e d   g r o u p   o f   a n g u l a r   p o s i -  

t i o n s   when  i t   is   i n d e x e d .   F o r   p u r p o s e s   of   i n d e x i n g ,   t a b l e  

top   106  is  r a i s e d   to  b r e a k   c o n n e c t i o n   o f   t h e   two  p a r t s   o f  

t o o t h e d   c o u p l i n g   120 ,   t h e n   is   r o t a t e d   v i a   r i n g   g e a r   116  b y  

t h e   r e q u i r e d   n u m b e r   o f   d e g r e e s ,   and   i s   t h e n   s e t   down  o n  

t o o t h e d   c o u p l i n g   120 ,   w h i c h   moves   i t   to   t h e   e x a c t   a n g u l a r  

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

T a b l e   top   106  is  r a i s e d   and   l o w e r e d   by  h y d r a u l i c  

f l u i d   i n t r o d u c e d   t h r o u g h   a  d u c t   125  in  a  c e n t r a l   p i s t o n   1 2 6  

w h i c h   e x t e n d s   t h r o u g h   a  b o r e   128  in  hub  108  and   f o r m s   a  h y -  

d r a u l i c   c h a m b e r   130  w h i c h   i s   b o u n d e d   on  t h e   b o t t o m   by  a  s u r -  

f a c e   of   p i s t o n   126  and   i s  b o u n d e d   on  the   t op   by  a  s u r f a c e   o f  

t a b l e   t op   106.   When  h y d r a u l i c   f l u i d   is   i n t r o d u c e d   i n t o  

c h a m b e r   130  i t   r a i s e s   t a b l e   t o p   106  and   when   t h e   f l u i d   i s  

e v a c u a t e d   f r o m   c h a m b e r   130  i t   a l l o w s   t a b l e   t o p   106  to   d r o p .  

P i s t o n   126  can  be  d r i v e n   down  to  c l a m p   a  p a l l e t   22  on  t o p  

o f   t a b l e   t op   106  by  i n t r o d u c i n g   h y d r a u l i c   f l u i d   i n t o   a n o t h e r  



c h a m b e r   132  w h i c h   is   b o u n d e d   on  t h e   b o t t o m   by  a  s u r f a c e   o f  

p i s t o n   126  and   i s   b o u n d e d   on  t h e   top   by  a  s u r f a c e   o f   i n n e r  

c y l i n d e r   102 .   H y d r a u l i c   f l u i d   is   i n t r o d u c e d   i n t o   c h a m b e r  

132  v i a   d u c t s   134  and   136.   C h a m b e r   130  is   s e a l e d   by  0 - r i n g s  

138  and   139  and  c h a m b e r   132  is   s e a l e d   by  0 - r i n g s   140  a n d   1 4 2 ,  

a l l   o f   t h e   0 - r i n g s   b e i n g   s e a t e d   in  c o r r e s p o n d i n g   g r o o v e s   i n  

p i s t o n   1 2 6 .  

P i s t o n   126  has   a  c l amp   member   144  a t t a c h e d   to   t h e  

t op   t h e r e o f   by  a  n u t   146 .   Clamp  member   144  has   o v e r h a n g i n g  

e d g e s   148  w h i c h   r i d e   in  t h e   c l a m p i n g   s l o t s   o f   p a l l e t   22  a n d  

b e a r   on  t h e   l o w e r   p o r t i o n   t h e r e o f   to   c l a m p   p a l l e t   22  to   t a -  

b l e   t op   106 .   F o u r   p r e c i s i o n   a l i g n m e n t   b u t t o n s   150  a r e   m o u n -  

t e d   on  t a b l e   top   106  and   i n t e r a c t   w i t h   c o n i c a l   a l i g n m e n t  

d e p r e s s i o n s   on  p a l l e t   22  to   p r e c i s e l y   a l i g n   p a l l e t   22  w i t h  

r e s p e c t   to   t h e   Z  a x i s .   An  a l i g n m e n t   p i n   149  e x t e n d s   t h r o u g h  

b o r e s   in   c l a m p   member   144  and   t a b l e   t o p   106  to   p r e v e n t   r e l a -  

t i v e   a n g u l a r   m o t i o n   t h e r e b e t w e e n .   A  h y d r a u l i c   c h a m b e r   152  i s  

f o r m e d   b e t w e e n   t h e   b o t t o m   of   c l amp   member   144  and   t a b l e   t o p  
106  to   l i f t   c l amp   member   144  to  f r e e   p a l l e t   22  to   be  s h u t t l e d .  

H y d r a u l i c   f l u i d   is  i n t r o d u c e d   i n t o   c h a m b e r   152  v i a   d u c t s   1 5 4  

and   156  in  p i s t o n   126.   0 - r i n g s   153  and   139  s e a l   c h a m b e r   1 5 2 .  

When  t a b l e   t op   106  is  r a i s e d   by  i n t r o d u c i n g   h y d r a u -  

l i c   f l u i d   i n t o   c h a m b e r   130  t h r o u g h   d u c t   125 ,   a  d u c t   158  w h i c h  

is   c o u p l e d   to   d u c t   125  a l s o   i n t r o d u c e s   h y d r a u l i c   f l u i d   i n t o  

a  c h a m b e r   160  f o r m e d   b e t w e e n   a  p o r t i o n   o f   p i s t o n   126  and   a  

p o r t i o n   o f   b a s e   r i n g   98.   When  h y d r a u l i c   f l u i d   i s   i n t r o d u c e d  

i n t o   c h a m b e r   160  i t   c a u s e s   p i s t o n   126  to   r i s e   a l o n g   w i t h   t a -  

b l e   t o p   106 .   When  t a b l e   t op   106  and   p i s t o n   126  a r e   r a i s e d  

t o g e t h e r ,   c l a m p   144  is   h e l d   down  by  h y d r a u l i c   p r e s s u r e   i n  

c h a m b e r   1 3 0 .  

In  t h e   o p e r a t i o n   of   w o r k t a b l e   18,   t o   c l a m p   p a l l e t  

22  on  t a b l e   t o p   106 ,   h y d r a u l i c   f l u i d   is   i n t r o d u c e d   i n t o   c h a m -  

b e r   132  v i a   d u c t s   134  and   136.   To  r e l e a s e   t h e   c l a m p   f o r  

s h u t t l i n g ,   c h a m b e r   132  i s   e v a c u a t e d   and   h y d r a u l i c   f l u i d   i s  

i n t r o d u c e d   i n t o   c h a m b e r   152  v i a   d u c t s   154  and   156.   To  r a i s e  

t a b l e   t op   106  and   c l amp   144  f o r   i n d e x i n g ,   c h a m b e r   132  i s  

e v a c u a t e d   and  h y d r a u l i c   f l u i d   is  i n t r o d u c e d   i n t o   c h a m b e r s  

130  and   160  v i a   d u c t s   125  and   158  r e s p e c t i v e l y .   I t   s h o u l d  



be  n o t e d   t h a t   t h e   c l a m p i n g   a c t i o n   a l s o   p u l l s   t a b l e   t o p   1 0 6  

d o w n w a r d .   A i r   is   e v a c u a t e d   f r o m   t he   c h a m b e r   162  f o r m e d   a t  

t h e   b o t t o m   of   hub  108  by  d u c t s   164  and  166  when  t a b l e   t o p  
106  i s   l o w e r e d   and  i s   a d m i t t e d   t h e r e t o   when  t a b l e   t o p   106  i s  

r a i s e d .  

A  c o m p r e s s e d   a i r   s y s t e m   is  p r o v i d e d   in  w o r k t a b l e  

18  to   b l o w   c h i p s   away  f r o m   the   a l i g n m e n t   d e p r e s s i o n s   in   p a l -  

l e t   22  when  a  new  p a l l e t   22  is  p l a c e d   on  t a b l e   top   1 0 6 .  

T h i s   c o m p r e s s e d   a i r   s y s t e m   is   shown  in  F i g s .   6  and   7.  R e -  

f e r r i n g   t o   F i g .   6,  c o m p r e s s e d   a i r   is  r o u t e d   t h r o u g h   d u c t s  

168  and   170  in  i n n e r   c y l i n d e r   102  i n t o   c o m p r e s s e d   a i r   g r o o v e  
114  in  hub  108  of   t a b l e   t op   106.   T h i s   c o m p r e s s e d   a i r   i s  

c a r r i e d   t h r o u g h   d u c t s   172 ,   174 ,   176  and   178  in  t a b l e   t o p   1 0 6  

to  an  a n n u l a r   c o m p r e s s e d   a i r   g r o o v e   180  in  r i n g   g e a r   1 1 6 .  

From  g r o o v e   180,   t h e   c o m p r e s s e d   a i r   is   f e d   v i a   d u c t s   1 8 2  

( F i g .   7)  t o   d u c t s   184  in  a l i g n m e n t   b u t t o n s   150 .   The  c o m p r e s -  

s ed   a i r   e m e r g e s   as  j e t s   f r o m   t he   t o p s   o f   a l i g n m e n t   b u t t o n s  

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

in  p a l l e t   22  when  i t   is   b e i n g   i n i t i a l l y   c l a m p e d   on  t a b l e   t o p  
1 0 6 .  

The  d r i v e   means   f o r   r i n g   g e a r   116  is   shown  in  F i g .  

5.  B a s e   p l a t e   88  has   an  end  p l a t e   186  a t t a c h e d   t h e r e t o   t o  

w h i c h   i s   b o l t e d   a  m o t o r   188.   The  d r i v e   s h a f t   190  of   m o t o r  

188  is   i n s e r t e d   i n t o   a  h o l l o w   s l e e v e   192  w h i c h   has   a  b e v e l  

p i n i o n   b e a r   194  on  i t s   o t h e r   end  and   is   c o u p l e d   t h e r e t o   b y  

a  p i n   196  w h i c h   e x t e n d s   t h r o u g h   d r i v e   s h a f t   190  and   e n g a g e s  

s l o t s   198  in   s l e e v e   192 .   S l e e v e   192  is   j o u r n a l l e d   to   b a s e  

p l a t e   88  by  a  c o n v e n t i o n a l   b e a r i n g   a s s e m b l y   200  w h i c h   i s  

b o l t e d   to   b a s e   p l a t e   88  by  b o l t s   w h i c h   a r e   n o t   v i s i b l e   i n  

F i g .   5.  B e v e l   p i n i o n   194  d r i v e s   a  c l u s t e r   g e a r   202  w h i c h  

has   a  b e v e l   g e a r   204  on  i t s   b o t t o m   and   a  s p u r   g e a r   206  o n  

i t s   t o p .   C l u s t e r   g e a r   202  is   j o u r n a l l e d   to   b a s e   p l a t e   88  b y  

a  c o n v e n t i o n a l   means   and   is  d i m e n s i o n e d   so  t h a t   s p u r   g e a r  
206  is  e n g a g e d   w i t h   r i n g   g e a r   116  when  t a b l e   t o p   106  is   i n  

i t s   r a i s e d   p o s i t i o n   and  i s   d i s e n g a g e d   f r o m   r i n g   g e a r   1 1 6  

when  t a b l e   t o p   106  is   in  i t s   l o w e r e d   p o s i t i o n .   T h u s ,   w h e n  

t a b l e   t op   106  is  r a i s e d   by  t h e   h y d r a u l i c   m e a n s   d e s c r i b e d   i n  

p r e c e d i n g   p a r a g r a p h s ,   s p u r   g e a r   206  m e s h e s   w i t h   r i n g   g e a r  



116  and   p e r m i t s   s e r v o   m o t o r   188  to   r o t a t e   t a b l e   t o p   106  f o r  

i n d e x i n g   p u r p o s e s .   M o t o r   188  i s   c o n t r o l l e d   by  a  c o n v e n t i o n a l  

e l e c t r i c a l   c o n t r o l   c i r c u i t   ( n o t   s h o w n )   to   i n d e x   t a b l e  t o p   1 0 6  

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

m o v e m e n t   is   c o m p l e t e d ,   t a b l e   t op   106  i s   l o w e r e d   to   e n g a g e  
t o o t h e d   c o u p l i n g   120  and  to   d i s e n g a g e   g e a r s   206  and   1 1 6 .  

As  shown  in  F i g s .   5,  8,  a n d   9,  s p u r   g e a r   206  a l s o  

d r i v e s   a  g e a r   a s s e m b l y   208  w h i c h   has   a  l o w e r   g e a r   210  w h i c h  

e n g a g e s   g e a r   206  and  has  an  u p p e r   g e a r   212  ( F i g .   9)  w h i c h  

e n g a g e s   s h u t t l e   g e a r   80  o n l y   when  t a b l e   b a s e   10  i s   moved   i n t o  

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

a s s e m b l y   208  is   j o u r n a l l e d   in  a  b l o c k   213  by  c o n v e n t i o n a l  

m e a n s .   B l o c k   213  i s   a t t a c h e d   to   t h e   t o p   214  o f   b a s e   10  b y  

b o l t s   216 .   G e a r s   212  and  80  a r e   o n l y   e n g a g e d   when  t a b l e  

b a s e   10  is   moved  i n t o   t he   s h u t t l e   p o s i t i o n   w h e r e b y   t h e   s h u t -  

t l e   m e c h a n i s m   can  o n l y   be  a c t u a t e d   in   t h e   s h u t t l e   p o s i t i o n .  

S e r v o   m o t o r   188  is  c o n t r o l l e d   by  i t s   c o n t r o l   c i t c u i t   to  o p e -  
r a t e   in   t h e   a p p r o p r i a t e   d i r e c t i o n   f o r   t h e   a p p r o p r i a t e   n u m b e r  

o f   t u r n s   to  d r i v e   s h u t t l e   s l i d e   54  in  t h e   p r o p e r   d i r e c t i o n  

to  s h u t t l e   p a l l e t s   22  o n t o   o r   o f f   of   w o r k t a b l e   18.  T h u s  

s e r v o   m o t o r   188  d r i v e s   b o t h   w o r k t a b l e   18  a n d   s h u t t l e   54  a n d  

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

u n i t s .   S e r v o   m o t o r   188  c o n t a i n s   a  r e s o l v e r   and   t a c h o m e t e r  

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

when  d r i v i n g   t h e   w o r k t a b l e   18.   The  m o t o r ,   r e s o l v e r ,   a n d  

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

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

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

f e e d b a c k   d e v i c e s .  

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

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

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

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

p a r t i c u l a r   a p p a r a t u s   shown  a n d  d e s c r i b e d   i s   i n t e n d e d   to   b e  

i l l u s t r a t i v e   o n l y   and  t h a t   t h e   v a r i o u s   n o v e l   f e a t u r e s   of   t h e  

i n v e n t i o n   may  be  i n c o r p o r a t e d   in   o t h e r   s t r u c t u r a l   f o r m s   w i t h -  

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

d e f i n e d   in   t h e   s u b j o i n e d   c l a i m s .  



1.  A  m a c h i n e   t o o l   i n c l u d i n g   a  b e d ;   a  t a b l e   b a s e  

s l i d a b l y   m o u n t e d   on  s a i d   bed  f o r   m o v e m e n t   a l o n g   a  f i r s t   a x i s ;  

a  w o r k t a b l e   r o t a t a b l y   m o u n t e d   on  s a i d   b a s e   f o r   r o t a t i o n   a b o u t  

a  s e c o n d   a x i s   t r a n s v e r s e   to   s a i d   f i r s t   a x i s ;   a  m o t o r   m o u n t e d  

on  s a i d   b a s e ;   and  d r i v e   means   c o u p l e d   b e t w e e n   s a i d   m o t o r   a n d  

s a i d   w o r k t a b l e   to  r o t a t e   t h e   w o r k t a b l e ;   c h a r a c t e r i z e d   by  a  

p a l l e t   s h u t t l e   s l i d e   s l i d a b l y   m o u n t e d   on  a  f r a m e   f o r   m o v e -  

ment   a l o n g   a  t h i r d   a x i s   t r a n s v e r s e   to   s a i d   f i r s t   a x i s   and  t o  

s a i d   s e c o n d   a x i s ,   s a i d   p a l l e t   s h u t t l e   s l i d e   (54 )   b e i n g   p o s i -  

t i o n e d   to   s l i d e   p a l l e t s   (22)   o n t o   and  o f f   o f   s a i d   w o r k t a b l e  

( 1 0 ,   18)  in  one  p o s i t i o n   t h e r e o f ,   and   d r i v e   means   c o u p l i n g  

s a i d   m o t o r   ( 1 8 8 )   to  s a i d   p a l l e t   s h u t t l e   s l i d e   (54)   when  s a i d  

w o r k t a b l e   (10 ,   l 8 )   is   in  p o s i t i o n   to  t r a n s f e r   p a l l e t s   t h e r e -  

to  w h e r e b y   s a i d   m o t o r   d r i v e s   s a i d   s h u t t l e   s l i d e .  

2.  The  m a c h i n e   t o o l   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

s a i d   w o r k t a b l e   has   a  top   (18 )   w h i c h   is   j o u r n a l l e d   f o r   r o t a -  

t i o n   a b o u t   s a i d   s e c o n d   a x i s ,   c h a r a c t e r i z e d   by  means   f o r   m o v -  

ing   s a i d   t a b l e   t op   (18)   a l o n g   s a i d   s e c o n d   a x i s   b e t w e e n   a  

r a i s e d   and  l o w e r e d   p o s i t i o n ;   a  f i r s t   g e a r   ( 202)   d r i v e n   b y  

s a i d   m o t o r   ( 1 8 8 )   and  c o n n e c t e d   to  a c t u a t e   b o t h   s a i d   w o r k t a b l e  

t op   (18)   and  s a i d   s h u t t l e   s l i d e   (54)   s e l e c t i v e l y ;   and  a  s e -  

cond   g e a r   ( 1 1 6 )   c o u p l e d   to  s a i d   w o r k t a b l e   top  ( 1 0 6 )   and  p o s i -  

t i o n e d   to  e n g a g e   s a i d   f i r s t   g e a r   ( 2 0 2 )   when  s a i d   w o r k t a b l e  

top   is  in  i t s   r a i s e d   p o s i t i o n   f o r   r o t a t i n g   s a i d   w o r k t a b l e  

t op   and  to  be  d i s e n g a g e d   f r o m   s a i d   f i r s t   g e a r   ( 202)   when  s a i d  

w o r k t a b l e   top   (18)   is   in  i t s   l o w e r e d   p o s i t i o n .  

3.  The  m a c h i n e   t o o l   a c c o r d i n g   to  c l a i m   2,  c h a r a c -  

t e r i z e d   in  t h a t   s a i d   f i r s t   g e a r   is   a  c l u s t e r   g e a r   ( 2 0 2 )   h a v -  

i ng   a  f i r s t   p o r t i o n   ( 2 0 6 )   w h i c h   is   p o s i t i o n e d   to  e n g a g e   s a i d  

s e c o n d   g e a r   ( 1 1 6 )   and  h a v i n g   a  s e c o n d   p o r t i o n   ( 2 0 4 )   w h i c h   i s  

p o s i t i o n e d   to  be  d r i v e n   by  s a i d   m o t o r   ( 1 1 8 ) .  

4.  The  m a c h i n e   t o o l   a c c o r d i n g   to   c l a i m   2  or   3 ,  

c h a r a c t e r i z e d   by  a  t h i r d   g e a r   ( 2 1 0 ,   212)   e n g a g e d   to  be  d r i v e n  

by  s a i d   f i r s t   g e a r   ( 2 0 2 ) ;   and  a  f o u r t h   g e a r   (80)   c o u p l e d   t o  

s a i d   p a l l e t   s h u t t l e   s l i d e   ( 5 4 ) ,   s a i d   f o u r t h   g e a r   (80)   b e i n g  

p o s i t i o n e d   to  e n g a g e   s a i d   t h i r d   g e a r   ( 2 1 2 )   when  s a i d   w o r k -  



t a b l e   (10,-  18)  is  moved  i n t o   p o s i t i o n  t o   r e c e i v e   p a l l e t s   s o  
t h a t   s a i d   f o u r t h   g e a r   (80)   w i l l   be  a c t u a t e d   by  s a i d   t h i r d  

g e a r   ( 2 1 2 )   f o r   d r i v i n g   s a i d   p a l l e t   s h u t t l e   s l i d e   (54)   in  i t s  

p a t h   of   t r a v e l   to  t r a n s f e r   p a l l e t s   o n t o   and  o f f   of   s a i d   w o r k -  

t a b l e   ( 1 8 ) .  

5.  The  m a c h i n e   t o o l   a c c o r d i n g   to  c l a i m   4,  c h a r a c -  

t e r i z e d   in  t h a t   s a i d   t h i r d   g e a r   is  a  g e a r   a s s e m b l y   h a v i n g   a  

f i r s t   p o r t i o n   ( 2 1 0 )   w h i c h   is   p o s i t i o n e d   to  e n g a g e   s a i d   f i r s t  

g e a r   ( 2 0 2 )   and  h a v i n g   a  s e c o n d   p o r t i o n   ( 2 1 2 )   w h i c h   is   p o s i -  

t i o n e d   to  e n g a g e   s a i d   t h i r d   g e a r .  
6.  The  m a c h i n e   t o o l   a c c o r d i n g   to   c l a i m   4  or   5 ,  

w h e r e i n   s a i d   f o u r t h   g e a r   is   a  p i n i o n   g e a r   ( 8 0 ) ,   c h a r a c t e r i z e d  

by  a  r a c k   g e a r   (66)   c o u p l e d   to  s a i d   p a l l e t   s h u t t l e   s l i d e   ( 5 4 )  

and   e n g a g e d   w i t h   s a i d   p i n i o n   g e a r   (80)   to   be  d r i v e n   t h e r e b y .  

7.  The  m a c h i n e   t o o l   a c c o r d i n g   to   any   of   c l a i m s   1  

to  6,  c h a r a c t e r i z e d   by  a  p a i r   of   s h u t t l e   b a s e s   (26 ,   28)  p o s i -  

t i o n e d   in  s p a c e d   a p a r t   r e l a t i o n   o p p o s i t e   s a i d   one  p o s i t i o n  

of   s a i d   w o r k t a b l e ,   s a i d   p a l l e t   s h u t t l e   s l i d e   (54)   b e i n g   s l i d -  

a b l y   m o u n t e d   on  top   of   s a i d   s h u t t l e   b a s e s   (26 ,   2 8 ) .  

8.  The  m a c h i n e   t o o l   a c c o r d i n g   to   c l a i m   7  as  d e p e n -  

d e n t   on  c l a i m   6,  by  an  e l o n g a t e d   h o u s i n g   (68)   m o u n t e d   on  s a i d  

s h u t t l e   b a s e   b e l o w   s a i d   p a l l e t   s h u t t l e   s l i d e   ( 5 4 ) ,   s a i d   r a c k  

g e a r   (66)   b e i n g   s l i d a b l y   m o u n t e d   on  s a i d   h o u s i n g   (68)   a n d  

s a i d   p i n i o n   g e a r   (80)   b e i n g   r o t a t a b l y   m o u n t e d   in  s a i d   h o u s -  

i n g   ( 6 8 ) .  

9.  The  m a c h i n e   t o o l   a c c o r d i n g   to  c l a i m   8,  w h e r e i n  

s a i d   h o u s i n g   (68)   s u p p o r t s   t h e   r e a r   o f   s a i d   p a l l e t   s h u t t l e  

s l i d e   ( 5 4 ) ,   c h a r a c t e r i z e d   by  f i n g e r s   p r o j e c t i n g   d o w n w a r d l y  

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

s u p p o r t e d   by  s a i d   s h u t t l e   t a b l e s   to   s u p p o r t   t h e   f r o n t   o f   s a i d  

p a l l e t   s h u t t l e   s l i d e .  
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