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§)  L'rft  fixture. 

A  lift  fixture  (10)  for  holding  and  centering  a  workpiece 
(93)  includes  a  handling  ring  (16)  defined  by  a  yoke  (17)  and  a 
clamp  slide  (20)  mounted  on  the  yoke,  means  (48)  for  closing 
the  clamp  slide  (20),  a  support  apparatus  (12)  for  positioning 
the  handling  ring  (16),  and  a  plurality  of  angularly  spaced 
holding  mechanisms  (33,34,40,41)  for  gripping  the  work- 

piece  (93).  The  holding  mechanisms  (33,34,40,41)  are  mov- 
ably  mounted  to  the  handling  ring  (16)  so  as  to  move  relative 
to  the  ring  along  a  line  generally  tangent  to  the  workpiece 
(93).  The  holding  mechanisms  (33,34,40,41)  are  biased  to  a 
centered  position,  as  by  springs  (87,88),  so  that  when  the 
workpiece  (93)  is  lifted,  it  is  urged  to  a  centered  position 
within  the  ring  (16). 





T e c h n i c a l   F i e l d  

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

a  w o r k p i e c e   and ,   more   p a r t i c u l a r l y ,   to   s u c h   a  d e -  

v i c e   w h i c h   g r i p s   and  c e n t e r s   t h e   w o r k p i e c e   w i t h o u t  

s c u f f i n g .  

B a c k g r o u n d   A r t  

G r a w e y   U.  S.  P a t e n t   No.  4 , 0 5 3 , 2 7 2 ,   e n -  

t i t l e d   " A p p a r a t u s   and  Method   f o r   F o r m i n g   a  T u b e  

A r t i c l e   on  a  C o r e " ,   i s s u e d   O c t o b e r   11,  1977  a n d  

a s s i g n e d   to   t h e   a s s i g n e e   of  t h e   p r e s e n t   i n v e n t i o n ,  

d i s c l o s e s   an  e x e m p l a r y   a p p a r a t u s  f o r   f o r m i n g   on  a 

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

u n c u r e d   e l a s t o m e r i c   m a t e r i a l ,   s u c h   as  r u b b e r .   T h i s  

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

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

moved  to   and  f r o m   t h e   a p p a r a t u s   and  t u r n e d   so  t h a t  

l a y e r s   of   r u b b e r   m a t e r i a l   may  be  a p p l i e d   to   b o t h  

s i d e s   of  t h e   c o r e .  

Of  p a r t i c u l a r   i m p o r t a n c e   in   t h e   m a n u f a c t u r e  

of   s u c h   t u b e s   or  t i r e s   i s   t he   p r o p e r   f o r m a t i o n   o f  

t he   o v a l ,   t o r o i d a l   s a n d   c o r e   in  p r e p a r a t i o n   f o r   t h e  

w r a p p i n g   of   m a t e r i a l   t h e r e a b o u t .   O b v i o u s l y ,   h a n d l i n g  

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

mus t   be  done   w i t h   g r e a t   c a r e   and  a c c u r a c y   to  e n s u r e  

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

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

so  t h a t   t he   f i n a l   m a n u f a c t u r e d   t i r e   w i l l   be  f r e e   f r o m  

b l e m i s h e s   and  p e r f e c t l y   b a l a n c e d .  



T h u s ,   any  m a t e r i a l   h a n d l i n g   m e c h a n i s m  

u s e d   to   move  or  t u r n   t h e   c o r e   c a n n o t  d a m a g e   or   s c u f f  

t h e   c o r e .   O t h e r w i s e ,   t h e   f i n i s h e d   t u b e   or   t i r e   w i l l  

be  o u t   o f   r o u n d   o r   d e f e c t i v e .   y e t ,   s u f f i c i e n t   f o r c e  

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

and  l o c a t e   t h e   c o r e .   H e r e t o f o r e ,   m a t e r i a l   h a n d l i n g  

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

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

of   t h e s e   t u b e s .   No  m e c h a n i s m   has  b e e n   f o u n d   w h i c h  

i s   c a p a b l e   o f   u s e   w i t h   c o r e s   of   v a r i o u s   s i z e ,  

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

e x a c t   p o s i t i o n i n g   o f   t h e   c o r e   a t   a  work   s t a t i o n .  

The  p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   o v e r -  

c o m i n g   one  or   more   o f   t h e   p r o b l e m s   as  s e t   f o r t h  

a b o v e .  

D i s c l o s u r e   o f   I n v e n t i o n  

To  o v e r c o m e   t h e   p r o b l e m s   a s s o c i a t e d   w i t h  

p r i o r   a r t   c o n s t r u c t i o n s ,   a  l i f t   f i x t u r e   i s   p r o v i d e d  

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

p a d s   w h i c h   a r e   m o v a b l e   r e l a t i v e   to   t he   l i f t   f i x -  

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

w o r k p i e c e   t h a t   may  be  o f   v a r y i n g   s i z e .   when   t h e  

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

means   a u t o m a t i c a l l y   s h i f t s   t h e   w o r k p i e c e   to   t h e   c e n t e r  

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

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

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t h e   l i f t  

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

s l i d e   w h i c h   e x t e n d s   b e t w e e n   t h e   yoke   arms  so  as  t o  

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



to  a  c l o s e d   p o s i t i o n   by  a  f l u i d   m o t o r .   The  l i f t  

f i x t u r e   has   t h r e e   or  more   a n g u l a r l y   s p a c e d   p a d s ,   a 

p o r t i o n   of   w h i c h   a r e   m o v a b l y   m o u n t e d   on  t h e   y o k e  

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

In  an  e x e m p l a r y   e m b o d i m e n t   o f   t h e   i n v e n t i o n ,  

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

c a r r i e d   on  c a r r i a g e s   w h i c h ,   in   t u r n ,   a r e   m o u n t e d   f o r  

l i n e a r   m o v e m e n t   on  t h e   yoke   and  c l a m p   s l i d e .   T h e  

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

m i n i m i z e   s c u f f i n g   o f   t h e   c o r e   as  t h e   h o l d i n g  

m e c h a n i s m s   a r e   moved  a g a i n s t   t h e   c o r e .  

In  one  a s p e c t   of  t h e   i n v e n t i o n ,   t h e   c a r r i a g e s  

e n g a g e   and  move  a l o n g   a  l i n e a r   s l i d e   r o d   and  t h e   r e -  

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

P r e l o a d e d   s p r i n g s   a c t i n g   on  o p p o s i t e   s i d e s   of   t h e  

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

on  the   rod   and  b i a s   t he   h o l d i n g   d e v i c e   t o w a r d   a 

w o r k p i e c e   c e n t e r i n g   p o s i t i o n   when  t h e   w o r k p i e c e  

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

In  a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n ,   t he   l i f t  

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

h o r i z o n t a l ,   v e r t i c a l ,   s w i n g i n g ,   and  r o t a t i o n a l  

m o v e m e n t   s u c h   t h a t   t h e   l i f t   f i x t u r e   can   be  moved  t o  

any  d e s i r e d   p o s i t i o n .   As  a  r e s u l t ,   t h e   l i f t   f i x -  

t u r e   can  t r a n s p o r t   t h e   w o r k p i e c e   to   any  d e s i r e d  

l o c a t i o n   or  t u r n   t h e   w o r k p i e c e   o v e r .  

B r i e f   D e s c r i p t i o n   of   D r a w i n g s  

F i g .   1  is   a  t o p   v i e w   p a r t i a l l y   in   s e c t i o n  

of  an  e x e m p l a r y   l i f t   f i x t u r e   c o n s t r u c t e d   in  a c c o r d -  

ance   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  



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

f i x t u r e   o f   F i g .   1 ;  

F i g .   3  i s   an  e n l a r g e d ,   f r a g m e n t a r y   e l e v a t i o n -  

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

w o r k p i e c e ;  

F i g .   4  i s   an  e n l a r g e d ,   f r a g m e n t a r y   e l e v a t i o n -  

a l   v i e w   s i m i l a r   to   F i g .   3,  b u t   s h o w i n g   t h e   h o l d i n g  
m e c h a n i s m   in  c o n t a c t   w i t h   t h e   w o r k p i e c e ;  

F i g .   5  i s   an  e x p l o d e d ,   p e r s p e c t i v e   v i e w  

p a r t i a l l y   in   s e c t i o n   of   one  o f   t h e   h o l d i n g   m e c h a n i s m s ;  

F i g .   6  i s   a  b o t t o m   v i e w   of   t h e   h o l d i n g  
m e c h a n i s m   t a k e n   a l o n g   l i n e   6 -6   o f   F i g .   5 ;  

F i g .   7  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w  

t a k e n   a l o n g   t h e   l i n e s   7-7   o f   F i g .   6;  a n d  

F i g .   8  i s   a  s c h e m a t i c   v i e w   of   an  a l t e r n a t i v e  

e m b o d i m e n t   o f   t h e   l i f t   f i x t u r e   u t i l i z i n g   t h r e e   h o l d -  

i n g   m e c h a n i s m s .  

B e s t   Mode  f o r   C a r r y i n g   o u t   t h e   I n v e n t i o n  

In  t h e   e x e m p l a r y   e m b o d i m e n t   of   t h e   i n v e n t i o n  

shown  in  F i g s .   1  t h r o u g h   7,  a  l i f t   f i x t u r e ,   g e n e r a l l y  

d e s i g n a t e d   10,  i s   c a r r i e d   by  a  s u p p o r t   a p p a r a t u s ,  

b r o a d l y   d e s i g n a t e d   12.  The  s u p p o r t   a p p a r a t u s   12  i s  

a d a p t e d   to   p o s i t i o n   t h e   l i f t   f i x t u r e   10  in   d e s i r e d  

l o c a t i o n   and  o r i e n t a t i o n .   The  s u p p o r t   a p p a r a t u s   1 2  

i n c l u d e s   a  r o b o t ,   a  p a r t   o f   w h i c h   is   shown  and  d e s i g n a t -  

ed  13,  c a p a b l e   o f   h o r i z o n t a l ,   v e r t i c a l ,   and  s w i n g i n g  

m o t i o n ,   and  a  r o t a r y   a c t u a t o r   14  f o r   r o t a t i n g   t h e   l i f t  

f i x t u r e   10  o n e - h u n d r e d - e i g h t y   d e g r e e s .  

The  l i f t   f i x t u r e   10  i s   s e e n   to   i n c l u d e   a  

h a n d l i n g   r i n g   16  c o m p r i s i n g   a  h o r s e s h o e - s h a p e d   yoke   17  



h a v i n g   a  b a s e   p o r t i o n   18  f i x e d   to   t h e   s u p p o r t   a p p a r a t u s  

12  and  a  c l a m p   s l i d e   20  m o u n t e d   to  t h e   yoke   17  and  e x -  

t e n d i n g   b e t w e e n . t h e   arm  p o r t i o n s   22  and  23  of  t he   yoke   1 7 .  

The  arm  p o r t i o n s   22  and  23  a r e   s p a c e d   o n ' e i t h e r   s i d e   o n  

t h e   c e n t r a l   l o n g i d u t i n a l   a x i s   of   t h e   yoke   1 7 .  

The  yoke   17  (as  shown  in   F i g .   2)  c o m p r i s e s   a n  

u p p e r   p l a t e   25,  a  l o w e r   p l a t e   26,  and  v a r i o u s   c r o s s p i e c e s  

2 8 , 2 9 , 3 0   and  31  (as  shown  in  F i g .   1 ) ,   w h i c h   a r e   s e c u r e d  

b e t w e e n   t h e   u p p e r   and  l o w e r   p l a t e s   25  and   26  and  w h i c h  

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

s t r u c t u r a l   r i g i d i t y .   M o u n t e d   to   t h e   yoke   17  a t   an  a n g l e  

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

of   f o r t y - f i v e   d e g r e e s   r e l a t i v e   to   t h e   yoke   l o n g i t u d i n a l  

a x i s   a r e   a  p a i r   of   h o l d i n g   m e c h a n i s m s   33  and  3 4 .  

The  c l a m p   s l i d e   20  c o m p r i s e s   an  u p p e r   p l a t e  

36,  a  l o w e r   p l a t e   37,  and  a  c r o s s p i e c e   38.  M o u n t e d  

to  t h e   c l a m p   s l i d e   20  a t   n i n e t y   d e g r e e s   r e l a t i v e   t o  

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

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

h o l d i n g   m e c h a n i s m s   40  and  41 .   Each   end  43"  of   t h e  

c l a m p   s l i d e   20  i s   m o u n t e d   f o r   l i n e a r   m o v e m e n t   v i a  

b u s h i n g s   44  to   a  c l a m p   s l i d e   s h a f t   46  c a r r i e d   i n  

e a c h   of   t h e   yoke   arm  p o r t i o n s   22  and  23.  M o v e m e n t  

of   t h e   c l a m p   s l i d e   20  a l o n g   t h e   y o k e   l o n g i t u d i n a l  

a x i s ,   as  i n d i c a t e d   by  a r r o w   47,   i s   e f f e c t e d   b y  

a  f l u i d   c l a m p i n g   m o t o r ,   or  j a c k   48,   l o c a t e d  

in  e a c h   of   t h e   yoke   arm  p o r t i o n s   22  and  23.  E a c h  

of  t h e   j a c k s   48  has   an  a i r   c y l i n d e r   49  s e c u r e d   t o  

t h e   yoke   c r o s s p i e c e   29  and  a  r o d   50  h a v i n g   a  b i -  

f u r c a t e d   end  52  p i v o t a l l y   c o n n e c t e d   to  a  c l a m p  



s l i d e  b r a c k e t   53,  t h e   b r a c k e t   53  e x t e n d i n g   t h r o u g h  

a  s l o t   55  d e f i n e d   i n   t h e   y o k e   c r o s s p i e c e   3 0 .  

Each   of  t h e   h o l d i n g   m e c h a n i s m s   3 3 , 3 4 , 4 0  

and  41  is   m o v a b l y   m o u n t e d   to   i t s   r e s p e c t i v e   yoke   17  

or   c l a m p   s l i d e   20  by  way  o f   a  m o u n t i n g   a s s e m b l y   5 7 .  

As  shown  h e r e i n ,   t h e   h o l d i n g   m e c h a n i s m s   3 3 , 3 4 , 4 0   a n d  

41  a r e   m o u n t e d   on  a  common  p l a n e   on  t h e   i n s i d e   o f  

t h e   h a n d l i n g   r i n g   16.   E a c h   m o u n t i n g   a s s e m b l y   57  

i n c l u d e s   a  b a s e   p l a t e   58  f i x e d ,   as  b y ' b o l t s   ( n o t  

s h o w n ) ,   to   t h e   y o k e   c r o s s p i e c e   28  ( F i g .   1)  or   t o  

t h e   c l a m p   c r o s s p i e c e   38  ( F i g s .   3  and  4 ) ,   a  p a i r   o f  

s p a c e d   a p a r t ,   u p r i g h t   end  p l a t e s   60  and  61,   a n d  

a  p a i r   of  s p a c e d ,   p a r a l l e l   g u i d e   s h a f t s   63  and  64  ( F i g s .  
5  and  6)  e x t e n d i n g   b e t w e e n   t h e   end  p l a t e s   60  and  6 1  

and   h e l d   in   p l a c e   by  r e t a i n i n g   r i n g s   66 .   The  g u i d e  
s h a f t s   63  and  64  of   e a c h   o f   t h e   h o l d i n g   m e c h a n i s m s  

i s   o r i e n t e d   a t   an  a n g l e   o f   f o r t y - f i v e   d e g r e e s  

r e l a t i v e   to   t h e   yoke   l o n g i t u d i n a l   a x i s .  

Each  of  t h e   h o l d i n g   d e v i c e s   3 3 , 3 4 , 4 0   and  4 1  

c o m p r i s e s   a  pad  s u b a s s e m b l y   67  and  a  c a r r i a g e   s u b -  

a s s e m b l y   69.   The  pad  s u b a s s e m b l y   67  i n c l u d e s   a  f l a t  

p l a t e   70  ( F i g .   5 ) ,   a  d e f o r m a b l e   s o f t   r u b b e r   pad  7 2  

on  t h e   t o p s i d e   of  t h e   p l a t e   70  e n c l o s e d   by  a  s u i t -  

a b l e   c o v e r   b o n d e d   to   t h e   p l a t e   70,  and  a  p a i r   o f   p i n  
b r a c k e t s   75  and  76  d e p e n d i n g   f r o m   t h e   u n d e r s i d e   o f  

t h e   p l a t e   7 0 .  

The  c a r r i a g e   s u b a s s e m b l y   69  i n c l u d e s   a  f l a t  

p l a t e   78,  f o u r   s l e e v e s ,   e a c h   d e s i g n a t e d   79,  f i x e d   t o  

t h e   b o t t o m   of   t h e   p l a t e   78,   and  a  c e n t r a l l y   l o c a t e d  

p i v o t  b l o c k   81  e x t e n d i n g   a b o v e   and  b e l o w   t h e   p l a t e   7 8 .  



The  s l e e v e s   79  a r e   a r r a n g e d   in   c o - l i n e a r   p a i r s   a n d  

s l i d e   l i n e a r l y   a l o n g   t h e   g u i d e   s h a f t s   63  and  6 4  

c a r r i e d   by  t he   end  p l a t e s   6 0 , 6 1   to   mount   t he   c a r r i a g e  

s u b a s s e m b l y   69  o n  t h e   m o u n t i n g   a s s e m b l y   57.  L i n -  

e a r   b a l l   b e a r i n g s   ( n o t   shown)   in   t h e   s l e e v e s   7 9 ,  

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

b e t w e e n   t h e   s h a f t s   6 3 , 6 4   and  t h e   s l e e v e s   79.  T h e  

u p p e r   end  of   t h e   p i v o t   b l o c k   81  i s   c o n n e c t e d   b e t w e e n  

t h e   p i n   b r a c k e t s   75  and  76  by  a  p i v o t   p i n   82  so  a s  

to   moun t   t h e   pad  s u b a s s e m b l y   67  t o   t h e   c a r r i a g e   s u b -  

a s s e m b l y   69  and  m o u n t i n g   a s s e m b l y   57.   A  rod  8 4 ,  

w h i c h   is   a l s o   a  p a r t   of  t he   m o u n t i n g   a s s e m b l y ,   e x t e n d s  

t h r o u g h   t h e   p i v o t   b l o c k   81  and  i s   c e n t r a l l y   f i x e d  

by  r e t a i n i n g   r i n g s   85  b e t w e e n   t h e   end  p l a t e s   6 0  

and  61  of  t h e   m o u n t i n g   a s s e m b l y   57  p a r a l l e l   to   t h e  

g u i d e   s h a f t s   63  and  64.   The  a x i s   of   t he   rod   84  i s  

t r a n s v e r s e   to   t he   a x i s   of   t h e   p i n   82.   P r e l o a d e d  

s p r i n g s   87  and  88  c o i l e d   a b o u t   t h e   rod  84,  one  o n  

o p p o s i t e   s i d e s   of   t he   p i v o t   b l o c k   81,  p r o v i d e   a 

s p r i n g   f o r c e   a c t i n g   b e t w e e n   t h e   end  p l a t e s   60  a n d  

61  and  t h e   w a s h e r s   90  and  91  l o c a t e d   on  e i t h e r   s i d e  

of  t he   p i v o t   b l o c k   81.   The  s p r i n g s   87  and  88  b i a s  

e a c h   of   t he   pad   s u b a s s e m b l i e s   67  and  c a r r i a g e   s u b -  

a s s e m b l i e s   69  of   t h e   h o l d i n g   m e c h a n i s m s   3 3 , 3 4 , 4 0   a n d  

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

i t s   r e s p e c t i v e   m o u n t i n g   a s s e m b l y   5 7 .  

In  o p e r a t i o n ,   t h e   l i f t   f i x t u r e   10  i s  

p o s i t i o n e d   o v e r   t h e   w o r k p i e c e   93,  as  s e e n   in  F i g s .  

2  and  3,  and  is   l o w e r e d   o n t o   t h e   w o r k p i e c e   93  w i t h  

t h e   c l a m p   s l i d e   20  in  open   p o s i t i o n   as  s e e n   i n  



p h a n t o m   in  F i g .   1.  At  t h i s   p o i n t ,   t h e   l i f t   f i x t u r e  

10  i s   n o t   in   c o n t a c t   w i t h   t h e   w o r k p i e c e   93.   T h e  

r o b o t   13  t h e n   m a n e u v e r s   t n e   l i f t   f i x t u r e   10  t o   , 
c e n t e r   t h e   w o r k p i e c e   93  as  c l o s e   as  p o s s i b l e   b e t w e e n  

t h e   yoke   arms  22  and  23.   The  r o b o t   13  t h e n   s l o w l y  

d r i v e s   t h e   yoke   17  t o w a r d   t h e   w o r k p i e c e   93  a l o n g   t h e  

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

t h e   s o - c a l l e d   s t a t i o n a r y   h o l d i n g   m e c h a n i s m s   33  a n d  

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

p i e c e   93  w i t h   a  m e a s u r a b l e   p r e d e t e r m i n e d   f o r c e .  

T h e  h o l d i n g   m e c h a n i s m s   33  and  34  o p e r a t e   in   a  m a n n e r  

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

t h e   h o l d i n g   d e v i c e   4 1 .  

T h e r e a f t e r ,   t h e   c l a m p   s l i d e   20  i s   moved  b y  

t h e   j a c k   48  f rom  i t s   o p e n   p o s i t i o n   a l o n g   t h e   y o k e  

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

s o - c a l l e d   m o v i n g   h o l d i n g   m e c h a n i s m s   40  and  41  m a k e  

c o n t a c t   w i t h   t h e   w o r k p i e c e   93.  When  t h e   c l a m p   s l i d e  

h o l d i n g   m e c h a n i s m s   40  and  41  c o n t a c t   t h e   w o r k p i e c e  

93,  t h e   pad   s u b a s s e m b l i e s   67  w i l l   n o t   move  a l o n g   t h e  

c i r c u m f e r e n t i a l   s u r f a c e   of  t h e   w o r k p i e c e   93.  How-  

e v e r ,   as  shown  in  F i g .   4,  t h e   pad   s u b a s s e m b l y   6 7  

w i l l   p i v o t   c l o c k w i s e ,   as  shown  by  a r r o w s   95,  t o  

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

s u r f a c e .   As  t h e   c l a m p   s l i d e   2 0  c o n t i n u e s   t o   c l o s e  

t o w a r d   t h e   l e f t ,   as  d e p i c t e d   by  a r r o w s   96  in   F i g s .  

3  and  4,  t h e   m o u n t i n g   a s s e m b l i e s   57 ,   w h i c h   a r e  

f i x e d   t o   t h e   c l a m p   s l i d e   20,  a l s o   move  l e f t w a r d ,  

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

d e g r e e   w i t h   r e s p e c t   to   t h e   w o r k p i e c e .   I n s t e a d ,   t h e  



h o l d i n g   m e c h a n i s m   41  w i l l   move  r i g h t w a r d   r e l a t i v e  

to   t he   l e f t w a r d   m o v i n g   m o u n t i n g   a s s e m b l y   57  a s  

shown  by  a r r o w s   98  a l o n g   a  l i n e   g e n e r a l l y   p a r a l l e l ,  

to   t h e   t a n g e n t   l i n e   of  t h e   w o r k p i e c e   a t   t h e   p o i n t  

o f   pad  c o n t a c t .   T h i s   r e l a t i v e   m o v e m e n t   i s   a g a i n s t  

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

8 8 .  

When  t h e   p r e s s u r e   a p p l i e d   to   t h e   w o r k p i e c e  

t h r o u g h   t he   h o l d i n g   m e c h a n i s m s   3 3 , 3 4 , 4 0   and  41  i s  

s u f f i c i e n t ,   r e t r a c t i o n   o f   t he   j a c k s   48  i s   t e r m i n a t e d  

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

99  by  t he   r o b o t   13.  o n c e   t h e   w o r k p i e c e   93  i s  

e l e v a t e d   f rom  t h e   t a b l e ,   t he   w o r k p i e c e   w i l l   be  r e -  
t a i n e d   w i t h i n   t h e   h a n d l i n g   r i n g   16.  The  h o l d i n g   m e c h a n -  

i sm  s p r i n g s   87  and  88  a c t i n g   t h r o u g h   t h e   w o r k p i e c e   93  

w i l l   e q u a l i z e   p r e s s u r e   b e t w e e n   t h e   r e s p e c t i v e  

m a t c h e d   s p r i n g s   8 7 , 8 8   o f  e a c h   s p r i n g   p a i r   to   b i a s   t h e  

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

a x i s   of  t h e   y o k e .   The  l a t e r a l   c e n t e r   of   t h e   w o r k -  

p i e c e   93  i s   known  f r o m   t h e   a m o u n t   o f   c l a m p   s l i d e  

c l o s u r e .  

In  F i g .   8,  t h e   a r r a n g e m e n t   of   t h r e e   h o l d -  

i n g   m e c h a n i s m s   100  i s   shown  s c h e m a t i c a l l y   in   a  l i f t  

f i x t u r e   of   a l t e r n a t i v e   c o n s t r u c t i o n .   H e r e i n ,   t h e  

h o l d i n g   m e c h a n i s m s   100,   as  i n d i c a t e d   by  a r c u a t e  

a r r o w s   102,   a r e   l o c a t e d   o n e - h u n d r e d - t w e n t y   d e g r e e s ,  

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

one  l y i n g   on  t h e   yoke   l o n g i t u d i n a l   a x i s   p a s s i n g  

t h r o u g h   an  a c t u a t o r   114  of   r o b o t   113 .   As  i n d i c a t e d  

by  a r r o w s   103,   t h e   h o l d i n g   m e c h a n i s m s   100  have   p a d s  



104  m o v a b l e   t a n g e n t i a l l y   r e l a t i v e   to  t h e   w o r k p i e c e   9 3 .  

when  t h e   w o r k p i e c e   93  i s   l i f t e d ,   t h e   h o l d i n g   m e c h a n i s m s  

100  p r o v i d e   p r e s s u r e   d i s t r i b u t e d   e q u a l l y   to   t h e   w o r k -  

p i e c e   93  to   c e n t e r   t h e   w o r k p i e c e .  

I n d u s t r i a l   A p p l i c a b i l i t y  

The  l i f t   f i x t u r e   d e s c r i b e d   h e r e i n   may  b e  

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

f o r   t r a c t o r s   and  t h e   l i k e ,   b u t   i s   n o t ' l i m i t e d   t o  

t h a t   a p p l i c a t i o n .   T y p i c a l l y ,   t h i s   t y p e   of  t i r e  

c a r c a s s   has   an  o u t s i d e   d i a m e t e r   of   f i f t y   to   s i x t y -  

f o u r   i n c h e s   or   more   and  w e i g h s   f i v e   h u n d r e d   p o u n d s  

or  m o r e .   T h u s ,   i t   can   be  s e e n   t h a t   t h e   l i f t   f i x t u r e  

can   be  e m p l o y e d   w i t h   a  w i d e   r a n g e   o f   c o r e   s i z e s .   I n  

t h i s   a p p l i c a t i o n ,   t h e   s p r i n g s   87  and  88  h a v e   a  p r e -  
l o a d   o f   a p p r o x i m a t e l y   f i f t y   p o u n d s .   The  h o l d i n g  

m e c h a n i s m s   can   move  l i n e a r l y   a b o u t   one  i n c h   i n  

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

w i t h   t h e   pad   s u b a s s e m b l y   p l a t e s   70  b e i n g   s p a c e d  

a b o u t   f i v e - e i g h t h s   of   an  i n c h   f rom  t h e   c a r r i a g e  

s u b a s s e m b l y   p l a t e s   78  to   p e r m i t   a  s m a l l   d e g r e e   o f  

p i v o t a b i l i t y   t h e r e b e t w e e n .  

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

w i l l   d e f l e c t   a b o u t   o n e - f o u r t h   o f   an  i n c h   u n d e r   a  

one  h u n d r e d   p o u n d   l o a d .   The  t a c k y   c a r c a s s   s u r f a c e  

w i l l   n o t   s l i d e   r e l a t i v e   to   t h e   pad   s u r f a c e .   T h i s  

l a c k   of   r e l a t i v e   m o v e m e n t   m i n i m i z e s   or   e l i m i n a t e s  

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

when  t h e   c o r e   i s   e n g a g e d   and  l i f t e d   d u r i n g   a  t r a n s -  

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



O t h e r   a s p e c t s ,   o b j e c t s   and  a d v a n t a g e s   o f  

t h i s   i n v e n t i o n   can   be  o b t a i n e d   f rom  a  s t u d y   of  t h e  

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



1 .   A  l i f t   f i x t u r e   (10)  f o r  h o l d i n g  a n d  

c e n t e r i n g   a  w o r k p i e c e   (93)  c o m p r i s i n g :  

a  yoke   (17)  h a v i n g   arms  ( 2 2 , 2 3 )   on  e i t h e r  

s i d e   of  t h e   yoke   l o n g i t u d i n a l   a x i s   and  a d a p t e d   t o  

be  p o s i t i o n e d   a b o u t   t h e   w o r k p i e c e   ( 9 3 ) ;  

a  c l a m p   (20)  m o u n t e d   b e t w e e n   t h e   yoke   a r m s  

( 2 2 , 2 3 ) ;  

means   (48)  f o r   d r i v i n g   s a i d   c l a m p   ( 2 0 )  

b e t w e e n   an  open   p o s i t i o n   and  a  c l o s e d   p o s i t i o n   a d -  

j a c e n t   t h e   w o r k p i e c e   ( 9 3 ) ;  

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

m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   a d a p t e d   to   g r i p   t h e   w o r k -  

p i e c e   ( 9 3 ) ,   a  p o r t i o n   of   s a i d   h o l d i n g   m e c h a n i s m s  

b e i n g   c a r r i e d   by  s a i d   yoke   (17)  and  a  p o r t i o n   b e i n g  

c a r r i e d   by  s a i d   c l a m p   ( 2 0 ) ;  

means   (57)  f o r   m o v a b l y   m o u n t i n g   e a c h   of  s a i d  

h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   to   one  of   s a i d   y o k e  

(17)  and  c l a m p   (20)  to   p e r m i t   m o t i o n   of   s a i d   h o l d i n g  

m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   r e l a t i v e   to   s a i d   yoke   ( 1 7 )  

and  c l a m p   (20)  a l o n g   a  l i n e   g e n e r a l l y   p a r a l l e l   to   a  

t a n g e n t   l i n e   of  s a i d   w o r k p i e c e   ( 9 3 ) ;   a n d  

means   ( 8 7 , 8 8 )   f o r   b i a s i n g   e a c h   of   s a i d   h o l d -  

i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   to   a  p r e s e l e c t e d   c e n t e r -  

ed  p o s i t i o n   r e l a t i v e   t o   i t s   r e s p e c t i v e   m o u n t i n g   m e a n s  

( 5 7 ) ,   w h e r e b y   g r i p p i n g   and  l i f t i n g   of   t h e   w o r k p i e c e  

(93)  by  the   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   p e r m i t s  
s a i d   b i a s i n g   means   ( 8 7 , 8 8 )   to   e q u a l i z e   t h e   f o r c e s  

a c t i n g   b e t w e e n   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )  

t h r o u g h   t he   w o r k p i e c e   (93)  t h e r e b y   c e n t e r i n g   the   w o r k -  

p i e c e   (93)  w i t h i n   t h e   l i f t   f i x t u r e   ( 1 0 ) .  



2.  The  l i f t   f i x t u r e   (10)  of  i t e m   1  w h e r e i n  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 1   c o m p r i s e   a  p a d  

a s s e m b l y   (67)  and  a  c a r r i a g e   a s s e m b l y   (69)  f o r  s u p -  

p o r t i n g   s a i d   pad  a s s e m b l y   (67)  r e l a t i v e   to  t n e   l i f t  

f i x t u r e   ( 1 0 ) .  

3.  The  l i f t   f i x t u r e   (10)  of   i t e m   2  f u r t h e r  

i n c l u d i n g   means  ( 7 5 , 7 6 , 8 1 , 8 2 )   f o r   p i v o t a l l y   m o u n t i n g  

s a i d   pad  a s s e m b l y   (67)  t o   s a i d   c a r r i a g e   a s s e m b l y   ( 6 9 ) .  

4.  The  l i f t   f i x t u r e   (10)  of   i t e m   2  w h e r e i n  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   a re   p o s i t i o n e d  

on  a  common  p l a n e   e x t e n d i n g   b e t w e e n   s a i d   yoke   a r m s  

( 2 2 , 2 3 ) .  

5.  The  l i f t   f i x t u r e   (10)  of  i t e m   4  f u r t h e r  

i n c l u d i n g   means  ( 7 5 , 7 6 , 8 1 , 8 2 )   f o r   m o u n t i n g   s a i d   p a d  

a s s e m b l y   (67)  to   s a i d   c a r r i a g e   a s s e m b l y   (69)  f o r   p i v o t -  

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

s a i d   p l a n e .  

6.  The  l i f t   f i x t u r e   (10)  of  i t e m   1  w h e r e i n  

s a i d   m o u n t i n g   means   (57)  i n c l u d e s   a  rod   (84)  f o r   e a c h  

of   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   f i x e d   t o  

one  of   s a i d   yoke  (17)  and  c l a m p   (20)  and  means   ( 8 1 )  

on  e a c h   of   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )  

f o r   e n g a g i n g   s a i d   rod   (84)  and  p e r m i t t i n g   l i n e a r  

m o v e m e n t   t h e r e a l o n g .  

7.  The  l i f t   f i x t u r e   (10)  of  i t e m   1  w h e r e i n  

s a i d   b i a s i n g   means   ( 8 7 , 8 8 )   is   a  p a i r   of   s p r i n g s   ( 8 7 ,  

88)  a s s o c i a t e d   w i t h   e a c h   o f   s a i d   h o l d i n g   m e c h a n i s m s  

( 3 3 , 3 4 , 4 0 , 4 1 ) ,   e a c h   of  s a i d   s p r i n g s   ( 8 7 , 8 8 )   b i a s i n g  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   in  o p p o s i t e  

d i r e c t i o n s .  



8.  The  l i f t   f i x t u r e   (10)  of   i t e m   1  w h e r e i n  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   a r e   m o u n t e d   a t  

an  a n g l e   o f   a p p r o x i m a t e l y   45°  r e l a t i v e   to  s a i d . _ y o k e  

l o n g i t u d i n a l   a x i s .  

9.  The  l i f t   f i x t u r e   (10)  of   i t e m   8  w h e r e i n  

t h e   n u m b e r   o f   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   i s  

f o u r ,   a  p a i r   b e i n g   c a r r i e d   by  e a c h   of   s a i d   yoke   ( 1 7 )  

and  s a i d   c l a m p   ( 2 0 ) .  

10.  The  l i f t   f i x t u r e   (10)  of   i t e m   9  w h e r e i n  

e a c h   o f   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   i s  

o r i e n t e d   a t   an  a n g l e   o f   a p p r o x i m a t e l y   90°  r e l a t i v e   t o  

an  a d j a c e n t   h o l d i n g   m e c h a n i s m   ( 3 3 , 3 4 , 4 0 , 4 1 ) .  

11.   The  l i f t   f i x t u r e   (10)  of  i t e m   1  w h e r e i n  

t h e   n u m b e r   of   h o l d i n g   m e c h a n i s m s   (100)  i s   t h r e e ,   e a c h  

of   s a i d   h o l d i n g   m e c h a n i s m s   (100)   b e i n g   o r i e n t e d   a t  

an  a n g l e   of  a p p r o x i m a t e l y   120°  r e l a t i v e   to  t h e   a d -  

j a c e n t   h o l d i n g   m e c h a n i s m s   ( 1 0 0 ) .  

12.   The  l i f t   f i x t u r e   (10)  of  i t e m   1 1  

w h e r e i n   one  o f   s a i d   h o l d i n g   m e c h a n i s m s   (100)  i s  

m o u n t e d   on  one  of   s a i d   yoke   (17)  and  c l a m p   ( 2 0 )  

g e n e r a l l y   a l o n g   t h e  y o k e   l o n g i t u d i n a l   a x i s .  

13.   The  l i f t   f i x t u r e   (10)  of   i t e m   1 

w h e r e i n   s a i d   d r i v i n g   means   (48)  c o m p r i s e s   a  f l u i d  

c y l i n d e r   (49)  h a v i n g   a  r e t r a c t a b l e   rod   (50)  f o r   m o v -  

i ng   s a i d   c l a m p   (20)  a l o n g   s a i d   y o k e   l o n g i t u d i n a l  
a x i s .  



14.  A  l i f t   f i x t u r e   (10)  f o r   h o l d i n g   a n d  

c e n t e r i n g   a  w o r k p i e c e   (93)  c o m p r i s i n g :  

a  yoke   (17)  h a v i n g   a rms   ( 2 2 , 2 3 )   a d a p t e d  

t o  b e   p o s i t i o n e d   a b o u t   t he   w o r k p i e c e   ( 9 3 ) ;  

a  c l a m p   (20)  m o u n t e d   b e t w e e n   t h e   y o k e  

arms  ( 2 2 , 2 3 ) ;  

means   (48)  f o r   d r i v i n g   s a i d   c l amp   ( 2 0 )  

b e t w e e n   an  open   p o s i t i o n   and  a  c l o s e d   p o s i t i o n  

a d j a c e n t   t h e   w o r k p i e c e   ( 9 3 ) ;  

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

means   ( 3 3 , 3 4 , 4 0 , 4 1 ) ,   a  p o r t i o n   t h e r e o f   b e i n g   c a r r i e d  

by  s a i d   yoke   (17)  and  a  p o r t i o n   b e i n g   c a r r i e d   b y  

s a i d   c l a m p   ( 2 0 )  ;  

e a c h   of  s a i d   h o l d i n g   means   ( 3 3 , 3 4 , 4 0 , 4 1 )  

i n c l u d i n g   a  r o d   (84)  e x t e n d i n g   b e t w e e n   end  p l a t e s  

( 6 0 , 6 1 )   f i x e d   to   t h e   r e s p e c t i v e   one  of  s a i d   y o k e  

(17)  and  s a i d   c l a m p   ( 2 0 ) ;  

pad  a s s e m b l y   ( 6 7 , 6 9 )   s l i d a b l y   m o u n t e d   o n  

s a i d   r o d   (84)  a s s o c i a t e d   t h e r e w i t h ;  

e a c h   h o l d i n g   means   ( 3 3 , 3 4 , 4 0 , 4 1 )   h a v i n g   a  

p a i r   of  s p r i n g s   ( 8 7 , 8 8 )   a c t i n g   on  e i t h e r   s i d e   of  s a i d  

pad  a s s e m b l y   ( 6 7 , 6 9 )   and  p r e l o a d e d   to  m a i n t a i n   s a i d  

s a i d   pad  a s s e m b l y   ( 6 7 , 6 9 )   in  a  p r e s e l e c t e d   c e n t e r e d  

p o s i t i o n   on  s a i d   rod   ( 8 4 ) ,   w h e r e b y   g r i p p i n g   and  l i f t i n g  

of  t h e   w o r k p i e c e   (93)  s o l e l y   by  s a i d   pad  a s s e m b l y  

( 6 7 , 6 9 )   p e r m i t s   s a i d   s p r i n g s   ( 8 7 , 8 8 )   to  e q u a l i z e   t h e  

f o r c e s   b e t w e e n   t h e   r e s p e c t i v e   s p r i n g s   t h r o u g h   t h e  

w o r k p i e c e   (93)  t h e r e b y   c e n t e r i n g   t h e   w o r k p i e c e   ( 9 3 )  

w i t h i n   t h e   l i f t   f i x t u r e   ( 1 0 ) .  



C l a i m s  

1 .   A  l i f t   f i x t u r e   (10)  f o r   h o l d i n g . a n d  
c e n t e r i n g   a  w o r k p i e c e   (93)  c o m p r i s i n g :  

a  yoke   (17)  h a v i n g   arms  ( 2 2 , 2 3 )   on  e i t h e r  

s i d e   o f   t h e   y o k e   l o n g i t u d i n a l   a x i s   and  a d a p t e d   t o  

be  p o s i t i o n e d   a b o u t   t h e   w o r k p i e c e   ( 9 3 ) ;  

a  c l a m p   (20)  m o u n t e d   b e t w e e n   t h e   yoke   a r m s  

( 2 2 , 2 3 ) ;  

m e a n s   (48)  f o r   d r i v i n g   s a i d   c l a m p   ( 2 0 )  

b e t w e e n   an  o p e n   p o s i t i o n   and  a  c l o s e d   p o s i t i o n   a d -  

j a c e n t   t h e   w o r k p i e c e   ( 9 3 ) ;  

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

m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   a d a p t e d   to   g r i p   t h e   w o r k -  

p i e c e   ( 9 3 ) ,   a  p o r t i o n   of   s a i d   h o l d i n g   m e c h a n i s m s  

b e i n g   c a r r i e d   by  s a i d   yoke   (17)  and  a  p o r t i o n   b e i n g  

c a r r i e d   by  s a i d   c l a m p   ( 2 0 ) ;  

means   (57)  f o r   m o v a b l y   m o u n t i n g   e a c h   of   s a i d  

h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   t o   one  of   s a i d   y o k e  

(17)  and  c l a m p   (20)  to   p e r m i t   m o t i o n   of   s a i d   h o l d i n g  

m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   r e l a t i v e   to   s a i d   yoke   ( 1 7 )  

and  c l a m p   (20)  a l o n g   a  l i n e   g e n e r a l l y   p a r a l l e l   to   a  

t a n g e n t   l i n e   of   s a i d   w o r k p i e c e   ( 9 3 ) ;   a n d  

means   ( 8 7 , 8 8 )   f o r   b i a s i n g   e a c h   of   s a i d   h o l d -  

i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   t o   a  p r e s e l e c t e d   c e n t e r -  

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

( 5 7 ) ,   w h e r e b y   g r i p p i n g   and  l i f t i n g   o f   t h e   w o r k p i e c e  

(93)  by  t he   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   p e r m i t s  

s a i d   b i a s i n g   m e a n s   ( 8 7 , 8 8 )   to   e q u a l i z e   t h e   f o r c e s  

a c t i n g   b e t w e e n   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )  

t h r o u g h   t h e   w o r k p i e c e   (93)  t h e r e b y   c e n t e r i n g   t h e   w o r k -  

p i e c e   (93)  w i t h i n   t h e   l i f t   f i x t u r e   ( 1 0 ) .  



2.  The  l i f t   f i x t u r e   (10)  of  c l a i m   1  w h e r e i n  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   c o m p r i s e   a  p a d  

a s s e m b l y   ( 6 7 )  a n d   a  c a r r i a g e   a s s e m b l y   (69)  f o r . s u p -  

p o r t i n g   s a i d   pad  a s s e m b l y   (67)  r e l a t i v e   to   t ne   l i f t  

f i x t u r e   ( 1 0 ) .  

3.  The  l i f t   f i x t u r e   (10)  of  c l a i m   2  f u r t h e r  

i n c l u d i n g   means   ( 7 5 , 7 6 , 8 1 , 8 2 )   f o r   p i v o t a l l y   m o u n t i n g  

s a i d   pad  a s s e m b l y   (67)  to   s a i d   c a r r i a g e   a s s e m b l y   ( 6 9 ) .  

4.  The  l i f t   f i x t u r e   (10)  of  c l a i m   2  w h e r e i n  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   a re   p o s i t i o n e d  

on  a  common  p l a n e   e x t e n d i n g   b e t w e e n   s a i d   yoke   a r m s  

( 2 2 , 2 3 ) .  

5.  The  l i f t   f i x t u r e   (10)  of  c l a i m   4  f u r t h e r  

i n c l u d i n g   means   ( 7 5 , 7 6 , 8 1 , 8 2 )   f o r   m o u n t i n g   s a i d   p a d  

a s s e m b l y   (67)  to   s a i d   c a r r i a g e   a s s e m b l y   (69)  f o r   p i v o t -  

al   m o t i o n   a b o u t   an  a x i s   g e n e r a l l y   p e r p e n d i c u l a r   t o  

s a i d   p l a n e .  

6.  The  l i f t   f i x t u r e   (10)  of  c l a i m   1  w h e r e i n  

s a i d   m o u n t i n g   means   (57)  i n c l u d e s   a  rod  (84)  f o r   e a c h  

of   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   f i x e d   t o  

one  of  s a i d   yoke  (17)  and  c l a m p   (20)  and  means   ( 8 1 )  

on  e a c h   of   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )  

f o r   e n g a g i n g   s a i d   rod   (84)  and  p e r m i t t i n g   l i n e a r  

m o v e m e n t   t h e r e a l o n g .  

7.  The  l i f t   f i x t u r e   (10)  of  c l a i m   1  w h e r e i n  

s a i d   b i a s i n g   means   ( 8 7 , 8 8 )   is   a  p a i r   of   s p r i n g s   ( 8 7 ,  

88)  a s s o c i a t e d   w i t h   e a c h   of   s a i d   h o l d i n g   m e c h a n i s m s  

( 3 3 , 3 4 , 4 0 , 4 1 ) ,   e a c h   of   s a i d   s p r i n g s   ( 8 7 , 8 8 )   b i a s i n g  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   in  o p p o s i t e  

d i r e c t i o n s .  



8.  The  l i f t   f i x t u r e   (10)  of   c l a i m   1  w h e r e i n  

s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   a r e   m o u n t e d   a t  

an  a n g l e   o f   a p p r o x i m a t e l y   45°  r e l a t i v e   to   s a i d  y o k e  

l o n g i t u d i n a l   a x i s .  

9.  The  l i f t   f i x t u r e   (10)  of   c l a i m   8  w h e r e i n  

t h e   n u m b e r   o f   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   i s  

f o u r ,   a  p a i r   b e i n g   c a r r i e d   by  e a c h   of   s a i d   yoke   ( 1 7 )  

and  s a i d   c l a m p   ( 2 0 ) .  

10.  The  l i f t   f i x t u r e   (10)  o f   c l a i m   9  w h e r e i n  

e a c h   o f   s a i d   h o l d i n g   m e c h a n i s m s   ( 3 3 , 3 4 , 4 0 , 4 1 )   i s  

o r i e n t e d   a t   an  a n g l e   o f   a p p r o x i m a t e l y   90°  r e l a t i v e   t o  

an  a d j a c e n t   h o l d i n g   m e c h a n i s m   ( 3 3 , 3 4 , 4 0 , 4 1 ) .  
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