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©  Article  manipulator  for  robot. 
©  An  article  manipulator  (10)  for  use  with  s~ 
robot  includes  an  upper  frame  (28)  adapted  for 
the  industrial  robot  and  a  lower  frame  (12)  coi 
upper  frame.  A  pair  of  lifting  members  (16)  < 
lifting  an  article  are  connected  to  the  lower  fra 
one  vacuum  cup  (62,  64)  is  coupled  to  the  fr 
restrained  to  move  in  a  plane  substantially  pa 
lifting  members.  Sensing  mechanisms  (18, 
provided  for  sensing  the  position  of  an  article  re 
manipulator  and  for  generating  electrical  signa 
utilized  by  a  controller  to  enable  the  vacuum  cup 
article  at  one  side  and  move  the  article  ont< 
members.  Subsequently,  the  manipulator  trans 
cles  to  a  second  position.  The  manipulator  i 
depalletizing  and/or  palletizing  parallelepiped  sh 
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@ An  article  manipulator  (10)  for  use  with  an  industrial 
robot  includes  an  upper  frame  (28)  adapted  for  fastening  to 
the  industrial  robot  and  a  lower  frame  (12)  coupled  to  the 
upper  frame.  A  pair  of  lifting  members  (16)  operable  for 
lifting  an  article  are  connected  to  the  lower  frame.  At  least 
one  vacuum  cup  (62,  64)  is  coupled  to  the  frame  and  is 
restrained  to  move  in  a  plane  substantially  parallel  to  the 
lifting  members.  Sensing  mechanisms  (18,  20,  22)  are 
provided  for  sensing  the  position  of  an  article  relative  to  the 
manipulator  and  for  generating  electrical  signals  which  are 
utilized  by  a  controller  to  enable  the  vacuum  cups  to  grip  the 
article  at  one  side  and  move  the  article  onto  the  lifting 
members.  Subsequently,  the  manipulator  transfers  the  arti- 
cles  to  a  second  position.  The  manipulator  is  suited  for 
depalletizing  and/or  palletizing  parallelepiped  shape  articles. 



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

d e v i c e s   f o r   d e p a l l e t i z i n g / p a l l e t i z i n g   b o x e s   and  m a n i p u l a t i n g  

t h e m ,   f o r   i n s t a n c e s ,   f o r   t r a n s f e r r i n g   t hem  f r o m   one  p o s i t i o n  

to   a n o t h e r   as  on  an  a s s e m b l y   l i n e .  

In  o r d e r   to   r e d u c e   p r o d u c t   c o s t ,   i m p r o v e   p r o d u c t   q u a l i t y   a n d  

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

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

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

by  h u m a n s .   A  f u l l y   a u t o m a t e d   a s s e m b l y   l i n e   i n c l u d e s   a  

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

a l o n g   t h e   c o n v e y o r   s y s t e m .   The  c o n v e y o r   s y s t e m   t r a n s p o r t s  

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

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

d i f f e r e n t   w o r k s t a t i o n s .  

Each   w o r k s t a t i o n   i s   f i t t e d   w i t h   a  r o b o t i c   s y s t e m   d e s i g n a t e d  

to  p e r f o r m   an  a s s i g n e d   t a s k .   I n c l u d e d   in   t h e   a s s i g n e d   t a s k  

i s   t h e   d e p a l l e t i z i n g   o f   b o x e s .   U s u a l l y   t h e   b o x e s   c a r r y   t h e  

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

p r o d u c t .   O t h e r   t a s k s   i n c l u d e   o p e n i n g   t h e   b o x e s ,   r e m o v i n g  

t h e   c o m p o n e n t s   f r o m   t h e   b o x e s ,   a s s e m b l i n g   t h e   c o m p o n e n t   in  a  

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

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

u l t i m a t e   u s e r .  

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

h a n d l i n g   s y s t e m   c o n n e c t e d   to   t h e   r o b o t .   The  a r t i c l e  

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

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

move  t h e   a r t i c l e   h a n d l i n g   s y s t e m   and  i t s   a t t a c h e d   a r t i c l e   t o  

a  d e s i g n a t e d   p o i n t .   A r t i c l e   h a n d l i n g   s y s t e m s   may  be  b r o a d l y  



c l a s s i f i e d   i n t o   two  t y p e s ,   n a m e l y :   t h e   g r i p p i n g   t y p e   a n d  

t h e   l i f t i n g   t y p e .  

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

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

a r t i c l e ,   s u c h   as   a  b o x ,   and   m o v e s   s a i d   a r t i c l e   f r o m   o n e  

p o s i t i o n   a n d / o r   p l a c e   to   t h e   n e x t .   S u c h   g r i p p i n g   m e c h a n i s m  

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

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

A l t e r n a t e l y ,   a t t a c h m e n t   may  o c c u r   by  m a g n e t i c   m e a n s   a n d / o r  

m e c h a n i c a l   m e a n s .   U .S .   P a t e n t s   4 , 2 6 6 , 9 0 5 ;   4 , 2 9 9 , 5 3 3 ;  

4 , 2 4 2 , 0 2 5   and   4 , 3 9 2 , 7 6 6   d e s c r i b e   g r i p p i n g   m e c h a n i s m s   i n  

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

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

may  be  c o n s i d e r e d   t o   be  r e m i n i s c e n t   o f   t h e   f o r k   l i f t   d e v i c e s  

u s e d   i n   w a r e h o u s e s   t o   move  a r t i c l e s .   Such   d e v i c e s   c o n s i s t  

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

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

t h e   a r t i c l e   s i t s   on  t h e   f o r k s   and   i s   r e l o c a t e d .  

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

w e l l   f o r   t h e   i n t e n d e d   p u r p o s e ,   t h e y   a l l   h a n d l e   t h e   b o x e s  

f r o m   e i t h e r   t h e   t o p   s i d e   or   t h e   b o t t o m   s i d e   and   as  s u c h   a r e  

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

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

a r e   p r o v i d e d   i n   b o x e s   ( s u c h   a s   c a r t o n s )   h a v i n g   r e m o v a b l e  

c o v e r s   ( s h o e   b o x   s t y l e ) .   S i n c e   t h e   t o p   c o v e r s   a r e   l o o s e ,  

s u c h   c a r t o n s   c a n n o t   be  h a n d l e d   a n d / o r   d e p a l l e t i z e d   b y  

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

I t   i s   t h e r e f o r e   a  g e n e r a l   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

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

was  h e r e t o f o r e   p o s s i b l e .  



I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  t o   p r o v i d e   a n  

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

b o x e s   f rom  t h e   s i d e s   and  b o t t o m .  

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

g r i p p e r   a p p a r a t u s ,   a  l i f t i n g   a p p a r a t u s ,   an  a i r / v a c u u m   s u p p l y  

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

b e t w e e n   t h e   box  to   be  h a n d l e d   and  t h e   m a n i p u l a t i n g   s y s t e m .  

The  f r a m e   i n c l u d e s   a  t o p   s e c t i o n   w i t h   an  a d j u s t a b l e   p l a t e  

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

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

c a r r y i n g   m e m b e r s   ( l i f t i n g   a p p a r a t u s ) ,   i s   a d j u s t a b l y   c o u p l e d  

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

a r e   b e v e l e d   a t   t h e   e x t r e m i t i e s   and  a r e   h i n g e d   a t   a  p o i n t  

b e t w e e n   s a i d   e x t r e m i t i e s   and  t h e   v e r t i c a l   member s   of  s a i d  

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

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

p i s t o n .   The  a i r   c y l i n d e r   in   t u r n   i s   m o u n t e d   on  the   l o w e r  

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

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

s e c t i o n   of  t h e   f r a m e .  

In  o r d e r   to   d e p a l l e t i z e   b o x e s ,   t h e   r o b o t   p o s i t i o n s   t h e  

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

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

p r e s e n c e   of  a  box .   Once  t h e   box  i s   s e n s e d ,   t h e   r o b o t  

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

a b o v e   t h e   box  to   a  zone  w h e r e a t   t h e   e x t r e m i t i e s   of  t he   f o r k s  

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

s u r f a c e   of  t h e   f i r s t   l a y e r   of  b o x e s  o n   t h e   p a l l e t .   A  s e n s o r  

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

p r e s e n c e   of  a  box  in  t h e   h o r i z o n t a l   p l a n e .   On  s e n s i n g   a  

b o x ,   an  e l e c t r i c a l   s i g n a l   i s   g e n e r a t e d   and  i s   u s e d   t o  

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

a t t a c h m e n t   a r e   e x t e n d e d   b e y o n d   t h e   e x t r e m i t y   of  t h e   f o r k s .  

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



p u l l i n g   i t   o n t o   t h e   f o r k s .   The  box   i s   t h e n   t r a n s f e r r e d   t o  

i t s   p r e d e t e r m i n e d   l o c a t i o n   on  a  c o n v e y o r   b e l t .  

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

d r a w i n g s .  

F i g .   1  r e p r e s e n t s   a  p i c t o r i a l   v i e w   of   t h e   a r t i c l e  

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

F i g .   2  shows   a  s i d e   e l e v a t i o n a l   v i e w   o f   t h e   s u b j e c t   a r t i c l e  

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

F i g .   3  s h o w s   a  s i d e   v i e w   o f  t h e   s u b j e c t   a r t i c l e   m a n i p u l a t o r  

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

how  an  a r t i c l e   i s   h a n d l e d   f r o m   t h e   s i d e s   and   b o t t o m .  

F i g .   4  s h o w s   a  u n i v e r s a l   j o i n t   f o r   m o u n t i n g   t h e   p i c k e r  

m e c h a n i s m .  

F i g .   5  shows   a  d e v i c e   f o r   a d j u s t i n g   t h e   p i c k e r   m e c h a n i s m .  

F i g .   6  s h o w s   an  a i r   l o g i c   s c h e m a t i c   f o r   c o n t r o l l i n g   t h e  

a r t i c l e   m a n i p u l a t o r .  

F i g .   7  i s   a  f l o w   c h a r t   s h o w i n g   t h e   o v e r a l l   o p e r a t i o n   o f   t h e  

s y s t e m .  

The  a r t i c l e   h a n d l i n g   a p p a r a t u s   10  i n c l u d e s   a  f r a m e   a s s e m b l y  

(12A,   12B,   28A  and   28B) ,   a  g r i p p e r   m e c h a n i s m   14,   a  l i f t i n g  

d e v i c e   16 ,   a  s e t   o f   s e n s o r s   ( 18 ,   20  and   22)  f o r   s e n s i n g   t h e  

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

and  a  s e c o n d   s e t   o f   s e n s o r s   (24  and   26,   F i g .   2)  f o r   s e n s i n g  

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

In  o p e r a t i o n ,   a  g e n e r a l   p u r p o s e   r o b o t   ( to   be  d e s c r i b e d  

h e r e i n a f t e r )   p o s i t i o n s   t h e   l i f t i n g   m e m b e r   16  r e l a t i v e   t o   t h e  

b o t t o m   s u r f a c e   o f   a  box  to   be  t r a n s p o r t e d .   The  g r i p p e r  



m e c h a n i s m   14  i s   e x t e n d e d   b e y o n d   t h e   e x t r e m i t y   of  t h e   l i f t i n g  
d e v i c e   to   g r i p   t h e   box  and  p u l l   t h e   box  o n t o   t h e   l i f t i n g  
d e v i c e   ( F i g .   3 ) .   W i t h   t h e   box  b e i n g   s e c u r e d   on  t h e   l i f t i n g  
m e m b e r s   by  t h e   g r i p p e r   m e c h a n i s m ,   t h e   box  i s   t h e n   moved   f r o m  

t h e   p a l l e t   ( n o t   shown)   to   t h e   c o n v e y o r   l i n e   ( n o t   s h o w n ) .  

The  box  as  i t   p r o g r e s s e s   down  t h e   l i n e   w i l l   be  a c c e s s e d   by  a  
r o b o t   to   r e m o v e   p a r t s   and  f a b r i c a t e   a  p r o d u c t .   The  p r o d u c t  

i s   t h e n   l o a d e d   i n t o   t h e   box  and  t h e   box  i s   p a l l e t i z e d   f o r  

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

R e f e r r i n g   now  t o   F i g s .   1  and  2,  common  e l e m e n t s   w i l l   b e  

i d e n t i f i e d   by  t h e   same  n u m e r a l .   The  f r a m e   a s s e m b l y  
i n c l u d e s   a  t o p   s e c t i o n   28  and  l o w e r   s e c t i o n   12.   The  t o p  
s e c t i o n   28  i n c l u d e s   a  p a i r   of  a r c u a t e   m e m b e r s   28A  and   28B 

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

32.  The  m o u n t i n g   p l a t e   in  t u r n   i s   a d j u s t a b l y   m o u n t e d   to   t h e  

w r i s t   ot   t h e   r o b o t   t o o l   m o u n t i n g   p l a t e   ( n o t   s h o w n ) .  

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

can  be  u s e d   w i t h   any  g e n e r a l   p u r p o s e   i n d u s t r i a l   r o b o t   in   t h e  

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

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

C i n c i n n a t i   M i l a c r o n   T 3 - 7 7 6   R o b o t .  

A  p l u r a l i t y   of   s l o t s   i d e n t i f i e d   by  n u m e r a l s   34,   36 ,   38  a n d  

40  a r e   f a b r i c a t e d   on  t h e   l o w e r   e x t r e m i t y   of  t h e   member   2 8 A .  

A  s i m i l a r   s e t   of   s l o t s   ( n o t   shown)   a r e   f a b r i c a t e d   on  m e m b e r  

28B.  As  w i l l   be  e x p l a i n e d   s u b s e q u e n t l y ,   t h e s e   s l o t s   s e r v e   a  

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

of  t h e   f r a m e   to   t h e   l o w e r   s e c t i o n   ( to   be  d e s c r i b e d  

h e r e i n a f t e r )   and  p r o v i d e   an  a d j u s t m e n t   m e c h a n i s m   so  t h a t   t h e  

l o w e r   s e c t i o n   of   t h e   f r a m e   can   be  a d j u s t e d   r e l a t i v e   to   t h e  

u p p e r   s e c t i o n .  

The  l o w e r   s e c t i o n   12  c o m p r i s e s   of   i r r e g u l a r l y   s h a p e d   m e m b e r s  

12A  and  12B.  E a c h   of  t h e   m e m b e r s   i s   f a b r i c a t e d   f r o m   f l a t  

l i g h t - w e i g h t   m e t a l   s u c h   as  a l u m i n u m .   Member   12B  i s  

f a b r i c a t e d   w i t h   a  p l u r a l i t y   of  c i r c u l a r   h o l e s   some  of   w h i c h  



a r e   i d e n t i f i e d  b y   n u m e r a l s   42 ,   44 ,   46,   48 ,   50  and   52.   A 

s i m i l a r   s e t   o f   h o l e s   ( n o t   shown)   i s   f a b r i c a t e d   on  t h e   u p p e r  

e x t r e m i t y   o f   m e m b e r   12A.  The  h o l e s   on  m e m b e r s   12A  and   12B 

a r e   u s e d   f o r   f a s t e n i n g   t h e   l o w e r   s e c t i o n   of   f r a m e   12  t o   t h e  

u p p e r   s e c t i o n   28.   To  t h i s   e n d ,   a  p l u r a l i t y   o f   s c r e w s ,   s o m e  

o f   w h i c h   a r e   shown  in   F i g .   1,  a r e   i n s e r t e d   i n t o   t h e   h o l e s  

l o c a t e d   on  t h e   r e s p e c t i v e   m e m b e r s   of   t h e   f r a m e .   By  

t i g h t e n i n g   r e s p e c t i v e   n u t s   on  t h e   r e s p e c t i v e   s c r e w s ,   t h e  

l o w e r   s e c t i o n   o f   t h e   f r a m e   i s   c o n n e c t e d   f i r m l y   to   t h e   u p p e r  
s e c t i o n .   A  b r a c k e t   member   i d e n t i f i e d   by  n u m e r a l   54  i s  

t r a v e r s e l y   f a s t e n e d   to   t h e   u p p e r   m e m b e r s   a t   t h e   p o i n t  
w h e r e a t   t h e   l o w e r   f r a m e   j o i n s   t h e   u p p e r   f r a m e .   The  f u n c t i o n  

of   t h e   t r a v e r s e   s t r a p   54  i s   t o   p r o v i d e   s t r u c t u r a l   s t r e n g t h  

to   t h e   f r a m e   a s s e m b l y .  

S t i l l   r e f e r r i n g   t o   F i g s .   1  and   2,   t h e   l i f t i n g   d e v i c e   16  i s  

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

or   m e m b e r s   16A  and   16B,  r e s p e c t i v e l y .   A  t r a v e r s e   m e m b e r   5 4  

i n t e r c o n n e c t s   t h e   l i f t i n g   f o r k   a t   i t s   r e a r w a r d   e x t r e m i t y .  

The  l i f t i n g   d e v i c e   16  i s   c o n n e c t e d   to   t h e   l o w e r   f r a m e  

s e c t i o n   12.   A  h i n g e d   m e a n s   56  i s   f a b r i c a t e d   in   e a c h   o f   t h e  

l i f t i n g   m e m b e r s   16A  and   16B,  r e s p e c t i v e l y .   In  t h e   f i g u r e ,  

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

s i m i l a r   h i n g e   i s   p r o v i d e d   in   l i f t i n g   member   16A.  The  f r o n t  

e x t r e m i t i e s   o f   t h e   l i f t i n g   m e m b e r s   a r e  b e v e l e d .   As  a  r e s u l t  

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

m e m b e r ,   t h e   l i f t i n g   d e v i c e   16  c a n   g e t   r e l a t i v e l y   c l o s e   to   a  

p a l l e t ,   ( n o t   shown)   c a r r y i n g   c a r t o n   b o x e s   of   p a r t s ,   a n d  

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

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

to   h i t   t h e   p a l l e t .  

R e f e r r i n g   t o   F i g s .   1,  2  and  3,  t h e   g r i p p e r   m e c h a n i s m   14  i s  

m o u n t e d   by  a  p a i r   of   m o u n t i n g   b r a c k e t s ,   o n l y   one  of   w h i c h   i s  

shown  and   i s   i d e n t i t i e d   by  n u m e r a l   56  t o   member   54.   T h e  

f u n c t i o n   of   t h e   g r i p p e r   m e c h a n i s m   14  i s   to   g r i p   a  box   f r o m  

t h e   s i d e   ( F i g .   3 ) ,   s e p a r a t e   s a i d   box   f r o m   a  p a l l e t   l o a d   o f  



b o x e s   ( n o t   s h o w n ) ,   and   p l a c e   t h e   box  on  l i f t i n g   d e v i c e s   16A 

and  16B,  r e s p e c t i v e l y .   The  m o u n t i n g   b r a c k e t s   a r e   p i v o t a l l y  

c o u p l e d   to   s l i d e   m o u n t   m e a n s   58.  The  s l i d e   m o u n t   m e a n s   58 

i s   s l i d a b l y   c o u p l e d   to   a i r   c y l i n d e r   60.   By  s l i d a b l y  

c o u p l i n g   t he   a i r   c y l i n d e r   60  to   s l i d e   m o u n t   m e a n s   58  t h e   a i r  

c y l i n d e r   60  ( to   be  d e s c r i b e d   s u b s e q u e n t l y )   can   be  a d j u s t e d  

in  t h e   d i r e c t i o n   shown   by  a r r o w   62.  As  a  r e s u l t   o f   t h i s  

a d j u s t m e n t   f e a t u r e ,   t h e   g r i p p e r   m e c h a n i s m   14  c an   be  made  t o  

h a n d l e   v a r i a b l e   s i z e   b o x e s .  

W i t h   r e f e r e n c e   to   F i g s .   2  and  3  f o r   t h e   m o m e n t ,   t h e   a i r  

c y l i n d e r   60  i s   a d j u s t e d   so  t h a t   t h e   s l i d e   m o u n t   m e a n s   58  i s  

p o s i t i o n e d   a t   a  p o i n t   on  t h e   a i r   c y l i n d e r   t h a t   e n a b l e s   t h e  

g r i p p e r   m e c h a n i s m   14  to   e x t e n d   vacuum  c u p s   62  and   6 4 ,  

r e s p e c t i v e l y ,   b e y o n d   t h e   t i p s   of   l i f t i n g   m e m b e r s   16A  a n d  

16B,   r e s p e c t i v e l y .   L i k e w i s e ,   in  F i g .   1,  t h e   a i r   c y l i n d e r   60 

i s   a d j u s t e d   so  t h a t   t h e   s l i d e   mount   m e a n s   58  i s   a t   t h e  

e x t r e m e   f r o n t   end  of   t h e   a i r   c y l i n d e r   60.  W i t h   t h i s  

a d j u s t m e n t   t h e   r e a c h   o f   v a c u u m   c u p s   62  and  64  i s   l e s s   t h a n  

t h a t   of   F i g s .   2  and   3.  The  a d j u s t m e n t   i s   e f f e c t u a t e d   b y  

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

by  n u m b e r a l   57,   and   s l i d i n g   a  p l u r a l i t y   of   m o u n t i n g   r o d s ,  

two  of   w h i c h   a r e   i d e n t i f i e d   by  n u m e r a l s   78  and  80,   r e l a t i v e  

to   t h e   s l i d e   m o u n t   m e a n s .   As  w i l l   be  e x p l a i n e d  

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

S t i l l   r e f e r r i n g   t o   F i g s .   1,  2  and  3,  a i r   c y l i n d e r   60  i s   a  

c o n v e n t i o n a l   o f f - t h e - s h e l f   i t e m .   I t   i s   u s e d   to   p o s i t i o n  

v a c u u m   cups   62  and  64  r e l a t i v e   to   a  box .   The  u s e   o f   s u c h  

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

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

n o t   be  g i v e n .   S u f f i c e   i t   to   say  t h a t   t h e   a i r   c y l i n d e r  

i n c l u d e s   a  c y l i n d e r   p o r t i o n   w i t h   a  f r o n t   b l o c k   66  and  a  r e a r  

b l o c k   68.  Both   t h e   f r o n t   and  t h e   r e a r   b l o c k s   a r e   f a b r i c a t e d  

w i t h   f o u r   o p e n i n g s   i d e n t i f i e d   in  b l o c k   66  w i t h   n u m e r a l s  

7 0 - 7 6   ( F i g .   1 ) .   A  s i m i l a r   s e t   of  h o l e s   i s   a l s o   p r o v i d e d   i n  

b l o c k   68.  F o u r   r o d s ,   two  of  w h i c h   a r e   shown  in  F i g .   3  a n d  



a r e   i d e n t i f i e d   by  n u m e r a l s   78  and  80,   a r e   m o u n t e d   in   t h e  

r e s p e c t i v e   o p e n i n g s .   A  p i s t o n   r o d   i d e n t i f i e d   by  n u m e r a l   8 2  

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

shown  by  a r r o w   84.   One  end   o f   t h e   p i s t o n   r o d   ( n o t   shown)   i s  

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

s h o w n ) .   By  f o r c i n g   a i r   on  t h e   a p p r o p r i a t e   s i d e   of   t h e  

p i s t o n ,   i t   i s   made  to   e x t e n d   in   t h e   d i r e c t i o n   shown  by  a r r o w  

86  or   i t   c a n   be  e x t r a c t e d   i n   t h e   d i r e c t i o n   shown   by  a r r o w  

88.   A l t h o u g h   any   o f f - t h e - s h e l f   c o n v e n t i o n a l   a i r   c y l i n d e r  

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

e m b o d i m e n t   o f   t h i s   i n v e n t i o n ,   a  PHD  1 0 - i n c h   n o n - r o t a t i n g  

c y l i n d e r   was  u s e d .  

As  was  s t a t e d  p r e v i o u s l y ,   t h e   a i r   c y l i n d e r   60  i s   a d j u s t e d  

r e l a t i v e   t o   s l i d e   m o u n t   m e a n s   58.   To  t h i s   end   a  r e l a t i v e l y  

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

t h e   a i r   c y l i n d e r   60  i s   f a b r i c a t e d   in   t h e   c e n t e r   of   t h e   s l i d e  

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

in   f r o n t   b l o c k   66  and   r e a r   b l o c k   68  a r e   f a b r i c a t e d   in   s l i d e  

m o u n t   m e a n s   58.   The  f r o n t   b l o c k   66  i s   r e m o v e d   f r o m   t h e   a i r  

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

r e s p e c t i v e   h o l e s   in   s l i d e   m o u n t   means   58 .   The  f r o n t   b l o c k   66  

i s   t h e n   r e f i t t e d .   R e f e r r i n g   to   F i g .   5  f o r   t h e  m o m e n t ,   t h e r e  

i s   shown  an  a d j u s t m e n t   f e a t u r e   w h i c h   e n a b l e s   t h e   g r i p p e r  

m e c h a n i s m   t o   be  a d j u s t e d   i n   t h e   v e r t i c a l   p l a n e .   An  

a d j u s t m e n t   m e a n s ,   p r e f e r a b l y   a  s c r e w   i d e n t i f i e d   by  n u m e r a l  

90 ,   i s   t h r e a d e d   t h r o u g h   c r o s s   member   54.   The  l e a d i n g   end   o f  

t h e   s c r e w   i s   in   c o n t a c t   w i t h   f r o n t   b l o c k   66.   By  t u r n i n g   t h e  

s c r e w   t h e   f r o n t   b l o c k   and   a t t a c h e d   m e c h a n i s m   a r e   made  to   b e  

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

by  n u m e r a l   6 5 .  

R e f e r r i n g   now  to   F i g s .   1,  2,  3  and   4,  a  m o u n t i n g   b r a c k e t  

i d e n t i f i e d   by  n u m e r a l   92  i s   c o n n e c t e d   to   p i s t o n   r o d   82.  A 

s w i v e l   b l o c k   94  ( F i g s .   1  and   4)  i s   p i v o t a l l y   m o u n t e d   t o  

m o u n t i n g   b l o c k   92.  A  m a n i f o l d   96  i s   p i v o t a l l y   m o u n t e d   t o  

s w i v e l   b l o c k   94.   As  w i l l   be  e x p l a i n e d   s u b s e q u e n t l y ,   t h e  



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

u n i v e r s a l   j o i n t   to   e n a b l e   vacuum  c u p s   62  and  64  to   a d j u s t  
r e l a t i v e   t o   t h e   s h a p e   or  p o s i t i o n   of  a  box  to  be  p i c k e d .   Two 

vacuum  c u p s   62  and  64  a r e   m o u n t e d   v i a   m o u n t i n g   p o s t s   98  a n d  

100  to  t h e   m a n i f o l d .   A l t h o u g h   two  vacuum  cups   a r e   shown  a n d  

d e s c r i b e d   h e r e i n ,   t h i s   s h o u l d   n o t   be  c o n s t r u e d   as  a  
l i m i t a t i o n   on  t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n   s i n c e   i t   i s  

w i t h i n   t h e   s k i l l   of   one  s k i l l e d   in  t h e   a r t   to   u t i l i z e   a  
d i f f e r e n t   n u m b e r   of  v a c u u m   c u p s   to   p r o v i d e   t h e   means   f o r  

p i c k i n g   a  b o x .  

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

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

m e c h a n i s m .   W i t h   r e f e r e n c e   to   F i g s .   1  and  3,  t h e   a i r / v a c u u m  

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

102.   The  v a c u u m   g e n e r a t o r   102  i s   a  c o n v e n t i o n a l   d e v i c e   t h a t  

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

d e v i c e .   S i n c e   t h i s   i s   a  w e l l - k n o w n   c o n v e n t i o n a l   d e v i c e ,  

d e t a i l s   o f   i t s   o p e r a t i o n   and  c o n s t r u c t i o n   w i l l   n o t   be  g i v e n .  

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

i n v e n t i o n   a  PIAB  v a c u u m   g e n e r a t o r   was  u s e d .  

An  i n t e r c o n n e c t i n g   h o s e   i d e n t i f i e d   by  n u m e r a l   104  

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

n e g a t i v e   p r e s s u r e   to   m a n i f o l d   96.  S i m i l a r l y ,   a i r   f r o m   a n  

a i r   g e n e r a t i n g   s o u r c e   ( n o t   shown)  i s   c o n v e y e d   t h r o u g h   t u b e  

106  to   t h e   p o s i t i v e   p r e s s u r e   s i d e   of  t h e   g e n e r a t o r .   T h e  

vacuum  g e n e r a t o r   p r o v i d e s   vacuum  ( n e g a t i v e   p r e s s u r e )   f o r  

s u c t i o n   c u p s   6 2  a n d   64,  r e s p e c t i v e l y .  

As  w i l l   be  e x p l a i n e d   s u b s e q u e n t l y ,   by  a c t i v a t i n g   s o l e n o i d  

v a l v e   ( n o t   shown)   w i t h   s i g n a l s   f rom  t h e   r o b o t ' s ,   c o n t r o l l e r  

a i r   i s   a d m i t t e d   i n t o   t h e   v a c u u m   g e n e r a t o r   102  and  as  a  

r e s u l t   a  v a c u u m   i s   c r e a t e d   in  t h e   m a n i f o l d   96  and  u l t i m a t e l y  

to   s u c t i o n   c u p s   62  and  64,   r e s p e c t i v e l y .  



As  s t a t e d   p r e v i o u s l y ,   t h e   a i r   c y l i n d e r   60  r e q u i r e s   a i r   f o r  

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

i d e n t i f i e d   by  n u m e r a l s   108  and   110  ( F i g s .   2  and  3 )  

i n t e r c o n n e c t   t h e   a i r   c y l i n d e r   60  to   a  s u i t a b l e   a i r   s u p p l y  

( n o t   s h o w n ) .   When  t h e   a i r   in   c o n d u c t i n g   m e a n s   110  i s  

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

t h e   d i r e c t i o n   shown   by  a r r o w   86 ,   F i g .   1.  S i m i l a r l y ,   w h e n  

t h e   a i r   i n   c o n d u c t i n g   m e a n s   108  i s   a c t i v a t e d ,   t h e   p i s t o n   i s  

r e t r a c t e d   i n   t h e   d i r e c t i o n   shown  by  a r r o w   8 8 .  

F i g .   6  s h o w s   an  a i r   l o g i c   s c h e m a t i c   f o r   t h e   a i r / v a c u u m  

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

to   v a c u u m   c u p s   62  a n d   64  and   a i r   c y l i n d e r   60 ,   r e s p e c t i v e l y .  

A i r   i s   s u p p l i e d   w i t h   a  p r e s s u r e   of   a p p r o x i m a t e l y   8 0 - 9 0   p s i .  

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

s o l e n o i d   1 0 8 .   The  s o l e n o i d   i s   an  o f f - t h e - s h e l f   a i r   s o l e n o i d  

w h i c h   f u n c t i o n s   as  a  o n - o f f   s w i t c h   a n d  i s   a c t i v a t e d   by  a  

s i g n a l   o u t p u t t e d   f r o m   t h e   r o b o t ' s   c o n t r o l .   In   t h e   p r e f e r r e d  

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

S c h r a d e r ,   I n c .   The  o u t p u t   f r o m   t h e   o n - o f f   s o l e n o i d   s w i t c h  

108  i s   f e d   i n t o   a  v a c u u m   o f f - o n   s o l e n o i d   s w i t c h   110  and  a  

d o u b l e - t h r o w   s o l e n o i d   112 .   The  d o u b l e - t h r o w   s o l e n o i d   1 1 2  

c o n t r o l s   t h e   a i r   c y l i n d e r   60 .   The  d o u b l e - t h r o w   s o l e n o i d   i s  

p r o v i d e d   w i t h   e x h a u s t   v a l v e   114  and  116 ,   r e s p e c t i v e l y .   E a c h  

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

p i s t o n   when   i t   i s   a b o u t   to   move  in   t h e   o p p o s i t e   d i r e c t i o n .  

L i k e w i s e ,   s o l e n o i d   110  p r o v i d e s   t h e   o n - o f f   a i r   t o   v a c u u m  

g e n e r a t o r   1 0 2 .   The  o u t p u t   f r o m   v a c u u m   g e n e r a t o r   102  i s  

c o u p l e d   t h r o u g h   v a c u u m   s w i t c h   114  to   t h e   v a c u u m   c u p s   62  a n d  

64.  As  w i l l   be  e x p l a i n e d   s u b s e q u e n t l y ,   w h e n e v e r   v a c u u m   i s  

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

v a c u u m   i s   made   b e t w e e n   t h e   cup  and  a  b o x .   The  o u t p u t   f r o m  

t h e   v a c u u m   s w i t c h   i s   u t i l i z e d   by  t h e   r o b o t   c o n t r o l l e r   t o  

move  t h e   b o x .  

As  was  s t a t e d   p r e v i o u s l y ,   s e v e r a l   s e t s   of   s e n s o r s   a r e  

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



r e l a t i v e   to   t h e   b o x .   Two  p r o x i m i t y   s e n s o r s   i d e n t i f i e d   b y  

n u m e r a l s   18  and  20  ( F i g s .   1  and  2)  a r e   l o c a t e d   on  t op   of  t h e  

v a c u u m   m a n i f o l d   96  and  on  t h e   s i d e   of  l o w e r   f r a m e   12.  S e n s o r  

18  i s   u s e d   to   d e t e r m i n e   w h e t h e r   t h e r e   i s   a  c a r t o n   box  in  t h e  

p a t h   of  t h e   g r i p p e r   in  t h e   h o r i z o n t a l   p l a n e   when  the   g r i p p e r  

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

s i g n a l   t h e   r o b o t ' s   c o n t r o l l e r   to   t u r n   on  t h e   v a c u u m  

g e n e r a t o r   in   t h e   e v e n t   t h e   c a r t o n   i s   f o u n d .   T h i s   i s   done  b y  
t h e   r o b o t   c o n t r o l l e r   g e n e r a t i n g   a  s i g n a l   to  s o l e n o i d   1 1 0 ,  

F i g .   6 .  

L i k e w i s e ,   s e n s o r   20  (on  t h e   s i d e   of  t h e   l o w e r   f r a m e )   i s  

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

s e a r c h   p r o c e d u r e   to   be  d e s c r i b e d   h e r e i n a f t e r )   i f   t he   c a r t o n  

i s   w h e r e   i t   s h o u l d   be  ( t h a t   i s ,  e n o u g h   b o x e s   in  t h e   s t a c k ) .  

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

r o b o t ' s   c o n t r o l l e r   t o  d e t e r m i n e   w h e r e   t h e   b o t t o m   of  e a c h  

c a r t o n   in  t h e  s t a c k   s h o u l d   be ,   t h u s   a l l o w i n g   t h e   arms  of  t h e  

l o w e r   f r a m e   to   be  l o c a t e d   a t   t h e   l e v e l   of  t h e   b o t t o m   of  t h e  

c a r t o n .   Reed  s w i t c h  1 1 4   ( F i g .   3)  s e n s e s   when  a  c a r t o n   i s  

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

c o n d u c t o r   116 .   To  t h i s   e n d ,   a  m a g n e t i c   r i n g   ( n o t   shown)  i s  

f i t t e d   on  t h e   p i s t o n   ( n o t   shown)   w h i c h   i s   a t t a c h e d   to   t h e  

e x t r e m e   end  of   p i s t o n   82  and  l i e s   w i t h i n   a i r   c y l i n d e r   6 0 .  

B e c a u s e   t h e   r e e d   s w i t c h   i s   s i t u a t e d   a t   t h e   e x t r e m e   b a c k   o f  

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

s w i t c h   a  s i g n a l   i s   g e n e r a t e d   a n d  o u t p u t t e d   on  c o n d u c t o r   1 1 6 .  

The  s i g n a l   i n d i c a t e s   t h a t   t h e   p i c k i n g   m e c h a n i s m   i s   f u l l y  

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

m e c h a n i s m   ( t h a t   i s   l i f t i n g   m e m b e r s   16A  and  16B) .   At  t h i s  

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

t h e   a r t i c l e   h a n d l i n g   m e c h a n i s m   and  t h e   a t t a c h e d   box ,   F i g .   3 ,  

to   a  p r e d e t e r m i n e d   p o i n t ,   u s u a l l y   to   a  c o n v e y o r   b e l t   ( n o t  

s h o w n ) .  

A n o t h e r   s e t   of   s e n s o r s   to   be  d e s c r i b e d   s h o r t l y   i s   m o u n t e d   a t  

t h e   j u n c t i o n   w h e r e   l o w e r   f r a m e   12  j o i n s   u p p e r   f r a m e   28  ( F i g .  



1 ) .   The  f u n c t i o n   o f   t h e   s e n s o r s   i s   to   d e t e c t   a b n o r m a l  

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

o b j e c t   in   a  way  t h a t   w o u l d   d a m a g e   t h e   g r i p p e r .   To  t h i s   end   a  

l i g h t   e m i t t i n g   d e v i c e   22  i s   m o u n t e d   on  one  s e c t i o n   of   t h e  

l o w e r   f r a m e ,   s a y   s i d e   12B,  and  a  l i g h t   r e c e i v i n g   d e v i c e   ( n o t  

shown)   i s   m o u n t e d   on  t h e   o p p o s i t e   f r a m e   12A  in   t h e   h o l e  

i d e n t i f i e d   by  n u m e r a l   116 .   S i n c e   t h e   l i g h t   g e n e r a t i n g  

d e v i c e   22  and   t h e   l i g h t   r e c e i v i n g   d e v i c e   ( n o t   shown)   a r e  

m o u n t e d   d i a m e t r i c a l l y   any   m o t i o n   i n   t h e   l o w e r   f r a m e ,   be  i t  

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

r e c e i v i n g   d e v i c e   and   t h e   l i g h t   e m i t t i n g   d e v i c e   r e s u l t i n g   i n  

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

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

i s   s h u t   down.   I n  t h e   p r e f e r r e d   e m b o d i m e n t   of   t h i s   i n v e n t i o n  

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

8 0 0 - i n c h   o f   u p w a r d   t r a v e l   by  t h e   l o w e r   f r a m e   12  a n d / o r   a  1 5 °  

u p w a r d   t i l t   o f   t h e   l o w e r   f r a m e .   The  s e n s o r ' s   l i g h t   b e a m  

w i l l   be   b r o k e n   by  t h e   p a s s i n g   o f   t h e   l o w e r   f r a m e   o v e r   t h e  

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

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

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

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

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

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

s c o p e  o f   t h e   i n v e n t i o n   s i n c e   i t   i s   w i t h i n   t h e   s k i l l   of   t h e  

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

s c o p e   o f   t h e   p r e s e n t   i n v e n t i o n .  

F i g .   7  s h o w s   a  f l o w   c h a r t   of   t h e   p r o c e s s   s t e p s   w h i c h   m u s t   b e  

p e r f o r m e d   i n   o r d e r   f o r   a  box  to   be  d e p a l l e t i z e d   and  p l a c e d  

on  a  c o n v e y o r   ( n o t   s h o w n ) .   The  f l o w   c h a r t   i n c l u d e s   t h e  

f u n c t i o n s   w h i c h   t h e   r o b o t   c o n t r o l l e r   ( n o t   shown)  m u s t  

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

p o s i t i o n i n g   t h e   b o x .   The  r o b o t   c o n t r o l l e r   u t i l i z e s   t h e  

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

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

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



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

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

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

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

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

f o r   c o n t r o l l i n g   t h e   r o b o t .   The  f i r s t   s t e p   in  t h e   p r o c e s s  
i s   i d e n t i f i e d   in   b l o c k   116 .   The  b l o c k   s i g n i f i e s   t h e  

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

b l o c k   118  w h e r e   t h e   g r i p p e r   m e c h a n i s m   i s   t r a n s f e r r e d   to   a  

zone   a b o v e   t h e   p a l l e t   c a r r y i n g   t h e   b o x e s .   The  p r o g r a m  
u t i l i z e s   t h e   v e r t i c a l   s e n s o r   ( p r e v i o u s l y   d e s c r i b e d )   t o  

s e a r c h   t h e   v e r t i c a l   p l a n e  t o   make  s u r e   t h e r e   i s   a  box .   I f  

no  box  i s   d i s c o v e r e d   ( b l o c k   1 2 2 ) ,   t he   p r o g r a m   t h e n   e n t e r s  

b l o c k   124  w h e r e   i t   i s   s t o p p e d   and  t h e n   i n t o   b l o c k   126  w h e r e  

i t   w a i t s   f o r   a n o t h e r   i n s t r u c t i o n .  

I f   a  box  i s   s e n s e d   in   t h e   v e r t i c a l   p l a n e   ( b l o c k   1 2 2 ) ,   t h e  

p r o g r a m   t h e n   d e s c e n d s   i n t o   b l o c k   130  w h e r e   t h e   r o b o t   m o v e s  

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

t h e   b o t t o m   s u r f a c e   of   t h e   t i r s t   row  of  b o x e s  o n   t h e   p a l l e t .  

The  p r o g r a m   t h e n   d e s c e n d s   i n t o   b l o c k   132  w h e r e   i t   s e a r c h e s  

t h e   h o r i z o n t a l   p l a n e   f o r   t h e   p r e s e n c e   of  a  box  v i a   t h e  

h o r i z o n t a l   s e n s o r   ( p r e v i o u s l y   d e s c r i b e d   a b o v e ) .   I f   no  b o x  

is   s e n s e d   in  t h e   h o r i z o n t a l   p l a n e   ( b l o c k   1 3 4 ) ,   t h e   p r o g r a m  
t h e n   e n t e r s   b l o c k   136  w h e r e   i t   s t o p s   and  t h e n   to   b l o c k   138  

w h e r e   i t   w a i t s   f o r   a n  i n s t r u c t i o n .  

I f   a  box  i s   s e n s e d   in   t h e   h o r i z o n t a l   p l a n e ,   t h e   p r o g r a m   t h e n  

e n t e r s   b l o c k   142  w h e r e   i t   e x t e n d s   t he   p i s t o n   and  t u r n s   t h e  

v a c u u m .   The  p r o g r a m   t h e n   e n t e r s   b l o c k   144  w h e r e   i t   c h e c k s  

to  make  s u r e   t h e   v a c u u m   i s   made  b e t w e e n   t h e   v a c u u m   c u p s   a n d  

t h e   box  to   be  p i c k e d .   T h i s   c h e c k i n g   i s   done   by  v a c u u m  

s w i t c h   24  ( F i g .   1 ) .   I f   t h e r e   i s   no  v a c u u m ,   t h e   p r o g r a m  

e n t e r s   b l o c k   146  w h e r e   i t   s t o p s   and  t h e n   b l o c k   148  w h e r e   i t  

w a i t s   f o r   an  i n s t r u c t i o n .  



I f   v a c u u m   i s   made  ( b l o c k   1 4 4 ) ,   t h e   p r o g r a m   t h e n   e n t e r s   b l o c k  

152  w h e r e   t h e   p i s t o n   i s   r e t r a c t e d   and   t h e n   t o   b l o c k   1 5 4  

w h e r e   t h e   box  i s   m o v e d   f r o m   t h e   p a l l e t   to   a  new  l o c a t i o n .  

The  p r o g r a m   t h e n   t u r n s   t h e   v a c u u m   o f f   b l o c k   156  and   t h e n  

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

( b l o c k   1 5 8 ) .   The  p r o c e s s   c o n t i n u e s   u n t i l   a l l   b o x e s   a r e  

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

d e v i c e   ( b l o c k   1 6 0 ) .  

O p e r a t i o n  

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

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

g r i p p e r   m e c h a n i s m   so  t h a t   t h e   f o r k s   or   l i f t i n g   m e m b e r s   a r e  

o r i e n t e d   in   a  p l a n e   p a r a l l e l   to   t h e   b o x e s   b o t t o m   s i d e .   T h e  

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

e x t e n d e d   b e y o n d   t h e   f o r k s .   At  a  s p e c i f i e d   d i s t a n c e   f rom  t h e  

b o x e s   v a c u u m   i s   a p p l i e d   to   t h e   s u c t i o n   c u p s   When  t h e   v a c u u m  

i s   made   b e t w e e n   t h e   s u c t i o n   cup  and  t h e   b o x ,   a  s i g n a l   i s  

o u t p u t t e d   f r o m   t h e   v a c u u m   s w i t c h   24.   The  r o b o t   c o n t r o l l e r  

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

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

i s   t h e n   l i f t e d   f r e e   o f   t h e   s t a c k   on  t h e   p a l l e t .  

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

o p e r a t e   on  t h e   s u r f a c e   of   t h e   p a l l e t   o r   s l i p - s h e e t .   By  

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

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

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

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

The  g r i p p e r   can   be  a d j u s t e d   f o r w a r d   and   b a c k w a r d s   r e l a t i v e  

to   i t s   m o u n t i n g   p l a t e   and   can   be  o p e n   or  c l o s e d   in   h e i g h t   t o  

a l l o w   f o r   l a r g e r   or   s m a l l e r   b o x e s .  



1.  An  a r t i c l e   m a n i p u l a t i n g   d e v i c e   f o r   use   w i t h   a  r o b o t  

c o m p r i s i n g :  

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

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

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

a  g r i p p i n g   means   b e i n g   c o u p l e d   to   s a i d   f r a m e ;   s a i d  

g r i p p i n g   m e a n s   b e i n g   c o n s t r a i n e d   to   move  in   a  p l a n e  

s u b s t a n t i a l l y   p a r a l l e l   to   t h e   l i f t i n g   means   to   g r i p   t h e  

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

2.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of  c l a i m   1  f u r t h e r  

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

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

o p e r a t i o n   of   s a i d   d e v i c e .  

3.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of  c l a i m   1  w h e r e i n   t h e  

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

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

and  a d j u s t a b l e   means   f o r   m o u n t i n g   t h e   l o w e r   s e c t i o n   t o  

t h e   t o p   s e c t i o n .  

4.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of  c l a i m   -3  f u r t h e r  

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

m o t i o n   b e t w e e n   t h e   f r a m e   s e c t i o n s   and  to   o u t p u t   a n  

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

5.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of  c l a i m   1  w h e r e i n   t h e  

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

m e m b e r s   and  a  f l a t   c r o s s   member   i n t e r c o n n e c t i n g   t h e  

e x t r e m i t i e s   of   t h e   e l o n g a t e d   f l a t   m e m b e r s   t h e r e b y  

f o r m i n g   a  u n i f i e d   s t r u c t u r e .  



6.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of  c l a i m   5  w h e r e i n   t h e  

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

m e m b e r s   a r e   b e i n g   b e v e l e d .  

7.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of   c l a i m   6  f u r t h e r  

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

one  o f   t h e   s p a c e d   e l o n g a t e d   f l a t   m e m b e r s .  

8.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of   c l a i m   1  w h e r e i n   t h e  

g r i p p i n g   m e a n s   i n c l u d e s   an  a i r   c y l i n d e r   m e a n s   i n c l u d i n g  

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

c y l i n d e r ;  

a  g r i p p i n g   m e c h a n i s m   m o u n t e d   on  one  e x t r e m i t y   of   s a i d  

p i s t o n ;  

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

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

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

m e a n s ;   a n d  

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

9.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of   c l a i m   8  w h e r e i n   t h e  

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

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

m a n i f o l d ;   and  a t   l e a s t   one   s u c t i o n   cup   c o u p l e d   to   s a i d  

m a n i f o l d .  

10.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of   c l a i m   8  w h e r e i n   t h e  

v a c u u m / a i r   s u p p l y   means   i n c l u d e s   a  v a c u u m   g e n e r a t o r ;   a n  

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

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

v a c u u m   g e n e r a t o r .  

11.  The  a r t i c l e   m a n i p u l a t i n g   d e v i c e   of   c l a i m   2  w h e r e i n   t h e  

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



f o r   s e n s i n g   t h e   p r e s e n c e   of  a r t i c l e s   a l o n g   a  h o r i z o n t a l  

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

t h e   p r e s e n c e   of  an  a r t i c l e   a l o n g  a   v e r t i c a l   p l a n e .  

12.  An  a r t i c l e   h a n d l i n g   a p p a r a t u s   c o m p r i s i n g :  

a  m o u n t i n g   p l a t e ;  

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

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

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

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

c o n n e c t e d   t h e r e t o   and  b e i n g   c o n s t r a i n e d   to   move  in   a  

p l a n e   s u b s t a n t i a l l y   p a r a l l e l   to   t h e   l i f t i n g   m e c h a n i s m .  

13.  The  a r t i c l e   h a n d l i n g   a p p a r a t u s   of   c l a i m   12  f u r t h e r  

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

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

p l a n e ;   a n d  

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

o p e r a b l e   f o r   s e n s i n g   t h e   a r t i c l e   in  a  h o r i z o n t a l   p l a n e .  
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