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(S)  Method  and  apparatus  for  sequentially  feeding  sheet  stacks. 
  Sheet  stacks  bordered  by  sheet  markers  are  sequentially 
fed  from  a  pile  of  aligned  and  stacked  sheets  containing 
sheet  markers  inserted  into  these  sheets  through  end  wall  at 
specific  intervals  with  bare  portion  left  outside,  using  a  sheet 
stack  delivery  apparatus  including  at  least  lifter  means  that 
mounts  sheet  stacks  to  allow the  uppermost  sheet  stack  to  be 
sequentially  transferred  to  a  pre-determined  level;  a  wedge- 
type  head  for  separating  sheet  stacks  comprising  its  tip  part 
facing  the  end  wall  of  the  sheet  pile  at  a  position  close  to  the 
sheet  marker  bordering  the  uppermost  and  the  second  sheet 
stacks  and  also  the  upper  tilt  surface  and  the  bottom  surface 
ending  at  the  tip  part;  and  means  for  transferring  the 
uppermost  sheet  stack  by  holding  and  pushing  forward  an 
end  wall  of  the  uppermost  sheet  stack  split  by  the  wedge 
head. 



F i e l d   of  the   I n v e n t i o n  

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  a  m e t h o d   o f  

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

an  a p p a r a t u s   f o r   d r a w i n g   out   a  s p e c i f i c   n u m b e r   of  s h e e t s  

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

B a c k g r o u n d   of  t he   I n v e n t i o n  

C o n v e n t i o n a l l y ,   any  s h e e t   p r o d u c t s   made  of  p a p e r ,  

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

s p e c i f i c   s i z e   by  c u t t e r s ,   f o r   e x a m p l e ,   by  a  s h e e t   c u t t e r  

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

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

of  i n s p e c t o r s   as  r e q u i r e d ,   and  t h e n   a  s p e c i f i c   n u m b e r   o f  

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

" s h e e t   s t a c k " ) ,   w h i c h   a re   f i n a l l y   p a c k e d   and  d e l i v e r e d .  

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

to  r e l o c a t e   s h e e t   s t a c k s   in   p i l e .   I t   h a s   l o n g   b e e n  



p r a c t i c e d   d u r i n g   the   s h e e t   c u t t i n g   p r o c e s s   to  i n s e r t  

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

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

b e t w e e n   the   m a r k e r   p a p e r s   f o r   d e l i v e r y   to  e n s u r i n g  

p r o c e s s e s .   H o w e v e r ,   s i n c e   e a c h   s h e e t   s t a c k   c o n t a i n s   a  

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

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

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

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

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

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

F o r   e x a m p l e ,   an  a u t o m a t i c   p a p e r   f e e d e r   d i s c l o s e d  

by  t h e   J a p a n e s e   U t i l i t y   Mode l   P u b l i c a t i o n   No.  2 1 , 7 0 4   o f  

1981  i s   d e s i g n e d   to  t r a n s f e r   a  s p e c i f i c   n u m b e r   of  s h e e t s  

i n   s t a c k   to  the   e n s u i n g   p r o c e s s   a f t e r   c o u n t i n g   each   p i e c e  

of  s h e e t s   f r o m   the  s h e e t   p i l e .   S u c h   an  a p p a r a t u s   h o w e v e r  

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

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

t h e   o t h e r   h a n d ,   an  a p p a r a t u s   d i s c l o s e d   by  t h e   J a p a n e s e  

P a t e n t   L a i d - O p e n   No.  1 8 3 , 5 6 0   of   1983   u s e s   a  c o m p u t e r   f o r  

c o n v e r t i n g   t he   n u m b e r   of  t h e   r e q u i r e d   s h e e t s   i n t o   t h e  

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

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

the   a c t u a l   s t a n d a r d   and  g r a d e   of   p a p e r s   b e i n g   d e a l t   a n d  

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

s p e c i f i c   n u m b e r   of  s h e e t s ,   and  i n   a d d i t i o n ,   i t   has   a n  



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

t h i c k n e s s .  

A n o t h e r   a p p a r a t u s   d i s c l o s e d   by  the  J a p a n e s e  

P a t e n t   L a i d - O p e n   No.  1 6 2 , 4 4 7   of  1983  p r o v i d e s   s u c h   a  

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

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

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

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

d e l i v e r y   b e c a u s e   the   n u m b e r   of   s h e e t s   i n   s t a c k   i s  

u n a v o i d a b l y   c o n s t r a i n e d   by  t h e   t h i c k n e s s   of  the   s h e e t  

l a y e r   p r o v i d e d   i n   c o n j u n c t i o n   w i t h   the   p u s h e r ' s   c a p a c i t y  

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

to  a  maximum  of  10  c e n t i m e t e r s ) ,   i . e . ,   i t   i s   u n a v o i d a b l y  

s u b j e c t   to  t he   h e i g h t   f o r   p e r f o r m i n g   o n e - r o u n d   l i f t i n g  

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

a l s o   a p p l i e s   to  s u c h   an  a p p a r a t u s   w h i c h   i s   p r o v i d e d   w i t h  

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

s t a c k s   a c c o r d i n g   to  t h e   d i s c l o s e d   J a p a n e s e   U t i l i t y   M o d e l  

P u b l i c a t i o n s   of  1 9 8 0 ,   N o s .   3 6 , 4 2 1   and  4 7 , 7 7 9 .  

L i k e w i s e ,   t h e r e   i s   a  s t i l l   f u r t h e r   a p p a r a t u s  

d i s c l o s e d   by  t he   J a p a n e s e   U t i l i t y   Model   P u b l i c a t i o n  

No.  1 3 , 7 3 8   of  1 9 7 7 ,   w h i c h   i s   c o m p o s e d   of  s u c h   a  m e c h a n i s m  

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

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

In   t h i s   c a s e ,   t he   s p a c e r   i s   d e s i g n e d   to  p r o j e c t   i t s e l f  



f r o m   t he   edge  l i n e   of   t he   d e s i g n a t e d   s h e e t   s t a c k   a l o n g   f u l l  

w i d t h   of  t he   s h e e t s ,   t h u s   i t   u n a v o i d a b l y   i n v o l v e s   a  

c o m p l e x   h a n d l i n g   o p e r a t i o n ,   and  y e t ,   i t   may  m a l f u n c t i o n  

any  t i m e   u n e x p e c t e d l y .  

As  a  r e s u l t ,   s u c h   c o n v e n t i o n a l   s h e e t   s t a c k  

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

a d v a n t a g e s   m e n t i o n e d   a b o v e ,   bu t   a l s o   c o n t a i n   s u c h  

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

o p e r a t i n g   s p e e d s ,   and  a b s e n c e   of  such   means   f o r   s e c u r e l y  

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

s e p a r a t e d   f rom  the   s h e e t   p i l e ,   and  t h u s ,   s u c h   c o n v e n t i o n a l  

d e v i c e s   c a n n o t   e f f e c t i v e l y   be  a p p l i e d   to  t he   d e l i v e r y   o f  

d e l i c a t e   s h e e t s   s u c h   as  a r t   p a p e r ,   c o a t e d   p a p e r   and  h i g h -  

g l a z e d   f i n i s h   p a p e r ,   e t c .  

Summary   of   the   I n v e n t i o n  

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

d e s c r i b e d ,   i t   i s   an  o b j e c t   of  t he   i n v e n t i o n   to  p r o v i d e   a n  

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

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

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

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

To  s e c u r e l y  a c h i e v e   the   o b j e c t   d e s c r i b e d   a b o v e ,  

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



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

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

m a r k e r s   i n s e r t e d   i n t o   t h e s e   s h e e t s   t h r o u g h   edge   l i n e   a t  

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

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

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

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

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

s t a c k s   c o m p r i s i n g   i t s   t i p   p a r t   f a c i n g   the   edge   l i n e   o f  

t h e   s h e e t   p i l e   a t   a  p o s i t i o n   c l o s e   to  the   s h e e t   m a r k e r  

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

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

at   t he   t i p   p a r t ;   and  means   f o r   t r a n s f e r r i n g   t h e   u p p e r m o s t  

s h e e t   s t a c k   by  h o l d i n g   and  p u s h i n g   f o r w a r d   an  edge   l i n e  

of  t he   u p p e r m o s t  s h e e t   s t a c k   s p l i t   by  the   wedge   h e a d ;  

s a i d   m e t h o d   c o m p r i s i n g   t he   s t e p s   o f :  

(a)   l i f t i n g   a  p i l e   of  s h e e t s   by  d r i v i n g   the   l i f t e r   i n  

o r d e r   t h a t   t he   u p p e r m o s t   s h e e t   s t a c k   can   be  l i f t e d  

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

(b)   s u c k i n g   and  h o l d i n g   t h e   b a r e   p o r t i o n   of  t h e   s h e e t  

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

t r a n s f e r r a b l e   l e v e l   and  t h e   s e c o n d   s h e e t   s t a c k   f o r  

c a u s i n g   gap  to  be  g e n e r a t e d   b e t w e e n   the   s h e e t   m a r k e r  

and  t h e   s e c o n d   s h e e t   s t a c k   by  r a i s i n g   t he   h e i g h t  

p o s i t i o n   of  s u c t i o n   m e a n s ;  

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

and  s m o o t h   s h e e t   i n t o   s a i d   gap  g e n e r a t e d   by  s t e p   ( b ) ;  



(d)   i n s e r t i n g   t he   wedge  head   i n t o   gap   a b o v e   g u i d e   m e a n s  

i n s e r t e d   i n t o   s a i d   gap  i n   s u c h   a  m a n n e r   where   t h e  

b o t t o m   s u r f a c e   of  t he   wedge   h e a d   comes   i n t o   c o n t a c t  

w i t h   t h e   u p p e r   s u r f a c e   of  g u i d e   means   so  t h a t   s a i d  

gap  can   be  e x p a n d e d   to  a l l o w   l i f t i n g   of  the   u p p e r m o s t  

s h e e t   s t a c k   at  i t s   end  w a l l ;   a n d  

( e )   r e c e i v i n g   and  h o l d i n g ,   t he   end  w a l l   of  the   l i f t e d  

s h e e t   s t a c k   at   t he   r e c e i v e r   p a r t   of  the   t i p   of  f e e d i n g  

means   and  t r a n s f e r r i n g   t h e   l i f t e d   s h e e t   s t a c k   b y  

f o r w a r d i n g   s a i d   f e e d i n g   m e a n s .  

B a s i c a l l y ,   t h e   s h e e t   s t a c k   d e l i v e r y   a p p a r a t u s   e m b o d i e d   b y  

t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e s ;  

( a )   l i f t e r   means   f o r   m o u n t i n g   and   l i f t i n g   s h e e t   s t a c k s  

to  s e q u e n t i a l l y   p l a c e   the   u p p e r m o s t   s h e e t   s t a c k   o n t o  

t h e   t r a n s f e r r a b l e   l e v e l ;  

(b)   a  wedge  t y p e   h e a d   i n c o r p o r a t i n g   m a r k e r   s e n s i n g   m e a n s  

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

t h e   t i p   p o r t i o n   f a c i n g   an  end  w a l l   of  the   s h e e t  

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

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

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

f l a t   b o t t o m   s u r f a c e ;  

( c )   a  r o b o t   f o r   f u n c t i o n i n g   to  h o l d   and  c o n t r o l   t h e  

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

and  in   c o n j u n c t i o n   w i t h   s a i d   s u c t i o n   means ,   t h e r e b y  

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

of   t he   s h e e t   m a r k e r s   w i t h   s e n s i n g   means   and  t h e n  



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

to  s u c k   and  h o l d   the   b a r e   p o r t i o n   a t   t he   l i f t e d   p o s i t i o n  

to  a l l o w   a t   l e a s t   a  p o r t i o n   of  t h e   wedge   h e a d   to  a l s o  

r i s e   f o r   g e n e r a t i n g   gap  b e t w e e n  t h e   b o t t o m   s u r f a c e  

o f   t h e   s h e e t   m a r k e r s   and  the   s e c o n d   s h e e t   s t a c k   t o  

be  f o l l o w e d   by  r e l e a s i n g   the   s u c k i n g   o p e r a t i o n   o f  

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

h e a d   i n t o   s a i d   g a p ;  

(d )   a  r i g i d   and  s m o o t h   g u i d e   b a r   m e a n s   b e i n g   h e l d   i n  

c o n j u n c t i o n   w i t h   the   wedge  h e a d   and   s l i d a b l y   a l o n g  

t h e   b o t t o m   s u r f a c e   of  t he   wedge   h e a d   f o r   a c t i n g   as  t h e  

g u i d e   r a i l   o f   the   wedge  h e a d   i n t o   s a i d   gap  upon   i t  

h a v i n g   b e e n   i n s e r t e d   t h e r e t o ;  

( e )   f o r w a r d i n g   means   f o r   h o l d i n g   and   p u s h i n g   f o r w a r d   a n  

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

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

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

t h e r e   i s   i n t e n d e d   to  p r o d u c e   a  gap  b e t w e e n   the  u p p e r m o s t  

and   s e c o n d   s h e e t   s t a c k s   by  p r o v i d i n g   p r o n e - f a c e d   s u c t i o n  

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

b e t w e e n   t he   wedge   h e a d   and  the   u p p e r m o s t   s h e e t   s t a c k ,   a n d  

w h e w  t h e  m a r k e r   s e n s o r   of  t he   wedge   h e a d   has   i d e n t i f i e d  

t h e   s h e e t   m a r k e r s ,   s a i d   s u c t i o n   m e a n s   a s c e n d s   to  r a i s e   t h e  

s h e e t   m a r k e r s   so  t h a t   gap  can   be  g e n e r a t e d   b e t w e e n   t h e  

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

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

h e a d   w i t h   v a c u u m   means  and  s e t   t h e   w e d g e   h e a d   to  a n y  

t i l t e d   a n g l e .  



A c c o r d i n g   to  the   c o n s t i t u t i o n   of  t he   p r e s e n t  

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

of   s h e e t s   d e f i n e d   by  s h e e t   m a r k e r s   i n s e r t e d   i n t o   t h e s e  

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

gap   by  s l i g h t l y   l i f t i n g   t h e   s h e e t   m a r k e r s ,   i t   ha s   b e c o m e  

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

s h e e t   s t a c k   f r o m   the  s e c o n d   l a y e r   o f   t h e   s h e e t   s t a c k s  

w i t h o u t   i n c u r r i n g   even   t h e  s l i g h t e s t   damage   on to   the   s h e e t  

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

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

m e a n s   to  e a s i l y   and  s e c u r e l y   r e c e i v e   t he   end  w a l l   of  t h e  

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

p r o c e s s .  

S u c h   a d v a n t a g e s   d e s c r i b e d   a b o v e   and  o t h e r  

a d v a n t a g e s   o b t a i n a b l e   by  t he   p r e s e n t   i n v e n t i o n   w i l l   b e  

b e t t e r   u n d e r s t o o d   by  the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n  

of   t h e   p r e f e r r e d   e m b o d i m e n t s   i n   r e f e r e n c e   to  t h e  

d r a w i n g s   a t t a c h e d   h e r e t o .  



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

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

e m b o d i m e n t   of  such   an  a p p a r a t u s   u s e d   in   c o n j u n c t i o n   w i t h  

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

u s e d   f o r   the   p r e f e r r e d   e m b o d i m e n t   shown  in  F i g .   1 ;  

F i g .   3  i s   a  p l a i n   v i e w   of  the   w e d g e - t y p e   h e a d ;  

F i g .   4A  t h r o u g h   4H  r e s p e c t i v e l y   show  s e q u e n t i a l  

p r o c e s s e s   p e r f o r m e d   f o r   t he   d e l i v e r y   of  s h e e t   s t a c k s  -  

u s i n g   t he   a p p a r a t u s   s h o w n   i n   F i g .   1 ;  

F i g .   5  i s   a  l a t e r a l   v i e w   of   a  c o n f i g u r a t i o n   o f  

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

of   t he   p r e s e n t   i n v e n t i o n ;  

F i g .   6A  t h r o u g h   6D  r e s p e c t i v e l y   show  t h e  

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

s e q u e n t i a l l y   p e r f o r m e d   by  t he   a p p a r a t u s   shown  in   F i g .   5 ;  

F i g .   6E  i s   a  f l o w c h a r t   d e s c r i b i n g   s e q u e n t i a l  

o p e r a t i o n s   p e r f o r m e d   by  the   a p p a r a t u s   shown  in   F i g .   5 ;  

F i g .   7  i s   a  p l a i n   v i e w   of  the   w e d g e - t y p e   h e a d  

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

a v a i l a b l e   f o r   the   a p p a r a t u s   e m b o d i e d   by  the  p r e s e n t  

i n v e n t i o n ;  

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

F i g .   7 ;  

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

F i g .   7 ;  



F i g .   10  i s   a  s e c t i o n a l   v i e w   of  the   w e d g e - t y p e  

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

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

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

F i g .   11  i s   a  v e r t i c a l   s e c t i o n a l   v i e w   s h o w i n g  

t h e   m a i n   p a r t   of  the   p u s h e r   u n i t   o p e r a t i o n   in   c o n j u n c t i o n  

w i t h   t h e   w e d g e - t y p e   head   shown  i n   F i g .   1 0 ;  

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

a p p a r a t u s   e m b o d i e d   by  the   p r e s e n t   i n v e n t i o n ,   b e i n g  

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

F i g .   13  i s   a  s c h e m a t i c   d i a g r a m   s h o w i n g   t h e  

d r i v e   p a t t e r n   of  a n o t h e r   p u s h e r   u n i t   u s e d   f o r   t h e  

a p p a r a t u s   e m b o d i e d   by  the   p r e s e n t   i n v e n t i o n .  



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

F i g .   1  shows  one  of   t h e   p r e f e r r e d   e m b o d i m e n t s  

of  t he   p r e s e n t   i n v e n t i o n   r e l a t e d  t o   t h e   s h e e t   s t a c k  

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

s p l i t   f r om  s h e e t   p i l e   by  s h e e t   m a r k e r s   to  an  a u t o m a t i c  

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

in   F i g .   1  c o m p r i s e s   a  l i f t e r   23  f o r   l o a d i n g   t h e r e o n   a n d  

l i f t i n g   a  s h e e t   s t a c k   s t e p w i s e ,   a  p n e u m a t i c   c y l i n d e r   20  f o r  

p r e s s i n g   a  p o r t i o n   c l o s e   to   t h e   r i g h t   end  in   t h i s   F i g u r e   1 

of  t h e   u p p e r   s u r f a c e   of  s h e e t   p i l e   21  at   a  p r e - d e t e r m i n e d  

l e v e l ,   a  r o b o t   4  s u p p o r t i n g   t h e  w e d g e   head   f o r   s p l i t t i n g  

s h e e t   s t a c k s   l o c a t e d   in   t h e   u p p e r   r i g h t   end  i n   t h i s   F i g u r e  

1  of  t h e   s h e e t   p i l e   21,  and  t h e   s h e e t   s t a c k   f e e d e r   25  t h a t  

e x t e n d s   i t s e l f   a l o n g   t h e   u p p e r   s u r f a c e   of  s h e e t   p i l e   2 1 .  

An  a u t o m a t i c   p a c k i n g   m a c h i n e   18  i s   i n s t a l l e d   a t   a  p o s i t i o n  

c l o s e   to   t h e   o t h e r   end  of  s h e e t   p i l e   21  and  o p p o s i t e   f r o m  

t h e   wedge  h e a d   1 .  

The  wedge  h e a d   1  w h i c h   i s   t he   m a i n   u n i t   of  t h e  

a p p a r a t u s   i s   s e c u r e d ,   f o r   e x a m p l e ,   to   t h e   arm  member   5  o f  

t h e   r o b o t   4  or  t he   l i k e   by  t h e   h e a d   c o n n e c t o r   2  and  t h e  

s u p p o r t   p l a t e   3,  w h i l e   p e r f o r m i n g   s u c h   o p e r a t i o n s  

i n c l u d i n g   f e e d i n g   of  s h e e t s ,   r e t r e a t   i t s e l f ,   and  u p - a n d -  

down  m o v e m e n t s   of  i t s   f r o n t   and   r e a r   e n d s .   R e f e r r i n g   n o w  

t o  F i g s .   2  and  3,  f u r t h e r   d e t a i l s   of  t h e   c o n f i g u r a t i o n   o f  

t h e   wedge  h e a d   1  a r e   d e s c r i b e d   b e l o w .   In  F i g .   2,  t h e  



f r o n t   edge   a n g l e  6   f o r m e d   by  t h e   t i l t   s u r f a c e   6  of  t h e  

wedge  h e a d   1  p r o j e c t i n g   i n   t h e   d i r e c t i o n   of  s h e e t   p i l e   21 

and  t h e   f l a t   and  l e v e l   b o t t o m   s u r f a c e   7  s h o u l d   d e s i r a b l y   b e  

a d j u s t e d   w i t h i n   a  r a n g e   f r o m   a b o u t   13°  to  a  maximum  of  3 0 °  

so  t h a t   no  damage  can  be  i n c u r r e d   to   t h e   s h e e t   s u r f a c e  

when   i n s e r t i n g   the   t i p   end   9  of   t h e   wedge  head   1  i n t o   t h e  

s h e e t   p i l e .   I f   the   t i p   a n g l e   (8)  e x c e e d s   3 0 °  ,   t h e   t i p  

end  of  t h e   wedge  head   1  c a n   h a r d l y   be  i n s e r t e d   i n t o   t h e  

s h e e t   p i l e   21.  C o n v e r s e l y ,   i f   t h e   t i p   a n g l e   8  i s   n o r r o w e r  

t h a n   1 3 ° ,   even   t h o u g h   t h e   t i p   end  of  t h e   wedge  head  1  c a n  

be  e a s i l y   i n s e r t e d ,   s h e e t s   w i l l   be  e a s i l y   d a m a g e d ,   and  i n  

a d d i t i o n ,   i t   w i l l   become   d i f f i c u l t   to  p r e c i s e l y   i n s t a l l  

s e n s o r s   10  in   p o s i t i o n ,   w h i c h   w i l l   be  d e s c r i b e d   l a t e r   o n .  

When  the   wedge   h e a d   1  a s c e n d s   a l o n g   t he   w a l l  

s u r f a c e   of  t he   s h e e t   p i l e   21 ,   s i n c e   i t   k e e p s   a s c e n d i n g  

t o w a r d s   t h e   w a l l   s u r f a c e s   of   t h e   s h e e t   m a r k e r s   19  and  s h e e t s ,  

i t   i s   a d v a n t a g e o u s  f o r   t h e   wedge   h e a d   1  t o   i n s t a l l   s e n s o r s  

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

head   1.  In  p a r t i c u l a r ,   as   s h o w n   i n   t h e   p r e f e r r e d  

e m b o d i m e n t ,   i t   i s   more   d e s i r a b l e   to   i n s t a l l   s e n s o r   m e a n s  

10  e i t h e r   in   t h e   f r o n t   e d g e   of   t h e   l a t e r a l   p a r t   or  in   t h e  

b o t t o m   edge  p o r t i o n   of  t h e   t i l t   s u r f a c e   of   t h e   h e a d   1 .  

As  shown  i n   F i g .   3,  t h e   b o t t o m   edge   p o r t i o n   o f  

t h e   t i l t   s u r f a c e   6  of  t h e   wedge   h e a d   1  i s   p r o v i d e d ,   f o r  

e x a m p l e ,   w i t h   such   f i x i n g   m e a n s   11  c o m p r i s i n g   a  s u c t i o n  



h o l e ,   t h u s   a l l o w i n g   t h e   s h e e t   m a r k e r   19  in   c o n t a c t   w i t h  

t h e   t i l t   s u r f a c e   6  c an   be  s e c u r e l y   s u c k e d   by  a  v a c u u m  

pump  f o r   f i x i n g .  

In  c o n s i d e r a t i o n   of   t h e   m e c h a n i c a l   c h a r a c t e r i s t i c s ,  

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

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

h e a d   1  may  be  o p t i o n a l l y   s e l e c t e d ,   f o r   e x a m p l e ,   f rom  s t e e l ,  

n o n - f e r r o u s   m e t a l ,   s i n t e r e d   m a t e r i a l ,   or   p l a s t i c s .   When 

h a n d l i n g   s u c h   s h e e t s   t h a t   c an   e a s i l y   i n c u r   any  damage  on  t h e  

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

glazed  f i n i s h   p a p e r ,   e t c . ,   s u c h   m a t e r i a l s   as  p h e n o l   r e s i n ,  

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

r e s i n ,   POLYFLON  YF,  POLYFLON  PF,   and   n y l o n   c o n t a i n i n g  

m o l y b d e n u m   d i - s u l f i d e ,   e t c .   a r e   p a r t i c u l a r l y   s u i t e d   f o r  

c o m p o s i n g   t h e   wedge  h e a d   1.  D e p e n d i n g   on  t h e   n e e d s ,   t h e  

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

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

The  b o t t o m   s u r f a c e   7  of  t h e   wedge  h e a d   1  i s  

p r o v i d e d   w i t h   a  g u i d e  b l a d e   12  made  of  r e l a t i v e l y   r i g i d   a n d  

t h i n   m a t e r i a l   f o r   g u i d i n g   t h e   w e d g e   h e a d   1  as  shown  in   F i g .   1 ,  

f o r   e x a m p l e ,   t h e   g u i d e  b l a d e   12  c a n   be  e x t e n d e d   to   a n y  

d e s i r e d   l e n g t h   f rom  t h e   t i p   end  of   t h e   wedge  head   1  a l o n g  

t he   b o t t o m   s u r f a c e   of  t he   wedge   h e a d   1  by  b e i n g   d r i v e n   b y  

a  l i n e a r e d   m o t o r   13  so  t h a t   t h e   g u i d e   b l a d e   12  c an   f r e e l y  

p r o j e c t   or   r e t r e a t   i t s e l f .   C o n v e n t i o n a l l y ,   s u c h   a  h e a d  

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



s m o o t h n e s s .   In   p a r t i c u l a r ,   i t   i s   more  d e s i r a b l e   to   u s e  

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

p o l y t e t r a f l u o r e t h y l e n e   r e s i n ,   POLYFLON  YF,  POLYFLON  PF,   o r  

n y l o n   c o n t a i n i n g   m o l y b d e n u m  d i - s u l f i d e ,   e t c .  

The  f o r w a r d i n g   u n i t   25  c o m p r i s e s   t he   f o r w a r d i n g  

arm  14  w h i c h ,  w h i l e   r e m a i n i n g   i n   the   s t a n d b y   mode,   i s   p l a c e d  

i n   s u c h  a   p o s i t i o n   c l o s e   to   t h e   end  w a l l   of   s h e e t   p i l e   21 

on  the   p a r t   of   t h e   wedge  head   1,  t he   f o r w a r d i n g   c y l i n d e r   14 

f o r   d r i v i n g   t h e   f o r w a r d i n g   arm  14,  and  t h e   g u i d e   rod   1 6 ,  

w h e r e   t he   f o r w a r d i n g   arm  14  s l i d e s   o v e r   t h e   g u i d e   r o d   16 

to   send  out  t h e   s p l i t   s h e e t   s t a c k   17  o n t o   t he   a u t o m a t i c  

p a c k i n g   m a c h i n e   1 8 .  

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

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

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

s h e e t   s t a c k   17  o r .  t h e   d i s e n g a g e m e n t   of   s h e e t   m a r k e r s   f r o m  

t h e   s h e e t   s t a c k s   1 7 .  

When  e x e c u t i n g   t he   m e t h o d   of  d e l i v e r i n g   s h e e t  

s t a c k s   a c c o r d i n g   to   t h e   i n v e n t i o n   by  t h e   p r e f e r r e d  

e m b o d i m e n t   as  s h o w n   i n   F i g -   1,  f i r s t ,   t h e   p a l l e t   2 2  

m o u n t i n g   s h e e t   p i l e   21  i s   c a r r i e d ,   f o r   e x a m p l e ,   by  e i t h e r  

a  f o l k l i f t   t r u c k   o r   by  an  a u t o m a t i c   c o n v e y e r ,   and  t h e n  

t h e   p a l l e t   22  i s   t r a n s f e r r e d   o n t o   t h e   t a b l e   l i f t e r   2 3 ,  

w h i l e   t h e   h e i g h t   p o s i t i o n   of  t h e   s h e e t   s t a c k   17  i s   a d j u s t e d  

to   a  d e s i r e d   l e v e l   by  t h e   u p - a n d - d o w n   m o v e m e n t   of  t h e   t a b l e  



l i f t e r   23 .   As  d e s c r i b e d   e a r l i e r ,   s h e e t   m a r k e r s   19  a r e  

i n s e r t e d   i n t o   s h e e t   p i l e   21  so  t h a t   t h e   s u b s t a n t i a l   b a r e  

p o r t i o n   of   t h e   s h e e t   m a r k e r s   19  can   r e m a i n   e x p o s e d   at  a n  

edge  l i n e   of   t he   s h e e t   p i l e ,   t h u s   a l l o w i n g   to   d e f i n e   e a c h  

s h e e t   s t a c k   1 7 .  

N e x t ,   in   r e f e r e n c e   to  F i g .   4,  t h e   p r o c e d u r e   n e e d e d  

f o r   f o r w a r d i n g   s h e e t   s t a c k s   i s   d e s c r i b e d   b e l o w .   F i g .   4A 

shows  t h a t   e v e r y   p a r t   of   t h e  d e l i v e r y   d e v i c e   r e m a i n s   in   t h e  

i n i t i a l   s t a t u s ,   where   t h e   p r e s s   c y l i n d e r   20  w i t h d r a w s   i t s  

arm,  w h i l e   t he   t i p   end  of   t h e   wedge  h e a d   1  i s   s e t   i n   s u c h  

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

s h e e t   m a r k e r   19  and  r e m a i n s   in   a  low  p o s i t i o n .   As  s o o n   a s  

t h e   o p e r a t i o n   has   b e e n   a c t i v a t e d ,   as  shown  i n   F i g .   4B,  t h e  

p r e s s   c y l i n d e r   20  f i r s t   e x t e n d s   i t s   arm  to   p r e s s   t h e   u p p e r  

edge  p o r t i o n   of  the   s h e e t   p i l e   21,  and  t h e n   t h e   r o b o t   4  

d r i v e s   t h e   wedge  head   1.  F i r s t ,   t he   wedge  h e a d   h o r i z o n t a l l y  

moves   to   t h e   end  w a l l   of  t h e   s h e e t   p i l e   21  and  s t o p s   i t s  

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

c o n t a c t   w i t h   t he   end  w a l l   of   t h e   s h e e t   p i l e   21 .   The  w e d g e  

h e a d   1  t h e n   a s c e n d s   in   t h e   d i r e c t i o n   of  t h e   u p p e r m o s t   s h e e t  

m a r k e r   19  w h i l e   c o n f i r m i n g   t h e   p o s i t i o n   of  t h e   s h e e t   m a r k e r s  

19  and  t h e   end  w a l l   of  t h e   s h e e t   p i l e   u s i n g   t h e   p h o t o e l e c t r i c  

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

s h e e t   m a r k e r   19  on  i t s   t i l t e d   s u r f a c e ,   and  f i n a l l y   s t o p s   a t  

a  s l i g h t l y   h i g h e r   p o s i t i o n .  



W h e n   the  wedge  head  1  s tops ,   the  s u c t i o n   hole  p r o v i d e d  

on  the  t i l t   s u r f a c e   of  the  head  1  s t a r t s   to  o p e r a t e   so  that  the  s h e e t  

m a r k e r   19  can  be  s e c u r e l y   held  on  the  tilt  s u r f a c e .   Next,  a s  

shown  in  F i g .   4C,  the  r e a r   end  of  the  wedge  head  1  is  s l i g h t l y  

b r o u g h t   u p w a r d   by  p ivot ing  on  the  t ip  end  of  the  h e a d . i t s e l f   o r  

t h e r e a b o u t   so  that  gap  enough   to  p e r m i t   e n t r y   of  the  head  g u i d e  

12  can  be  g e n e r a t e d   b e n e a t h   the  s h e e t   m a r k e r   19  of  the  f i r s t  

s h e e t   s t a c k   17.  Af t e r   the  head  guide  12  has  been   i n s e r t e d   i n t o  

gap  thus  g e n e r a t e d ,   the  wedge  head  1  is  then  b r o u g h t   d o w n w a r d  

to  a  s p e c i f i c   p o s i t i o n   su i ted   for  the  guide  to  o p e r a t e   i t se l f ,   a n d  .  

then  the  wedge   head  1  r e t u r n s   to  the  h o r i z o n t a l   pos i t i on   as  s h o w n  

in  F i g .   4D.  Then,   as  shown  in  F i g .   4E,  the  head   guide  12  i s  

i n s e r t e d   into  shee t   pile  up  to  a  dep th   enough   to  p e r m i t   the  w e d g e  

head  1  to  e n t e r   ins ide ,   and  then  s tops   the  s u c k i n g   o p e r a t i o n   o f  

the  s u c t i o n   hole  to  r e l e a s e   the  s u c k e d   shee t   m a r k e r   19.  L i k e w i s e ,  

the  u p p e r   end  of  the  shee t   pile  21  is  a l so   set  f r e e   by  caus ing   t h e  

a r m   of  the  p r e s s   c y l i n d e r   20  to  a s c e n d .   Then ,   the  wedge  head  1 

m o v e s   o v e r   the  head  guide  12  and  c a u s e s   its  f r o n t   half  p o r t i o n   t o  

e n t e r   b e t w e e n   the  shee t   m a r k e r   19  and  the  head   guide  12.  As  a  

r e s u l t ,   the  end  wall  of  the  shee t   s t a c k   17  is  l i f t ed   to  a  c e r t a i n  

he ight   n e e d e d   for  o p e r a t i n g   the  f o r w a r d i n g   a r m   14  so  that  t h e  

c o n d i t i o n   shown  in  F ig .   4F  can  be  e n t e r e d   into  e f f e c t .  

Next ,   the  s u c t i o n   hole  is  r e a c t i v a t e d   to  s e c u r e   the  s h e e t  

m a r k e r   19  onto  the  t i l t   s u r f a c e   of  the  wedge  head  1,  and  t h e n  

as  s h o w n   in  F ig .   4G,  the  hooked  tip  end  of  the  f o r w a r d i n g   a r m  

14  is  se t   to  the  end  wall  of  the  l i f ted   shee t   s t a c k   17,  and  f i n a l l y ,  

the  l i f t e d   shee t   s t ack   17  is  pushed   o u t s i d e   in  the  d i r e c t i o n   of  t h e  

a u t o m a t i c   pack ing   m a c h i n e   18.  As  shown  in  F i g .   4H,  w h e n  

p u s h i n g   f o r w a r d   the  shee t   s t ack   17,  an  a i r   n o z z l e   24  is  set   t o  

the  f o r w a r d i n g   a r m   14,  which  then  blows  a i r   into  a  c e r t a i n   p o r t i o n  



b e n e a t h   the  l i f ted  shee t   s t a c k   17  so  that  the  shee t   s tack   17  can  be  

e a s i l y   sent   out.  This   is  p a r t i c u l a r l y   e f f ec t ive   when  d r a w i n g   o u t  

s u c h   a  shee t   s t a ck   c o n t a i n i n g   s h e e t s   that  cannot   eas i ly   s l i p .  

B e s i d e s ,   it  is  p r e f e r a b l e ,   in  c o n s i d e r a b l y   cold  s e a s o n ,   to  b l o w  

ion ized   a i r   into  sa id   c e r t a i n   p o r t i o n   b e n e a t h   the  l if ted  s h e e t   s t a c k  

17  to  prevent   f r o m   c l ing ing   of  the  u n d e r m o s t   sheet   of  the  l i f t e d  

s t ack   to  the  upper   s u r f a c e   of  the  wedge   head  1. 

As  shown  in  F ig .   4H,  when  the  f i r s t   shee t   s t ack   17  h a s  '  

been  sent   out,  the  shee t   m a r k e r   19  s t i l l   r e m a i n s   sucked   upon  t h e  

tilt  s u r f a c e   of  the  wedge  head  1,  and  thus,   in  o r d e r   to  p r e p a r e   f o r  

the  f o r w a r d i n g   o p e r a t i o n   for  the  s e c o n d   shee t   s tack,   when  t h e  

wedge  head  1  has  r e t u r n e d   to  the  i n i t i a l   s ta te   shown  in  F i g .   4A,  

the  s u c k i n g   o p e r a t i o n   a g a i n s t   the  s h e e t   m a r k e r   19  is  d i s c o n t i n u e d  

to  r e l e a s e   the  shee t   m a r k e r   19.  In  c o n n e c t i o n   with  the  d i s c o n -  

t i n u a t i o n   of  the  suck ing   o p e r a t i o n ,   to  avoide   the  c l ing ing   of  t h e  

shee t   m a r k e r   to  the  upper   s u r f a c e   of  the  wedge  head  1  by  a n  

e l e c t r o s t a t i c   p h e n o m e n o n ,   it  is  d e s i r a b l e   to  blow  back  i on ized   o r  

m o i s t e n e d   air   t h r o u g h   the  s u c t i o n   hole  11  of  the  head  1  to  the  s h e e t  

m a r k e r   19.  F u r t h e r ,   the  m a n n e r   of  p r o d u c i n g   a  s u f f i c i e n t   g a p  

b e n e a t h   the  shee t   m a r k e r   19  is  not  l im i t t ed   to  such  a  m a n n e r   a s  

shown  in  F ig .   4C  in  which  the  r e a r   end  of  the  wedge  head  1  i s  

p ivo ta l ly   r a i s e d   about   the  tip  end  t h e r e o f ,   but  can  be  c o n s t i t u t e d  

f r o m   v a r i o u s   m a n n e r s ,   for  e x a m p l e ,   the  tip  end  may  be  r a t h e r  

r a i s e d   about   the  r e a r   end  s u b s t a n t i a l l y   r e p o r t e d ,   or  the  whole  

body  of  the  wedge  head  1  may   be  l i f t ed   m a i n t a i n i n g   the  h o r i z o n t a l  

p o s t u r e ,   and  o the r   p o s s i b l e   m a n n e r s   can  be  e m p l o y e d   in  a c c o r d -  

ance  with  the  i m p l e m e n t a t i o n   of  the  i n v e n t i o n .  

The  a p p a r a t u s   then  r e p e a t s   the  s a m e   o p e r a t i o n   as  was  d o n e  

by  the  p r o c e d u r e s   d e s c r i b e d   a b o v e ,   thus  s e q u e n t i a l l y   s e n d i n g   o u t  



the  p i l e d   shee t   s t a c k s .   N e e d l e s s   to  say,  t he se   o p e r a t i o n s   c a n  

a l so   be  a u t o m a t i c a l l y   and  s e q u e n t i a l l y   e x e c u t e d   by  the  p r o g r a m  

c o n t r o l .  

F i g .   5  shows  a  l a t e r a l   view  of  a  c o n f i g u r a t i o n   of  t h e  

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

p r e s e n t   i n v e n t i o n .   The  wedge  head  51,  guide  bar   53,  and  t h e  

p u s h e r   unit  54  being  quite  s i m i l a r   to  those  used   f o r   the  p r e f e r r e d  

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

a r m   65  of  the   robot   64  f r e e l y   m o v a b l e   in  the  t h r e e   d i m e n s i o n a l  

d i r e c t i o n s   X,  Y,  and  Z.  Sheet  pile  21  m o u n t e d   on  the  t a b l e  

l i f t e r   23  is  l if ted  when  each   shee t   s t ack   is  sent   to  the  left,  w h i l e  

the  u p p e r   s u r f a c e   of  which   is  m o n i t o r e d   by  the  p h o t o e l e c t r i c   s w i t c h  

so  tha t   the  upper   s u r f a c e   can  a lways   be  held  at  a  s p e c i f i c   h e i g h t .  

A l so ,   s h e e t   pile  21  con t a in s   shee t   m a k e r s   19  w h i c h   w e r e   i n s e r t e d  

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

In  the  e m b o d i m e n t   d e s c r i b e d   for  now,  a  t i l t e d   p r o n e - f a c e d  

s u c t i o n   d isk   52  is  p r o v i d e d   b e t w e e n   the  wedge  head   51  at  i t s  

s t a n d l y   p o s i t i o n   and  the  end  wall  of  the  shee t   pile  21,  while   t h e  

l i n e a r e d   m o t o r   56  is  a l so   p r o v i d e d   for  d r i v i n g   the  s u c t i o n   d i s k  

52  in  the  v e r t i c a l   d i r e c t i o n s .   R e f e r e n c e   n u m b e r   57  i n d i c a t e s   t h e  

o t h e r   l i n e a r e d   m o t o r   d r i v i n g   the  p u s h e r   unit  54  in  the  f o r w a r d   a n d  

b a c k w a r d   d i r e c t i o n s   a g a i n s t   the  a r m   65  of  the  r o b o t   64.  T h e s e  

d r i v e r s   a r e   s e c u r e d   to  the  a r m   A.  The  edge  p o r t i o n   of  the  s u c t i o n  

d isk   52  has  a  t i l t ed   ang le   that  n e a r l y   faces   the  t i l t e d   angle   of  t h e  

head  51,  while  sa id   edge  po r t ion   is  c o n n e c t e d   to  a  v a c u u m   p u m p  

(not  s h o w n )   to  suck  up  the  shee t   m a r k e r   19.  The   b o t t o m   s u r f a c e  

of  the  wedge   head  51  is  held  in  a  h o r i z o n t a l   p l ane ,   and  p r o v i d e d  

w i t h   a  s h a l l o w   g roove   in  the  f o r w a r d   and  b a c k w a r d   d i r e c t i o n s   t o  

a l low  the  guide  bar   53  to  move  back  and  f o r t h   a l o n g   the  g r o o v e .  



R e f e r e n c e   n u m b e r   58  i n d i c a t e s   a  l i n e a r e d   m o t o r   d r i v i n g   the  g u i d e  

bar  53,  bo th   of  w h i c h   a r e   c o n n e c t e d   to  e a c h   o t h e r   t h r o u g h   w i r e s  

p r o v i d e d   i n s i d e   the  guide  tube  59.  R e f e r e n c e   n u m b e r   60  i n d i c a t e s  

a  p r e s s o r   e l e m e n t ,   which   is  v e r t i c a l l y   d r i v e n   by  the  p n e u m a t i c  

c y l i n d e r   61  s e c u r e d   to  the  f r a m e   63  being  i n t e g r a t e d   with  the  b a s e  

of  the  r o b o t   64  for  p r e s s i n g   the  uppe r   s u r f a c e   of  the  shee t   pile  2 1 .  

R e f e r e n c e   n u m b e r   62  i n d i c a t e s   a  con t ro l   unit  i n c l u d i n g   s u c h  

s w i t c h e s   for  c o n t r o l l i n g   those   l i n e a r e d   m o t o r s   thus  d e s c r i b e d   a n d  

the  s u c t i o n   disk  52  plus  the  e l e c t r o m a g n e t i c   va lve   as  w e l l .  

C o n t r o l   of  the  e n t i r e   s y s t e m   o p e r a t i o n   is  e x e c u t e d   by  m e a n s  

of  the  s e q u e n t i a l   c o n t r o l l e r   66  shown  in  the  l o w e r   r igh t   p o s i t i o n   o f  

F ig .   6.  F i r s t ,   as  the  table  l i f t e r   23  a s c e n d s ,   the  uppe r   s u r f a c e  

of  the  s h e e t   pile  21  is  b rough t   up  to  the  p o s i t i o n   shown  in  F i g .   5 ,  

and  s i m u l t a n e o u s l y ,   a i r   is  fed  into  the  p n e u m a t i c   c y l i n d e r   61  t o  

l o w e r   the  p o s i t i o n   of  the  p r e s s o r   e l e m e n t   60  for  p r e s s i n g   the  s h e e t  

pile  21.  As  soon  as  the  table   l i f t e r   23  s t a r t s   to  a s c e n d ,   the  s u c t i o n  

disk  52  s t a r t s   to  s u c h   a i r .   While  the  shee t   pile  a s c e n d s ,   the  s u c t i o n  

disk  52  r e m a i n s   at  a  d e s i g n a t e d   pos i t ion ,   and  as  a  r e s u l t ,   the  u p p e r -  

mos t   s h e e t   m a r k e r   19  p r o j e c t i n g   f r o m   the  end  wal l   of  the  s h e e t  

pile  21  c o m e s   into  c o n t a c t   with  the  s u c t i o n   d isk   52  so  that   it  c a n  

be  s e c u r e l y   s u c k e d   by  it.  When  the  shee t   m a r k e r   19  is  s u c k e d   b y  

the  s u c t i o n   disk  52,  the  p r e s s u r e   ins ide   the  v a c u u m   tube  l o w e r s ,  

and  t h e n   the  c o n t r o l   unit  62  d e t e c t s   the  d e p r e s s u r i z e d   ( v a c u u m )  

e f fec t   so  that   the  l i n e a r   head  m o t o r   56  can  be  a c t i v a t e d   to  c a u s e  

the  s u c t i o n   disk  52  to  a s c e n d   to  a  spec i f i c   he igh t .   On  the  o t h e r  '  

band,  as  soon  as  the  u p p e r m o s t   s u r f a c e   of  the  shee t   pile  h a s  

r e a c h e d   a  s p e c i f i c   l eve l   (see  F ig .   5),  the  p h o t o e l e c t r i c   s w i t c h  

a c t i v a t e s   i t s e l f   to  s top   the  a s c e n d i n g   o p e r a t i o n   of  the  table   l i f t e r  

23.  As  the  s u c t i o n   disk  52  a s c e n d s ,   the  s h e e t   m a r k e r   19  b e i n g  

v a c u u m e d   by  it  a l so   a s c e n d s ,   and  as  a  r e s u l t ,   as  shown  in  Fig   6A,  



the  end  wall  of  the  s h e e t   pile  21  above  the  s h e e t   m a r k e r   19  i s  

s l i g h t l y   b r o u g h t   u p w a r d ,   thus  g e n e r a t i n g   gap  "g" .   Then ,   t h e  

l i n e a r e d   m o t o r   58  r o t a t e s   to  cause   the  guide  ba r   53  to  p r o c e e d .  

The  guide   bar  53  r e m a i n s   in  p a r a l l e l   with  the  b o t t o m   s u r f a c e   of 

the  w e d g e   bead  51 .   H o w e v e r ,   s ince  the  wedge   head   51  s l i g h t l y  

i n c l i n e s   u p w a r d s   i t se l f ,   the  guide  bar  53  a l s o   k e e p s   p r o c e e d i n g   i n  

the  s l i g h t l y   f a c e - u p   p o s t u r e   be fo re   being  i n s e r t e d   into  a  p o s i t i o n  

b e n e a t h   the  shee t   m a r k e r   19  being  sucked   by  the  s u c t i o n   disk  5 2 .  

As  a  r e s u l t ,   the  tip  end  of  the  guide  bar  53  k e e p s   s l i d ing   along  t h e  

b o t t o m   s u r f a c e   of  the  shee t   m a r k e r   19  until  it  is  s m o o t h l y   i n s e r t e d  

into  s h e e t s   f rom  the  end  wall  of  sheet   pile  ( see   F i g .   6B).  S u c h  

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

a n c e ,   and  r i g i d i t y   a re   s u i t e d   for  mak ing   up  the  guide  bar   53.  I n  

p a r t i c u l a r ,   p o l y e t h y l e n e   r e s i n   or  p o l y t e t r a f l u o r e t h y l e n   r e s i n   i s  

m o s t   s u i t a b l e .   When  the  guide  bar  53  is  i n s e r t e d   into  s h e e t s  

t h r o u g h   the  end  wall,  the  wedge  head  51  then  goes   f o r w a r d   u s i n g  

the  guide   bar   53  as  a  r a i l ,   and  as  shown  in  F i g .   6C,  the  w e d g e  

head  51  is  then  i n s e r t e d   into  shee t   pile  21  t h r o u g h   gap  p r o v i d e d  

b e t w e e n   the  shee t   m a r k e r   19  and  the  guide  b a r   53.  Since  the  w e d g e  

head  51  is  of  wedge  s h a p e ,   i n s e r t i o n   of  the  w e d g e   head  51  c a u s e s  

the  s h e e t   pile  to  be  d e f i n i t e l y   spli t   into  two  p a r t s ,   i . e . ,   the  u p p e r -  

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

b e n e a t h   the  i n s e r t e d   wedge   head  51.  Now,  the  a r m   65  of  the  r o b o t  

64  s h o w n   in  F ig .   5  r e c e i v e s   the  dr ive   fo rce   in  the  d e s c e n d i n g  

d i r e c t i o n   to  cause   the  wedge  head  51  to  p r e s s   the  shee t   pile  21 

l o c a t e d   below  the  head  i t s e l f .   This  p r e v e n t s   s h e e t s   below  the  h e a d  

51  f r o m   fo l lowing   the  s p e c i f i c   n u m b e r   of  d i v i d e d   s h e e t s   in  the  u p p e r  

pa r t   when   they  a re   be ing   sent   ou t s ide .   When  the  wedge  head  51 

p r e s s e s   the  r e m a i n i n g   s h e e t s ,   the  p r e s s o r   e l e m e n t   60  then   a s c e n d s  

to  c a u s e   the  p u s h e r   unit  54  to  p r o c e e d   for  p u s h i n g   f o r w a r d   a  s p e c i f i c  

n u m b e r   of  spl i t   s h e e t s   (see  F ig .   6D)  to  the  le f t   ( see   F ig s   5  and  6D) .  



A f t e r   the  spl i t   s h e e t s   have   been   d e l i v e r e d   to  the  left,   the  p u s h e r  

unit  54  r e t r e a t s   i t se l f ,   and  then   both  the  wedge  head  51  and  t h e  

guide  bar   53  a lso   r e t r e a t   t h e m s e l v e s .   Next,  the  s u c t i o n   disk  52 

d e s c e n d s   i t se l f ,   and  then   the  t ab le   l i f t e r   23  again   s t a r t s   to  a s c e n d  

i t se l f   by  a  height  c o r r e s p o n d i n g   to  the  t h i c k n e s s   of  the  s h e e t   s t a c k  

17,  and  as  a  r e s u l t ,   the  a p p a r a t u s   e n t e r s   the  s t a tus   shown  in  F i g .   2, 

thus  c o m p l e t i n g   a  full  cyc l e   o p e r a t i o n .   S e q u e n t i a l   o p e r a t i o n s   a r e  

shown  in  Fig .   6 E .  

O p e r a t i n g   p o s i t i o n   of  the  wedge  head  51  in  the  v e r t i c a l  

d i r e c t i o n s   is  d e t e r m i n e d   by  the  r e s u l t   of  the  d e t e c t i o n   of  the  s h e e t  

m a r k e r ' s   p o s i t i o n .   In  the  p r e f e r r e d   e m b o d i m e n t   just   d e s c r i b e d  

above ,   the  pos i t i on   of  the  s h e e t   m a r k e r   is  d e t e c t e d   by  d e c r e a s e   o f  

the  p r e s s u r e   ins ide   the  s u c t i o n   tube  when  the  suc t ion   disk  58  c a m e  

into  con tac t   with  the  s h e e t   m a r k e r   19  and  sucked   it.  In  a d d i t i o n   t o  

the  above  p r e f e r r e d   e m b o d i m e n t s ,   it  is  p o s s i b l e ,   for  e x a m p l e ,   t o  

use  p h o t o e l e c t r i c   s e n s o r   m e a n s   set  in  the  s ame   height   as  that   o f  

the  wedge  head  51  and  i n t e g r a l l y   moves   up  and  down  t o g e t h e r   w i t h  

the  wedge  head  51.  A l t e r n a t e l y ,   as  in  the  p r e f e r r e d   e m b o d i m e n t  

d e s c r i b e d   e a r l i e r ,   s u c h   p h o t o e l e c t r i c   s e n s o r   m e a n s   may  be  i n -  

c o r p o r a t e d   in  the  wedge  head   51.  A l t h o u g h   the  p o s i t i o n   of  .the  s h e e t  

m a r k e r s   may  s l i g h t l y   v a r y   at  the  left  and  r ight   ends,   d e p e n d i n g   o n  

the  m e t h o d   of  i n s e r t i n g   the  s h e e t   m a r k e r s   du r ing   the  shee t   c u t t i n g  

p r o c e s s ,  i f   it  is  n e c e s s a r y   to  de t ec t   the  p o s i t i o n s   of  shee t   m a r k e r s  

by  moving   the  wedge  head   51  to  the  left  and  to  the  r ight   to  d e a l  

wi th   v a r i e d   pos i t i ons   of  t h e s e   m a r k e r s ,   it  is  quite  c o n v e n i e n t   t o  

i n t e g r a l l y   p rov ide   the  w e d g e   head  51  with  such   p h o t o e l e c t r i c   s e n s o r  

m e a n s   as  a  u n i t .  



Even  if  t h e r e   is  any  d i f f e r e n c e   in  the  pos i t i ons   of  the  s h e e t  

m a k e r s   in  the  t r a v e r s e   d i r e c t i o n   a l ong  t he   edge  line  of  s h e e t s   a f t e r  

being  i n s e r t e d   into  s h e e t   s t a c k s   at  s p e c i f i c   i n t e r v a l s   du r ing   the  c u t t i n g  

p r o c e s s ,   the  wedge   head   shown  in  F igs   7  t h r o u g h   9  can  be  c o r r e c t l y  

led  to  a  spec i f i c   p o s i t i o n  i m m e d i a t e l y   below  the  shee t   m a k e r s   u s i n g  

its  own  p h o t o e l e c t r i c   s e n s o r   m e a n s   i n c o r p o r a t e d   t h e r e i n .  

F i g .  7   shows   the  upper   s u r f a c e   of  the  wedge  head,  in  w h i c h  

the  e x t r e m e   r i gh t   end  as  shown  i nd ica t e s   the  tip  por t ion   of  the  w e d g e  

head,  while  the re   a r e   a  pa i r   of  oval  c o n c a v e s   74,  and  a  c o m p a r a t i v e l y  

s m a l l   concave  75  in  the  tilt  s u r f a c e   of  the  tip  por t ion   of  the  wedge   h e a d  

thus  making   up  the  o p e n i n g   par t   of  p h o t o e l e c t r i c   s e n s i n g   m e a n s .  

F ig .   8  shows  a  s e c t i o n a l   view  taken  on  line  8-8  of  Fig.   7.  In  r e f e r -  

ence  to  the  d r a w i n g   of  concave   74,  a  t h r o u g h - h o l e   is  f o r m e d   t h r o u g h  

the  wedge  head  71   e x t e n d e d   f r o m   the  left  end  as  shown,  t h r o u g h   w h i c h  

an  opt ica l   f i be r   76  is  i n s e r t e d .   A  s t a t i o n a r y   light  s o u r c e   L  is  p r o -  

v ided   at  the  left  t ip  end  of  the  op t ica l   f ibe r   76  p r o j e c t i n g   f r o m   t h e  

wedge  head  71,  w h e r e   the  l ight   s o u r c e   L  is  p r o v i d e d   a c r o s s   l e n s  

"1"   and  a  half  m i r r o r   78  so  that  l ight  can  be  co l l ec t ed   into  lens  " 1 "  

and  then  led  into  the  o p t i c a l   f i be r   76  t h rough   the  half  m i r r o r   78.  A  

m i r r o r   77  being  45°  t i l t ed   upward   in  f ron t   of  the  r igh t   end  of  t h e  

op t i ca l   fiber  76  is  i n s t a l l e d   in  the  concave   74.  Light   e m i t t e d   f r o m   t h e  

r igh t   end  of  the  o p t i c a l   f i be r   76  r e f l e c t s   f r o m   the  m i r r o r   77.  H o w e v e i  

l ight   doesn ' t   r e f l e c t   i t s e l f   if  nothing  is  p r e s e n t   above .   When  t h e  

wedge  head 71  h o r i z o n t a l l y   m o v e s   ( in  the  v e r t i c a l   d i r e c t i o n   in  F ig .   7) 

and  the  shee t   m a r k e r   19  is  p o s i t i o n e d   above   the  concave ,   a f t e r   b e i n g  

r e f l e c t e d   f rom  m i r r o r   77,  l ight   e m i t t e d   f r o m   the  op t ica l   f i be r   76  t h e n  

r e f l e c t s   f rom  the  s h e e t   m a r k e r   19  and  then  aga in   e n t e r s   into  the  r i g h t  

end  of  the  o p t i c a l   f i b e r   76.  Thus ,   l ight   is  e m i t t e d   f r o m   the  lef t   e n d  

of  the  opt ica l   f i be r  7  6   to  be  r e f l e c t e d   u p w a r d   by  the  half  m i r r o r   78 

and  then  e n t e r s   into  the  p h o t o - r e c e p t i o n   e l e m e n t   79  be fo re   e v e n t u a l l y  



being   d e t e c t e d   by  it.  The  m i r r o r   78  has  a  t r a n s p a r e n t   p o r t i o n   i n  

its  c e n t e r   p o s i t i o n   to  a l low  b e a m s   f r o m   the  l i gh t   s o u r c e   L  to  e n t e r  _  

into  the  left   end  of  the  op t i ca l   f i be r   76.  As  a  r e s u l t ,   as  soon  a s  

the  p h o t o - r e c e p t i o n   e l e m e n t   79  has  d e t e c t e d   l ight ,   it  i n s t a n t l y  

i d e n t i f i e s   that  the  s h e e t   m a r k e r   is  p r e s e n t   a b o v e   the  concave   7 4 ,  

Since  t h e r e   a r e   a  pa i r   of  such   a  p h o t o e l e c t r i c   s e n s o r   units   in  b o t h  

the  lef t   and  r i g h t   ends  of  the  upper   s u r f a c e   of  the  wedge  head  71,  

while  the  shee t   m a r k e r s   a re   s i m u l t a n e o u s l y   d e t e c t e d   by  s e n s o r  

m e a n s   on  both  s i d e s ,   and  thus  it  is  a l so   i d e n t i f i e d   that  the  w e d g e  

head  71  is  in  the  p o s i t i o n   i m m e d i a t e l y   below  the  shee t   m a r k e r s .  

F ig .   9  is  a  s e c t i o n a l   view  taken  on  lint  9-9  of  Fig.   7.  R e f e r e n c e  

n u m b e r   80  i n d i c a t e s   the  op t i ca l   f i be r   wh ich   is  p r o v i d e d   in  a  h o l e  

e x t e n d e d   f r o m   the  c e n t r a l   c o n c a v e   to  the  r e a r   end  of  the  w e d g e  

head  71,  while   the  a r r a n g e m e n t   in  the  left  end  of  the  o p t i c a l   f i b e r  

is  e x a c t l y   i d e n t i c a l   to  that   of  F i g .   8.  Since  t h e r e   is  no  m i r r o r  

in  the  r i g h t   end  as  shown  of  the  op t i ca l   f i b e r   80,  the  e m i t t e d   l i g h t  

then  r a d i a t e s   the  l a t e r a l   s u r f a c e   of  shee t   pile  21.  While   the  w e d g e  

head  71  r e m a i n s   in  a  low  p o s i t i o n   and  the  s h e e t   m a r k e r s   19  a r e  

at  the  p o s i t i o n   of  sol id   line  shown  in  F ig .   9,  l igh t   r e f l e c t e d   f r o m  

the  l a t e r a l   s u r f a c e   of  shee t   pile  21  e n t e r s   f r o m   the  r i gh t   end  o f  

the  o p t i c a l   f i be r   8 0.  H o w e v e r ,   s ince   t h e r e   is  a  s u b s t a n t i a l   d i s t a n c e  

f r o m   the  l a t e r a l   s u r f a c e   of  the  shee t   pile  21,  only  a  n e g l i g i a b l e  

a m o u n t   of  l ight  can  aga in   e n t e r   into  the  r i gh t   end  of  the  o p t i c a l  

f i b e r   80.  However ,   when  the  wedge  head  71  r e m a i n s   in  a  c o r r e c t  

he ight ,   as  shown  by  the  dot ted   line  of  F ig .   9,  the  shee t   m a r k e r  

19  c o v e r s   the  concave   75.  When  this  c o n d i t i o n   e x i s t s ,   m o s t   o f  

l ight   e m i t t e d   f r o m   the  r ight   end  of  the  o p t i c a l   f i b e r   is  r e f l e c t e d   b y  

the  s h e e t   m a r k e r   19  and  then  aga in   e n t e r s   into  the  o p t i c a l   f i b e r  

80,  and  yet,   s ince   the  e m i t t e d   l ight  r e f l e c t s   at  s u c h   a  p o s i t i o n  

v e r y   c l o s e   to  the  shee t   m a r k e r   19,  the  a m o u n t   of  such   l ight   a g a i n  

e n t e r i n g   into  the  o p t i c a l   f i be r   8 0  is  m a x i m i z e d .   As  a  r e s u l t ,   b y  



a l l o w i n g   the  l ight   a m o u n t   d e t e c t i n g   output   to  a g a i n   en te r   into  t h e  

op t i ca l   f i be r   80,  the  l ight   a m o u n t   d e t e c t i n g   output   e m i t t e d   f r o m  

the  left  end  of  the  o p t i c a l   f iber   80  will   i n c r e a s e   beyond  the  p r o p e r  

l eve l   being  set,   and  thus  the  height   p o s i t i o n   of  the  wedge  h e a d  

71  can  be  p r o p e r l y   r e g u l a t e d   dur ing   s e r v i c e s .  

A n o t h e r   m e a n s   for   p r a c t i c a l l y   d e t e c t i n g   the  pos i t ion   of  t h e  

s h e e t   m a r k e r   19  in  the  e m b o d i m e n t   of  the  p r e s e n t   inven t ion   i s  

d e s c r i b e d   below.   Us ing   s u c h   a n o t h e r   a s p e c t s   of  m e a n s ,   it  i s  

p o s s i b l e   to  c o r r e c t l y   de t ec t   the  p o s i t i o n   of  the  shee t   m a r k e r s   19, 

for   e x a m p l e ,   by  i n s e r t i n g   the  p h o t o - r e c e p t i o n   e l e m e n t   into  t h e  

u p p e r   s u r f a c e   of  the  wedge  head  71  in  the  u p t u r n   d i r e c t i o n   a n d  

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

t o g e t h e r   with  the  wedge  head  71  in  both   the  v e r t i c a l   and  h o r i z o n t a l  

d i r e c t i o n s   to  d e t e c t   the  pos i t ion   of  the  s h e e t   m a r k e r s   19  by  s h u t t i n g  

off  l ight   using  a  s h e e t   m a r k e r   that  has  e n t e r e d   b e t w e e n   the  p r o n e -  

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

F ig .   10  is  the  long i tud ina l   s e c t i o n a l   view  when  m o n i t o r i n g  

the  a p p r o a c h i n g   p r o c e s s   of  the  wedge  head  71'  and  the  shee t   p i l e  

21  by  us ing  the  wedge  head  711  i n c o r p o r a t i n g   photo  e l e c t r i c   s e n s o r  

m e a n s   i d e n t i c a l   to  that   was  shown  in  F i g .   9.  In  this   case,   l i g h t  

e m i t t e d   f r o m   the  o p t i c a l   f iber   80'  f i r s t   r e f l e c t s   a g a i n s t   the  l a t e r a l  

s ide   of  the  shee t   pile  21  and  then  e n t e r s   into  the  tip  of  the  o p t i c a l  

f i b e r   80'  and  goes  out  of  its  r e a r   end  at  a  s p e c i f i c   d i f fus ion  a n g l e .  

The  outgoing  l ight   is  then  r e f l e c t e d   by  the  half  m i r r o r   78',  a n d  

then  e n t e r s   into  the  p h o t o - r e c e p t i o n   e l e m e n t   79'  be fo re   e v e n t u a l l y  

being  d e t e c t e d   by  s e n s o r   m e a n s .   Since  the  r e f l e c t e d   light  f r o m  

end  wall  of  shee t   pile  e n t e r i n g   into  the  tip  end  of  the  op t ica l   f i b e r  

80'  i r r e g u l a r l y   r e f l e c t s ,   the  f a r t h e r   the  d i s t a n c e   f r o m   the  e n d  

wall   of  the  shee t   pile,   the  l ower   will  be  the  l u m i n a n c e   a g a i n s t   t h e  



end  wall  of  the  s h e e t   pile,   and  as  a  r e s u l t ,   the  amoun t   of  l i g h t  

r e f l e c t i n g   f r o m   the  end  wall  of  the  shee t   pile  21  e n t e r i n g   into  t h e  

tip  end  of  the  o p t i c a l   f i b e r   80'  s h a r p l y   d e c r e a s e s .   C o n s e q u e n t l y ,  

by  m e a s u r i n g   the  s h a r p l y   d e c r e a s e d   output   f r o m   the  p h o t o -  

r e c e p t i o n   e l e m e n t   791,  the  d i s t a n c e   b e t w e e n   the  tip  end  of  t h e  

wedge  head  71'  and  the  shee t   pile  21  can  be  c o r r e c t l y   i d e n t i f i e d .  

When  the  wedge  head   71'  s cans   the  p o s i t i o n   of  the  shee t   m a r k e r  

19,  if  the  ou tput   f r o m   the  p h o t o - r e c e p t i o n   e l e m e n t   79'  e x c e e d s   a  

s p e c i f i c   l eve l ,   the  p h o t o e l e c t r i c   s e n s o r   then  de t ec t s   that  the  t i p  

end  of  the  wedge  head  71'  a p p r o a c h e s   too  c lose   to  the  end  wall   o f  

the  shee t   pile,  and  then  causes   the  wedge  head  71'  to  s top   i t s  

f o r w a r d i n g   m o v e m e n t   and  f inal ly   a c t i v a t e s   a l a r m   m e a n s .  

F ig .   11  s h o w s   the  l o n g i t u d i n a l   s e c t i o n a l   view  of  the  p u s h e r  

unit  102  p r o v i d e d   wi th   such   m e a n s   for   m o n i t o r i n g   the  wedge   h e a d  

71'  a p p r o a c h i n g   t o w a r d s   the  shee t   pile  like  the  one  d e s c r i b e d  

a b o v e .  

R e f e r e n c e   n u m e r a l   103  i n d i c a t e s   the  op t ica l   f ibe r   t h a t  

p e n e t r a t e s   f i n g e r   "f"  of  the  p u s h e r   unit  102,  be ing   p r o v i d e d   w i t h  

the  i d e n t i c a l   c o n f i g u r a t i o n   of  the  r e a r   end  to  that   of  the  r e a r   e n d  

of  the  op t ica l   f i b e r   80'  shown  in  F ig .   10.  F i n g e r   "f"  is  i n s e r t e d  

into  gap  "g"  g e n e r a t e d   t h r o u g h   the  end  wal l   of  the  shee t   pi le   2 1  

by  being  led  by  the  wedge  head  71'.  Light   e m i t t e d   f r o m   the  t i p  

end  of  the  o p t i c a l   f i b e r   103  r a d i a t e s   onto  the  s u r f a c e s   of  bo th   t h e  

upper   and  l o w e r   s h e e t s   f o r m i n g   gap  "g"  at  a  ve ry   low  i n c i d e n t  

angle ,   and  as  a  r e s u l t ,   light  r e g u l a r l y   r e f l e c t s   f r o m   the  s h e e t  

s u r f a c e s ,   while   it  a l so   r e p e a t s   r e f l e c t i o n s   deep  into  gap  " g "  

be fo re   g r a d u a l l y   and  e v e n t u a l l y   a b s o r b e d   by  shee t   s u r f a c e s ,   a n d  

as  a  r e s u l t ,   the  p h o t o - r e c e p t i o n   e l e m e n t   (not  shown)   t r a n s m i t s  

a  l o w - l e v e l   ou tput   whi le   the  f i n g e r   is  s t i l l   in  gap  "g".  T h u s ,   w h e n  



the  p h o t o - r e c e p t i o n   e l e m e n t   t r a n s m i t s   a  c e r t a i n   output   h i g h e r  

than  the  p r e - d e t e r m i n e d   low  l e v e l ,   the  p h o t o e l e c t r i c   s e n s o r   t h e n  

i d e n t i f i e s   that  gap  is  i n s u f f i c i e n t l y   f o r m e d   or  not  being  f o r m e d  

at  all   by  the  wedge  head  71',  and  then  c a u s e s   the  p u s h e r   unit  t o  

s top   its  f o r w a r d i n g   m o v e m e n t ,   and  f ina l ly   a c t i v a t e s   a l a r m   m e a n s .  

This   e f f e c t i v e l y   p r e v e n t s   the  p u s h e r   unit  f r om  a c c i d e n t a l l y   h i t t i n g  

a g a i n s t   the  end  wall   of  the  s h e e t   pile  even  when  the  end  w a l l  

p r o j e c t s   without   c o r r e c t l y   be ing   a l i gned   or  f r o m   f o r c i b l y   p e n e -  

t r a t i n g   into  the  end  wall   of  s h e e t   pile  to  incur   d a m a g e   onto  s h e e t s .  

F ig .   12  shows   a n o t h e r   p r e f e r r e d   e m b o d i m e n t   of  the  p r e s e n t  

i n v e n t i o n   d e s i g n e d   for   g e n e r a t i n g   a l a r m   upon  d e t e c t i o n   of  s u c h   a  

s y m p t o m   in  which   the  guide  bar   b e n e a t h   the  wedge  head  cannot   b e  

s m o o t h l y   i n s e r t e d   into  gap  g e n e r a t e d   t h rough   the  end  wall   of  s h e e t  

p i le .   The  a p p a r a t u s   shown   in  F ig .   12  uses  such   c o m p o n e n t   p a r t s  

s u b s t a n t i a l l y   i d e n t i c a l   to  those   which   were  shown  in  F igs   5  and  6 ,  

w h e r e   such   pa r t s   i n d i c a t e d   by  the  i den t i c a l   r e f e r e n c e   n u m b e r s  

m a t c h   those   p a r t s   a p p e a r i n g   in  the  fo l lowing   d e s c r i p 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   shown   in  F ig .   12,  the  m i c r o s w i t c h   121 

for  s e n s i n g   the  o v e r l o a d e d   guide  bar   and  the  r e l a t e d   c o n t r o l  

c i r c u i t   (not  shown)  c o m p r i s e   a d d i t i o n a l   p r o p e r   p a r t s   d i f f e r e n t   f r o m  

o t h e r   e m b o d i m e n t s .   The   m i c r o s w i t c h   121  c o m p r i s e s   an  a c t u a t o r  

l e v e r   p r o v i d e d   a b o v e   w i r e   120.  If  t h e r e   is  any  r e s i s t a n c e   w h e n  

i n s e r t i n g   the  g u i d e b a r   53  into  gap  t h r o u g h   the  end  wall  of  s h e e t  

pile  21,  wire   120  is  p r e s s e d   by  the  l i n e a r e d   m o t o r   58,  and  as  a  

r e s u l t ,   the  wire  120  b e n d s   i t s e l f   to  f o r m   an  upward   convex   a s  

shown  by  b r o k e n   l ine ,   c a u s i n g   the  a c t u a t o r   of  the  m i c r o s w i t c h   121  

to  be  p r e s s e d   ON  and  a l l o w i n g   s e n s o r   means   to  de t ec t   that   t h e  

guide  bar  cannot   p r o p e r l y   be  i n s e r t e d   into  the  shee t   pile  21,  a n d  

f ina l ly ,   as  soon  as  the  l i n e a r e d   m o t o r   58  is  t u rned   O F F ,   a l a r m  

m e a n s   is  a c t i v a t e d .  



This   p r e f e r r e d   e m b o d i m e n t   is  d e s i g n e d   to  inhib i t   t h e  

g u i d e b a r   to  be  u n r e a s o n a b l y   i n s e r t e d   into  s h e e t s ,   thus  e f f e c t i v e l y  

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

s u r f a c e ,   and  at  the  s a m e   t ime ,   e n s u r i n g   the  guide  ba r   c o r r e c t l y  

and  s m o o t h l y   i n s e r t e d   into  the  d e s i g n a t e d   p o s i t i o n .  

F i g .   13  shows  a n o t h e r   p r e f e r r e d   e m b o d i m e n t   in  which  t h e  

p u s h e r   unit  14  to  54  (see  F igs   1,  5  and  12 )  is  d r i v e n   in  t h e  

s l i g h t l y   t i l t ed   upward   d i r e c t i o n .   S p e c i f i c a l l y ,   this   e m b o d i m e n t  

p r o v i d e s   such   a  con t ro l   unit  c a u s i n g   the  p u s h e r   unit  14  or  54  to  

go  f o r w a r d   a f t e r   f o r m i n g   gap  in  the  b o r d e r   end  wall  of  s h e e t  

s t a c k s   us ing   the  wedge  head  before   pushing   f o r w a r d   the  u p p e r -  

m o s t   s h e e t   s t ack .   When  e m p l o y i n g   this  e m b o d i m e n t ,   a f t e r   i n s e r t -  

ing  the  wedge  head  b e t w e e n   s h e e t s ,   by  s e t t i n g   the  f o r w a r d i n g  

d i r e c t i o n   of  the  p u s h e r   unit  14  or  54  at  s u c h   an  ang le   s l i g h t l y  

t i l t ed   u p w a r d   f r o m   the  h o r i z o n t a l  l e v e l ,   the  b o t t o m   s u r f a c e   of  t h e  

p u s h e r   unit  14  to  54  r e m a i n s   a p a r t   f rom  the  u p p e r   s u r f a c e   of  t h e  

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

Abou t   2°  of  the  t i l ted   angle   is  idea l ly   su i ted   for   this  a r r a n g e m e n t .  

In  this  e m b o d i m e n t ,   s ince   the  p u s h e r   unit  goes   f o r w a r d   at  a  t i l t e d  

ang le   s l i g h t l y   up  f rom  the  h o r i z o n t a l   level ,   even   if  a  c e r t a i n  

b e n d i n g   m o m e n t   may  a f fec t   the  tip  part   of  the  p u s h e r   unit  f r o m  

the  s h e e t   s t a c k ,   the  b o t t o m   s u r f a c e   of  the  p u s h e r   unit  d o e s n ' t   r u b  

the  u p p e r   s u r f a c e   of  the  s e c o n d   shee t   s t a c k   at  al l ,   and  thus ,   t h i s  

e m b o d i m e n t   is  a d v a n t a g e o u s   when  dea l ing   w i t h   d e l i c a t e   s h e e t s  

i n c l u d i n g   a r t   pape r ,   coa t ed   p a p e r ,   h i g h - g l a z e d   f i n i s h   p a p e r ,   e t c .  

The  p r e f e r r e d   e m b o d i m e n t s   of  the  p r e s e n t   i n v e n t i o n   t h u s  

fa r   d e s c r i b e d   in  de ta i l   p r o v i d e   such   m a n n e r s   and  m e a n s   f o r  .  

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

r e f e r e n c e   to  the   shee t   m a r k e r s   p r e v i o u s l y   i n s e r t e d   at  s p e c i f i c  



i n t e r v a l s   into  the  end  wal l   of  shee t   pile;  s u c h   m a n n e r s   and  m e a n s  

fo r   s e c u r e l y   sp l i t t ing   the  t r a n s f e r r a b l e   shee t   s t a c k   f r o m   the  r e -  

m a i n d e r   by  l i f t ing  the  i d e n t i f i e d   shee t   m a r k e r s   and  g e n e r a t i n g  

a d e q u a t e   gap  be tween   the  u p p e r m o s t   and  s e c o n d   shee t   s t a c k s  

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

of  b o t h   shee t   s u r f a c e s   and  yet   without   i n c o r r e c t l y   s p l i t t i n g   t h e s e ;  

and   s u c h   m a n n e r s   and  m e a n s   for  s e c u r e l y   r e c e i v i n g   the  e d g e  

p o r t i o n   of  the  s e p a r a t e d   s h e e t   s tack   us ing   the  tip  pa r t   of  s h e e t  

f o r w a r d i n g   means   be fore   s a f e l y   pushing   f o r w a r d   the  s e p a r a t e d  

s h e e t   s t a c k   to  the  e n s u i n g   p r o c e s s   wi thout   i n c u r r i n g   even  t h e  

s l i g h t e s t   d a m a g e   onto  the  u p p e r   s u r f a c e   of  the  s e c o n d   s t a c k .  

T h e s e   p r e f e r r e d   e m b o d i m e n t s   may   be  e a s i l y   and  v a r i a b l y  

m o d i f i e d   into  s i m i l a r   a p p a r a t u s e s   by  t hose   s k i l l e d   in  the  a r t   w i t h i n  

the  s c o p e   of  the  i n v e n t i o n .   It  should   be  u n d e r s t o o d   h o w e v e r   t h a t  

the  s c o p e   of  the  p r e s e n t   i n v e n t i o n   is  de f ined   only  wi th in ,  the   f o l l o w -  

ing  c l a i m s   a t t a c h e d   h e r e t o .  



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

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

and  s t a c k e d   s h e e t s   c o n t a i n i n g   s h e e t   m a r k e r s   i n s e r t e d   i n t o  

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

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

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

s h e e t   s t a c k s   to  a l l o w   t h e   u p p e r m o s t   s h e e t   s t a c k   to  b e  

s e q u e n t i a l l y   t r a n s f e r r e d   to  a  p r e - d e t e r m i n e d   l e v e l ;  

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

i t s   t i p   p a r t   f a c i n g   t he   end  w a l l   of  t he   s h e e t   p i l e   a t   a  

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

mos t   and  the   s e c o n d   s h e e t   s t a c k s   and   a l s o   t h e   u p p e r   t i l t  

s u r f a c e   and  t h e   b o t t o m   s u r f a c e   e n d i n g   a t   the   t i p   p a r t ;  

and  means  f o r   t r a n s f e r r i n g   the   u p p e r m o s t   s h e e t   s t a c k   b y  

h o l d i n g   and  p u s h i n g   f o r w a r d   an  end  w a l l   of  the   u p p e r m o s t  

s h e e t   s t a c k   s p l i t   by  t h e   wedge  h e a d ;   s a i d   m e t h o d   c o m p r i s i n g  

the   s t e p s   o f :  

(a)   l i f t i n g   a  p i l e   of  s h e e t s   by  d r i v i n g   t he   l i f t e r   i n  

o r d e r   t h a t   t h e   u p p e r m o s t   s h e e t   s t a c k   can   be  l i f t e d  

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

(b)  s u c k i n g   and  h o l d i n g   t h e   b a r e   p o r t i o n   of  the   s h e e t  

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

t he   t r a n s f e r r a b l e   l e v e l   and  t h e   s e c o n d   s h e e t   s t a c k  

f o r   c a u s i n g   gap  to  be  g e n e r a t e d   b e t w e e n   the   s h e e t  

m a r k e r   and  t h e   s e c o n d   s h e e t   s t a c k   by  r a i s i n g   t h e  

h e i g h t   p o s i t i o n   of   s u c t i o n   m e a n s ;  



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

and  s m o o t h   s h e e t   i n t o   s a i d   gap  g e n e r a t e d   by  s t e p   ( b ) ;  

(d)   i n s e r t i n g   t h e   wedge  h e a d   i n t o   gap  above   g u i d   m e a n s  

i n s e r t e d   i n t o   s a i d   gap  i n   s u c h   a  m a n n e r   w h e r e   t h e  

b o t t o m   s u r f a c e   of   t he   w e d g e  h e a d   comes  i n t o   c o n t a c t  

w i t h   the  u p p e r   s u r f a c e   of  g u i d e   means  so  t h a t   s a i d  

gap  can  be  e x p a n d e d   to  a l l o w   l i f t i n g   of  the   u p p e r -  

most   s h e e t   s t a c k   a t   i t s   end  w a l l ;   a n d  

(e )   r e c e i v i n g   and   h o l d i n g   the   end  w a l l   of  t he   l i f t e d  

s h e e t   s t a c k   a t   t he   r e c e i v e r   p a r t   of  the   t i p   o f  

f e e d i n g   m e a n s   and   t r a n s f e r r i n g   the   l i f t e d   s h e e t  

s t a c k   by  f o r w a r d i n g   s a i d   f e e d i n g   m e a n s .  

2.  A p p a r a t u s   f o r   s e q u e n t i a l l y   f e e d i n g   s h e e t  

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

and  s t a c k e d   s h e e t s   c o n t a i n i n g   s h e e t   m a r k e r s   i n s e r t e d   i n t o  

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

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

( a )   l i f t e r   means   f o r   m o u n t i n g   and  l i f t i n g   s h e e t   s t a c k s  

to  s e q u e n t i a l l y   p l a c e   t he   u p p e r m o s t   s h e e t   s t a c k  

o n t o   t he   t r a n s f e r r a b l e   l e v e l ;  

(b )   a  wedge  t y p e   h e a d   i n c o r p o r a t i n g   m a r k e r   s e n s i n g  

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

h a v i n g   t h e   t i p   p o r t i o n   f a c i n g   an  end  w a l l   of  t h e  

s h e e t   s t a c k s   a t   a  p o s i t i o n   c l o s e   to  t h e   s h e e t  

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

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



t he   f l a t   b o t t o m   s u r f a c e ;  

(c)  r o b o t   means  f o r   f u n c t i o n i n g   to  h o l d   and  c o n t r o l   t h e  

p o s i t i o n   and  p o s t u r e   of  the   wedge  h e a d   t o g e t h e r   w i t h  

and  in   c o n j u n c t i o n   w i t h   s a i d   s u c t i o n   means ,   t h e r e b y  

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

of  t he   s h e e t   m a r k e r s   w i t h   s e n s i n g   means   and  t h e n  

s l i g h t l y   l i f t   the   b a r e   p o r t i o n   of  the   s h e e t   m a r k e r s  

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

p o s i t i o n   to  a l l o w   a t   l e a s t   a  p o r t i o n   of  the   wedge  h e a d  

to  a l s o   r i s e   f o r   g e n e r a t i n g   gap  b e t w e e n   the   b o t t o m  

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

s t a c k   to  be  f o l l o w e d   by  r e l e a s i n g   the   s u c k i n g  

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

of   t he   wedge  h e a d   i n t o   s a i d   g a p ;  

(d)  a  r i g i d   and  s m o o t h   g u i d e   b a r   means  b e i n g   h e l d   i n  

c o n j u n c t i o n   w i t h   t h e   wedge  h e a d   and  s l i d a b l y   a l o n g  

t he   b o t t o m   s u r f a c e   of   the   wedge  head   f o r   a c t i n g   a s  

the   g u i d e   r a i l   of  t h e   wedge  h e a d   i n t o   s a i d   gap  u p o n  

i t   h a v i n g   b e e n   i n s e r t e d   t h e r e t o ;  

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

an  end  w a l l   of   t he   u p p e r m o s t   s h e e t   s t a c k   i n   o r d e r   t o  

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

3.  The  a p p a r a t u s   a c c o r d i n g   to  C l a i m   2,  w h e r e i n  

s a i d   a t   l e a s t   a  p o r t i o n   of   t he   wedge  head   to  be  l i f t e d   i s  

t h e   r e a r   end  p o r t i o n   t h e r e o f ,   and  t he   r e a r   end  p o r t i o n  

i s   p i v o t a l l y   l i f t e d   a b o u t   t h e   t i p   end  t h e r e o f .  



4.  A p p a r a t u s   f o r   s e q u e n t i a l l y   f e e d i n g   s h e e t  

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

and   s t a c k e d   s h e e t s   c o n t a i n i n g   s h e e t   m a r k e r s   i n s e r t e d  

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

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

( a )   l i f t e r   means  f o r   m o u n t i n g   and  l i f t i n g   s h e e t   s t a c k s  

to  s e q u e n t i a l l y   p l a c e   t he   u p p e r m o s t   s h e e t   s t a c k  

o n t o   the   t r a n s f e r r a b l e   l e v e l ;  

(b )   a  wedge  t y p e   h e a d   i n c o r p o r a t i n g   m a r k e r   s e n s i n g   m e a n s  

and   f o r   s e p a r a t i n g   s h e e t   s t a c k s   h a v i n g   t he   t i p  

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

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

t r a n s f e r r a b l e   s h e e t   s t a c k   and  t h e   s e c o n d   s h e e t   s t a c k ,  

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

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

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

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

s a i d   b a r e   p o r t i o n   of  t he   s h e e t   m a r k e r   i n s e r t e d  

b e t w e e n   the   u p p e r m o s t   s h e e t   s t a c k   a t   j u s t   or   n e a r  

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

to   r a i s e   s a i d   b a r e   p o r t i o n ,   and  p r o d u c i n g   a  g a p  

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

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

s t a c k   by  s a i d   r a i s i n g   of  the   s h e e t   m a r k e r ;  

(d )   r o b o t   means  f o r   s u p p o r t i n g   s a i d   wedge   h e a d   a n d  

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

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



and  f o r   i n s e r t i n g   t h e   h e a d   i n t o   s a i d   gap  b e t w e e n  

two  s h e e t s   p r o d u c e d   by  s a i d   s u c t i o n   means  to  r a i s e  

t he   end  w a l l   p o r t i o n   of  the   u p p e r   s t a c k ;  

(e)   a  r i g i d   and  s m o o t h   g u i d e   b a r   means   b e i n g   h e l d   i n  

c o n j u n c t i o n   w i t h   t h e   wedge  h e a d   and  s l i d a b l y   a l o n g  

t he   b o t t o m   s u r f a c e   of   the   wedge  h e a d   f o r   a c t i n g  

as  t he   g u i d e   r a i l   of  the   wedge  h e a d   i n t o   s a i d   g a p  

u p o n   i t   h a v i n g   b e e n   i n s e r t e d   t h e r e t o ;  

( f )   f o r w a r d i n g   means   f o r   h o l d i n g   and  p u s h i n g   f o r w a r d   a n  

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

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

5 .  The  a p p a r a t u s   a c c o r d i n g   to  C l a i m   4  ,   w h e r e i n  

s a i d   p r o n e - f a c e d   s u c t i o n   means   f a c e s   to  the   s u b s t a n t i a l l y  

i n c l i n e d   downward   d i r e c t i o n   g r a d u a l l y   away  f rom  the   e n d  

w a l l   of  the   s h e e t   s t a c k .  

6 .  The  a p p a r a t u s   a c c o r d i n g   to  C l a i m   2  or  4  f u r t h e r  

i n c l u d i n g   means   f o r   p r e s s i n g   t h e   u p p e r   edge  p o r t i o n   o f  

t h e   s h e e t   s t a c k   a t   t h e   t r a n s f e r r a b l e   l e v e l   of  t h e  

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

t he   gap  b e t w e e n   t h e   u p p e r m o s t   and  t he   n e x t   s t a c k s  

h a v i n g   b e e n   p r o d u c e d .  

7  .   T h e  , a p p a r a t u s   a c c o r d i n g   to  C l a i m   2  or  4 ,  

w h e r e i n   s a i d   m a r k e r   s e n s i n g   means   i n c l u d e s   a  . l i g h t  

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

o u t l e t   p i e c e   p r o v i d e d   as   r e l a t e d   to  t he   wedge  h e a d   t o  



c a u s e   a  l i g h t   beam  to  be  i n c i d e n t   upon   t he   s h e e t   m a r k e r  

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

t h e   l i g h t   beam  r e f l e c t e d   f r o m   the   s h e e t   m a r k e r ,   and  w h e r e i n  

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

a l o n g   the   end  w a l l   a t   t he   l e v e l   j u s t   b e n e a t h   t he   u p p e r -  

m o s t   s h e e t   m a r k e r   to  b r i n g   i t   to  the   p o s i t i o n   j u s t  

b e n e a t h   the   s h e e t   m a r k e r ,   w i t h   the   c o n t r o l l i n g   C . P . U .  

of   t he   r o b o t   i n s t r u c t i n g   the   s t o p   of  the   s c a n n i n g   w h e n  

t h e   i n t e n s i t y   of  s a i d   r e f l e c t e d   l i g h t   beam  i s   m a x i m u m .  

8 . .   The  a p p a r a t u s   a c c o r d i n g   to  C l a i m   2  or  4   f u r t h e r  

i n c l u d i n g   s t a c k   end  w a l l   s e n s i n g   means  i n c l u d i n g   a  l i g h t  

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

p i e c e   p r o v i d e d   as   r e l a t e d   to  t he   wedge  h e a d   to  c a u s e   a  

l i g h t   beam  to  be  i n c i d e n t   u p o n   the   end  w a l l   of  t h e   s h e e t  

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

d e t e c t i n g   t h e   l i g h t   beam  r e f l e c t e d   f rom  the   end  w a l l   o f  

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

d r i v i n g   t he   wedge   h e a d   to  a p p r o a c h   the  end  w a l l   f r o m  

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

when   t h e   i n t e n c i t y   of   the   r e f l e c t e d   l i g h t   f r o m   t he   e n d  

w a l l   as   d e t e c t e d   i s   maximum  to  b r i n g   i t   to  a  j u s t  

a d j a c e n t   p o s i t i o n   b u t   n o t   c o n t a c t   to  t he   end  w a l l ,   i n  

o r d e r   to  s e e k   t h e   s h e e t   m a r k e r   by  s c a n n i n g   t h e   w e d g e  

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



9 .   The  a p p a r a t u s   a c c o r d i n g   to  C l a i m  2   or  4  where in  

s a i d   t i p   end  of   the   t r a n s f e r r i n g   means   i s   p r o v i d e d   w i t h  

a  f i n g e r   p o r t i o n   to  be  i n s e r t e d   i n t o   t he   e n l a r g e d   g a p  

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

gap   s e n s i n g   means   c o n s i s t i n g   of  a  l i g h t   i n l e t / o u t l e t   h o l e ,  

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

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

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

h o l e ,   w h e r e b y   i n   the   s t a r t i n g   p o r t i o n   of   the   t r a n s f e r r i n g  

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

i t   c a n   be  i n t e r r u p t e d   when  s a i d   gap   s e n s i n g   means  has  

r e c e i v e d   t he   l i g h t   come  b a c k   t h r o u g h   s a i d   h o l e   i n   t h e  

maximum  i n t e n s i t y   a s s u m i n g   t h a t   t h e   f i n g e r   p o r t i o n   i s  

o b s t r u c t e d   by  t h e   end  w a l l   of  t h e   s h e e t   s t a c k .  

10 .  The  a p p a r a t u s   a c c o r d i n g   to  C l a i m   2  or  4  f u r t h e r  

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

b a r   means   i n   t he   g a p - i n s e r t i o n   o p e r a t i o n , w h e r e b y   t h e  

i n s e r t i o n   o p e r a t i o n   can  be  i n t e r r u p t e d   as  s a i d   o v e r l o a d  

i s   d e t e c t e d .  

11 .   The  a p p a r a t u s   a c c o r d i n g   to  C l a i m   2 or   4  whe re in  

s a i d   t r a n s f e r r i n g   means   f o r   a  s h e e t   s t a c k   i s   to  be  d r i v e n  

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