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©  Methods  of  pre-collation  copying. 

Method  of  pre-collation  copying  of  simplex  documents 
by  recirculating  them  in  forward  serial  page  order  in  which the 
set  of  simplex  document  sheets  is  stacked  in  proper  page 
order,  but  face-down  and  overlying  the  imaging  station  (23), 
and  circulated  in  its  first  and  last  circulations  through  a  non- 
inverting  reversing  document  path  (58)  between  the  stack  (22) 
and  the  imaging  station  (23).  In  all  other  circulations  of  the 
document  set  the  documents  circulate  through  a  different, 
uni-directional,  document  path  with  two  inversions,  with  a 
single  inversion  (54)  between  the  stack  and  the  imaging  sta- 
tion  and  another common  inversion  (42)  between the  imaging 
station  and  the  stack  used  in  all  circulations,  to  provide  proper 
simplex/duplex  copying  of  an  odd  or  even  number  of simplex 
documents  without  counting  them  before  they  are  copied. 



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  methods  of  p r e -  

c o l l a t i o n   copying  of  a  s t a cked   set  of  simplex  document  s h e e t s  

by  p l u r a l l y   r e c i r c u l a t i n g   the  shee t s   in  normal  forward  s e r i a l  

(1  to  N)  page  order  to  and  from  the  imaging  s t a t i o n   of  a  c o p i e r ,  

and,  in  each  copying  c i r c u l a t i o n ,   s e r i a t i m   removal  of  t h e  

bot tom-most   document  sheet   in  the  s t ack ,   feeding   the  removed 

document  sheet   to  the  imaging  s t a t i o n   for  i n d i v i d u a l   c o p y i n g ,  

and  then  r e t u r n i n g   the  document  sheet   from  the  imaging  s t a t i o n  

to  the  top  of  the  s tack  a f t e r   i t   has  been  copied  once  on  o n l y  

one  s i d e .  

As  x e r o g r a p h i c   and  o t h e r   c o p i e r s   i n c r e a s e   i n  

s p e e d ,   and  become   more  a u t o m a t i c ,   i t   is  i n c r e a s i n g l y  

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

and  more   a u t o m a t i c   h a n d l i n g   of  b o t h   t he   copy  s h e e t s  

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

o u t p u t   and  i n p u t   of  t he   c o p i e r .   The  p r o v i s i o n   of  d u p l e x  

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

t h e   d o c u m e n t   and  copy   s h e e t   h a n d l i n g   c o m p l e x i t i e s .  

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

in  t h e   d e s c r i p t i o n   h e r e i n :   The  t e r m   " s h e e t "   g e n e r a l l y  

r e f e r s   to  c o n v e n t i o n a l   s i z e d   s h e e . t s   of  p a p e r ,   p l a s t i c ,  

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

s t r a t e s   ( o r i g i n a l   or  c o p y ) ,   and  no t   to  m i c r o f i l m   o r  

e l e c t r o n i c   i m a g e s   w h i c h   a r e   g e n e r a l l y   much  e a s i e r   t o  

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

one  s i d e   or  " f a c e "   of  a  s h e e t   or  t he   image  t h e r e o n .  

A  " s i m p l e x "   d o c u m e n t   or  copy   s h e e t   is  one  h a v i n g   i t s  



page   and  i m a g e   on  o n l y   one  s i d e  o r  f a c e   o f  t h e   s h e e t ,  

w h e r e a s   a  " d u p l e x "   d o c u m e n t   o r  c o p y   s h e e t   has   p a g e s  

on  b o t h   s i d e s .   T h e  t e r m   " d u p l e x   c o p y i n g "   may  be  m o r e  

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

ing  m o d e s .   In   " d u p l e x / d u p l e x "   c o p y i n g ,   b o t h   s i d e s   ( b o t h  

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

s i d e s   of   a  c o p y   s h e e t .   In  " d u p l e x / s i m p l e x "   c o p y i n g ,  

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

s i d e   of   two  s u c c e s s i v e   copy   s h e e t s .   In   " s i m p l e x / d u p l e x "  

c o p y i n g ,   t h e   two  p a g e   i m a g e s   of  two  s u c c e s s i v e   s i m p l e x  

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

a  s i n g l e   c o p y  s h e e t .   I n  n o n - d u p l e x   c o p y i n g ,   i . e .  

" s i m p l e x / s i m p l e x "   c o p y i n g ,   o n e  s i d e   of   e a c h   s i m p l e x  

d o c u m e n t   i s   c o p i e d   o n t o   one  s i d e   of   e a c h   copy   s h e e t .  

In  t he   p r i n t i n g   i n d u s t r y ,   as  o p p o s e d   to   t h e  c o p i e r  

i n d u s t r y ,   t w o - s i d e d   c o p y i n g   may  be  r e f e r r e d   to   a s  

" b a c k i n g - u p "   r a t h e r   t h a n   d u p l e x   c o p y i n g .   A  c o m m e r - .  

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

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

H o w e v e r ,   " d u p l e x / s i m p l e x "   i s   g e n e r a l l y   l e s s   d e s i r a b l e  

and  n e e d   n o t   be  p r o v i d e d .  

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

to  a  " s i m p l e x / s i m p l e x "   and  " s i m p l e x / d u p l e x "   c o p y i n g  

s y s t e m   w h i c h   i s   f u l l y  c o m p a t i b l e ,   w i t h   t h e   same  a p p a -  

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

"RDH"  and  "SADH"  and  "ADH"  a r e  a b r e v i a t i o n s  

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

h a n d l e r s ,   r e s p e c t i v e l y .   In  an  RDH  and  ADH  d o c u m e n t s  

a r e   a u t o m a t i c a l l y   f e d   f rom  a  s t a c k ,   w h e r e a s  i n   an  SADH 

t h e y   a r e   i n s e r t e d   i n d i v i d u a l l y .  

A l l   of   t h e s e   c o p y i n g   s y s t e m s   may  b e  p r e - c o l l a -  

t i o n   or  n o n - p r e - c o l l a t i o n   ( e x p l a i n e d  b e l o w ) .   T h e  p r e -  

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

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

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

By  way  of   f u r t h e r   b a c k g r o u n d   as  to   known  d i f f i -  



c u l t i e s   in  i n t e g r a t i n g   s i m p l e x   or  d u p l e x   d o c u m e n t   r e -  

c i r c u l a t i o n   w i t h   d u p l e x   c o p y i n g ,   in  a  p r o p e r l y   c o l l a t e d  

s e t   of  d u p l e x   d o c u m e n t   or  d u p l e x   copy   s h e e t s   t h e   o d d  

p a g e s   1,  3,  5,  e t c . ,   s h o u l d   n o r m a l l y   a p p e a r   on  t h e   f i r s t  

or  f r o n t   f a c e s   or  s i d e s ,   and  o n l y   t h e   n e x t   h i g h e r   p a g e  
number   e v e n   p a g e s   2,  4,  6,  e t c . ,   s h o u l d   n o r m a l l y   b e  

on  t he   r e s p e c t i v e   s e c o n d   or  b a c k   s i d e s .   A l s o ,   t h e  

number   of   d u p l e x   s h e e t s   w i l l   a l w a y s   be  l e s s   t h a n   t h e  

number   of  p a g e s   on  t h o s e   d u p l e x   s h e e t s .   In  c o n t r a s t ,  

in  a  s e t   of  s i m p l e x   d o c u m e n t   or  copy   s h e e t s ,   t h e   n u m b e r  

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

p a g e   n u m b e r .   T h u s ,   an  odd  n u m b e r   of  s i m p l e x   s h e e t s  

w i l l   n o r m a l l y   a l s o   have   a  c o r r e s p o n d i n g   odd  n u m b e r   o f  

p a g e   i m a g e s .   H o w e v e r ,   a  s e t   of  d u p l e x   s h e e t s ,   r e g a r d -  

l e s s   of  t h e   s h e e t   c o u n t ,   may  h a v e   an  odd  or  e v e n   n u m b e r  

of  p a g e s .   I f   t h e r e   a r e   an  odd  n u m b e r   of  p a g e s   in  t h e  

s e t   of  d u p l e x   s h e e t s   t he   b a c k s i d e   of  t he   l a s t   s h e e t  

w i l l   n o r m a l l y   be  b l a n k   ( e m p t y ) .   In  a  r e c i r c u l a t o r y  

d o c u m e n t   h a n d l i n g   a p p a r a t u s   i t   is   known  (and  s i m p l e )  

to  c o u n t   t h e   number   of  s h e e t s   in  a  s e t ,   b u t   i t   is   m u c h  

more   e x p e n s i v e   to   " r e a d "   t h e m   to  d e t e r m i n e   i f   t h e y  

nave   p a g e s   or  a r e   b l a n k .   O t h e r   d i f f i c u l t i e s   i n v o l v e d  

in  e f f i c i e n t   d u p l e x i n g   s y s t e m s   and  s e q u e n c e s ,   w h i c h  

a r e   c o m p a t i b l e   w i t h   b o t h   s i m p l e x   and  d u p l e x   s y s t e m s ,  

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

ing  a r t .  

P r e - c o l l a t i o n   c o p y i n g   i s   a  known  d e s i r a b l e  

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

d e t a i l   i n  U .   S.  P a t e n t s   No.  3 , 9 6 3 , 3 4 5 ,   i s s u e d   J u n e   1 5 ,  

1 9 7 6 ,   to   D.  J.   S t e m m l e ,   e t   a l . ,   a t   C o l u m n s   1 - 4 ,   a n d  

4 , 1 1 6 , 5 5 8 ,   i s s u e d   S e p t e m b e r   26 ,   1 9 7 8 ,   to   J.  A.  A d a m e k  

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

i m p o r t a n t   a d v a n t a g e s .   For   p r e - c o l l a t i o n   c o p y i n g   a n y  
d e s i r e d   n u m b e r   of  p r e - c o l l a t e d   copy   s e t s   m a y  b e   m a d e  

by  m a k i n g   a  c o r r e s p o n d i n g   n u m b e r   of  r e c i r c u l a t i o n s   of.-- ,  

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



t i o n   and  c o p y i n g   e a c h   d o c u m e n t   o n l y   o n c e   e a c h   t i m e   i t  

r e c i r c u l a t e s .   The  c o p i e s   e x i t   t he   c o p i e r   in  p r e - c o l -  

l a t e d   s e t s ,   and   do  n o t   r e q u i r e  s u b s e q u e n t   s o r t i n g   i n  

a  s o r t e r   or  c o l l a t o r .   O n - l i n e   f i n i s h i n g   a n d / o r   r e m o v a l  

of  t h e   c o m p l e t e d   c o p y   s e t s   may  t h u s   be  p r o v i d e d   w h i l e  

f u r t h e r   c o p y   s e t s   a r e   b e i n g   made  f r o m  t h e   s u b s e q u e n t  

c i r c u l a t i o n s   of   t h e   same  d o c u m e n t   s e t .  

The  a b o v e - c i t e d   Adamek  p a t e n t   t e a c h e s   a n  

e f f i c i e n t   RDH  s y s t e m   f o r   m a k i n g   d u p l e x   p r e - c o l l a t e d  

copy   s e t s   c o m p a t i b l e   w i t h   s i m p l e x  c o p y i n g   and  u s a b l e  

w i t h   t h e   p r e s e n t   i n v e n t i o n ,   in  w h i c h   a l l   of   t h e   d o c u -  

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

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

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

e x p o s i n g   a l t e r n a t e   o n e s )   to   fo rm  and  r e m o v e   a  d u p l e x  

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

e t   a l .   p a t e n t s   c i t e d   h e r e i n .  

H o w e v e r ,   a  d i s a d v a n t a g e   of   p r e - c o l l a t i o n   c o p y -  

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

c i r c u l a t e d ,   and   c o p i e d   in   a  p r e - d e t e r m i n e d   o r d e r   o n l y  

o n c e   in  e a c h  c i r c u l a t i o n ,   by  a  n u m b e r   o f   c i r c u l a t i o n s  

e q u i v a l e n t   to   t h e   d e s i r e d   number   of   c o p y   s e t s .   T h u s ,  

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

p o s t - c o l l a t i o n   c o p y i n g   s y s t e m .   T h e r e f o r e ,   m a x i m i z i n g  

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

c i e n c y   i s   p a r t i c u l a r l y   i m p o r t a n t   in   p r e - c o l l a t i o n   c o p y -  

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

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

w i t h   c o p y   s h e e t s   in   t h e   c o r r e c t   o r d e r ,   or  m u s t   s k i p  

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

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

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

f i r s t   c o p y   s e t   c o m e s   o u t   is   a l s o   an  i m p o r t a n t   f a c t o r .  

T h i s   i s   known  as  " f i r s t   c o p y  o u t   t i m e " .  

In  c o n t r a s t ,   in   a  p o s t - c o l l a t i o n   c o p y i n g   s y s t e m ,  



p l u r a l   c o p i e s   a re   made  at   one  t i m e   f rom  e a c h   d o c u m e n t  

p a g e   and  c o l l a t e d   by  b e i n g   p l a c e d   in  s e p a r a t e   s o r t e r  

b i n s .   The  d o c u m e n t   s e t   n e e d   o n l y   be  c i r c u l a t e d   or  f e d  

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

f i l l   b i n s   of  t he   copy   s h e e t   s o r t e r   or  c o l l a t o r   w i t h  

t h e   c o r r e s p o n d i n g   number   of  c o p y   s e t s   d e s i r e d .   A  d i s -  

a d v a n t a g e   i s   t h a t   t he   n u m b e r   of  copy   s e t s   w h i c h   c a n  

be  made  in  one  d o c u m e n t   c i r c u l a t i o n   is   l i m i t e d   by  t h e  

n u m b e r   of  a v a i l a b l e   b i n s .   A l s o ,   a  s o r t e r   a d d s   s p a c e  
and  c o m p l e x i t y   and  is  no t   w e l l   s u i t e d   f o r   o n - l i n e   f i n -  

i s h i n g .   H o w e v e r ,   p o s t -   c o l l a t i o n   c o p y i n g   and  m a n u a l  

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

s i t u a t i o n s   to   m i n i m i z e   d o c u m e n t   h a n d l i n g .   T h u s ,   i t  

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

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

c o l l a t i o n   c o p y i n g   as  w e l l .  

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

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

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

of  a  d o c u m e n t   s e t   s t a c k   o v e r   an  i m a g i n g   s t a t i o n   f o r  

c o p y i n g   o n c e   in  e a c h   c i r c u l a t i o n   and  t h e n   r e t u r n e d   t o  

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

c i r c u l a t i o n s   w i t h   i n v e r s i o n s   of   t he   d o c u m e n t   i n c l u d e :  

German   P a t e n t s c h r i f t   1 , 1 2 8 , 2 9 5 ,   25  O c t o b e r   1962  t o  

H.  R a n k e r s ;   German   O f f e n l e g u n g s s c h r i f t   2 , 1 5 0 , 5 6 3 ,   19  

A p r i l   1973  to   K a l l e   AG;  U.  S.  P a t e n t s   Nos .   3 , 9 3 7 , 4 5 4 ,  

i s s u e d   F e b r u a r y   10,   1 9 7 6 ,   to   R.  H.  C o l w i l l ;   4 , 0 7 6 , 4 0 8  

i s s u e d   F e b r u a r y   28,   1978  to   M.  G.  R e i d   e t   a l . ;   4 , 0 7 8 , 7 8 7  

i s s u e d   M a r c h   14,   1978  to   L.  E.  B u r l e w   e t   a l . ;   4 , 0 9 9 , 8 6 0  

i s s u e d   J u l y   11 ,   1978  to   J.   L.  C o n n i n ;   4 , 1 6 9 , 6 7 4   i s s u e d  

O c t o b e r   2,  1979  to   M.  J.  R u s s e l   and  4 , 1 7 9 , 2 1 5   i s s u e d  

D e c e m b e r   18,   1979  to   C.  T.  H a g e ;   and  U.  S.  P a t e n t   O f f i c e  

D e f e n s i v e   P u b l i c a t i o n   T 9 5 7 , 0 0 6   of  A p r i l   5,  1 9 7 7 ,   b a s e d  

on  a p p l i c a t i o n   S e r i a l   No.  6 7 1 , 8 6 5 ,   f i l e d   March   30,  1 9 7 6 , -  

by  M.  G.  R e i d ,   e t   a l . .  

The  f o l l o w i n g   U.  S.  p a t e n t s   a r e   n o t e d   as  s p e c i -  



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

c o l l a t i o n   c o p y i n g :   4 , 1 0 9 , 9 0 3   i s s u e d  A u g u s t   29,   1 9 7 8  

to   K.  K.  S t a n g e   e t   a l . ;   4 , 0 9 9 , 1 5 0   i s s u e d   J u l y   4,  1 9 7 8  

t o  J .   L.  C o n i n ;   4 , 1 4 0 , 3 8 7   i s s u e d   F e b r u a r y   20,   1979  t o  

G.  B .  G u s t a f s o n   and  4 , 1 5 8 , 5 0 0   i s s u e d   J u n e   19,   1979  t o  

A.  B.  D i F r a n c e s c o   e t   a l . .  

The  l a t t e r   U.  S.  p a t e n t   4 , 1 5 8 , 5 0 0  i s   p a r t i -  

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

p a t h   61  ( e . g .   F i g .   4)  b e t w e e n   t h e   b o t t o m   of   t h e   s t a c k  

and  t h e   p l a t e n .   H o w e v e r ,   t h i s  4 , 1 5 8 , 5 0 0   p a t h   6 1  i s  

f o r   d u p l e x   d o c u m e n t s   and  no t   f o r   s i m p l e x   d o c u m e n t s ,  

and  the   d o c u m e n t s   a r e   s t a c k e d   f a c e - u p   f o r   r e v e r s e  

o r d e r   (N  to   1)  c o p y i n g ,   as  in  a l m o s t   a l l   of  t h e   o v e r -  

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

( s e e ,   e . g .  ,   C o l .  2 ,   l i n e s   5 1 - 6 6 ) .  

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

1  to   N  or  n o r m a l   f o r w a r d   s e r i a l  o r d e r ,  a n d   f a c e - d o w n  

s t a c k i n g   d o c u m e n t   s e t   in  a  p r e - c o l l a t i o n   s i m p l e x   o r  

d u p l e x   c o p y i n g   s y s t e m   h e r e i n   i s  a l l o w e d  U .   S.  a p p l i -  

c a t i o n   S .N .   8 2 5 , 7 4 3 ,   by  T.  J.  H a m l i n  e t  a l . ,   f i l e d  

A u g u s t   18,   1 9 7 7 ,   p u b l i s h e d   M a r c h   1,  1 9 7 9  a s   G e r m a n   OLS 

2 , 8 2 8 , 6 9 9 ,   and   U . S . S . N .   8 2 5 , 5 7 1   a l s o  f i l e d   A u g u s t  1 8 ,  

1977  by  t h e   s ame   a s s i g n e e   and  i n v e n t o r s   a n d  i s s u e d   a s  

U.  S.  P a t e n t   No.  4 , 1 6 6 , 6 1 4   on  S e p t e m b e r   4,  1 9 7 9 .   H o w -  

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

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

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

c l o s e d   in   U.  S.  a p p l i c a t i o n   S . N .  5 2 , 5 2 6   f i l e d   J u n e   2 7 ,  

1 9 7 9 ,  b y   J .   H.  L o o n e y .  

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

d o c u m e n t   r e c i r c u l a t i o n   p r e - c o l l a t i o n   c o p y i n g   s y s t e m  
is   d i s c l o s e d   in   D i s c l o s u r e   No.  1 6 3 3 2 ,   p p .  4 9 - 5 2 ,   o f  

t h e   N o v e m b e r   1977   i s s u e   of   " R e s e a r c h  D i s c l o s u r e " ,  

p u b l i s h e d   by  I n d u s t r i a l   O p p o r t u n i t i e s ,   L t d . ,   H o m e w e l l ,  

H a v a n t ,   H a m p s h i r e ,   U . K . .   A  c o r r e s p o n d i n g   p e n d i n g  

U.  S.  a p p l i c a t i o n   No.  8 1 3 , 0 4 1 ,   was  f i l e d   J u l y   5 ,   1 9 7 7  



by  J .   E.  D u n l e a v y   and  i t s   e q u i v a l e n t   U.K.   a p p l i c a t i o n  

No.  2 , 0 0 0 , 7 4 9 A   was  p u b l i s h e d   17  J a n u a r y   1 9 7 9 .   H o w e v e r ,  

t h a t   s y s t e m   has   one  or  two  i n v e r s i o n s   of  s i m p l e x   o r  

d u p l e x   d o c u m e n t s   b e t w e e n   a  f a c e - u p   d o c u m e n t   s t a c k   o v e r  

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

I t   i s   known  to  n o t   i n v e r t ,   (by  r e v e r s i n g   a n  

o t h e r w i s e   i n v e r t i n g   f e e d   r o l l e r ) ,   d u p l e x   d o c u m e n t s  

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

p l a t e n   in  a  n o n - p r e - c o l l a t i o n   c o p y i n g   ADH  s y s t e m ,   a s  

d i s c l o s e d   in  IBM  T e c h n i c a l   D i s c l o s u r e   B u l l e t i n ,   V o l .  

14,  N o .  5 ,   p.  1 5 4 7 ,   p u b l i s h e d   O c t o b e r   1 9 7 1 .  

Such   s h e e t   i n v e r t e r   r e v e r s a l   s y s t e m s   t e n d   t o  

h a v e   r e l i a b i l i t y   p r o b l e m s ,   e . g . ,   s h e e t   jam  or  m i s f e e d  

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

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

m e n t s .   H o w e v e r ,   t h e   p r e s e n t   s y s t e m   m i n i m i z e s   s u c h  

d o c u m e n t   f e e d i n g   p r o b l e m s   by  u t i l i z i n g   an  i n v e r t e r  

s y s t e m   o n l y   f o r   t h e   f i r s t ,   or  f i r s t   and  l a s t ,   s i m p l e x  

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

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

t i o n s .  

The  s i m p l e x / d u p l e x   p r e - c o l l a t i o n   c o p y i n g   s y s t e m  

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

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

U.  S.  a p p l i c a t i o n   No.  5 7 , 8 5 5 ,   f i l e d   J u l y   16,  1 9 7 9 ,   b y  

R.  E.  S m i t h   and  J .   R.  Y o n o v i c h   f o r   t h e   same  a s s i g n e e ,  

w h i c h   r e d u c e s   f i r s t   copy   o u t   t i m e .  

O t h e r   e x a m p l e s   of  c o p i e r   s y s t e m s   w i t h   p a r t i -  

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

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

U.  S.  P a t e n t   Nos .   4 , 0 6 2 , 0 6 1 ,   i s s u e d   D e c e m b e r   6,  1 9 7 7 ,  

to   P.  J .   B a t c h e l o r   e t   a l . ;   4 , 1 2 3 , 1 5 5 ,   i s s u e d   O c t o b e r  

31,  1 9 7 8 ,   to   W.  L.  H u b e r t   ( IBM);   4 , 1 2 5 , 3 2 5 ,   i s s u e d  

N o v e m b e r   14,   1 9 7 8 ,   to   P.  J.  B a t c h e l o r   e t   a l . ;   a n d  

4 , 1 4 4 , 5 5 0 ,   i s s u e d   M a r c h   13,   1 9 7 9 ,   to   J.   M.  D o n o h u e   e t  

a l . .  



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

i n t o   t h e   c o p i e r ' s   g e n e r a l   m i c r o p r o c e s s o r   l o g i c   c i r c u i t r y  

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

as  t a u g h t   by  t h e   a b o v e   and  o t h e r  p a t e n t s   and  c o p i e r s ,  

i s   t h e   c u r r e n t   s t a t e   of   t h e   a r t   and  i s   p r e f e r r e d .   H o w -  

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

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

t i o n a l l y   i n c o r p o r a t e d   i n t o   a  c o p i e r   u t i l i z i n g   any  o t h e r  

s u i t a b l e   or  known  c o p i e r   s o f t w a r e   or  h a r d   w i r e d   l o g i c  

s y s t e m s ,   c a m - b a n k   s w i t c h   c o n t r o l l e r s ,   e t c . .   The  c o n t r o l  

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

h e r e i n   may  b e  a c c o m p l i s h e d   by  c o n v e n t i o n a l l y   a c t i v a t -  

ing  t hem  by  s i g n a l s   f r o m   t h e   c o n t r o l l e r  i n   r e s p o n s e  
to   s i m p l e   p r o g r a m m e d   c o m m a n d s   and  c o n t r o l l i n g   s w i t c h  

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

s u c h   as  s e l e c t i n g   t h e   n u m b e r   of   c o p i e s ,   s i m p l e x   o r  

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

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

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

T h e s e   s i g n a l s   a c t u a t e   known  e l e c t r i c a l   s o l e n o i d   or  c a m  

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

or  t h e i r   c l u t c h e s   in  t h e  s e l e c t e d   s t e p s   or  s e q u e n c e s  

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

may  be  u t i l i z e d   f o r   c o u n t i n g   and  k e e p i n g   t r a c k   of   t h e  

p o s i t i o n s   of   d o c u m e n t s   and  copy   s h e e t s .   T h i s   i s   k n o w n  

in  t h e   a r t ,   and  t a u g h t   in   t h e   a b o v e   a n d  o t h e r   p a t e n t s  

and  p r o d u c t s .   In  p a r t i c u l a r ,   known  p r e - c o l l a t i o n  

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

c o n t r o l   c i r c u i t r y   and  c o n n e c t i n g   s w i t c h e s  f o r   c o u n t i n g  

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

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

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

d o c u m e n t   and  c o p y   s h e e t   f e e d e r s   and  i n v e r t e r s ,   e t c . .  

In  s u m m a r y   t h e   a b o v e   a r t   d e m o n s t r a t e s  t h a t   . 
b o t h   f o r w a r d   s e r i a l   o r d e r   ( " I   to   N")  and  r e v e r s e   o r d e r  

("N  to   1")  p r e - c o l l a t i o n   c o p y i n g   o f   o r i g i n a l   d o c u m e n t s  



i s   known ,   f o r   b o t h   s i m p l e x   ( o n e - s i d e d )   and  d u p l e x   ( t w o -  

s i d e d )   o r i g i n a l   d o c u m e n t s   and  c o p i e s .   N  to   I  ( r e v e r s e  

o r d e r )   d o c u m e n t   s e t   c i r c u l a t i o n   is  p a r t i c u l a r l y   k n o w n  

f o r   f e e d i n g   f rom  t he   b o t t o m   of  a  s t a c k   of   d o c u m e n t s  

p o s i t i o n e d   ( l o a d e d )   f a c e - u p   o v e r   a  p l a t e n   of  a  c o p i e r .  

T h e r e   t h e   s i m p l e x   d o c u m e n t s   a re   c i r c u l a t e d   by  b e i n g  

t u r n e d   o v e r ,   c o p i e d ,   t u r n e d   o v e r   a g a i n ,   and  r e t u r n e d  

b a c k   to   t he   t o p   of  t he   s t a c k   o v e r   t h e   p l a t e n .   P r o -  

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

k n o w n .  

A  m a j o r   d i s a d v a n t a g e   of  t he   p r i o r   a r t   N  t o  

1  or  b a c k w a r d s   d o c u m e n t   f e e d i n g   and  c o p y i n g   o r d e r   i s  

t h a t   t h e   c o p i e r   d o e s   no t   know  wha t   d o c u m e n t   is  b e i n g  

f e d ,   s i n c e   t he   l a s t   p a g e   is  fed   f i r s t .   In  c o n t r a s t ,  

in   1  to   N  d o c u m e n t   f e e d i n g   the   f i r s t   d o c u m e n t   f ed   i s  

known  to   be  p a g e   1,  w h i c h   is   known  to   be  t he   odd  p a g e ;  
t h e   s e c o n d   d o c u m e n t   f ed   is  known  to   be  p a g e   2,  an  e v e n  

p a g e ,   e t c . .   T h u s ,   in  I  to   N  c o p y i n g ,   t h e   c o p i e r   c o n -  

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

odd  or  e v e n   j u s t   f rom  t h e   c o u n t   of  t h e   number   of  d o c u -  

m e n t   s h e e t s   w h i c h   h a v e   b e e n   fed   f rom  t h e   d o c u m e n t   s t a c k .  

T h i s   is  no t   t r u e   f o r   N  to   1  d o c u m e n t   c i r c u l a t i o n .   N o t  

k n o w i n g   w h e t h e r   t he   d o c u m e n t s   b e i n g   f e d   a r e   odd  or  e v e n ,  
and  d u p l e x i n g   a c c o r d i n g l y   has   d i s t i n c t   d i s a d v a n t a g e s  

f o r   m a k i n g   d u p l e x   ( two  s i d e d )   c o p i e s ,   w h e r e   i f   t h e  

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

d u p l e x   copy   s h e e t   w i l l   be  b l a n k   on  one  s i d e .   T h i s   p r o -  
b l e m   has   l e a d   to   s i m p l e x / d u p l e x   c o p y i n g   w i t h   e i t h e r  

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

in  a  n o n - c o p y i n g   c i r c u l a t i o n ,   or  s e l e c t i v e   use   of  a  

copy   s h e e t   i n v e r t e r   in  t he   copy  s h e e t   p a t h   and  o t h e r  

d i s a d v a n t a g e s ,   as  e x p l a i n e d   more  f u l l y   in   U.  S.  p a t e n t  

a p p l i c a t i o n s   S e r i a l   Nos .   5 7 , 8 5 5   and  7 1 , 6 1 3 ,   and  U . S .  

P a t e n t   4 , 1 6 6 , 6 1 4   a t   C o l .   18,  c i t e d   a b o v e .  

P r e c o u n t   c y c l e s   a n d / o r   s e l e c t i v e   use   of  a  c o p y  

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



by  r e q u i r i n g   e x t r a   h a n d l i n g   of   t h e   d o c u m e n t   s e t   a n d  

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

g e r s   and  in   and  o u t   of  an  i n v e r t e r ,   w i t h   b o t h   e x t r a  

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

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

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

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

i t   i s   m o s t   n o t i c e a b l e   and  when  t h e r e   i s   no  c o p y   s h e e t  

o u t p u t   f i n i s h i n g   or  h a n d l i n g   to   o c c u p y   t h e   o p e r a t o r ' s  

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

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

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

Not   k n o w i n g   w h e t h e r   a  d o c u m e n t   b e i n g   f e d   i s  

an  odd  or   e v e n   p a g e   n u m b e r   on  t h e   f i r s t   c i r c u l a t i o n  

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

of   a  c o p i e r   when  i t   is   d e s i r e d   to   u s e   l e t t e r h e a d ,   b i n d e r  

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

of   t h e   c o p y   s h e e t   to   be  p r i n t e d   or  b o u n d .   For   e x a m p l e ,  

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

be  p r i n t e d   on  t h e   l e t t e r h e a d   s i d e ,   n o t   t h e  o b v e r s e  s i d e .  

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

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

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

p a g e s   s h o u l d   be  c o p i e d   so  t h a t   t h e   h o l e s   a r e   on  t h e i r  

r i g h t .   I f   t h e   c o p i e r   f i n i s h e r   has   a  s t a p l e r   f o r   o n e  

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

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

in   t h e   c o r r e c t   c o r n e r s .  

A n o t h e r   d i s a d v a n t a g e   of   N  to   1  d o c u m e n t   f e e d i n g  

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

d i f f e r s   f r o m   t h e   d o c u m e n t   p a g e  n u m b e r ,   j am  r e c o v e r y  
i s   a l s o   more   c o m p l i c a t e d .   I f   a  d o c u m e n t   f e e d i n g   j a m  

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

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



jam  o c c u r r e d .   For   e x a m p l e ,   i f   a  jam  o c c u r s   on  t h e  

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

t e l l   t h a t   t h i s   is  t he   t h i r d   s h e e t   f r o m   t h e   b o t t o m   o f  

t h e   s t a c k   of  d o c u m e n t s .   I t   is   no t   p a g e   3.  The  p a g e  

number   c a n n o t   be  known  u n t i l   a f t e r   c o u n t i n g   t h e   w h o l e  

N  to  I  s t a c k   o n c e ,   or  m a n u a l   i n s p e c t i o n ,   f o r   e i t h e r  

s i m p l e x   or  d u p l e x   d o c u m e n t s .  

H o w e v e r ,   N  to  I  d o c u m e n t   r e c i r c u l a t i o n   h a s  

been   c o m m e r c i a l l y   u t i l i z e d   in  s p i t e   of   t h e s e   d i s a d v a n -  

t a g e s   b e c a u s e   i t   is   o b v i o u s l y   s u i t a b l e   and  c o n v e n t i o n a l  

f o r   a  " r a c e t r a c k "   or  o v e r - p l a t e n   l o o p   c i r c u l a t i o n   p a t h ,  

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

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

shown  in  t h e   a b o v e - c i t e d   r e f e r e n c e s .   S i m p l e x   d o c u m e n t s  

a r e   f ed   f r o m   one  s i d e   of  t he   s t a c k   to   t h e   same  s i d e  

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

o p p o s i t e   s i d e   of   t he   p l a t e n   to   t h e   o p p o s i t e   s i d e   o f  

t h e   s t a c k ,   and  t h e r e f o r e   may  be  s t r e a m   f ed   u n i d i r e c -  

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

t h e   p r i o r   one  is   f e e d i n g   o f f .   The  d o c u m e n t   p a t h   h a s  

a  180°  l o o p   t u r n   at   e a c h   s i d e   of   t he   p l a t e n   w h i c h   i s  

g e n e r a l l y   a  s h o r t   p a t h .   W i t h   a  s h o r t e r   and  u n i d i r e c -  

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

be  l o w e r   and  two  or  t h r e e   s h e e t   d o c u m e n t   s e t   h a n d l i n g  

w i t h o u t   s k i p p e d   copy   c y c l e s   can   be  a c h i e v e d   more   e a s i l y .  

Such  an  o v e r - p l a t e n   o r " r a c e t r a c k "   s y s t e m   i s  

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

n o n - r a c e t r a c k   p r e - c o l l a t i o n   d e v i c e s .   For   e x a m p l e ,   a  

1-N  "Y"  c o n f i g u r a t i o n   d o c u m e n t   r e c i r c u l a t o r   u s i n g   a  

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

p o r t   t a k e s   up  more   h o r i z o n t a l   w o r k i n g   s p a c e   on  t he   t o p  

m a c h i n e   s u r f a c e .   A  c o n v e n t i o n a l " r a c e t r a c k "   c o n f i g u r a -  

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

ment   t u r n   t r a n s p o r t s   or  i n v e r t e r s ,   a n d  p l a t e n   t r a n s p o r t .  

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

The  p r e s e n t   i n v e n t i o n   o v e r c o m e s   many  of   t h e  



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

t a g e s   o f   b o t h   1  to   N  c o p y i n g   and  a  " r a c e t r a c k "   or  o v e r -  

p l a t e n   s t a c k   d o c u m e n t   l o o p   p a t h .  

The  1-N  s y s t e m   d i s c l o s e d   h e r e i n   has   e v e n   f u r -  

t h e r   a d v a n t a g e s .   I t   can  r e a d i l y   h a v e   a  p a p e r   p a t h  

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

or  f i n i s h i n g .   Even   i f   t he   p a p e r   p a t h   w i t h i n   t h e   c o p i e r  

was  o r i g i n a l l y  p l a n n e d   f o r   an  N  to   I  c o p y   s e q u e n c e ,  
t h e   s y s t e m   d i s c l o s e d   h e r e i n   can   be  u t i l i z e d .   For   e x -  

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

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

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

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

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

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

A n o t h e r   a d v a n t a g e   of   a  1-N  r a c e t r a c k   RDH  i s  

t h a t   i t   c a n   be  b e t t e r   s e l e c t i v e l y   u s e d   as  an  ADH  o r  

SADH  by  e l i m i n a t i n g   the   d o c u m e n t   r e t u r n   p a t h   to   t h e  

s t a c k i n g   t r a y   o f   t h e   RDH,  and  i n s t e a d   e x i t i n g  d o c u m e n t s  

( e i t h e r   f e d   f r o m   t h e   s t a c k   or  m a n u a l l y   i n s e r t e d )   o f f  

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

p r o v i d e s   known  a l t e r n a t i v e   a u t o m a t i c   or  s e m i - a u t o m a t i c  

d o c u m e n t   f e e d i n g   u s i n g   t h e   same  b a s i c   R D H  a p p a r a t u s .  

W i t h   a  1  to   N  s y s t e m   t he   o r i g i n a l s   a r e  e j e c t e d   a n d  

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

1-N  and  f a c e - d o w n   in  a  d o c u m e n t  c a t c h   t r a y ,   a d j a c e n t  

t h e   p l a t e n .   O n  a n   N-1  r a c e t r a c k   RDH  s u c h   e j e c t e d   o r i -  

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

c o l l a t e d ) .  



These  and  o ther   advan tages   are  a c h i e v e d  

by  the  method  of  the  p resen t   i n v e n t i o n   which  i s  

c h a r a c t e r i s e d   by  s t a c k i n g   the  set  of  document  

s h e e t s   f a c e - d o w n   in  n o r m a l   (1  to   N)  o r d e r   at   a  p o s i t i o n  

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

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

of  t h e   s e t   o f   d o c u m e n t   s h e e t s ,   f e e d i n g   t h e   d o c u m e n t  

s h e e t s   f rom  t h e   s t a c k   to   t he   i m a g i n g   s t a t i o n   w i t h o u t  

i n v e r s i o n   t h r o u g h   a  n o n - i n v e r t i n g   p a t h   so  t h a t   t h e  

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

s t a t i o n ,   and  t h e n   f e e d i n g   t he   d o c u m e n t   s h e e t s   f rom  t h e  

i m a g i n g   s t a t i o n   b a c k   to  t he   t o p   of  t he   s t a c k   w i t h   a  

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

r e t u r n e d   to   t h e   s t a c k   f a c e - u p ,   i n v e r t e d   f rom  t h e i r   s a i d  

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

in  s u b s e q u e n t   r e c i r c u l a t i o n s   of  t he   d o c u m e n t   s e t ,   f e e d -  

ing  t h e   d o c u m e n t   s h e e t s   f rom  t h e   s t a c k   to   t he   i m a g i n g  

s t a t i o n   w i t h   a  s i n g l e   i n v e r s i o n   t h r o u g h   an  i n v e r t i n g  

p a t h   so  t h a t   t h e   d o c u m e n t   s h e e t s   a r e   t u r n e d   o v e r   b e t w e e n  

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

down  on  to  t h e   i m a g i n g   s t a t i o n ,   and  t h e n   f e e d i n g   t h e  

d o c u m e n t   s h e e t s   f rom  the   i m a g i n g   s t a t i o n   back   to   t h e  

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

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

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

P r e f e r a b l y ,   in  a  f i n a l   c i r c u l a t i o n   of  t h e  

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

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

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

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

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

m o t i o n   of  t h e   d o c u m e n t   s h e e t s   i s   p r e f e r a b l y   r e v e r s e d , - '  

a f t e r   t h e y   a r e   f ed   ou t   f rom  u n d e r   t h e   b o t t o m   o f  t h e  



s t a c k ,   t o   p r o v i d e   s a i d   n o n - i n v e r t i n g  p a t h   b e t w e e n   t h e  

s t a c k   and  i m a g i n g   s t a t i o n .   T h i s  m a y   be  p r o v i d e d   b y  

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

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

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

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

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

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

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

R e v e r s e   p a g e   o r d e r   (N  to   1)  d o c u m e n t   p r e -  
c o l l a t i o n   c o p y i n g   m a y  b e   s e l e c t i v e l y   a l t e r n a t i v e l y   p r o -  
v i d e d   w i t h   t h e   same   c o p i e r   and  i m a g i n g   s t a t i o n   as  f o r  

t h e   1  t o   N  s y s t e m   d i s c l o s e d   h e r e i n   by  s t a c k i n g   t h e  

d o c u m e n t   s h e e t s   f a c e - u p   a t   t h e   same  s t a c k i n g  p o s i t i o n  

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

d o c u m e n t s   as  in   s a i d   s u b s e q u e n t   c i r c u l a t i o n s .  

In  o rder   t h a t   the  i n v e n t i o n   may  be  more  r e a d i l y  

u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  to  the  a ccompany ing  
drawings ,   i n  w h i c h : -  

F i g u r e  1   i s   a  s c h e m a t i c   s i d e   v i e w   of   a n  

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

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

- F i g u r e s   2  and  3  a r e   s c h e m a t i c   d o c u m e n t   a n d  

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

a p p a r a t u s   of   F i g .   1  f o r   I  to   N  a n d   N  to   1  o r d e r   c o p y -  

i n g ,   r e s p e c t i v e l y ,   o f   a  5   p a g e  e x a m p l e .  

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

10  shown   in  F i g u r e   1,  and  i t s   e x e m p l a r y   a u t o m a t i c  

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

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

ing   u n i t s   and  c o p i e r s   may  be  u t i l i z e d   w i t h   t h e   p r e s e n t  

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

c i t e d   r e f e r e n c e s .  

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

l e r   (RDH)  20  d i s c l o s e d   h e r e ,   i n d i v i d u a l   o r i g i n a l   d o c u -  



ment   s h e e t s   a r e   s e q u e n t i a l l y   f e d   f rom  a  s t a c k   of  d o c u -  

ment   s h e e t s   p l a c e d   by  t h e   o p e r a t o r   f a c e - d o w n   in  n o r m a l  

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

h o l d i n g   t r a y   22 ,   i . e .   w i t h   p a g e   I  on  t he   b o t t o m   of  t h e  

s t a c k ,   f a c e - d o w n .   The  d o c u m e n t   s h e e t s   a r e   f ed   f r o m  

the   b o t t o m   of  t h e   s t a c k   s e r i a t i m   to  t he   i m a g i n g   s t a t i o n  

23,  w h i c h   i s   t h e   c o n v e n t i o n a l   c o p y i n g   p l a t e n   of   t h e  

c o p i e r   10,   to   be  c o n v e n t i o n a l l y   i m a g e d   o n t o   a  p h o t o -  

r e c e p t o r   12  f o r   t h e   p r o d u c t i o n   of  c o p i e s   in  a  g e n e r a l l y  

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

s t a c k e d   i n i t i a l l y ,   and  a l s o   r e s t a c k e d   a u t o m a t i c a l l y  

d u r i n g   e a c h   c i r c u l a t i o n ,   in  t h e   t r a y   23  o v e r   t h e   p l a t e n  

23.  The  d o c u m e n t   h a n d l e r   20  has   c o n v e n t i o n a l   s w i t c h e s  

or  o t h e r   s e n s o r s   s u c h   as  24  f o r   s e n s i n g   and  c o u n t i n g  

t h e   i n d i v i d u a l   d o c u m e n t s   f ed   f rom  t h e   t r a y  2 2 ,   i . e .  

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

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

i n d i c a t e   t h r o u g h   i t s   a s s o c i a t e d   s w i t c h   or  s e n s o r   26  

the   c o m p l e t i o n   of   e a c h   c i r c u l a t i o n   of   t he   c o m p l e t e  

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

been   fed   o u t   f rom  u n d e r   i t ,   and  t h e n   is  a u t o m a t i c a l l y  

r e s e t   on  t h e   t o p   of  t he   s t a c k   b e f o r e   t he   n e x t   c i r c u l a -  

t i o n .   The  d o c u m e n t   f e e d e r   20  i s   a d a p t e d   to  s e r i a l l y  

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

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

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

on  one  or  b o t h   s i d e s ,   e . g .   p r i n t e d   or  t y p e d   l e t t e r s ,  

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

28  f e e d s   t h e   b o t t o m - m o s t   d o c u m e n t   s h e e t ,   on  d e m a n d   b y  

t he   c o n t r o l l e r ,   f r o m   t he   s t a c k   t h r o u g h   one  of  t w o  

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

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

t i o n ,   a g a i n s t   a  r e g i s t r a t i o n   g a t e   32,   o v e r   t h e   c o p i e r  

p l a t e n   23,   w h e r e   t h e   s i d e   of  t he   d o c u m e n t   f a c i n g   t h e  

p l a t e n   23  i s   c o p i e d .  

In  t h i s   d o c u m e n t   f e e d e r   2 0  e a c h   d o c u m e n t   i s  



s e l e c t a b l y   i n v e r t e d  o r   n o t   i n v e r t e d   as  i t   is   f ed   f r o m  

t h e   t r a y   22  to   t h e   i m a g i n g   s t a t i o n   2 3  t h r o u g h  o n e   o f  

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

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

The  two  p a t h s   h e r e  a r e   p r o v i d e d  b y   a  s e l e c t a b l y   r e v e r -  

s a b l e   s h e e t   d r i v e   r o l l e r   ( i n v e r t i n g   r o l l e r )   40  a n d  a  

s e l e c t a b l e   p o s i t i o n   g a t e   or  d e f l e c t o r   60  in  t h e   d o c u m e n t  

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

22  a r o u n d   t h e  o u t s i d e   o f  t h e   r o l l e r   40.   I f   t h e   d o c u m e n t  

p a t h   is   c o n t i n u e d   a r o u n d   r o l l e r  4 0 ,   i t  i s   f ed   i n v e r t e d l y  

t h r o u g h   a  f i r s t   p a t h  5 4   o n t o   t h e  p l a t e n   23,  c o n v e n t i o n -  

a l l y .   H o w e v e r ,   t h e   d e c i s i o n  g a t e   60  in   t h e  d o c u m e n t  

p a t h   h e r e   is  a d j a c e n t   t h e   e n t r a n c e   to   r o l l e r  4 0   a n d  

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

w h i c h   may  be  l o w e r e d   a f t e r   t h e   t r a i l  e d g e   of  t h e   d o c u -  

m e n t   has   p a s s e d   t h i s  g a t e .   ( S w i t c h   24  or  a n o t h e r   s w i t c h  

c a n   s e n s e   t h e   t r a i l   edge   and  s t a r t   a  c o u n t   o f   s u f f i c i e n t  

t i m e   f o r   i t   to   p a s s ) .   S u b s e q u e n t   a c t u a t i o n   of   t h e   g a t e  

60 ,   t o g e t h e r   w i t h   c o o r d i n a t e d  r e v e r s a l   of   t h e   r o l l e r  

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

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

d i f f e r e n t   t r a n s p o r t   p a t h   58  t o   t h e   p l a t e n   f o r   c o p y i n g .  

In  t h e   a r t   t h i s   i s   c a l l e d   an  " i n v e r t e r "   e v e n   t h o u g h  

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

b e l o w .   The  s e c o n d   t r a n s p o r t   p a t h   58  p r o v i d e s   no  s h e e t  

i n v e r s i o n   b e t w e e n   t h e   s t a c k   and  t he   p l a t e n ,  w h e r e a s  

t h e   f i r s t   t r a n s p o r t   p a t h   54  i n v e r t s   t h e   d o c u m e n t   s h e e t  

( o n c e )   b e t w e e n   t h e   s t a c k   a n d  t h e   p l a t e n .  

In  t h e   i n v e r t e r   o p e r a t i o n   f o r   p a t h   5 8 ,  t h e  

r e v e r s a l   of   t h e   r o l l e r   40  c a u s e s   t h e  d o c u m e n t s   t o   o n l y  

go  p a r t i a l l y   a r o u n d   t h e   r o l l e r   4 0  a n d   t h e n   b e  r e v e r s e d  

in  d i r e c t i o n   and  f ed   d i r e c t l y   b a c k   t h r o u g h  t h e  g a t e  

60.   The  now  d e f l e c t i n g   d o w n  g a t e   6 0  ( a s   shown  in   i t s  

s o l i d   l i n e   p o s i t i o n   in  t h e   f i n g e r )   d e f l e c t s   t h e   d o c u -  

m e n t   i n t o   t h e   p a t h   58  w h i c h  f e e d s   d i r e c t l y   o n t o  t h e  

p l a t e n   2 3 .  



T h u s ,   in  t h i s   n o n - i n v e r t i n g   p a t h   58,   t h e   d o c u -  

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

as  t h e i r   o r i g i n a l   o r i e n t a t i o n   in  t r a y   22.   S i m p l e x  

d o c u m e n t s   s t a c k e d   f a c e - d o w n   in  t he   t r a y   22  w i l l   t h e r e b y  

s t i l l   be  f a c e - d o w n   when  t h e y   r e a c h   t h e   p l a t e n   23  f o r  

c o p y i n g ,   p r o v i d i n g   t h e   p a t h   58  i s   u t i l i z e d .  

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

p a t h   54  t r a n s p o r t s   t he   d o c u m e n t s   u n i d i r e c t i o n a l l y   a n d  

w i t h o u t   r e v e r s a l   f u l l y   a r o u n d   the   r o l l e r   40  o n t o   t h e  

p l a t e n   26.  T h u s ,   t h e   o r i e n t a t i o n   or  f a c i n g   on  t h e  

copy  p l a t e n   23  of   d o c u m e n t s   fed   t h r o u g h   t he   s i m p l e x  

p a t h   54  i s   i n v e r t e d   f rom  the   p r e v i o u s   o r i e n t a t i o n   o f  

t h o s e   d o c u m e n t s   in  t he   t r a y   2 2 .  

I t   may  be  s e e n   t h a t   t he   r e t u r n   p a t h   of   t h e  

d o c u m e n t s   to  t h e   t r a y   22  f rom  the   p l a t e n   a f t e r   t h e y  

a r e   c o p i e d   is   a l w a y s   t h e   same  h e r e ,   r e g a r d l e s s   of  w h i c h  

of  the   two  i n i t i a l   p a t h s   54  or  58  i s   u s e d .   T h i s   d o c u -  

ment   r e t u r n   p a t h   has   one  s h e e t   i n v e r s i o n ,   p r o v i d e d   b y  

f e e d i n g   t he   d o c u m e n t s   a r o u n d   a  s e c o n d ,   b u t   n o n - r e v e r s i n g ,  

i n v e r t i n g   r o l l e r   d o c u m e n t   f e e d i n g   s y s t e m   42,   w h i c h  

a l s o   r e t u r n s   t h e   d o c u m e n t s   to  r e s t a c k   on  t he   t o p   o f  

t h e   s t a c k   in  t r a y   2 2 .  

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

b o t t o m   of  t h e   t r a y   22  b a c k   to   t he   t o p   t h e r e o f ,   w i t h  

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

a r e   i n v e r t e d   t w i c e   a r o u n d   b o t h   r o l l e r s   40  and  4 2 ,  

w h e r e a s   w i t h   t h e   s e l e c t i o n   of  t he   t r a n s p o r t   p a t h   58  

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

may  be  s e e n   t h a t   t h e   r e v e r s a l   or  n o n - r e v e r s a l   of   t h e  

r o l l e r   40  and  t h e   c o o r d i n a t e   a c t u a t i o n   or  n o n - a c t u a t i o n  

of  the   s e l e c t o r   g a t e   60  t h e r e w i t h   d u r i n g   a  d o c u m e n t  

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

w i l l   be  r e c i r c u l a t e d   w i t h   a  t o t a l   of  one  or  two  i n v e r -  

s i o n s   in  t h a t   c i r c u l a t i o n .   ( In   e i t h e r   c a s e ,   s i n c e   t h e  

d o c u m e n t s   can   be  c o n t i n u o u s l y   r e s t a c k e d   s i m u l t a n e o u s l y -  

w i t h   c o n t i n u o u s   f e e d i n g   by  t he   f e e d e r   28,   c o n t i n u o u s  



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

t i o n   c o p y i n g ) .   W i t h   two  t o t a l   p a t h   i n v e r s i o n s   p e r  

c i r c u l a t i o n   ( i . e .   u t i l i z i n g  t h e   p a t h   5 4 ) ,   t h e r e   i s  

e f f e c t i v e l y   no  i n v e r s i o n   p e r   c i r c u l a t i o n .   T h u s ,   t h e  

d o c u m e n t s   w i l l   be  r e s t a c k e d   in   t h e   t r a y   22  in   t h e i r  

same  o r i g i n a l   o r i e n t a t i o n ,   and  t h e   same  s i d e s  o f   t h e  

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

In  c o n t r a s t ,   w i t h   o n l y   one  t o t a l   p a t h   i n v e r s i o n   p e r  
c i r c u l a t i o n   ( u s i n g   t h e   p a t h   58)  t h e   d o c u m e n t s   w i l l   b e  

r e s t a c k e d   in   t h e   t r a y  2 2  i n v e r t e d   f r o m  t h e i r   p r e v i o u s  

o r i e n t a t i o n .   T h u s ,   t h e   a p p a r a t u s  o f   p a t h  5 8   i s   r e f e r r e d  

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

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

a c t u a l l y   n o n - i n v e r s i o n   as  n o t e d  a b o v e .  

The  i n v e r s i o n  s t e p   or  p a t h   58  i s   n o r m a l l y   u s e d  

to   copy  t h e   o p p o s i t e   s i d e s   or  f a c e s   of   d u p l e x   d o c u m e n t s  

in  t h e i r   s u b s e q u e n t   c i r c u l a t i o n   l o o p ,   as   shown  in  t h e  

a b o v e - c i t e d   a r t .   H o w e v e r ,   t h e   p r e s e n t   s y s t e m   u t i l i z e s  

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

and  p u r p o s e ,   n a m e l y   to   copy   s i m p l e x   d o c u m e n t s  i n   f o r w a r d  

s e r i a l   (1  to   N)  o r d e r .  

In  t h e   m e t h o d   of  p r e - c o l l a t i o n   c o p y i n g   of  a  

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

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

to   t he   i m a g i n g   s t a t i o n   23  of   t h e   c o p i e r   1 0  i n   f o r w a r d  

s e r i a l   (1  to   N)  p a g e   o r d e r .   They  a r e   m u l t i p l y   r e c i r -  

c u l a t e d   b e t w e e n   t h e   s t a c k e d   s e t   of   t h e   d o c u m e n t   s h e e t s  

and  t h e   i m a g i n g   s t a t i o n ,   and  c o p i e d   o n l y   o n c e   on  o n e  

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

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

s t a c k   to   one  s i d e   o f   s a i d   i m a g i n g  s t a t i o n   and  t h e n  

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

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

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

t i o n s .   The  s e t   of   d o c u m e n t   s h e e t s  a r e   s t a c k e d   in   p r o - J .  

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



t he   b o t t o m   of  t h e   s t a c k ,   in  t h e   s t a c k i n g   p o s i t i o n   22  

o v e r l y i n g   t h e   i m a g i n g   s t a t i o n   23.   In  o n l y   t he   f i r s t  

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

s h e e t s   a r e   f ed   t h r o u g h   t h e   f i r s t   d o c u m e n t   p a t h   5 8 ,  

b e t w e e n   t h e   s t a c k   and  s a i d   one   s i d e   of  t he   i m a g i n g  

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

n o t   i n v e r t   t h e   d o c u m e n t   s h e e t s .   In  a l l   o t h e r   c i r c u l a -  

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

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

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

f rom  the   s t a c k   to   s a i d   same  one  s i d e   of  s a i d   i m a g i n g  

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

in  a  u n i - d i r e c t i o n a l   e n d l e s s   l o o p   p a t h .   In  a l l   of  t h e  

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

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

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

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

pe r   c i r c u l a t i o n   and  r e t u r n e d   to  t h e   s t a c k   i n v e r t e d   f r o m  

t h e i r   p r e v i o u s   o r i e n t a t i o n ,   b u t   d u r i n g   the   o t h e r   c i r -  

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

t w i c e   pe r   c i r c u l a t i o n   to   m a i n t a i n   t he   same  o r i e n t a t i o n  

of  the   d o c u m e n t   s h e e t s   in  s a i d   s t a c k .   The  s i m p l e x  

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

c i r c u l a t i o n s ,   b u t   n o t   in  s a i d   l a s t   c i r c u l a t i o n .   F o r  

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

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

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

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

at   s a i d   i m a g i n g   s t a t i o n .   S i n c e   no  h a r d w a r e   c h a n g e s  

a r e   r e q u i r e d ,   r e v e r s e   p a g e   o r d e r   (N  to  1)  d o c u m e n t   p r e -  
c o l l a t i o n   c o p y i n g   may  s e l e c t i v e l y   a l t e r n a t i v e l y   b e  

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

and  same  i m a g i n g   s t a t i o n   by  s t a c k i n g   the   d o c u m e n t   s h e e t s  

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

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

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



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

p r o g r a m m e r .  

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

i n v e r t e r   m e c h a n i s m s   u t i l i z i n g   a  r e v e r s a l   p a t h   c a n  

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

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

d o c u m e n t   s e t .   The  p r e s e n t   s y s t e m   u s e s ,   b u t   m i n i m i z e s  

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

p a t h   58  f o r   s i m p l e x   d o c u m e n t s .   H e r e   t h i s   m i n i m i z e s  

t h e   r e v e r s a l s   of   t h e   r o l l e r   40  and  t h e   o p e r a t i o n s   o f  

t h e   g a t e   60  (or   any  o t h e r   s h e e t   i n v e r t i n g   m e c h a n i s m  

w h i c h   m i g h t   be  u s e d   i n s t e a d ) .   W i t h   t h e   s y s t e m   d i s c l o s e d  

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

ment   s e t   c i r c u l a t i o n s   may  be  a  s i m p l e   n o n - i n v e r t i n g ,  

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

t h e   n o r m a l   s i m p l e x   d o c u m e n t   p a t h   54.  T h u s ,   t h e   n u m b e r  

of  c i r c u l a t i o n s   t h r o u g h   t h e  i n v e r t i n g   p a t h   5 8  i s   n o r -  

m a l l y   much  l e s s   t h a n   t h e   t o t a l   number   of   c i r c u l a t i o n s  

( t h e   n u m b e r   of   c o p y   s e t s   made)   w i t h   t h i s   s y s t e m .   F u r -  

t h e r ,   t h i s   s y s t e m   is   f u l l y   c o m p a t i b l e   w i t h   d u p l e x   d o c u -  

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

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

The  e x e m p l a r y   c o p i e r   10  p r o c e s s o r   and  i t s  

c o n t r o l l e r   100  w i l l   now  be  d e s c r i b e d   in  f u r t h e r   d e t a i l .  

The  c o p i e r   10  c o n v e n t i o n a l l y   i n c l u d e s   a  x e r o g r a p h i c  

p h o t o r e c e p t o r   b e l t   12  and  t h e   c o n v e n t i o n a l   x e r o g r a p h i c  

s t a t i o n s   a c t i n g   t h e r e o n   f o r   r e s p e c t i v e l y   c h a r g i n g   1 3 ,  

e x p o s i n g   14 ,   d e v e l o p i n g   1 5 ,   d r i v i n g   16  and  c l e a n i n g  

17.   The  c o p i e r   10  i s   a d a p t e d  t o   p r o v i d e   d u p l e x   o r  

s i m p l e x   p r e - c o l l a t e d   c o p y   s e t s   f rom  e i t h e r   d u p l e x   o r  

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

20.   Two  s e p a r a t e   copy   s h e e t   t r a y s   106  and  107  a r e  

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

e i t h e r   o n e .   They  a r e   known  as  m a i n   t r a y   106  and  a u x i -  -  

l i a r y   t r a y   1 0 7 .   The  c o n t r o l   of   a l l   s h e e t  f e e d i n g   i s ,  

c o n v e n t i o n a l l y ,   by  t h e  m a c h i n e   c o n t r o l l e r  1 0 0 .  



The  c o n t r o l l e r   100  i s   p r e f e r a b l y   a  known  p r o -  

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

a b o v e ,   w h i c h   c o n v e n t i o n a l l y   a l s o   c o n t r o l s   a l l   of  t h e  

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

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

ment   and  c o p y   s h e e t   g a t e s ,   t h e   f e e d e r   d r i v e s ,   e t c . .  

As  f u r t h e r   d i s c l o s e d   in  t h o s e   r e f e r e n c e s ,   t h e   c o n t r o l l e r  

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

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

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

of  copy   s e t s   s e l e c t e d   by  the   o p e r a t o r   t h r o u g h   t h e  

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

e t c . .  

The  copy   s h e e t s   a re   fed   f rom  a  s e l e c t e d   o n e  

of   the   t r a y s   106  or  107  to   t he   x e r o g r a p h i c  t r a n s f e r  

s t a t i o n   112  f o r   t he   c o n v e n t i o n a l   t r a n s f e r   of  t h e   x e r o -  

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

s i d e   of  t he   c l e a n   copy   s h e e t .   The  c o p y   s h e e t s   h e r e  

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

r o l l   f u s e r   114  f o r   t he   f u s i n g   of  t h e   t o n e r   i m a g e   t h e r e -  

on.   From  t he   f u s e r ,   t h e   copy  s h e e t s   a r e   f ed   o n t o   a  

g a t e   or  f i n g e r s   118  w h i c h   f u n c t i o n s   as  an  i n v e r t e r  

s e l e c t o r .   D e p e n d i n g   on  t he   p o s i t i o n   of  t h e   g a t e   1 1 8  

t h e   copy   s h e e t s   w i l l   e i t h e r   be  d e f l e c t e d   i n t o   a  c o n -  

v e n t i o n a l   s h e e t   i n v e r t e r   116  or  b y p a s s   t h e   i n v e r t e r  

116  and  be  f ed   d i r e c t l y   o n t o   a  s e c o n d   d e c i s i o n   g a t e  

120 .   T h o s e   copy   s h e e t s   w h i c h   b y p a s s   t h e   i n v e r t e r   1 1 6  

t u r n   a  90°  c o r n e r   in  t h e   s h e e t   p a t h   b e f o r e   r e a c h i n g  

t h e   g a t e   120 ,   w h i c h   i n v e r t s   t he   copy   s h e e t s   i n t o   a  f a c e -  

up  o r i e n t a t i o n ,   so  t h a t   t he   image   s i d e   w h i c h   has   j u s t  

b e e n   t r a n s f e r r e d   and  f u s e d   is  f a c e - u p   a t   t h i s   p o i n t .  

I f   t he   i n v e r t e r   p a t h   116  i s   s e l e c t e d   t h e   o p p o s i t e   i s  

t r u e   ( t h e   l a s t   p r i n t e d   f a c e   is  d o w n ) .   The  s e c o n d  

d e c i s i o n   g a t e   120  t h e n   e i t h e r   d e f l e c t s   t h e   s h e e t s  

d i r e c t l y   i n t o   an  o u t p u t   t r a y   122  or  d e f l e c t s   t h e  s h e e t s  

i n t o   a  t r a n s p o r t   p a t h   w h i c h   c a r r i e s   t hem  on  w i t h o u t  



i n v e r s i o n   h e r e   to   a  t h i r d   d e c i s i o n   g a t e   124 .   T h i s   t h i r d  

g a t e   124  e i t h e r   p a s s e s   t h e   s h e e t s   d i r e c t l y   o n  w i t h o u t  

i n v e r s i o n  i n t o   t h e   o u t p u t   p a t h   128  of   t h e   c o p i e r ,   o r  

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

t r a n s p o r t   1 2 6 .   The  i n v e r t i n g   t r a n s p o r t   1 2 6  i n v e r t s  

and  s t a c k s   c o p y   s h e e t s   to   be  d u p l e x e d   in  a  d u p l e x   t r a y  

108  when   t h e   g a t e   124  so  d i r e c t s .   The  d u p l e x  t r a y   1 0 8  

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

s h e e t s   w h i c h   h a v e   b e e n   p r i n t e d   on  one  s i d e   and  on  w h i c h  

i t   i s   d e s i r e d   to  s u b s e q u e n t l y   p r i n t   an  i m a g e   on  t h e  

o p p o s i t e   s i d e   t h e r e o f ,   i . e .   t h e   s h e e t s   b e i n g   d u p l e x e d .  

Due  to   t h e   s h e e t   i n v e r t i n g  b y   t h e   r o l l e r  1 2 6 ,   t h e s e  

b u f f e r   s e t   c o p y   s h e e t s   a r e   s t a c k e d   i n t o   t h e   d u p l e x   t r a y  
108  f a c e - d o w n .   They  a r e   s t a c k e d   in   t h i s   d u p l e x   t r a y  

108  on  t o p   of   one  a n o t h e r  i n   t h e   o r d e r   in   w h i c h   t h e y  

w e r e   c o p i e d .  

For   t h e   c o m p l e t i o n   o f   d u p l e x  c o p y i n g ,   t h e  

p r e v i o u s l y   s i m p l e x e d   copy   s h e e t s  i n   t h e   t r a y   108  a r e  

f e d   s e r i a t i m   by  i t s   b o t t o m   f e e d e r   109  f r o m   t h e   d u p l e x  

t r a y   b a c k   t o   t h e   t r a n s f e r   s t a t i o n   112  f o r   t h e   i m a g i n g  

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

b a s i c a l l y   t h e   same  copy   s h e e t   p a t h   as  i s   p r o v i d e d   f o r  

t h e   s h e e t s   f r o m   t h e   t r a y s  1 0 6   or  107 .   I t   may  be  s e e n  

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

t r a y   f e e d e r   1 0 9  a n d   t h e   t r a n s f e r   s t a t i o n   112  h a s   a n  

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

H o w e v e r ,   due   to   t h e   i n v e r t i n g   r o l l e r   126  h a v i n g   p r e -  

v i o u s l y   s t a c k e d   t h e s e   s h e e t s   f a c e - d o w n   in   t h e   t r a y   1 0 8 ,  

t h e y   a r e   p r e s e n t e d   to   t h e   t r a n s f e r   s t a t i o n   1 1 2  i n   t h e  

p r o p e r   o r i e n t a t i o n ,   i . e .   w i t h   t h e i r   b l a n k   or  o p p o s i t e  

s i d e s   f a c i n g   t h e   p h o t o r e c e p t o r   1 2  t o   r e c e i v e   t h e   s e c o n d  

s i d e   i m a g e .   The  now  d u p l e x e d   copy   s h e e t s   a r e   t h e n   f e d  

o u t   t h r o u g h   t h e   same  o u t p u t  p a t h   t h r o u g h   t h e   f u s e r   1 1 4  

p a s t   t h e   i n v e r t e r   116  to   be  s t a c k e d   in   t r a y   122  or  f e d  .  

o u t   p a s t   t h e   g a t e   124  i n t o  t h e  o u t p u t   p a t h   1 2 8 .  

The  o u t p u t   p a t h   128  t r a n s p o r t s   f i n i s h e d   c o p y  



s h e e t s   ( s i m p l e x   or  d u p l e x )   e i t h e r   to   a n o t h e r   o u t p u t  

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

c o m p l e t e d   p r e - c o l l a t e d   copy   s e t s   may  be  s e p a r a t e d   a n d  

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

i n g ,   a n d / o r   o f f - s e t   s t a c k i n g .  

I t   i s   d e s i r a b l e   to   m i n i m i z e   t h e   o p e r a t i o n   o f  

t h e   copy   s h e e t   o u t p u t   i n v e r t e r   116 ,   in  o r d e r   to   s i m p l i -  

fy  and  s h o r t e n   t he   p a p e r   p a t h   and  i n c r e a s e   i t s   r e l i a -  

b i l i t y .   I t s   use   a l s o   d e p e n d s   on  t he   i n h e r e n t   i n v e r -  

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

The  e x e m p l a r y   c o n v e n t i o n a l   i n v e r t e r   116  h e r e   o p e r a t e s  

by  the   g a t e   118  d e f l e c t i n g   a  copy   s h e e t   f a c e - d o w n   i n t o  

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

i n v e r t e r ,   w h i c h   d r i v e s   t he   s h e e t   i n t o   t he   i n v e r t e r  

c h u t e .   The  copy   s h e e t ' s   m o v e m e n t   i s   t h e n   r e v e r s e d  

w i t h i n   t h e   c u r v e d   i n v e r t e r   c h u t e   by  known  or  s u i t a b l e  

s h e e t   r e v e r s i n g   m e a n s ,   e . g . ,   f u r t h e r   r o l l e r s ,   or  r e s -  

i l i e n t   r e b o u n d   m e m b e r s ,   and  t h e   c o p y   s h e e t   is  t h e n  

r e v e r s e d   and  d r i v e n   o u t   of  t he   i n v e r t e r   116  t h r o u g h  

t h e   s e c o n d   or  u p p e r   n i p   of  t he   same  t h r e e   r o l l   i n v e r t e r  

d i r e c t l y   t o w a r d   t he   g a t e   120 .   The  c o n v e x   s h a p e   of  t h e  

i n v e r t e r   c h u t e   a c t i n g   on  the   beam  s t r e n g t h   of  t he   s h e e t  

c a u s e s   t h e   s h e e t   t r a i l   edge   to  f l i p   up  t o w a r d   t h i s  

s e c o n d   n i p .   The  copy   s h e e t   o u t p u t   f rom  t he   i n v e r t e r  

116  to   t h e   g a t e   120  h e r e   is  t h e r e b y   f a c e - d o w n .   N o t e  

t h a t   t h e   i n v e r t e r   116  h e r e   i s   p o s i t i o n e d   at   a  c o r n e r  

of  an  o t h e r w i s e   i n h e r e n t   90°  p a p e r   p a t h   i n v e r s i o n   a s  

d e s c r i b e d   a b o v e .   H o w e v e r ,   any  o t h e r   s u i t a b l e   s h e e t  

i n v e r t e r   may  be  u t i l i z e d ,   and  may  be  p r o v i d e d   a t   d i f -  

f e r e n t   p o s i t i o n s   in  t he   copy   s h e e t   o u t p u t   p a t h .   E x -  

a m p l e s   of  s i m i l a r   or  s u b s t i t u t a b l e   s h e e t   i n v e r t e r s   a r e  

d i s c l o s e d   in  U.  S.  P a t e n t   Nos .   2 , 9 0 1 , 2 4 6 ;   3 , 3 3 7 , 2 1 3 ;  

3 , 4 1 6 , 7 9 1 ;   3 , 5 2 3 , 6 8 7 ;   3 , 8 5 6 , 2 9 5 ;   and  4 , 0 4 4 , 2 8 5 .  

By  way  of  f u r t h e r   b a c k g r o u n d ,   as  to  t h e   d i f f i - -  

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

p r e - c o l l a t i o n ,   f o r   w h i c h   t h e   i n v e r t e r   116  may  be  u t i -  



l i z e d ,   t h e r e   a r e   s e v e r a l   w e l l   known  p r o b l e m s   and  s o l u -  

t i o n s   in  m a i n t a i n i n g   t he   p r o p e r   c o l l a t i o n   of  t h e   c o p y  
s h e e t s   in  t h e   o u t p u t   t r a y   or  f i n i s h e r ,   p a r t i c u l a r l y  

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

and  d u p l e x i n g .   For  e x a m p l e ,   i f   s i m p l e x   copy   s h e e t s  

a r e   g e n e r a t e d   in   f o r w a r d  s e r i a l   (1  to   N)  p a g e   o r d e r ,  

t h e s e   s i m p l e x   copy   s h e e t s   c an   be  p r o p e r l y   c o l l a t e d   b y  

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

in  t he   same  o r d e r ,   i f   t h e y   a r e   s t a c k e d   f a c e - d o w n .   I f  

t h i s   is  d o n e ,   t h e n   when  t h e   o p e r a t o r   p i c k s   up  an  i n d i v i -  

d u a l   c o m p l e t e d   s t a c k   or  b o u n d   s e t   of   copy   s h e e t s   a n d  

t u r n s   i t   o v e r ,   i t   w i l l   be  in   t h e  p r o p e r   f o r w a r d   p a g e  
o r d e r   (1  to   N)  f rom  t he   t o p   o f  t h e   s t a c k   to   t h e   b o t t o m  

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

may  be  p r o v i d e d   by  a p p r o p r i a t e   i n v e r s i o n s  w i t h i n   t h e  

c o p i e r   p r o c e s s o r   p a p e r   p a t h   i t s e l f ,   or   in  t h e   c o p i e r  

p a p e r   o u t p u t   p a t h ,   or   by  u s i n g   a  s e l e c t a b l e   ( b y p a s s a b l e )  

i n v e r t e r   s u c h   as  116  in   t h e   c o p y   o u t p u t   p a t h ,   or  b y  

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

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

c o p i e s   a r e   f e d .   F i g .   2  i l l u s t r a t e s   s u c h   i n v e r t e d   o u t -  

p u t   s t a c k i n g   f o r   f a c e - d o w n   1  -   N  o u t p u t   w h e r e a s   F i g .  

3  shows   f a c e - u p   N  -   I  s t a c k i n g .  

The  same  i s  t r u e   f o r   d u p l e x   c o p y i n g   o u t p u t ,  

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

r e q u i r e m e n t s ,   d e p e n d i n g   on  w h i c h   s i d e   is   p r i n t e d   l a s t ,  

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

on  one  s i d e  o f   a  d u p l e x   c o p y   s h e e t   and  t h e   n e x t   h i g h e r ,  

and  e v e n ,   d o c u m e n t   page   n u m b e r   m u s t   be  on  t he   o p p o s i t e  

s i d e   of   t h a t   copy   s h e e t ;   so  t h a t   t h e   I  t o  N   o u t p u t t e d  

d u p l e x   c o p i e s   a r e   in   t he   p r o p e r   p a g e   o r d e r   1 / 2 ;   3 / 4 ;  

5 / 6 ;   e t c . .   P r o v i d i n g   c o l l a t e d   o u t p u t  w i t h o u t   an  i n -  

v e r t e r   is  made  more   d i f f i c u l t   by  t h e   f a c t   t h a t   t he   t o t a l  

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

i s   t y p i c a l l y   d i f f e r e n t ,   i . e . ,   c o n t a i n s   more   i n v e r s i o n s ,  

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



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

t h e   d u p l e x   copy   s h e e t   o v e r   to   p r e s e n t   i t s   o p p o s i t e   s i d e  

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

s h e e t   p a t h   h e r e i n   ( w h i c h   can   be  c h a n g e d )   e a c h   s h e e t  

to   be  d u p l e x e d   is   i n v e r t e d   o n c e   a t   t h e   d u p l e x   t r a y   i n p u t  

1 2 6 ,   a  s e c o n d   t i m e   in  t he   r e t u r n   p a t h   to   t he   t r a n s f e r  

s t a t i o n   112 ,   and  a  t h i r d   t i m e   in  t h e   p a t h   f rom  t h e  

t r a n s f e r   s t a t i o n   112  to   t h e   o u t p u t   128 ,   to   e x i t   l a s t -  

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

a r e   t h e   even   s i d e s ,   a  I  to   N  o u t p u t   may  be  s t a c k e d  

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

t h a n   down  as  f o r   s i m p l e x .   B u t ,   i f   t h e   I  to   N  o r d e r  

s e c o n d   s i d e s   p r i n t e d   l a s t   a r e   odd  t h e y   may  be  s t a c k e d  

in  t he   o u t p u t   f a c e - d o w n   ( 1 / 2 ;   3 / 4 ;   5 / 6 ,   e t c . ) .   I t   i s  

d e s i r a b l e   to   have   c o m m o n a l i t y ,   i . e . ,   to   u t i l i z e   t h e  

same  s h e e t   f e e d i n g   p a t h   to   t h e   maximum  e x t e n t   p o s s i b l e  

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

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

e v e r ,   t h i s   is  no t   e s s e n t i a l .   H e r e ,   f o r   t he   r e a s o n s  

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

t h e   odd  page   n u m b e r   s i d e s   l a s t   f o r   s i m p l e x /   d u p l e x ,  

i . e .   to   p u t   even   s i d e   c o p i e s   2,  4,  6,  e t c . ,   i n t o   t h e  

b u f f e r   t r a y   1 0 8 .  

In  t he   1  to   N  s i m p l e x / d u p l e x   d o c u m e n t   c o p y i n g  

s e q u e n c e   h e r e   t he   n e x t   l o w e r ,   and   e v e n ,   p a g e   n u m b e r s  

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

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

s t a t i o n   l12   h e r e .   T h a t   i s ,   p a g e   one   i s   p r i n t e d   on  t h e  

b a c k   of  t he   p a g e   two  s h e e t   and  t h i s   f i r s t   s h e e t   i s  

e x i t e d   w i t h   p a g e   1  down  i f   t h e   i n v e r t e r   116  i s   u s e d .  

The  s e c o n d   d u p l e x   copy   s h e e t   has   p a g e   3  p r i n t e d   on  t h e  

b a c k   of  t he   s h e e t   w i t h   p a g e   4  and  e x i t s   on  t o p   of   t h e  

f i r s t   s h e e t ,   e t c . .   T h i s   is  s c h e m a t i c a l l y   i l l u s t r a t e d  

in  t he   5  p a g e   1-N  e x a m p l e   of  F i g .   2.  The  i n v e r t e r  

116  p a t h   is   i l l u s t r a t e d   in  F i g .   2  as  an  a l t e r n a t i v e .  

H o w e v e r ,   as  o t h e r w i s e   d i s c u s s e d   h e r e i n ,   i t   is   b y p a s s e d  



( p a t h   I ' )   h e r e   and  an  i n h e r e n t   i n v e r s i o n   i s   p r o v i d e d  

in  t he   o u t p u t   s t a c k i n g   i n s t e a d .  

As  n o t e d   a b o v e ,   p r e - p r i n t e d ,   e . g .   l e t t e r h e a d ,  

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

t h e   f r o n t   ( p r e - p r i n t e d )   s i d e ,   i . e .  p a g e   I  m u s t   be  o n  

t h e   l e t t e r h e a d   s i d e ) .   T h i s   i s   an  a d d i t i o n a l   c o m p l i -  

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

I t   w i l l   be  a l s o   a p p r e c i a t e d   t h a t   i f   i t   i s  

d e s i r e d   to   p i v o t   away  t h e  R D H  2 0   f r o m  t h e   p l a t e n   2 3  

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

n o r m a l   I  to   N  p a g e   o r d e r ,   or   to   p r o v i d e   a  s e m i - a u t o -  

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

t h e   o p e r a t o r   in   n o r m a l   1  to   N  o r d e r ,   t h a t   t h e   o u t p u t  

i n v e r t e r   116  may  be  u t i l i z e d   to   p r o v i d e  f a c e - d o w n  

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

c o p i e s   in   t h i s   c a s e  a s   w e l l .  

By  way  of   f u r t h e r   b a c k g r o u n d ,   as  n o t e d   a b o v e ,  

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

t h e r e   i s   an  odd  r a t h e r   t h a n   e v e n   n u m b e r   of  s i m p l e x  

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

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

odd  p a g e s   l a s t   ( o n t o   t h e   b a c k s i d e   of  e v e n   p a g e   c o p y  
s h e e t s   f e d   f r o m   t h e   b u f f e r   t r a y  1 0 8 ) .   W i t h   an  o d d  

n u m b e r   of   d o c u m e n t   p a g e s   t h e   Nth  or  l a s t  p a g e   of   t h e  

s e t   of  d u p l e x   c o p i e s   made  t h e r e f r o m   i s   r e a l l y   a  s i m p l e x  

c o p y ,   b e c a u s e   t h e   l a s t   copy   s h e e t   p a g e   in   e a c h   c o p y  
s e t   w i l l   h a v e   an  i m a g e   on  o n l y   one   s i d e   t h e r e o f .   I t  

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

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

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

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

l a s t   s h e e t   to   m a i n t a i n   o u t p u t   c o l l a t i o n ,  s i n c e   t h i s  

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

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

l a s t  s h e e t .   T h i s   can   be  a v o i d e d  b y   o n l y   p u t t i n g   e v e n  

p a g e s   in   t h e   d u p l e x  t r a y   108  and  d i r e c t l y   o u t p u t t i n g  



t he   Nth  d u p l e x e d   c o p y   s h e e t   i m m e d i a t e l y   a f t e r   i t s   f i r s t  

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

t r a y .   T h u s ,   t h i s   l a s t   odd  p a g e   can   be  p r i n t e d   on  a  

c l e a n   copy   s h e e t   f e d   f rom  a  copy   s h e e t   t r a y ,   r a t h e r  

t h a n   f rom  t h e   d u p l e x   t r a y .   ( H o w e v e r ,   t h i s   n o r m a l l y  

r e s u l t s   in  t h i s   l a s t   copy   s h e e t   h a v i n g   a  d i f f e r e n t  

number   of   i n v e r s i o n s ,   as  d i s c u s s e d   b e l o w ) .   C o p y i n g  

t he   odd  p a g e   s i d e s   l a s t   a l s o   m a k e s   t he   o u t p u t   o f  

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

u s i n g   e x a c t l y   t h e   same  number   of  o u t p u t   i n v e r s i o n s  

fo r   p r o p e r   c o l l a t i o n .  

H o w e v e r ,   to   t r e a t   an  Nth  odd  d u p l e x   c o p y   p a g e  

d i f f e r e n t l y   in  t h i s   m a n n e r ,   i t   m u s t   be  known  in  a d v a n c e  

w h e t h e r   t h e r e   is   an  odd  or  e v e n   n u m b e r   of  s i m p l e x   d o c u m e n t s .  

Where  t he   d o c u m e n t s   a r e   b e i n g   c o p i e d   in  f o r w a r d   s e r i a l  

o r d e r ,   i . e .   I  to   N,  in  t h i s   s y s t e m ,   t h i s   is  n o t   a  p r o -  
b l e m .   The  Nth  c o p y   s h e e t   p a g e   w i l l   o n l y   need   to   b e  

fed   and  c o p i e d   a f t e r   t h e   l a s t   (Nth)   d o c u m e n t   in  t h e  

s e t   has   b e e n   c o u n t e d ,   and  t h e   b a i l   s w i t c h   26  a c t u a t e d ,  

w h i c h   d e t e r m i n e s   w h e t h e r   or  n o t   N  is   an  odd  n u m b e r .  

Note   in  F i g .   2  t h a t   i t   is  t h e   l a s t   copy   s h e e t   (3)  t h a t  

has   a  " b l a n k "   p a g e   on  t he   b a c k   of  t he   l a s t   odd  p a g e  
5 .  

N o t e   in  c o n t r a s t   t h a t   when  t h e   s i m p l e x   d o c u -  

m e n t s   a r e   c o p i e d   in  r e v e r s e   s e r i a l   o r d e r   (N  to  1 ) ,   a s  

in  F i g .   3,  t h a t   now  t he   f i r s t   (Nth)   d u p l e x   copy   s h e e t  

(1)  f ed   w i l l   be  t h e   one  r e q u i r i n g   s p e c i a l   d u p l e x   p r o -  

c e s s i n g ,   i . e . ,   h a v i n g   a  b l a n k   b a c k s i d e   when  N  i s   o d d .  

S i n c e   t h i s   Nth  copy   s h e e t   is   f ed   f i r s t   i t   is  n o t   k n o w n  

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

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

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

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

of  f i v e   s i m p l e x   d o c u m e n t   s h e e t s   to   be  d u p l e x   c o p i e d  

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

down  i n t o   t h e   t r a y   22  in  t h e i r   p r o p e r   b o t t o m - t o - t o p  



p a g e   o r d e r :   1,  2 ,  3 ,   4,  5,  a s  s h o w n  i n   F i g .   2.  T h e y  

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

t h r o u g h   p a t h   58  in   t h a t   same  f o r w a r d  p a g e   o r d e r .   H o w -  

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

n o t   be  c o p i e d   so  t h a t   t h e   b u f f e r   t r a y  1 0 8   w o u l d   b e  

l o a d e d   w i t h  o n l y   two  c o p y   s h e e t s   p r i n t e d   w i t h   p a g e s  
2  and  4  o n l y ,   f a c e - d o w n ,   w i t h   p a g e   2  o n  t h e   b o t t o m ,  

as  s h o w n .   On  t h e   n e x t ,   and   a l l  b u t  t h e   l a s t ,   d o c u m e n t  

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

in   t h e   s e c o n d   d o c u m e n t   s e t  c i r c u l a t i o n  t h e   odd  d o c u m e n t  

p a g e s   1  and  3  a r e  c o p i e d  i n   t h a t  o r d e r ,   r e s p e c t i v e l y ,  

o n t o   t h e   c o p y   s h e e t s   b e a r i n g   p a g e s  2  a n d   4  f e d   f r o m  

t h e   d u p l e x   t r a y   1 0 8 .   Bu t   t h e   Nth  odd  p a g e  5   h e r e   i s  

f e d   o n t o   a  c l e a n   c o p y   s h e e t   f ed   f rom  t r a y   106  o r  1 0 7 , -  

and  p r o p e r l y   i n v e r t e d .   The  c o n t r o l l e r   1 0 0  a l r e a d y   k n o w s  

i t   is  an  odd  p a g e .   M e a n w h i l e ,   a l s o   d u r i n g   s a i d   s e c o n d  

d o c u m e n t   s e t   c i r c u l a t i o n   t h e   e v e n   p a g e s  2  a n d   4  a r e .  

b e i n g   c o p i e d   a g a i n   and  f e d   i n t o   d u p l e x  t r a y  1 0 8   i n  

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

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

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

1 0 0 ) .   Then   on  t h e   f i n a l   c i r c u l a t i o n   o n l y   t he   odd  d o c u -  

m e n t   p a g e s   a r e   c o p i e d   to   e m p t y   t h e   b u f f e r   t r a y   1 0 8 .  

For   s a i d   s i m p l e x / d u p l e x   c o p y i n g ,  b y   l o a d i n g  

l e t t e r h e a d   p a p e r   f a c e - d o w n   in  t h e   t r a y s   106  and   1 0 7  

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

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

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

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

t r a y s   106  and  107  and   t h e   t r a n s f e r   s t a t i o n   112 .   T h e n  

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

h a v e   odd  p a g e s   1,  3,  5,  e t c .   p r o p e r l y  p r i n t e d   on  t h e i r  

f i r s t   ( l e t t e r h e a d )   s i d e s .   T h u s ,   t h e r e   i s   no  p r o b l e m  

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

an  odd  n u m b e r   of   d o c u m e n t   p a g e s ,   t h e   a b o v e - d e s c r i b e d  

s p e c i a l   p r o c e s s i n g   of   t h e   l a s t   ( s i m p l e x )   c o p y  s h e e t  



w o u l d   c a u s e   t he   l a s t   odd  d o c u m e n t   p a g e   to   be  i m p r o p e r l y  

p r i n t e d   on  t he   b a c k s i d e   of  a  c l e a n   l e t t e r h e a d   copy   s h e e t  

f ed   f rom  t r a y   106  or  1 0 7 .  

T h i s   can  be  a v o i d e d   by  p r o v i d i n g   a  " s p e c i a l  

p a p e r "   or  " l e t t e r h e a d   p a p e r "   or  t h e   l i k e   o p e r a t o r   b u t t o n  

on  t he   c o p i e r   c o n s o l e   f o r   t h e   c o n t r o l l e r   100 .   The  c o n -  

t r o l l e r   can   t h e n   be  p r o g r a m m e d   to   d e t e c t   t h e   q u a d r u p l e  

c o i n s i d e n c e   of  s i g n a l s   f rom  (1)  t h i s   " s p e c i a l   p a p e r "  

b u t t o n   b e i n g   p r e s s e d ,   (2)  an  odd  d o c u m e n t   s h e e t   c o u n t  

( w h i c h   i s   a v a i l a b l e   in  a d v a n c e   of  t h e   l a s t   copy  in  t h i s  

I  to  N  s y s t e m ) ,   and  (3)  t h e   " s i m p l e x   d o c u m e n t "   a n d  

(4)  " d u p l e x   copy"   b u t t o n s   a l s o   h a v i n g   b e e n   p r e s s e d .  

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

100  can   d i r e c t   an  e x t r a   or  "dummy"  f i n a l   (N  +  1)  " e v e n "  

p a g e   copy   to   be  made  and  f e d   to   t h e   d u p l e x   t r a y   1 0 8  

(as  i f   t h e r e   were   a  r e a l   N  +  I  e v e n   d o c u m e n t   p a g e ) .  

No  d o c u m e n t   is  f e d ,   o n l y   a  c o p y   s h e e t ,   and   t he   c o n v e n -  

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

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

t h e   a r e a   w h i c h   m e e t s   up  w i t h   t h i s   " b l a n k "   copy   s h e e t  

in  t he   t r a n s f e r   s t a t i o n ,   so  t h a t   no  s i g n i f i c a n t   t o n e r  

is   t r a n s f e r r e d   t h e r e t o .   T h i s   "dummy"  or  b l a n k   l e t t e r -  

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

odd  Nth  d o c u m e n t   p a g e   on  i t s   l e t t e r h e a d   s i d e .   As  a n  

a l t e r n a t i v e ,   t h i s   can  be  d o n e   w i t h o u t   a  " s p e c i a l   p a p e r "  

b u t t o n   in  a l l   c a s e s   w h e r e   t h e   t h r e e   c o n d i t i o n s   ( 2 ) ,  

(3)  and  (4)  o c c u r .   [ N o t e   t h a t   (3)  and  (4)  may  be  a  
s i n g l e   c o m b i n e d   " s i m p l e x / d u p l e x "   s i g n a l ] .   A l t e r n a t i v e l y ,  

i f   odd  p a g e s   a r e   c o p i e d   f i r s t ,   t h e   odd  Nth   p a g e   c a n  

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

i n v e r t e d .   In  F i g .   2  t h i s   w o u l d   r e q u i r e   i n v e r t i n g   i n  

116  a l l .  b u t   t he   3 rd   copy   s h e e t   " b l a n k / 5 "   o u t p u t   a n d  

t h e   d u p l e x   t r a y   108  w o u l d   h a v e   s h e e t s   3  and  1  r a t h e r  

t h a n   4  and  2  as  s h o w n ,   r e s p e c t i v e l y ,   b u t   w o u l d   c o n s i s -  

t e n t l y   p r o p e r l y   h a n d l e   f a c e - u p   l o a d e d   s p e c i a l   p a p e r  
f rom  1 0 6 .  



At  t h e   end   of   t h e   l a s t  c i r c u l a t i o n  o f  t h e  

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

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

h a n d l e r   t r a y   22 ,   f o r   r e m o v a l   in  c o l l a t e d  o r d e r   by  t h e  

o p e r a t o r .   W i t h   t h i s   s y s t e m   t h e y   a r e   a u t o m a t i c a l l y   s o  

r e s t a c k e d   i n  t h e  p r o p e r   o r d e r   at   t h e   end  of  c o p y i n g .  

A  n o n - c o p y i n g   s e t   c i r c u l a t i o n   of  s i m p l e x   d o c u m e n t s   i n  

an  i n v e r t i n g   c i r c u l a t i o n   t h r o u g h   p a t h  5 8  p r o v i d e s   t h i s  

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

l a t i o n   r e s t a c k e d   f a c e - d o w n  i n   t h e   t r a y   22.  T h i s   l a s t  

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

on  t he   p r e v i o u s   ( l a s t   c o p y i n g )   c i r c u l a t i o n   a r e   b e i n g  

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

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

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

c i r c u l a t i o n   a f t e r   c o p y i n g ,   a  d o c u m e n t   jam  in   t h e   i n v e r -  

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

copy   r u n .  

A  d u p l e x / d u p l e x   c o p y i n g   s y s t e m ,   c o m p a t i b l e  

w i t h   t he   s i m p l e x / s i m p l e x   and  s i m p l e x / d u p l e x   s y s t e m s  

d i s c l o s e d   h e r e i n ,   c a n   p r o v i d e   as  d i s c l o s e d  i n   t h e   a b o v e -  

c i t e d  U .   S.  P a t e n t   No.  4 , 1 6 6 , 6 1 4  t o   T .  J .   H a m l i n   e t  

a l .   and  i t s   r e l a t e d   c a s e s   or  t h e   c i t e d   U . S . S . N .   7 1 , 6 1 3  

or  5 7 , 8 5 5 .   B r i e f l y ,   t h e   d u p l e x   d o c u m e n t s   may  be  l o a d e d  

f a c e - d o w n   and  c o p i e d   I  to   N  as  in   t h e   f o r m e r   c a s e s   o r  

l o a d e d   f a c e - u p   a n d  c o p i e d   i n  N   to   I  o r d e r   as  in   t h e  

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

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

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

t h e r e o f   in  t h e   d u p l e x   t r a y   108 ,   t u r n i n g   t h e  d o c u m e n t  

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

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

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

d u p l e x   t r a y   1 0 8 .  

For   c o m p a t i b l e   d u p l e x / d u p l e x   c o p y i n g   h e r e ,  

t h e   d u p l e x   d o c u m e n t s   a r e   p r e f e r a b l y   l o a d e d   f a c e - d o w n  



in  t he   same  o v e r - p l a t e n   s t a c k i n g   a r e a   and  c o p i e d   i n  

t h e   same  I  to  N  o r d e r   as  t h e   s i m p l e x   d o c u m e n t s .   T h u s ,  

l o a d i n g   an  e x e m p l a r y   s e v e n   p a g e   (4  s h e e t )   d u p l e x   d o c u -  

ment   s e t   i n t o   t he   t r a y   22  f a c e - d o w n ,   t h e   d u p l e x   d o c u m e n t  

p a g e s   in  t h e   t r a y   22  w o u l d   be  in  t h e   i n i t i a l   s t a c k e d  

p a g e   o r d e r ,   t o p - t o -   b o t t o m ,   o f :   b l a n k / 7 ;   6 / 5 ;   4 / 3 ;  

2 / 1 .   The  f i r s t   d o c u m e n t   s h e e t ,   p a g e s   1 / 2 ,   w o u l d   b e  

on  t he   b o t t o m   of  the   s t a c k   w i t h   p a g e   1  f a c i n g   d o w n .  

To  copy  s u c h   a  d u p l e x   d o c u m e n t   s e t   so  t h a t   t he   e v e n  

p a g e   s i d e s   a r e   c o p i e d   f i r s t ,   as  i s   p r e f e r r e d   f o r   d u p l e x  

c o p y i n g   h e r e ,   t h e   d u p l e x   p a t h   54  w o u l d   be  u t i l i z e d   i n  

t h e   f i r s t  c i r c u l a t i o n   of  t h e   d o c u m e n t   s e t .   ( N o t e   t h a t  

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

58  s e l e c t i o n   f o r   s i m p l e x   d o c u m e n t s   d e s c r i b e d   a b o v e ) .  

The  c o n t r o l l e r   100  i s   i n s t r u c t e d   by  i t s   s o f t w a r e   t o  

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

s w i t c h   on  i t s   c o n s o l e   h a v i n g   b e e n   a c t u a t e d   by  t h e  

o p e r a t o r .   S i n c e   d u p l e x / s i m p l e x   c o p y i n g   i s   no t   p r o -  
v i d e d   h e r e ,   t h i s   same  d u p l e x   d o c u m e n t   s w i t c h   a l s o   a u t o -  

m a t i c a l l y   s e l e c t s   t he   d u p l e x   c o p y   m o d e .   On  t h e   f i r s t  

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

s h e e t   1 /2   w i l l   be  i n v e r t e d   as  i t   i s   f ed   f rom  t h e   s t a c k  

to   t he   p l a t e n   t h r o u g h   p a t h   54,   t h e r e b y   p l a c i n g   t h e   p a g e  
2  s i d e   of  t he   d o c u m e n t   s h e e t   f a c e - d o w n   on  t he   p l a t e n  

23  to   be  c o p i e d .   The  f o l l o w i n g   p a g e s   4,  6  and  b l a n k  

w o u l d   t h e n   be  f ed   to  be  c o p i e d   in   t h e   same  m a n n e r .  

For  t he   s u b s e q u e n t   c i r c u l a t i o n s   in  w h i c h   t h e   o p p o s i t e  

(odd  p a g e )   s i d e s   of  t he   I  to   N  o r d e r   d u p l e x   d o c u m e n t  

s e t   a r e   c o p i e d   t he   o t h e r   d o c u m e n t   f e e d   p a t h   58  w o u l d  

be  i n i t i a l l y   u t i l i z e d .   The  p a t h   58  w o u l d   p r e s e n t   t h e  

d u p l e x   d o c u m e n t   odd  p a g e s   1,  3,  5  and  7  to   t he   p l a t e n  

in  t h a t   o r d e r   to  be  c o p i e d ,   and   t h e n   t h e y   w o u l d   a u t o -  

m a t i c a l l y   r e s t a c k   in  t r a y   22  w i t h   t h e   even   p a g e   s i d e s  

down.   T h u s ,   in  f o l l o w i n g   c i r c u l a t i o n s   t he   n o n - i n v e r t e r  

p a t h   54  may  be  u t i l i z e d   to   r e - p r e s e n t   t h e   same  s i d e s  

to   t he   p l a t e n .  



T h u s ,   t h i s   s i m p l e x / d u p l e x   s y s t e m  i s   f u l l y   c o m -  

p a t i b l e   w i t h   t h e   s y s t e m   d i s c l o s e d  i n   t he   a b o v e - c i t e d  

U.  S.  a p p l i c a t i o n   S e r i a l   N o .  7 1 , 6 1 3   t o   R.  B.  S a h a y ,  

in   w h i c h   t h e   i n v e r t e r   ( 4 0 ,  6 0 )   p a t h  5 8   i s   o n l y   u t i l i z e d  

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

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

p l a c e d   in   t h e   d u p l e x   t r a y  1 0 8  a n d   t h e  d o c u m e n t   i n v e r t e r  

o p e r a t i o n   p a t h   58  i s  u t i l i z e d   o n l y   d u r i n g   s i n g l e   d o c u -  

ment   c i r c u l a t i o n s   a t   t h e   b e g i n n i n g   or   end  o f  a   s u c c e s s -  

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

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

c a p a c i t y   of   t h e   t r a y   108  d i v i d e d   by  t h e  n u m b e r   of   d o c u -  

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

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

s e t s .   T h u s ,   f o r   t h e   a b o v e   e x a m p l e  o f   a  f o u r   s h e e t  

d u p l e x   d o c u m e n t   s e t ,   and   w i t h   a n  e x a m p l e  o f   a  100  s h e e t  

c a p a c i t y   d u p l e x   t r a y  1 0 8 ,   d i v i d i n g   f o u r   i n t o   one  h u n d r e d  

g i v e s   a  25  c i r c u l a t i o n   n u m b e r .   T h u s ,  t h e   s e t  o f   d u p l e x  

d o c u m e n t s   h e r e   w o u l d   be  c i r c u l a t e d   2 5  t i m e s  t h r o u g h  

p a t h   54  a t   t h e   b e g i n n i n g   of   c o p y i n g   to   form  25  f o u r  

s h e e t   b u f f e r   s e t s   in   t h e  t r a y   108 ;   i . e .  2 5   s e t s   of  f o u r  

copy   s h e e t s   e a c h   b e a r i n g   p a g e s   2,  4,  6 ,  b l a n k ,   r e s p e c -  

t i v e l y .   Then   on  t h e   2 6 t h   d o c u m e n t  c i r c u l a t i o n   t h e  

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

t h e   p a t h   58.   T h e n   t h e   d o c u m e n t   s e t   w o u l d   be  c i r c u l a t e d  

a g a i n   t h r o u g h   t h e   p a t h   54  f o r   t h e   n e x t   24  c i r c u l a t i o n s .  

T h e r e b y ,   in   c i r c u l a t i o n s - 2 6   t h r o u g h   5 0  h e r e ,   t h e   p a g e s  

1,  3,  5,  a n d   7  w o u l d   be  p r i n t e d   in  t h a t   o r d e r   2 5  t i m e s  

on  the   b a c k   of   t h e  b u f f e r  s e t   s h e e t s   f e d  f r o m   t h e  d u p l e x  

t r a y   108  u n t i l   a l l   25  d u p l e x   copy   s e t s  h a v e   b e e n   p r i n t e d  

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

t h a t   more   t h a n   25  c o p y   s e t s   had  b e e n   r e q u e s t e d   by  t h e  

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

t h e   c o n t r o l l e r   100)  .  

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



h e r e   can  a u t o m a t i c a l l y   h a n d l e   a  w ide   l a t i t u d e   of  o r i -  

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

a c t i o n .   In  a  t y p i c a l   j o b ,   t h e   o p e r a t o r   n e e d   o n l y   d r o p  

t h e   s e t   of  d o c u m e n t s   to   be  c o p i e d   i n t o   t h e   open   l o a d i n g  

t r a y   22  on  t o p   of  t he   RDH  20,   p r o g r a m   t he   d e s i r e d   n u m b e r  

of  c o p i e s   to   be  made  in  t h e   c o n t r o l l e r   100  s w i t c h e s ,  

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

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

1 0 0 ) ,   and  t h e n   i n i t i a t i n g   t h e   c o p y i n g   run   s e q u e n c e   b y  

p r e s s i n g   t h e   c o n v e n t i o n a l   " s t a r t   p r i n t "   b u t t o n   on  t h e  

c o n t r o l l e r .   T h e r e   may,   of   c o u r s e ,   be  some  a d j u s t m e n t  

n e e d e d   f o r   s i d e   or  r e a r   g u i d e s   in  t he   t r a y   22  f o r   d i f -  

f e r e n t   s i z e s   of  d o c u m e n t s .   E x c e p t   f o r   jam  c l e a r a n c e ,  

t h e r e   w o u l d   n o r m a l l y   be  no  o t h e r   o p e r a t o r   i n t e r a c t i o n  

r e q u i r e d   w i t h   t he   c o p i e r   or  d o c u m e n t   h a n d l e r   to   p r o v i d e  

p r e - c o l l a t e d   o u t p u t   s e t s .  

Document  c i r c u l a t i n g   and  i n v e r t i n g   a p p a r a t u s   as  d i s c l o s e d  

he re in   is  a l so   described  in  our  copending  European  Pa ten t   A p p l i c a t i o n   No. 

,  f i l e d   c o n c u r r e n t l y   with  the  p r e s e n t  

a p p l i c a t i o n ,   which  co r r e sponds   to  U.S.  A p p l i c a t i o n   S e r i a l  

No.  71613  f i l e d   August  31  1979  and  claims  methods  and  a p p a r a t u s  

for  p r e - c o l l a t i o n   copying  duplex  documents .  



1.  A  method  o f  p r e - c o l l a t i o n   copying  of  a  s t a c k e d  

set   (22)  of  s implex  document  shee t s   by  p l u r a l l y   r e c i r c u l a t i n g  

the  shee t s   in  normal  forward  s e r i a l   (1  to  N)  page  order   t o  

and  from  the  imaging  s t a t i o n   (23)  of  a  c o p i e r ,  a n d ,   in  e a c h  

copying  c i r c u l a t i o n ,   s e r i a t i m   removal  of  the  b o t t o m - m o s t  

document  shee t   i n  t h e   s t a c k ,   f e e d i n g  t h e   r emoved  documen t  

sheet   to  the  i m a g i n g  s t a t i o n   (23)  for  i n d i v i d u a l   c o p y i n g ,  

and  then  r e t u r n i n g   the  document  sheet   f rom the   imaging  s t a t i o n  

to  the  top  of  the  s t a ck   (22)  a f t e r   i t  h a s   b e e n  c o p i e d   o n c e  

on  only  one  s i de ,   c h a r a c t e r i s e d   by  s t a c k i n g   the  set   of  document  

shee t s   f a c e - d o w n  i n   normal  (1  to N)  order   at  a  p o s i t i o n   (22)  

o v e r l y i n g   the  i m a g i n g  s t a t i o n   (23)  with  t h e - f i r s t   page  on 

the  bottom  of  the  s t a c k ,   in  the  f i r s t   c i r c u l a t i o n   of  the  s e t  

of  d o c u m e n t  s h e e t s ,   f e e d i n g  t h e   document  shee t s   form  the  s t a c k  

to  the  imaging  s t a t i o n   wi thou t   i n v e r s i o n   through  a  n o n - i n v e r t i n g  

path  (58)  so  t ha t   t he  documen t   shee t s   are  p r e s e n t e d   f a c e - d o w n  

to  the  imaging  s t a t i o n ,   and  t h e n  f e e d i n g   the  document  s h e e t s  

from  the  i m a g i n g  s t a t i o n  b a c k   to  t h e  t o p   of  the  s t ack   w i t h  

a  s i n g l e   i n v e r s i o n   (42),   so  tha t   the  document  shee t s   a r e  

r e t u r n e d   to  the  s t ack   f a c e - u p ,   i n v e r t e d   from  t h e i r   sa id   o r i g i n a l  
face-down  o r i e n t a t i o n  i n   the  s t ack ,   then,   in  subsequen t   r e c i r c u l -  

a t i o n s   of  the  document  s e t ,   f e e d i n g   the  document  s h e e t s   f r o m  

the  s t ack   to  the  imaging  s t a t i o n   with  a  s i n g l e   i n v e r s i o n   t h r o u g h  

an  i n v e r t i n g   path  (54)  so  t h a t   the  document   s h e e t s   are  t u r n e d  

over  between  the  s t a ck   (22)  and  the  imaging  s t a t i o n   (23)  a n d  

p r e s e n t e d   face-down  on  t o   the  i m a g i n g  s t a t i o n ,   and  then  f e e d i n g  

the  document  s h e e t s   from  the  imaging  s t a t i o n   b a c k  t o   the  t o p  

of  the  s tack   with  a  s i n g l e   i n v e r s i o n   (42)  s o  t h a t   a  t o t a l  

of  two  i n v e r s i o n s   are  p rov ided   for   the  document  shee t s   i n  

said  s u b s e q u e n t   c i r c u l a t i o n s   t h e r e o f .  



2.  A  method  accord ing   to  claim  1,  in  which  in  a  f i n a l  

c i r c u l a t i o n   of  the  document  set  the  document  shee t s   are  c i r c -  

u l a t e d   as  in  sa id   f i r s t   c i r c u l a t i o n ,   with  only  a  s i n g l e   i n v e r s i o n  

(58),  but  wi thou t   copying,   to  r e s t a c k   the  document  s h e e t s  

in  the  s t ack   in  t h e i r   o r i g i n a l   face-down  o r i e n t a t i o n .  

3.  A  method  acco rd ing   to  claim  1  or  2,  in  which  i n  

sa id   f i r s t   c i r c u l a t i o n   the  d i r e c t i o n   of  motion  of  the  document  

shee t s   is  r e v e r s e d   a f t e r   they  are  fed  out  from  under  t h e  

bottom  of  the  s t a c k ,   to  provide  said  n o n - i n v e r t i n g   path  be tween  

the  s tack   and  imaging  s t a t i o n .  

4.  A  method  acco rd ing   to  claim  1  or  2,  in  which  t h e  

document  s h e e t s   are  t r a n s p o r t e d   from  the  bottom  of  the  s t a c k  

(22)  to  the  imaging  s t a t i o n   (23)  around  an  i n v e r t i n g   r o l l e r  

(40)  in  sa id   subsequen t   c i r c u l a t i o n s ,   which  i n v e r t i n g   r o l l e r  

is  r e v e r s e d   for   each  shee t   in  said  f i r s t   c i r c u l a t i o n   to  r e v i s e  

the  d i r e c t i o n   of  motion  of  each  sheet   to  provide  said  non -  

i n v e r t i n g   path  (58)  for   the  document  shee t s   for  said  f i r s t  

c i r c u l a t i o n .  

5.  A  method  acco rd ing   to  claim  1,  2,  3  or  4,  in  which  

r e v e r s e   page  order   (N  to  1)  document  p r e - c o l l a t i o n   c o p y i n g  

is  s e l e c t i v e l y   a l t e r n a t i v e l y   provided  with  the  same  c o p i e r  

(10)  and  imaging  s t a t i o n   (23)  by  s t a c k i n g   the  document  s h e e t s  

f ace -up   at  the  same  said  s t a c k i n g   p o s i t i o n   (22)  o v e r l y i n g  

the  imaging  s t a t i o n   (23)  and  c i r c u l a t i n g   the  documents  a s  

in  said  subsequen t   c i r c u l a t i o n s .  

6.  A  method  of  p r e - c o l l a t i o n   copying  of  a  set   o f  

p l u r a l   ( m u l t i - p a g e )   s implex  document  shee t s   in  which  t h e  

document  s h e e t s   are  p r e s e n t e d   to  an  imaging  s t a t i o n   (23)  o f  

a  copie r   in  forward  s e r i a l   (1  to  N)  page  o rder ,   and  m u l t i p l y  

r e c i r c u l a t e d   between  a  s t acked   set   (22)  of  said  document  s h e e t s  



and  sa id   imaging  s t a t i o n   (23),   and  copied  only  once  on  one  
side  per  c i r c u l a t i o n   at  said  imaging  s t a t i o n   (23),   by  f e e d i n g  

said  document  s h e e t s   s e r i a t i m   from  the  bottom  of  said  s t a c k  

(22)  to  one  s ide   of  said  imaging  s t a t i o n   (23)  and  then  r e t u r n i n g  

the  document  s h e e t s   form  the  o p p o s i t e   s ide  of  said  i m a g i n g  

s t a t i o n   (23)  to  the  top  of  said  same  s t ack   (22)  in  a  r e c i r c -  

u l a t o r y   loop  path  (20)  in  said  m u l t i p l e   c i r c u l a t i o n s , . c h a r a c -  

t e r i s e d   by  s t a c k i n g   sa id   se t   of  document  shee t s   in  p r o p e r  

page  o r d e r ,   but  face-down,   with  the  f i r s t   page  on  the  b o t t o m  

of  the  s t a c k ,   in  a  s t a c k i n g   p o s i t i o n   (22)  o v e r l y i n g   sa id   i m a g i n g  

s t a t i o n   (23) ,   in  only  the  f i r s t   and  l a s t   c i r c u l a t i o n s   of  s a i d  

document  s e t ,   f e e d i n g   sa id   document  shee t s   through  a  f i r s t  

document  p a t h  ( 5 8 ) ,   between  sa id   s tack   (22)  and  sa id   one  s i d e  

of  said  imaging  s t a t i o n   (23),   which  f i r s t   document  pa th   d o e s  

not  i n v e r t   sa id   document  s h e e t s ,   and  in  a l l   o ther   c i r c u l a t i o n s  

of  sa id   document  se t   o ther   than  sa id   f i r s t   and  l a s t   c i r c u -  

l a t i o n s ,   f e e d i n g   sa id   document  s h e e t s   through  a  second  document  

path  (54)  wi th   a  s i n g l e   i n v e r s i o n   from  sa id   s t ack   ( 2 2 )  t o  

sa id   one  s i d e  o f   said  imaging  s t a t i o n   ( 2 3 ) ,  s o   t ha t   s a i d  

document  s h e e t s   a r e  c i r c u l a t e d   in  a  u n i - d i r e c t i o n a l   e n d l e s s  

loop  pa th ,   and  where in   for   a l l  o f   s a i d  c i r c u l a t i o n s   s a i d  

document  s h e e t s   are  fed  from  said  imaging  s t a t i o n   (23)  b a c k  

to  said  s t a c k   with  a  s i n g l e   i n v e r s i o n   ( 4 2 ) ,  s o   t ha t   d u r i n g  

sa id   f i r s t   and  l a s t   c i r c u l a t i o n s   sa id   document  shee t s   a r e  

i n v e r t e d   a  t o t a l   of  only  once  per  c i r c u l a t i o n   and  r e t u r n e d  

to  sa id   s t a c k   i n v e r t e d   from  t h e i r   p r ev ious   o r i e n t a t i o n ,   a n d  

so  tha t   du r ing   sa id   o the r   c i r c u l a t i o n s   the  document  s h e e t s  

are  i n v e r t e d   a  t o t a l   of  twice  per  c i r c u l a t i o n   t o  m a i n t a i n  

the  same  o r i e n t a t i o n  o f   t he  document   s h e e t s   i n  s a i d   s t a c k .  

7.  A  method  a c c o r d i n g   to  claim  6,  in  w h i c h  i n   s a i d  

f i r s t   c i r c u l a t i o n   the  d i r e c t i o n   of  motion  of  the  document  

shee t s   is  r e v e r s e d   a f t e r   t h e y  a r e  f e d   out  from  under  t h e  

bottom  of  the  s t a c k ,   to  p rov ide   s a i d  n o n - i n v e r t i n g   path  (58)  



between  the  s tack  and  imaging  s t a t i o n .  

8.  A  method  accord ing   to  claim  7,  in  which  the  document 

shee t s   are  t r a n s p o r t e d   from  the  bottom  of  the  s tack   (22)  t o  

the  imaging  s t a t i o n   (23)  around  an  i n v e r t i n g   r o l l e r   (40)  i n  

sa id   subsequent   c i r c u l a t i o n s ,   which  i n v e r t i n g   r o l l e r   is  r e v e r s e d  

for  each  sheet   in  said  f i r s t   c i r c u l a t i o n   to  provide   said  non-  

i n v e r t i n g   path  (58)  for   the  document  shee t s   for  said  f i r s t  

c i r c u l a t i o n .  

9.  A  method  accord ing   to  claim  6,  in  which  r e v e r s e  

page  order   (N  to  1)  document  p r e - c o l l a t i o n   copying  is  s e l e c t i v e l y  

a l t e r n a t i v e l y   provided  with  the  same  copier   (10)  and  imag ing  

s t a t i o n   (23)  by  s t a c k i n g   the  document  shee t s   f ace -up   at  t h e  

same  p o s i t i o n   o v e r l y i n g   the  imaging  s t a t i o n   and  c i r c u l a t i n g  

the  documents  as  in  said  subsequent   c i r c u l a t i o n s .  

10.  A  method  accord ing   to  claim  6,  7  or  8,  in  which 

document  shee t s   are  copied  in  said  f i r s t   and  said  o ther   c i r c -  

u l a t i o n s ,   but  not  in  said  l a s t   c i r c u l a t i o n ,   and,  for   making 

duplex  copies   from  said  document  s h e e t s ,   in  sa id   f i r s t   c i r c -  

u l a t i o n   and  in  the  n e x t - t o - l a s t   c i r c u l a t i o n   of  said  document 

shee t s   only  every  a l t e r n a t e   document  sheet   is  copied  at  s a i d  

imaging  s t a t i o n   ( 2 3 ) .  
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