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A  low  inertia  rotary  drum  (12)  supports  flexible  sheets 
of  different  sizes  for  transport  and  processing.  A  plurality  of 
sets  of  grooves  is  disposed  on  the  surface  of  the  drum.  The 
grooves  are  configured  in  spaced  rows  and  columns  along 
the  longitudinal  and  circumferential  dimension  of  the  drum. 
A  plurality  of  holes  (120)  form  unvavlved  communicating 
ports  in  the  slots.  The  holes  interconnect  the  interior  or  the 
drum  with  the  surface.  The  number  of  holes  varies 
circumferentially  and  longitudinally.  A  vacuum  having  a  low 
vacuum,  high  flow  blower  (28)  is  coupled  to  the  interior  of 
the  drum.  Sheets  are  loaded  onto  the  drum  so  that  a 
minimum  number  of  holes  are  vented  to  the  atmosphere, 
and  unloaded  by  movable  fingers  which  enter  circumferen- 
tial  grooves  (48). 



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  s h e e t   t r a n s p o r t  

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

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

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

and  h o l d   a  s h e e t   o n t o   t h e   d r u m .  

The  u s e   of  a  r o t a r y   drum  f o r   t r a n s p o r t i n g   s h e e t - l i k e  

m a t e r i a l   i s   w e l l   k n o w n .   R o t a r y   d rums   a r e   o f t e n   u s e d   i n  

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

t h e s e   d rums   s u p p o r t   t h e   s h e e t - l i k e   m a t e r i a l   d u r i n g   t h e  

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

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

s h e e t   of  p a p e r   o n t o   t h e   d r u m .  

A  n e c e s s a r y   c o m p o n e n t   of  t h e   p r i o r   a r t   p r i n t   s y s t e m   i s  

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

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

t h e   d r u m .   By  way  of  e x a m p l e ,   US  2 , 4 5 1 , 0 7 9   d i s c l o s e s   a  r o t a r y  

drum  f o r   s u p p o r t i n g   a  s h e e t   in   a  f a c s i m i l e   p r i n t i n g   s y s t e m .  
The  drum  is   f i t t e d   w i t h   two  l i n e a r   rows  of  p i n s .   The  rows  o f  

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

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

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

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

l o a d i n g   p l a t e   l o a d s   a  s h e e t   o n t o   t h e   drum  w h i l e   t h e   s t r i p p e r  
b a r   s t r i p s   a  s h e e t   f rom  t h e   d r u m .  



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

t e n d s   to   be  r e l a t i v e l y   s l o w   and  c o m p l e x .   The  s l o w n e s s   s t e m s  

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

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

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

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

s y s t e m s .  

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

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

t a k i n g   t h e   s h e e t   o n t o   t h e   d r u m .   P r i o r   a r t   p r i n t i n g   s y s t e m s  

g e n e r a l l y   u s e   c o r o n a s   as  t h e   s o u r c e   f o r   g e n e r a t i n g   t h e  

e l e c t r o s t a t i c   f o r c e .   An  e x a m p l e   of   a  p r i o r   a r t   p r i n t i n g  

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

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

D E - 2 , 8 0 3 , 6 9 8 ,   F R - 2 , 3 7 9 , 4 5 8   and  G B - 1 5 7 , 9 9 0 ,   in   w h i c h   i s  

d i s c l o s e d   a  low  i n e r t i a   r o t a r y   drum  f o r   t r a n s p o r t   of   f l e x i b l e  

s h e e t s   s u c h   as  p a p e r .   The  drum  has   two  l o n g i t u d i n a l   s l o t s  

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

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

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

a n d / o r   t r a i l i n g   e d g e   of  t h e   s h e e t   s e p a r a t e l y .   A  v a l v i n g  

s y s t e m   is   u s e d   to   c o n t r o l   t h e   v a c u u m   to   t h e s e   s l o t s  

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

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

t h e   s i z e   of   t h e   s h e e t   to   be  p r o c e s s e d .   A  c h a r g e   c o r o n a   i s  

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

drum  by  means   of  e l e c t r o s t a t i c   a t t r a c t i o n .   The  drum  h a n d l e s  

a  s i n g l e   s i z e   s h e e t   and  r e q u i r e s   t h e   u s e   of   a  c o r o n a   f o r  

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



As  f o r   p h e u m a t i c   s y s t e m s ,   t h e   g e n e r a l   s c h e m e   i s   to   use   a  

s e g m e n t e d   drum  to  t r a n s p o r t   t h e   s h e e t .   Vacuum  f o r   a t t a c h i n g  

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

z o n e s   or  s e g m e n t s   on  t h e   d r u m .   The  drum  is   r e f e r r e d   to   a s  

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

s y s t e m ,   s e g m e n t s   of  t h e   drum  m a y  o r   may  n o t   have   v a c u u m  

p r e s e n t .  

U S - 3 , 5 4 5 , 7 4 6   d i s c l o s e s   a  d o c u m e n t   t r a n s p o r t   c o n s i s t i n g  

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

l o a d i n g   and  u n l o a d i n g   means   d i s p o s e d   r e l a t i v e   t h e r e t o .   T h e  

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

and  c i r c u m f e r e n t i a l   s l o t s .   The  i n s i d e   of  t h e   drum  i s   v e n t e d  

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

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

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

a  v a c u u m   to  one  of   t h e   c o m p a r t m e n t s ,   a  d o c u m e n t   can   b e  

c a r r i e d   a r o u n d   w i t h   i t ,   to   a  l i m i t e d   e x t e n t ,   d e t e r m i n e d   b y  

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

U S - 4 , 1 4 5 , 0 4 0   d i s c l o s e s   a n o t h e r   e x a m p l e   of  a  p r i o r   a r t  

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

t r a n s p o r t i n g   f l e x i b l e   s h e e t s .   The  drum  is   f a b r i c a t e d   w i t h   a n  

a c t i v e   s u c t i o n   zone   or   s e c t o r   f o r   g r i p p i n g   t h e   s h e e t s .   T h e  

drum  c o n s i s t s   of  an  i n n e r   s t a t i o n a r y   c y l i n d r i c a l   member   a n d  

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

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

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

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

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

s u r f a c e   of  t h e   i n n e r   s t a t i o n a r y   member   to   t h e   o u t s i d e  

s u r f a c e .   A  common  d u c t   i n t e r c o n n e c t s   a  row  of  a p e r t u r e s   t o  

t h e   g r o o v e   or  t h e   r e c e s s .   Each  d u c t   is   f i t t e d   w i t h   a  



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

p o s i t i v e )   to   t h e   a p e r t u r e s .   Vacuum  ( n e g a t i v e   p r e s s u r e )  

a n d / o r   p u f f s   of  a i r   ( p o s i t i v e   p r e s s u r e )   i s   a p p l i e d   to   t h e  

s e c t o r   of  t h e   drum  as  t h e   o u t e r   member   i s   r o t a t e d   r e l a t i v e   t o  

t h e   i n n e r .  

In  U S - 4 , 2 0 2 , 5 4 2 ,  D E - 2 , 8 5 0 , 7 4 7 ,   F R - 2 , 4 1 0 , 6 1 9   a n d  

G B - 1 , 5 8 1 , 4 1 9 ,   t h e r e   i s   d i s c l o s e d   a  s h e e t   t r a n s p o r t   d e v i c e  

i n c l u d i n g   a  low  i n e r t i a   r o t a r y   drum  f o r   h a n d l i n g   v a r i o u s   s i z e  

m a t e r i a l s .   The  drum  has   a  p l u r a l i t y   of  s e t s   o f  

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

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

d r u m ,   w i t h   one  s e t   e n a b l i n g   a  v a c u u m   to   be  a p p l i e d   to   t h e  

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

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

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

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

t r a n s p o r t   d e v i c e   f u r t h e r   c o n t r o l s   how  many  of  t h e   p o r t s   o f  

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

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

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

w i t h   t h e   s i z e   of   t h e   s h e e t .   The  drum  r e q u i r e s   a  r o t a r y   v a l v e  

f o r   c o n t r o l l i n g   v a c u u m   f l o w .  

I t   i s   a l s o   w e l l   known  in  t h e   p r i o r   a r t   to   u s e   v a l v e s   a s  

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

d r u m .   By  way  of   e x a m p l e ,   U S - 3 , 6 6 3 , 0 1 2 ,   and  U S - 3 , 4 6 6 , 0 2 9  

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

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

A l t h o u g h   t h e   u s e   of  p n e u m a t i c s   or   a  c o m b i n a t i o n   o f  

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

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



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

s t i l l   h a v e   s e v e r a l   d i s a d v a n t a g e s .   In  t h e   f i r s t   i n s t a n c e ,   t h e  

s e g m e n t e d   drum  d e s i g n   t e n d s   to   be  c o m p l e x .   The  c o m p l e x i t y  

i n c r e a s e s   as  t h e   n u m b e r   of  s h e e t   s i z e s ,   w h i c h   t h e   t r a n s p o r t  

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

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

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

s e l e c t   w h i c h   p o r t   r e c e i v e s   f l o w   a t   any  p a r t i c u l a r   t i m e .   T h e  

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

h a n d l e s ,   i n c r e a s e s .   A n o t h e r   r e q u i r e m e n t   f o r   a  v a l v i n g   s y s t e m  
is   t h a t   t h e   s y s t e m   m u s t   know  t h e   p a p e r   s i z e   to  e n a b l e   t h e  

s u p p l y   of  v a c u u m   to  t h e   p r o p e r   p o r t s .   T h i s   r e q u i r e s   t h e  

i n t e r v e n t i o n   of  an  o p e r a t o r   to   make  a  s h e e t   s i z e   s e l e c t i o n   o r  

t h e   u s e   of  l o g i c   to   d e t e c t   t h e   s h e e t   s i z e .   M o r e o v e r ,   w i t h   a  

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

and  in   p o s i t i o n i n g   i t s   r e l a t i v e   to   t h e   d r u m .   B o t h   v a l v e  

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

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

v a r i a b l e s .   Due  to   t h e i r   c o m p l e x i t y ,   t h e   p r i o r   a r t   p n e u m a t i c  

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

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

s y s t e m   u s e d .   The  v a c u u m   s y s t e m   i s   n e e d e d   to   e v a c u a t e   t h e  

drum  and  to   c r e a t e   t h e   f o r c e   f o r   t a c k i n g   a  s h e e t   o n t o   t h e  

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

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

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

By  way  of   e x a m p l e ,   a t   n o - l o a d   c o n d i t i o n   ( t h a t   i s   w i t h   n o  

p a p e r   on  t h e   d r u m ) ,   t h e   v a c u u m   is   r e l a t i v e l y   l ow.   At  l o a d  

c o n d i t i o n   ( t h a t   is   w i t h   p a p e r   on  t h e   d r u m ) ,   t h e   v a c u u m   i s  

s u b s t a n t i a l l y   h i g h e r .  



The  w i d e   s w i n g   in   v a c u u m   has   s e v e r a l   u n d e s i r a b l e  

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

m i s m a t c h   b e t w e e n   t h e   v a c u u m   r e q u i r e m e n t s   to   a t t a c h   and  r e t a i n  

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

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

r e q u i r e d   f o r   r e t a i n m e n t .   T h e r e   i s   a  n e e d   to  r e c o g n i z e   t h a t  

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

v a c u u m   s y s t e m   w h i c h   g e n e r a t e s   t h e   v a c u u m   and  t h e   r e q u i r e m e n t s  

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

v a c u u m   s y s t e m   to  m i n i m i z e   t h e   m i s m a t c h .  

So  f a r ,   t h e   p r i o r   a r t   has   f a i l e d   to   r e c o g n i z e   a n d  

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

t h e   drum  and  t h e   d e s i g n   of  t h e   v a c u u m   s y s t e m .  

In  a d d i t i o n ,   h i g h   v a c u u m   t e n d s   to   d a m a g e   a  s h e e t   on  t h e  

d r u m .   More  i m p o r t a n t ,   in   some  t y p e s   of  a p p l i c a t i o n ,   s u c h   a s  

i n k   j e t   p r i n t i n g ,   t h e   h i g h   v a c u u m   is   t o t a l l y   u n a c c e p t a b l e .  

The  r e a s o n   i s   t h a t   t h e   h i g h   v a c u u m   s u c k s   t h e   i n k   t h r o u g h   t h e  

p a p e r .   The  p r i o r   a r t   a t t e m p t s   to   s o l v e   t h e   p r o b l e m   by  u s i n g  

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

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

c o s t .  

A c c o r d i n g l y ,   t h e   i n v e n t i o n   i s   c h a r a c t e r i s e d   in   t h a t   t h e  

h o l e s   in   t h e   c y l i n d r i c a l   s h e l l   of   t h e   drum  c o n s t i t u t e  

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

t h e   drum  and  in   t h a t   t h e   v a c u u m   means   i s   c o n s t i t u t e d   by  a  l o w  

v a c u u m ,   h i g h   f l o w   b l o w e r   c o n n e c t e d   to   t h e   i n t e r i o r   of  t h e  

d r u m .  

Thus  t h e   u s e   of  v a l v i n g   or   s e g m e n t s   i s   a v o i d e d .  



F u r t h e r ,   a  r e l a t i v e l y   u n i f o r m   v a c u u m   is   p r o v i d e d   b e t w e e n  

l o a d   and  n o - l o a d   c o n d i t i o n s .  

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

f o r e g o i n g   by  g e n e r a t i n g   v a r i a b l e   f l o w   z o n e s   on  t h e   s u r f a c e   o f  

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

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

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

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

t h e   z o n e s   w h e r e a t   t h e   l e a d i n g   and  t r a i l i n g   edge   of   t h e   s h e e t  

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

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

t h e   d r u m .   By  v a r y i n g   t h e   s i z e s   of  t h e   g r o o v e s   and  t h e   n u m b e r  

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

z o n e s   a r e   c r e a t e d .  

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

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

p a p e r .   The  drum  i s   j o u r n a l e d   a t   i t s   o p p o s i t e   e n d s   f o r  

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

f a b r i c a t e d   on  t h e   c y l i n d r i c a l   s u r f a c e   of  t h e   d rum.   T h e  

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

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

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

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

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

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

l e a d i n g   e d g e   of  a l l   s i z e d   s h e e t s ,   w h i l e   e a c h   t r a i l i n g   e d g e  

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

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

t r a i l i n g   edge   g r o o v e s   a r e   d i c t a t e d   by  t h e   s i z e   of  t h e  

s h e e t s .   A  h i g h   f l o w ,   low  v a c u u m   b l o w e r   i s   c o u p l e d   to  t h e  

d r u m .   C o m m u n i c a t i n g   h o l e s   a r e   f a b r i c a t e d   in   t h e   g r o o v e s .  
The  h o l e s   c o m m u n i c a t e   t h e   v a c u u m   to  t h e   s u r f a c e   of  t h e   d r u m .  



In  one  f e a t u r e   of  t h e   i n v e n t i o n ,   one  or   m o r e  

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

d i m e n s i o n   of  t h e   d rum.   One  or   more   p i c k - o f f   f i n g e r s   c o a c t  

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

In  a n o t h e r   f e a t u r e   of  t h e   i n v e n t i o n ,   t h e   p o p u l a t i o n  

a n d / o r   s i z e   of  t h e   h o l e s   a r e   g r e a t e s t   in   t h e   l e a d i n g   a n d  

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

In  y e t   a n o t h e r   f e a t u r e   of   t h e   i n v e n t i o n ,   an  e l o n g a t e d  

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

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

d r u m .  

The  s c o p e   of  t h e   i n v e n t i o n   i s   d e f i n e d   by  t h e   a p p e n d e d  

c l a i m s ;   and  how  i t   can   be  c a r r i e d   i n t o   e f f e c t   i s   h e r e i n a f t e r  

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

d r a w i n g s ,   in   w h i c h  :  

FIGURE  1  i s   a  s c h e m a t i c   v i e w   of  t h e   s h e e t   t r a n s p o r t   a p p a r a t u s  

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

FIGURE  2  i s   a  s c h e m a t i c   of   t h e   p r i n t   drum  of  F i g . l ;  

FIGURE  3  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   p r i n t   drum  on  t h e  

l i n e   I I I - I I I   o f   F i g . 2 ;   FIGURE  4  i s   a  s i d e   v i e w   of   t h e  

a p p a r a t u s ;  

FIGURE  5  i s   a  s c h e m a t i c   v i e w   of  t h e   v a c u u m   drum  s h e l l  

u n f o l d e d   to   show  t h e   g r o o v e s ;   a n d  

FIGURE  6  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

c h a r a c t e r i s t i c s   of  a  p r i o r   a r t   v a c u u m   s y s t e m   and  t h e   v a c u u m  
s y s t e m   u s e d   in   t h e   i n v e n t i o n .  



As  u s e d   in   t h i s   s p e c i f i c a t i o n ,   t h e   word  "pump"  means   a  

t y p e   of  a i r   c o m p r e s s o r   c h a r a c t e r i z e d   as  a  h i g h   p r e s s u r e ,   l o w  

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

t y p e .  

As  u s e d   in   t h i s   s p e c i f i c a t i o n ,   t h e   word  " b l o w e r "   means   a  

t y p e   of  a i r   c o m p r e s s o r   c h a r a c t e r i z e d   as  a  h i g h   mass   f l o w   r a t e  

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

t y p e .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   can   be  u s e d   in   a n y  
e n v i r o n m e n t   w h e r e i n   f l e x i b l e   s h e e t - l i k e   m a t e r i a l s   a r e  

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

p r i n t i n g   e n v i r o n m e n t ,   and  as  s u c h ,   w i l l   be  d e s c r i b e d  

a c c o r d i n g l y .  

R e f e r r i n g   to   t h e   d r a w i n g s ,   and  p a r t i c u l a r l y   to   F i g s .   1 

and  4,  c o n v e n t i o n a l   e l e m e n t s   s u c h   as  s u p p o r t   f r a m e ,  

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

A  d o c u m e n t   h a n d l i n g   s y s t e m   10  ( F i g . 1 )   i n c l u d e s   a  l o w  

i n e r t i a   r o t a r y   drum  12  h a v i n g   a  c y l i n d r i c a l   s h e l l   14  m o u n t e d  

on  end  m e m b e r s   16  and  18  a t   o p p o s i t e   e n d s .   A  t u b u l a r   m e m b e r  

20  i s   s e c u r e d   to   t h e   end  member   16  and  c o m m u n i c a t e s   w i t h   t h e  

i n t e r i o r   of   drum  12.   A  s h a f t   22  i s   a t t a c h e d   to   t h e   e n d  

member   18 .   The  s h a f t   22  and  member   20  a r e   r o t a t a b l y  

s u p p o r t e d   by  b e a r i n g s   ( n o t   shown)   in   a  m a c h i n e   f r a m e   ( n o t  

s h o w n ) .   A  d r i v e   m o t o r   ( n o t   shown)   i s   c o u p l e d   to   d r i v e   t h e  

s h a f t   22  and  r o t a t e   t h e   drum  in  a  d i r e c t i o n   shown  by  a r r o w  

24.   The  t u b u l a r   member   20  e x t e n d s   t h r o u g h   a  r o t a r y   s e a l   3 2  

i n t o   a  v a c u u m   p l e n u m   26  c o u p l e d   to   a  low  v a c u u m ,   h i g h   v o l u m e  

f l o w   b l o w e r   28  by  a  t u b e   30.   The  i n t e r i o r   of  drum  12  i s  

e v a c u a t e d   by  t h e   b l o w e r .  



A  l o a d i n g   s t a t i o n   32  and  an  u n l o a d i n g   s t a t i o n   34  a r e  

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

At  t h e   l o a d i n g   s t a t i o n   32  t h e   drum  i s   l o a d e d   w i t h   a  s i n g l e  

s h e e t   of  f l e x i b l e   s h e e t - l i k e   m a t e r i a l   s u c h   as  p a p e r .   P a p e r  

s h e e t s   a r e   f ed   s e r i a t i m   f rom  a  s t a c k   36  o f   s h e e t s   on  s u p p o r t  

t r a y   38.   The  t o p m o s t   s h e e t   in   t h e   s t a c k   i s   f ed   a l o n g   g u i d e  

c h a n n e l   40  and  t h e   l e a d i n g   e d g e   7 8 - o f   t h e   s h e e t  4 4   i s   f i r s t  

a t t a c h e d   by  v a c u u m   to   a  p r e d e t e r m i n e d   zone   on  t h e   c y l i n d r i c a l  

s u r f a c e   of  t h e   d r u m .   D o w n s t r e a m   f rom  t h e   l o a d i n g   s t a t i o n ,   i n  

t h e   d i r e c t i o n   of  drum  r o t a t i o n ,   an  a r c u a t e   e l o n g a t e d   g u i d e  

member   42  i s   m o u n t e d   and  s p a c e d   f rom  t h e   c y l i n d r i c a l   s u r f a c e  

of   t h e   d r u m .   The  f u n c t i o n   of  t h e   g u i d e   m e m b e r   42  i s   to   f o r c e  

a  s h e e t   to   c o n f o r m   to   t h e   s u r f a c e   of  drum  12.   The  g u i d e  

member   has   a  l e n g t h   s u b s t a n t i a l l y   e q u i v a l e n t   to   t h e   l e n g t h   o f  

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

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

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

drum  and  t h e   i n n e r   s u r f a c e   of  t h e   g u i d e   member   i s  

a p p r o x i m a t e l y   0 . 0 5   c e n t i m e t r e s .   The  p a p e r   s h e e t   44  i s  

a t t a c h e d   by  v a c u u m   to   t h e   c y l i n d r i c a l   s u r f a c e   of   t h e   drum  a n d  

i s   p r o c e s s e d   by  a  p r o c e s s i n g   s t a t i o n   ( n o t   shown)   w h i c h   i s  

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

s t a t i o n s .   The  p r o c e s s i n g   s t a t i o n   may  be  an  i n k   j e t   h e a d  

w h i c h   w r i t e s   r e a d a b l e   c h a r a c t e r s   on  t h e   p a p e r   as  p a p e r   s h e e t  

i s   t r a n s p o r t e d   t h r o u g h   t h e   p r o c e s s i n g   s t a t i o n .   S u c h  

p r o c e s s i n g   may  r e q u i r e   s e v e r a l   r o t a t i o n s   of   t h e   d r u m .   A f t e r  

p r o c e s s i n g ,   t h e   s h e e t   44  i s   s t r i p p e d  f r o m   t h e   drum  by  f o u r  

s t r i p p i n g   f i n g e r s   46  w h i c h   a r e   p i v o t a l l y   m o u n t e d   so  t h a t  

t h e i r   f r e e   e n d s   may  be  s p a c e d   f rom  t h e   s u r f a c e   of   t h e   d r u m  

( F i g . 4 )   or   l o w e r e d   to   e n t e r   f o u r   c i r c u m f e r e n t i a l   g r o o v e s   48  

( F i g . 2 )   f a b r i c a t e d   in   t h e   c i r c u m f e r e n t i a l   d i m e n s i o n   of  t h e  

drum  s h e l l .   The  d e t a c h e d   s h e e t   t r a v e l s   o v e r   t h e   t o p   s u r f a c e  

of   a  g u i d e   member   51  o n t o   an  o u t p u t   t r a y   53 .   An  o p e r a t o r   c a n  
t h e n   r e m o v e   t h e   p r o c e s s e d   s h e e t   f rom  t h e   o u t p u t   t r a y .  



A l t h o u g h   f o u r   c i r c u m f e r e n t i a l   g r o o v e s   and  f i n g e r s   a r e  
u s e d   to   d e t a c h   t h e   s h e e t   f rom  t h e   d r u m ,   a  s i n g l e   g r o o v e   a n d  

f i n g e r   a r e   s u f f i c i e n t   and  any  c o n v e n i e n t   n u m b e r   of  g r o o v e s  
and  f i n g e r s   may  be  u s e d   to   d e t a c h   a  p r o c e s s e d   s h e e t   f rom  t h e  

s u r f a c e   of  t h e   d r u m .  

P r o j e c t i n g   t h r o u g h   t h e   g u i d e   c h a n n e l   40  u p s t r e a m   of  t h e  

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

p a p e r   g a t e   62  ( F i g . 4 )   c o u p l e d   by  a  m e c h a n i c a l   l i n k a g e   64  to   a  
s o l e n o i d   66.   U p s t r e a m   of  t h e   p a p e r   g a t e   in   t h e   d i r e c t i o n   o f  

p a p e r   f e e d ,   a  f e e d   r o l l e r   52  p r o j e c t s   t h r o u g h   t h e   g u i d e  
c h a n n e l   40  and  i s   s p a c e d   f rom  a  d r i v e   r o l l e r   50  r o t a t a b l e   b y  

m o t o r   means   ( n o t   s h o w n ) .   The  r o l l e r   50  i s   c o n n e c t e d   by  a  
m e c h a n i c a l   l i n k a g e   54  to   a  s o l e n o i d   56  to   be  m o v a b l e   i n t o  

d r i v i n g   c o n t a c t   w i t h   t h e   r o l l e r   52 .   The  s p a c e   b e t w e e n   t h e  

r o l l e r s   50  and  52  i s   r e l a t i v e l y   s m a l l ,   b u t   s u f f i c i e n t   t o  

a l l o w   f r e e   p a s s a g e   of  a  s h e e t   t h e r e b e t w e e n .  

In  o p e r a t i o n ,   a  s h e e t   of  p a p e r   i s   f ed   f rom  t h e   t o p   of  a  

p a p e r   s t a c k   on  t r a y   38  by  a  f e e d   m e c h a n i s m   ( n o t   s h o w n ) ,   b u t  

w h i c h   may  be  a  s h i n g l e r   s u c h   as  d e s c r i b e d   in   U S - 4 , 1 1 3 , 2 4 5 ,  

D E - 2 , 8 1 5 , 5 6 7 ,   F R - 2 , 3 8 7 , 8 8 6   and  G B - 1 , 5 6 5 , 6 2 9   or   U S - 4 , 1 7 5 , 7 4 1 .  

The  p a p e r   p a s s e s   t h r o u g h   t h e   o p e n i n g   b e t w e e n   r o l l e r s   50  a n d  

52  and  t h e   l e a d i n g   e d g e   i s   s t o p p e d   by  p a p e r   g a t e   6 2 .  

E n a b l i n g   s i g n a l s   a r e   o u t p u t   by  a  c o n t r o l l e r   60  on  c o n d u c t o r s  

58  and  68  to   t h e   s o l e n o i d s   56  and  66,   r e s p e c t i v e l y .  

A c t i v a t i o n   of  t h e   s o l e n o i d   66  c a u s e s   t h e   g a t e   62  to   p i v o t  
f rom  t h e   l e a d i n g   e d g e   of  t h e   s h e e t ,   and  a c t i v a t i o n   of   t h e  

s o l e n o i d   56  f o r c e s   t h e   d r i v e   r o l l e r   50  down  to  g r i p   t h e   s h e e t  

b e t w e e n   t h e   r o l l e r s .   The  r o l l e r   50  i s   t h e n   r o t a t e d   c l o c k w i s e  

a t   a  s u r f a c e   s p e e d   e q u a l   to   t h a t   of  t h e   drum  12,   t h u s   f e e d i n g  
t h e   s h e e t   o n t o   t h e   c y l i n d r i c a l   s u r f a c e   of  drum  12.   T h e  

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



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

t h e   drum  to   b r i n g   t h e   l e a d i n g   e d g e   of   t h e   s h e e t   i n t o   c o n t a c t  

w i t h   t h e   drum  a t   a  p r e d e t e r m i n e d   zone   of  t h e   s u r f a c e .   V a c u u m  

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

The  drum  i s   r o t a t e d   s l o w l y   d u r i n g   l o a d i n g   and  i s   t h e n   s p e e d e d  

up  f o r   p r o c e s s i n g ,   a f t e r   w h i c h   i t   s l o w s   down  a g a i n   when  a  

s h e e t   i s   t o  b e   r e m o v e d   t h e r e f r o m .  

The  s t r i p p i n g   f i n g e r s   46  h a v e   f r e e   e n d s   w h i c h   a r e  

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

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

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

of  t h e   d r u m .   The  f i n g e r s   46  a r e   f i x e d   to   a  s h a f t   70  c o u p l e d  

by  a  m e c h a n i c a l   l i n k a g e   72  t o   a  s o l e n o i d   74 .   When  a  s h e e t   i s  

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

an  e n a b l i n g   s i g n a l   on  c o n d u c t o r   76  t o   t h e   s o l e n o i d   74  t o  

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

be  s y n c h r o n i s e d   w i t h   drum  r o t a t i o n   so  t h a t   t h e   f i n g e r s   4 6  

e n t e r   t h e   g r o o v e s   48  b e t w e e n   t h e   t r a i l i n g   and  l e a d i n g   e d g e s  

of   t h e   s h e e t   44  on  t h e   d r u m .   When  t h e   s h a f t   70  has   p i v o t e d  

t h e   s t r i p p i n g   f i n g e r s   i n t o   t h e   g r o o v e s   48,   t h e   s h e e t   44  w h i c h  

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

f i n g e r s   48  o v e r   g u i d e   member   51  and  i n t o   t r a y   5 3 .  

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

u s e d ,   f o r   e x a m p l e ,   t h o s e   d e s c r i b e d   in   U S - 4 , 2 5 2 , 3 0 7 ,  

D E - 2 , 8 0 3 , 6 9 8 ,   F R - 2 , 3 7 9 , 4 5 8   and  G B - 1 , 5 7 9 , 9 0 0   and  U S - 4 , 2 0 2 , 5 4 2 ,  

D E - 2 , 8 5 0 , 7 4 7 ,   F R 2 - 4 1 0 , 6 1 9   and  G B - 1 , 5 8 1 , 4 1 9 .  

To  a p p l y   t h e   v a c u u m   in   t h e   i n t e r i o r   of   t h e   drum  t o  

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

a r e   p r o v i d e d   in   t h e   s u r f a c e   of   t h e   s h e l l   14.   T h e s e   e n a b l e  

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



s u r f a c e   of  t h e   d rum.   No  v a l v i n g   or  s e g m e n t i n g   is   n e e d e d   t o  

e s t a b l i s h   t h e   v a r i a b l e   f o r c e   v a c u u m   z o n e s   on  t h e   d rum.   On 

t h e   s u r f a c e   of  t h e   drum  s h e l l   14  ( F i g . 5 )   a r e   i n s c r i b e d   a  

l o n g i t u d i n a l   s c r i b e   l i n e   74  and  a  c i r c u m f e r e n t i a l   s c r i b e   l i n e  

76.   The  s c r i b e   l i n e s   a r e   t h e   a l i g n m e n t   l i n e s   on  t h e   d r u m .  

G e n e r a l l y ,   t h e   l e a d i n g   e d g e   78  ( F i g . l )   of  t h e   s h e e t   i s  

a l i g n e d   w i t h   or   c l o s e   to   t h e   s c r i b e   l i n e   74.   The  l e n g t h w i s e  

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

l o n g i t u d i n a l   s c r i b e   l i n e   74.   S i m i l a r l y ,   t h e   w i d t h w i s e  

d i m e n s i o n   of  t h e   s h e e t   is   u s u a l l y   a r o u n d   t h e   drum  w i t h   t h e  

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

l i n e   7 6 .  

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

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

a r e a   of  p a p e r .   The  g r o o v e s   a r e   a r r a n g e d   in   l i n e a r   r o w s  

p a r a l l e l   to   t h e   l o n g i t u d i n a l   a x i s   of  t h e   drum  and  t h e   s c r i b e  

l i n e   74  and  s p a c e d   a r o u n d   t h e   c i r c u m f e r e n c e   of   t h e   d r u m .   T h e  

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

d i r e c t i o n   of  t h e   drum  to   a l l o w   f o r   t h e   g r o o v e s   48  and  f o r  

d i f f e r e n t   l e n g t h s   of  p a p e r .   The  g r o o v e   86  i s   one  of  a  row  o f  

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

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

88,  90,   92,   94,   96,   98,   100  and  102  a r e   in   i n t e r m e d i a t e   r o w s  

and  f u n c t i o n   to   a t t a c h   t h e   ma in   p a r t   of  t h e   s h e e t   o n t o   t h e  

d r u m .   G r o o v e s   104  and   106  a r e   in   c l o s e l y   s p a c e d   t r a i l i n g  

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

o n t o   t h e   d r u m .   The  w i d t h   of  t h e   g r o o v e s   may  v a r y .   Thus  t h e  

g r o o v e s   of   t h e   l e a d i n g   e d g e   and  t r a i l i n g   e d g e   rows  a r e   w i d e r  

t h a n   t h e   g r o o v e s   by  t h e   i n t e r m e d i a t e   r o w s .   T h i s   e n a b l e s   a  

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

t r a i l i n g   e d g e s   of  t h e   s h e e t .  



The  l e n g t h s   of   t h e   c o r r e s p o n d i n g   g r o o v e s   in   e a c h   row  a r e  

t h e   s a m e ,   t h o u g h   t h i s   i s   n o t   e s s e n t i a l .   The  l e n g t h s   a r e  

d e t e r m i n e d   b a s i c a l l y   by  t h e   p o s i t i o n i n g   of  t h e   g r o o v e s   48  i n  

r e l a t i o n   to   t h e   s c r i b e   l i n e   76.   H o w e v e r ,   b e y o n d   t h e   g r o o v e  

48  f u r t h e s t   f rom  t h e   s c r i b e   l i n e   76,   t h e   g r o o v e s   a r e   d i v i d e d  

i n t o   d i f f e r e n t   l e n g t h   g r o o v e s   to   s u i t   d i f f e r e n t   l e n g t h  

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

c i r c u m f e r e n c e   of   t h e   s h e l l   14,   t h e   l e a d i n g   e d g e  g r o o v e s   86  

a r e   l o c a t e d   c l o s e   to   t h e   s c r i b e   l i n e   74 ,   t h e   i n t e r m e d i a t e  

g r o o v e s   88,   90,   92,   94,   96,   98 ,   100  and   102  a r e   e q u a l l y  

s p a c e d   and  t h e   t r a i l i n g   e d g e   g r o o v e s   104  and  106  a r e   c l o s e l y  

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

d i f f e r e n t   s i z e   s h e e t s .   A  f i r s t   g r o u p   of   s l o t s   w i t h i n   t h e  

r e c t a n g l e   i d e n t i f i e d   by  l i n e s   108  and   1 1 8 ,   e x t e n d s   in   t h e  

l o n g i t u d i n a l   d i m e n s i o n   o f   t h e   drum  b e t w e e n   s c r i b e   l i n e   76  a n d  

d o t t e d   l i n e   110 ,   and  in   t h e   c i r c u m f e r e n t i a l   d i m e n s i o n   b e t w e e n  

t h e   s c r i b e   l i n e   74  and  t h e   t r a i l i n g   e d g e   g r o o v e s   106 .   T h e  

f i r s t   g r o u p   of   g r o o v e s   w o u l d   be  c o v e r e d   by  a  f i r s t   s i z e  

s h e e t ,   in   t h i s   c a s e   8 . 5 "   x  11"  ( 215 .9mm  x  2 7 9 . 4 m m ) .  

A  s e c o n d   g r o u p   of   g r o o v e s   (some  of  them  common  w i t h  

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

l i n e s   112  and   116  e x t e n d   in   t h e   c i r c u m f e r e n t i a l   d i m e n s i o n   o f  

t h e   drum  b e t w e e n   s c r i b e   l i n e   74  and   t r a i l i n g   e d g e   g r o o v e s  

1 0 4 ,   and  in   t h e   l o n g i t u d i n a l   d i m e n s i o n   b e t w e e n   d o t t e d   l i n e  

109  and  s c r i b e   l i n e   76 .   The  s e c o n d   g r o u p   of   g r o o v e s   w o u l d   b e  

c o v e r e d   by  a  s e c o n d   s i z e   of   s h e e t ,   in   t h i s   c a s e   t h e  

i n t e r n a t i o n a l   p a p e r   A4.  The  s i z e   of   t h e   A4  p a p e r   i s  

a p p r o x i m a t e l y   210  x  297mm  ( 8 . 2 5 "   x  1 1 . 7 " ) .  

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

f i r s t   and  s e c o n d   g r o u p s )   w i t h i n   t h e   r e c t a n g l e   i d e n t i f i e d   b y  
t h e   l i n e s   114  and  118  w o u l d   be  c o v e r e d   by  a  t h i r d   s i z e   o f  

s h e e t ,   in   t h i s   c a s e   8 . 5 0 "   x  14"  (215 .9mm  x  3 5 5 . 6 m m ) .  



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

d i m e n s i o n   b e t w e e n   d o t t e d   l i n e   111  and  s c r i b e   l i n e   76  and  i n  

t h e   c i r c u m f e r e n t i a l   d i m e n s i o n   b e t w e e n   s c r i b e   l i n e   74  a n d  

t r a i l i n g   e d g e   g r o o v e   1 0 6 .  

The  g r o o v e s   may  be  so  c o n f i g u r e d   as  to   p r o v i d e   more  t h a n  

or  f e w e r   t h a n   t h r e e   s i z e s   of  r e c t a n g l e   to   be  c o v e r e d   b y  

d i f f e r e n t   s i z e s   of  s h e e t .  

The  d i s c o n t i n u i t i e s   in   t h e   g r o o v e s   f u r t h e s t   f rom  t h e  

s c r i b e   l i n e   76  a r e   s u c h   t h a t   t h e   s h e e t s   f o r   w h i c h   t h e y   a r e  

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

of  some  g r o o v e s .   T h i s   e n s u r e s   t h a t   t h e   b o t t o m   e d g e   of  a  

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

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

t h e   drum  t h r o u g h   a t   l e a s t   one  c o m m u n i c a t i n g   p o r t   120 ,   in   t h e  

fo rm  of  a  r a d i a l   r o l e   f a b r i c a t e d   in   t h e   c y l i n d r i c a l   s u r f a c e  

of   t h e   s h e l l   14.   Thus  a i r   i s   d r a w n   f rom  t h e   g r o o v e s   by  t h e  

b l o w e r   28  to   g e n e r a t e   f l o w   z o n e s   on  t h e   s u r f a c e   of  t h e   d r u m .  

The  n u m b e r   a n d / o r   s i z e   of  t h e   p o r t s   120  c o m m u n i c a t i n g   w i t h  

t h e   g r o o v e s   may  be  d i f f e r e n t ,   so  t h a t   d i f f e r e n t   v a r i a b l e   f l o w  

z o n e s   a r e   g e n e r a t e d   on  t h e   c y l i n d r i c a l   s u r f a c e   of  t h e   d r u m .  

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

g r o o v e s   86.   Thus  a  r e l a t i v e l y   h i g h   f l o w   zone   i s   g e n e r a t e d  

w h i c h   a t t a c h e s   t h e   l e a d i n g   e d g e   of   t h e   s h e e t .   S i m i l a r l y ,   a  

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

g r o o v e s   104  and  106 ,   so  t h a t   a  r e l a t i v e l y   h i g h   f l o w   zone   i s  

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

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

r e l a t i v e l y   low  f l o w   zone   i s   g e n e r a t e d   b e t w e e n   t h e   l e a d i n g   a n d  

t r a i l i n g   e d g e s .   The  s i z e   of  t h e   p o r t s   may  be  d i f f e r e n t   t o  

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



t h e   p r e s e n t   i n v e n t i o n   (now  shown)   t h e   p o p u l a t i o n   a n d / o r   s i z e  

of   t h e   p o r t s   in   t h e   t r a i l i n g   e d g e   g r o o v e s   a r e   g r e a t e r   t h a n  

t h o s e   in   t h e   l e a d i n g   edge   g r o o v e s .   T h i s   c r e a t e s   a  h i g h e r  

f l o w   zone   a t   t h e   t r a i l i n g   e d g e   of  t h e   s h e e t   t h a n   a t   t h e  

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

The  l e a d i n g   and  t r a i l i n g   e d g e   z o n e s  o n   t h e   drum  a r e   t h e  

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

For   a t t a c h m e n t   of   t h e   l e a d i n g   and  t r a i l i n g   e d g e s   of  a  s h e e t ,  

h i g h   f l o w   is   r e q u i r e d   w h i c h   i s   p r o v i d e d   by  a  l a r g e   p o r t   f l o w  

a r e a   ( i e ,   n u m b e r   of   h o l e s   a n d / o r   s i z e ) .   Fo r   r e t e n t i o n   of   t h e  

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

r e q u i r e d   w h i c h   i s   p r o v i d e d   by  w i d e   g r o o v e s .   Z o n e s  

i n t e r m e d i a t e   t h e   l e a d i n g   and   t r a i l i n g   e d g e   z o n e s   h a v e   l o w e r  

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

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

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

n a r r o w e r   g r o o v e s ,   r e s p e c t i v e l y .  

By  t h e   u s e   of   a  h i g h   v o l u m e   f l o w   b l o w e r ,   t h e  

r e q u i r e m e n t s   f o r   t h e   d i f f e r e n t   z o n e s   can  be  met   in   t h e  

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

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

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

w h e r e   a l l   of  t h e   p o r t e d   g r o o v e s   a r e   c o v e r e d   by  a  s h e e t .  

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

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

of   g r o o v e s   and  t h e   s i z e s   of  t h e   p o r t s   can   be  d i f f e r e n t ,   t h e  

f o l l o w i n g   t a b l e s   1  and   2  g i v e   an  e x a m p l e   of   g r o o v e   s i z e   a n d  

n u m b e r   of  p o r t   s i z e   and  n u m b e r .  







The  c o l u m n s   in   t a b l e   1  i d e n t i f y   t h e   p a r t i c u l a r   row  o f  

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

row,   t h e   a n g u l a r   d i s p l a c e m e n t   in   d e g r e e s   of  t h e   g r o o v e  
c e n t r e l i n e   f rom  t h e   s c r i b e   l i n e   74,   t h e   l o n g i t u d i n a l  

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

row.   The  g r o o v e s   in   e a c h   row  a r e   i d e n t i f i e d   by  a  SEG  n u m b e r  

SEG1  b e i n g   t h e   g r o o v e   n e a r e s t   t h e   s c r i b e   l i n e   7 6 .  

The  c o l u m n s   in   t a b l e   2  i d e n t i f y   t h e   p a r t i c u l a r   row  o f  

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

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

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

g r o o v e s   in   t h a t   r o w .  

The  g r a p h   ( F i g . 6 )   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

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

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

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

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

r o t a r y   d r u m .   I t   i s   a l s o   h e l p f u l   in   u n d e r s t a n d i n g   t h e   p r o b l e m  

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

p r e s s u r e   in   p o u n d   p e r   s q u a r e   i n c h e s   (PSI)   i s   p l o t t e d   a l o n g  

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

(CFM)  i s   p l o t t e d   a l o n g   t h e   a b s c i s s a   of  t h e   g r a p h .   C u r v e   1 2 0  

r e p r e s e n t s   t h e   c h a r a c t e r i s t i c   o p e r a t i n g   c u r v e   f o r   a  0 . 9  

h o r s e p o w e r   (HP)  b l o w e r .   S i m i l a r l y ,   c u r v e   122  r e p r e s e n t s   t h e  

o p e r a t i n g   c h a r a c t e r i s t i c   c u r v e   f o r   a  1 . 0   h o r s e p o w e r   (HP) 

v a c u u m   pump.   The  pump  has   a  r e l a t i v e l y   low  f l o w   w i t h   a  

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

is   a l m o s t   p a r a l l e l   to   t h e   o r d i n a t e   of   t h e   g r a p h .   The  b l o w e r  

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

i t s   c h a r a c t e r i s t i c   c u r v e   i s   much  l e s s   s t e e p   and  c l o s e r   to   t h e  

a b s c i s s a   of   t h e   g r a p h .   D i f f e r e n t   f l o w s   we re   a p p l i e d   to   a  

0 



drum  b o t h   w i t h   and  w i t h o u t   a  s h e e t   a t t a c h e d ,   and  t h e   v a c u u m  

m e a s u r e d   and  p l o t t e d   on  t h e   g r a p h .   C u r v e   124  r e p r e s e n t s   t h e  

r e s u l t   w i t h   no  p a p e r   a t t a c h e d   to   t h e   d rum.   C u r v e   1 2 6  

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

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

w h e r e   t h e   v a c u u m   pump  c h a r a c t e r i s t i c s   c u r v e   122  and  t h e  

b l o w e r   c h a r a c t e r i s t i c s   c u r v e   120  i n t e r s e c t   t h e   n o - l o a d   a n d  

l o a d   drum  c u r v e s   124  and  126 .   As  can   be  s e e n   t h e   n o - l o a d  

drum  c u r v e   124  i n t e r s e c t s   t h e   b l o w e r   c u r v e   120  a t   p o i n t   3 

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

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

126  i n t e r s e t s   t h e   b l o w e r   c u r v e   120  a t   p o i n t   4,  whose   h e i g h t  

a l o n g   t h e   o r d i n a t e   of   t h e   g r a p h   shows   t h e   e f f e c t i v e   p r e s s u r e  
in  t h e   g r o o v e s .   As  can  be  s e e n ,   t h e r e   is   l i t t l e   c h a n g e   i n  

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

v a c u u m   r e m a i n i n g   s u b s t a n t i a l l y   c o n s t a n t .   T h i s   shows   t h a t   f o r  

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

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

The  n o - l o a d   drum  c u r v e   124  i n t e r s e c t s   t h e   pump  c u r v e   1 2 2  

a t   p o i n t   1,  and  t h e   l o a d   drum  c u r v e   126  i n t e r s e c t s   t h e   p u m p  
c u r v e   122  a t   p o i n t   2 .  

I t   w i l l   be  s e e n   t h a t   t h e r e   i s   a  w ide   s w i n g   in   t h e   v a c u u m  

in   t h e   drum  b e t w e e n   n o - l o a d   and  l o a d   c o n d i t i o n s .   T h i s   i s  

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

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

u s e d .  

The  a d v a n t a g e s   a s s o c i a t e d   w i t h   t h e   d o c u m e n t   t r a n s p o r t e d  
of  t h e   p r e s e n t   i n v e n t i o n ,   may  be  s u m m a r i z e d   as  f o l l o w s  :  



The  s y s t e m   i s   s i m p l e   and  low  c o s t ,   w h i c h   p r o v i d e s   h i g h  

r e l i a b i l i t y   and  f a s t   r e s p o n s e .  

The  s y s t e m   r e q u i r e s   no  v a l v i n g   or  i n t e r n a l   s e g m e n t a t i o n  

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

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

s o u r c e   of  v a c u u m   to   t h e   s l o t s   when  c o v e r e d .  

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

e n a b l e s   d i f f e r e n t   s i z e   s h e e t s   of  f l e x i b l e   m a t e r i a l   to   b e  

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



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

drum  (12)  and  v a c u u m   means   (28)  f o r   a p p l y i n g   v a c u u m   t h r o u g h  

h o l e s   (120)  in   t h e   c y l i n d r i c a l   s h e l l   (14)  of   t h e   drum  t o  

a t t r a c t   and  h o l d   a  s h e e t   (44)  o n t o   t h e   s u r f a c e   of   t h e   d r u m ,  

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

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

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

f l o w   b l o w e r   c o n n e c t e d   to   t h e   i n t e r i o r   of   t h e   d r u m .  

2  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  in   w h i c h   t h e   p o r t s   a r e  

c o n f i g u r e d   so  t h a t   z o n e s   on  t h e   s u r f a c e   of  t h e   drum  h a v e  

d i f f e r e n t   r a t e s   of  a i r f l o w   t h e r e f r o m .  

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

f i r s t ,   s e c o n d   and  t h i r d   z o n e s   on  t h e   s u r f a c e ,   t h e   f i r s t   a n d  

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

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

s e c o n d   zone   t h e r e b e t w e e n .  

4  A p p a r a t u s   a c c o r d i n g   to   c l a i m   3,   in   w h i c h   t h e   t h i r d   z o n e  

has   a  r e l a t i v e l y   h i g h e r   r a t e   of  a i r f l o w   t h a n   t h e   f i r s t   z o n e .  

5  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,   in   w h i c h   t h e  

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

( 8 6 , 8 8 , 9 0 , 9 2 , 9 4 , 9 6 , 9 8 , 1 0 0 , 1 0 2 , 1 0 4 , 1 0 6 )   in   t h e   s u r f a c e   of   t h e  

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

( 1 2 0 ) .  



6  A p p a r a t u s   a c c o r d i n g   to   c l a i m   5,  as  a p p e n d a n t   to   c l a i m   2 ,  

3  o r   4,  in  w h i c h   t h e   p o p u l a t i o n   of  h o l e s   to   g r o o v e s   v a r i e s  

a c c o r d i n g   to   t h e   a d j a c e n t   z o n e .  

7  A p p a r a t u s   a c c o r d i n g   to   c l a i m   5  o r   6,  in  w h i c h  

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

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

8  A p p a r a t u s   a c c o r d i n g   to   c l a i m   7,  in   w h i c h   in  one  row  o f  

l o n g i t u d i n a l l y   a l i g n e d   g r o o v e s   ( 8 6 ) ,   e a c h   g r o o v e   has   a  

p l u r a l i t y   of   h o l e s   (120)  to   p r o v i d e   a  r e l a t i v e l y   h i g h   r a t e   o f  

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

9  A p p a r a t u s   a c c o r d i n g   to   c l a i m   7  o r   8,  in   w h i c h   in   t w o  

a d j a c e n t   rows  of  l o n g i t u d i n a l l y   a l i g n e d   g r o o v e s   ( 1 0 4 , 1 0 6 ) ,  

e a c h   g r o o v e   has   a  p l u r a l i t y   of  h o l e s   (120)  to   p r o v i d e   a  

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

of   a  s h e e t .  

10  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   7,  8  o r   9,  in   w h i c h  

c i r c u m f e r e n t i a l   g r o o v e s   (48)  a r e   f o r m e d   in   t h e   s u r f a c e   of  t h e  

drum  b e t w e e n   t h e   l o n g i t u d i n a l   g r o o v e s .  

11  A p p a r a t u s   a c c o r d i n g   to   c l a i m   10,   i n c l u d i n g   f i n g e r s   ( 4 6 )  

m o v a b l e   i n t o   t h e   g r o o v e s   (48)  to   s t r i p   a  s h e e t   f rom  t h e   d r u m .  
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