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(&*)  Apparatus  for  cleaning  particles  from  a  surface. 

n   apparatus  (50)  for  cleaning  particles  from  a  surface, 
which  includes  a  magnetic  transport  (52,  54)  for  moving  a 
cleaning  material  into  contact  with  the  surface.  The  magnetic 
transport  (52,54)  is  electrically  biased  to  a  polarity  and  mag- 
nitude  sufficient  to  attract  the  particles  from  the  surface  to  the 
cleaning  material.  An  electrically  non-conductive  member 
(62),  positioned  closely  adjacent  to  the  magnetic  transport 
(52,  54),  is  electrically  biased  to  the  same  polarity  as  the 
magnetic  transport  (52,54)  with  the  magnitude  thereof  being 
greaterthan  the  magnitude  of the  electrical  bias  applied  to the 
magnetic  transport  (52,54).  In  this  way,  particles  adhering  to 
the  cleaning  material  are  attracted  therefrom  to  the  member 
(62). 



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

p a r t i c l e s   f rom  a  s u r f a c e ,   p a r t i c u l a r l y   in  a n  

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

In  such  a  machine,  residual  toner   pa r t i c l e s  f r equen t ly   r e m a i n  

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

t h e r e o f   to   t he   s h e e t   of   s u p p o r t   m a t e r i a l .   H e r e i n b e f o r e ,  

o r d i n a r y   c l e a n i n g   d e v i c e s   such   as  b r u s h e s   or  foam  r o l l e r s ,  

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

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

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

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

e n c l o s e d   in  a  s t a t i o n a r y ,   n o n - m a g n e t i c   s h e l l .   T h i s   s y s t e m  

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

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

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

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

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

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

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

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

t y p e s   of   c l e a n i n g   s y s t e m s   u s i n g   t h e s e   t e c h n i q u e s   h a v e  

h e r e i n b e f o r e   b e e n   u t i l i z e d .  

U . S .   P a t e n t   No.  3 , 5 8 0 , 6 7 3   d i s c l o s e s   an  a p p a r a t u s  

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

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

c y l i n d r i c a l   member   h o u s i n g   a  p e r m a n e n t   ba r   m a g n e t .   T h e  

c y l i n d r i c a l   member   moves   m a g n e t i c   b e a d s   i n t o   c o n t a c t   w i t h  

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

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

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

t o n e r   p a r t i c l e s   to  the   c l e a n i n g   b e a d s .   A  c o n d u c t i v e   r o l l  

i s   p o s i t i o n e d   in  c o n t a c t   w i t h   t h e   m a g n e t i c   b e a d s .   T h e  

r o l l   is  e l e c t r i c a l l y   b i a s e d   to  t h e   same  p o l a r i t y   as  t h e  

c y l i n d r i c a l   member   w i t h   t h e i r   m a g n i t u d e   b e i n g   s u f f i c i e n t l y  



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

U . S .   P a t e n t   No.  3 , 9 2 0 , 3 2 9   d e s c r i b e s   a  b a c k g r o u n d  

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

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

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

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

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

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

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

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

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

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

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

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

f r o m   a  n o n - m a g n e t i c   m a t e r i a l   e . g .   n o n - m a g n e t i c   s t a i n l e s s  

s t e e l .  

U . S . - P a t e n t   No.  4 , 0 0 6 , 9 8 7   d i s c l o s e s   an  a p p a r a t u s  

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

ing   m e d i u m .   The  c l e a n i n g   a p p a r a t u s   i n c l u d e s   an  e l e c -  

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

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

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

h e r i n g   t h e r e t o   c o n t a c t   t h e   r e c o r d i n g   m e d i u m   and  t r i -  

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

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

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

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

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

The  p r e s e n t   i n v e n t i o n   is  c h a r a c t e r i z e d   by  m e a n s  

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

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

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

p a r t i c l e s   f r o m   t h e   s u r f a c e   to  t he   c l e a n i n g   ma te r i a l ;  and  

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

b i a s e d   to  t h e   same  p o l a r i t y   as  t he   t r a n s p o r t i n g   m e a n s   a n d  



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

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

f r o m   t h e  c l e a n i n g   m a t e r i a l   t h e r e t o .  

One  way  of  c a r r y i n g   o u t   t he   i n v e n t i o n   i s  

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

e m b o d i m e n t .  

F i g u r e   1  is   a  s c h e m a t i c   e l e v a t i o n a l   v i e w   d e -  

p i c t i n g   an  e l e c t r o p h o t o g r a p h i c   p r i n t i n g   m a c h i n e   i n c o r -  

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

F i g u r e   2  i s   a  s c h e m a t i c   e l e v a t i o n a l   v i e w   s h o w i n g  

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

As  shown  in  F i g u r e   1,  t h e   e l e c t r o p h o t o g r a p h i c  

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

t h e   r e f e r e n c e   n u m e r a l   10.  P r e f e r a b l y ,   drum  10  i n c l u d e s   a  

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

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

t h e r e o n .   Drum  10  r o t a t e s   in  t h e   d i r e c t i o n   of  a r r o w   12  t o  

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

t h e r e a b o u t .  

I n i t i a l l y ,   drum  10  m o v e s   a  p o r t i o n   of   t h e   p h o t o -  

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

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

g e n e r a l l y   by  t he   r e f e r e n c e   n u m e r a l   14,   c h a r g e s   t h e   p h o t o -  

c o n d u c t i v e   s u r f a c e   of  drum  10  to   a  r e l a t i v e l y   h i g h ,   s u b -  

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

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

c o n d u c t i v e   s u r f a c e   of  drum  10  i s  a d v a n c e d   t h r o u g h   e x p o s u r e  

s t a t i o n   B.  At  e x p o s u r e   s t a t i o n   B,  an  o r i g i n a l   d o c u m e n t   i s  

p l a c e d   f a c e - d o w n   upon  a  t r a n s p a r e n t   p l a t e n .   The  e x p o s u r e  

s y s t e m ,   i n d i c a t e d   g e n e r a l l y   by  t h e   r e f e r e n c e   n u m e r a l   1 6 ,  

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

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

r e f l e c t e d   f rom  the   o r i g i n a l   d o c u m e n t   a re   t r a n s m i t t e d  



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

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

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

m a n n e r ,   t h e   c h a r g e d   p h o t o c o n d u c t i v e   s u r f a c e   of   d rum  10  i s  

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

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

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

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

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

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

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

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

a r e   of  some  r e s i d u a l   v o l t a g e   l e v e l .   For   e x a m p l e ,   t h e  

b a c k g r o u n d   a r e a s   may  h a v e   a  n o m i n a l   p o t e n t i a l   of   a b o u t   50  

v o l t s   w h i l e   t h e   e l e c t r o s t a t i c   l a t e n t   i m a g e   or  image   a r e a s  

may  h a v e   a  n o m i n a l  p o t e n t i a l   of   a b o u t   350  v o l t s .  

N e x t ,   d rum  10  a d v a n c e s   t h e   e l e c t r o s t a t i c   l a t e n t  

image   r e c o r d e d   on  t h e   p h o t o c o n d u c t i v e   s u r f a c e   to   d e v e l o p -  

m e n t   s t a t i o n   C.  At  d e v e l o p m e n t   s t a t i o n   C,  a  m a g n e t i c  

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

r e f e r e n c e   n u m e r a l   18,  t r a n s p o r t s   t h e   d e v e l o p e r   m a t e r i a l  

i n t o   c o n t a c t   w i t h   t he   p h o t o c o n d u c t i v e   s u r f a c e   of   drum  1 0 .  

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

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

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

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

C o n t i n u i n g   now  w i t h   t h e   v a r i o u s   p r o c e s s i n g  

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

m a c h i n e ,   a f t e r   d e p o s i t i n g   t h e   p o w d e r   image   on  t h e   p h o t o -  

c o n d u c t i v e   s u r f a c e ,   d rum  10  a d v a n c e s   t h e   p o w d e r   image   t o  

t r a n s f e r   s t a t i o n   D.  At  t r a n s f e r   s t a t i o n   D,  a  s h e e t   o f  

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

image   f o r m e d   on  the   p h o t o c o n d u c t i v e   s u r f a c e   of  d rum  1 0 .  

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

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

g e n e r a l l y   by  t h e   r e f e r e n c e   n u m e r a l   20.   P r e f e r a b l y ,   s h e e t  



f e e d i n g   a p p a r a t u s   20  i n c l u d e s   a  f e e d   r o l l   22  c o n t a c t i n g  

t h e   u p p e r m o s t   s h e e t   of   t h e   s t a c k   24  of  s h e e t s   o f  s u p p o r t  

m a t e r i a l .   Feed   r o l l   22  r o t a t e s   in  t he   d i r e c t i o n   of   a r r o w  

26  so  as  to  a d v a n c e   t h e   u p p e r m o s t   s h e e t   f r o m   s t a c k   2 4 .  

R e g i s t r a t i o n   r o l l e r s   28 ,   r o t a t i n g   in  t h e   d i r e c t i o n   o f  

a r r o w   30 ,   a l i g n   and  f o r w a r d   t h e   a d v a n c i n g   s h e e t   of  s u p p o r t  

m a t e r i a l   i n t o   c h u t e   32.  C h u t e   32  d i r e c t s   t h e   a d v a n c i n g  

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

d u c t i v e   s u r f a c e   of  drum  10  in  a  t i m e d   s e q u e n c e .   T h i s  

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

of   s u p p o r t   m a t e r i a l   a t   t r a n s f e r   s t a t i o n   D.  

T r a n s f e r   s t a t i o n   D  i n c l u d e s   a  c o r o n a   g e n e r a t i n g  

d e v i c e   34 ,   w h i c h   a p p l i e s   a  s p r a y   of  i o n s   to   t h e   b a c k s i d e  

of   t h e   s h e e t .   T h i s   a t t r a c t s   t he   p o w d e r   i m a g e   f rom  t h e  

p h o t o c o n d u c t i v e   s u r f a c e   of  drum  10  to  t he   s h e e t .   A f t e r  

t r a n s f e r ,   t h e   s h e e t   c o n t i n u e s   to  move  w i t h   d r u m . 1 0 . .   A 

d e t a c k   c o r o n a   g e n e r a t i n g   d e v i c e   ( n o t   shown)   n e u t r a l i z e s  

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

s h e e t   is   t h e n   s e p a r a t e d   f rom  drum  10.  C o n v e y o r   36  a d -  

v a n c e s   t h e   s h e e t   in  t h e   d i r e c t i o n   of  a r r o w   38,   f r o m  

t r a n s f e r   s t a t i o n   D  to   f u s i n g   s t a t i o n   E .  

F u s i n g   s t a t i o n   E,  i n d i c a t e d   g e n e r a l l y   by  t h e  

r e f e r e n c e   n u m e r a l   40,   i n c l u d e s   a  b a c k - u p   r o l l e r   42  and  a  

h e a t e d   f u s e r   r o l l e r   44.  A  s h e e t   of  s u p p o r t   m a t e r i a l   w i t h  

t h e   p o w d e r   image   t h e r e o n   p a s s e s   b e t w e e n   b a c k - u p   r o l l e r   42  

and  f u s e r   r o l l e r   44.  The  p o w d e r   image  c o n t a c t s   f u s e r  

r o l l e r   44  and  t he   h e a t   and  p r e s s u r e   a p p l i e d   t h e r e t o   p e r -  

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

A f t e r   f u s i n g ,   f o r w a r d i n g   r o l l e r s   46  a d v a n c e   t h e   f i n i s h e d  

copy   s h e e t   to  c a t c h   t r a y   48 .   Once  a  copy  s h e e t   is   p o s i -  

t i o n e d   in  c a t c h   t r a y   48 ,   i t   may  be  r e a d i l y   r e m o v e d   t h e r e -  

f rom  by  t h e   m a c h i n e   o p e r a t o r .  

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

is   s e p a r a t e d   f rom  t he   p h o t o c o n d u c t i v e   s u r f a c e   of  drum  1 0 ,  

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

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



s u r f a c e   of  d rum  10  a t   c l e a n i n g   s t a t i o n   F.  P r e f e r a b l y ,  

c l e a n i n g   s t a t i o n   F  i n c l u d e s   a  c l e a n i n g   s y s t e m   50  w h i c h  

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

s u r f a c e   of   drum  10  t h e r e t o .   The  d e t a i l e d   s t r u c t u r e   o f  

c l e a n i n g   s y s t e m   50  w i l l   be  d e s c r i b e d   h e r e i n a f t e r   w i t h  

r e f e r e n c e   to  F i g u r e   2 .  

F i g u r e   2  d e p i c t s   c l e a n i n g   a p p a r a t u s   50  in   g r e a t e r  
d e t a i l .   As  shown  t h e r e a t ,   c l e a n i n g   a p p a r a t u s   50  c o m p r i s e s  

a  c y l i n d r i c a l   m a g n e t   52  h a v i n g   a  p l u r a l i t y   of  m a g n e t i c  

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

A  n o n - m a g n e t i c ,   c o n d u c t i v e ,   t u b u l a r   member  54  i s   i n t e r f i t  

o v e r   m a g n e t   52.  The  i n t e r i o r   c i r c u m f e r e n t i a l   s u r f a c e   o f  

t u b e   54  i s   s p a c e d   f rom  t h e   e x t e r i o r   c i r c u m f e r e n t i a l   s u r -  

f a c e   of   m a g n e t   52.  Tube   54  i s   m o u n t e d   r o t a t a b l y .   A  c o n -  

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

s t a n t   a n g u l a r   v e l o c i t y .   P r e f e r a b l y ,   m a g n e t   52  is   m a d e  

f rom  b a r i u m   f e r r i t e   w i t h   t u b e   54  b e i n g   made  f r o m   a l u m i n u m .  

M a g n e t   52  is  m o u n t e d   f i x e d l y   and  r e m a i n s   s u b s t a n t i a l l y  

s t a t i o n a r y   as  t u b e   54  r o t a t e s   in  t h e   d i r e c t i o n   of   a r r o w  

56.  As  t u b e   54  r o t a t e s   in  t he   d i r e c t i o n   of  a r r o w   56,   i t  

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

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

to  t u b e   54.  V o l t a g e   s o u r c e   60  i s   c o n n e c t e d   to   t u b e   54  a n d  

a p p l i e s   a  D.C.   e l e c t r i c a l   f i e l d   t h e r e t o .   P r e f e r a b l y ,   t h e  

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

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

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

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

p a r t i c l e s   a d h e r i n g   to  t u b e   54.   The  m a g n e t i c   p a r t i c l e s   a r e  

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

a f f i n i t y   t h e r e t o .   P r e f e r a b l y ,   v o l t a g e   s o u r c e   60  e l e c t r i -  

c a l l y   b i a s e s   t u b u l a r   member   54  to  a  v o l t a g e   l e v e l   r a n g i n g  

f rom  a b o u t   300  to  a b o u t   500  v o l t s .  

R o l l e r   62  i s   p o s i t i o n e d   c l o s e l y   a d j a c e n t   to   t u b e  

54.  As  r o l l e r   62  r o t a t e s   in  t he   d i r e c t i o n   of  a r r o w   64,  i t  

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



a d h e r i n g   to  t u b e   54.   V o l t a g e   s o u r c e   66  e l e c t r i c a l l y  

b i a s e s   r o l l e r   62  to  t he   same  p o l a r i t y   as  v o l t a g e   s o u r c e   60  

e l e c t r i c a l l y   b i a s e s   t u b e   54.  H o w e v e r ,   t h e   m a g n i t u d e   o f  

t he   e l e c t r i c a l   b i a s   a p p l i e d   by  v o l t a g e   s o u r c e   66  to  r o l l e r  

62  is   g r e a t e r   t h a n   t h e   e l e c t r i c a l   b i a s   a p p l i e d   by  v o l t a g e  

s o u r c e   60  to  t u b e   54.  For   e x a m p l e ,   t h e   m a g n i t u d e   of  t h e  

e l e c t r i c a l   b i a s   a p p l i e d   to  r o l l e r   62  may  r a n g e   f rom  a b o u t  

300  to  a b o u t   500  v o l t s   w i t h   t he   s p e c i f i c   m a g n i t u d e  

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

t r i c a l   b i a s   a p p l i e d   to  t u b e   54.  P r e f e r a b l y ,   r o l l e r   62  i s  

made  f rom  a l u m i n u m   h a v i n g   a  c o a t i n g   of  a l u m i n u m   o x i d e  

t h e r e o n .   P r e f e r a b l y ,   t h e   l a y e r   of  a l u m i n u m   o x i d e   r a n g e s  
f rom  a b o u t   20  m i c r o n s   to  a b o u t   30  m i c r o n s   t h i c k .  

A  m e t e r i n g   b l a d e   68  i s   l o c a t e d   c l o s e l y   a d j a c e n t  

to  r o l l e r   62  f o r   r e m o v i n g   the   t o n e r   p a r t i c l e s   t h e r e f r o m .  

M e t e r i n g   b l a d e   68  d e f l e c t s   or  s h e a r s   t h e   t o n e r   p a r t i c l e s  

f rom  r o l l e r   62  i n t o   the   c h a m b e r   of  h o u s i n g   70.   T o n e r  

p a r t i c l e s   f a l l   i n t o   t he   c h a m b e r   of   h o u s i n g   7 0 - u n d e r   t h e  

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

r e c y c l e d   fo r   s u b s e q u e n t   r e - u s e   in  t he   p r i n t i n g   m a c h i n e  

d e v e l o p m e n t   s y s t e m .   By  way  of  e x a m p l e ,   b l a d e   68  may  b e  

made  f rom  s h e e t   m e t a l   e x t e n d i n g   a c r o s s   t he   w i d t h   of  r o l l e r  

6 2 .  

In  r e c a p i t u l a t i o n ,   i t   is   c l e a r   t h a t   t h e  

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

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

a f t e r   t r a n s f e r   of  t he   p o w d e r   image   to  t he   s h e e t   of  s u p p o r t  

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

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

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

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

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

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

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

in  t u r n ,   a r e   r e m o v e d   f rom  the   m a g n e t i c   p a r t i c l e s   by  b e i n g  

a t t r a c t e d   to  a  r o l l e r   w h i c h   is  e l e c t r i c a l l y   b i a s e d   to  t h e  



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

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

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

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

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

r e u s e   in  t h e   p r i n t i n g   m a c h i n e .  



1.  An  a p p a r a t u s   (50)  f o r   c l e a n i n g   p a r t i c l e s   f r o m  

a  s u r f a c e ,   c h a r a c t e r i s e d   b y ,  

m e a n s   (52 ,   54)  f o r   t r a n s p o r t i n g   a  c l e a n i n g   m a t e -  

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

m e a n s   (52 ,   54)  b e i n g   e l e c t r i c a l l y   b i a s e d   to  a  p o l a r i t y   a n d  

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

s u r f a c e   to  t he   c l e a n i n g   m a t e r i a l ;   a n d  

n o n - e l e c t r i c a l l y   c o n d u c t i n g   means   ( 6 2 ) ,   e l e c t r i -  

c a l l y   b i a s e d   to  t he   same  p o l a r i t y   as  s a i d   t r a n s p o r t i n g  

(52 ,   54)  m e a n s   and  to  a  m a g n i t u d e   g r e a t e r   t h a n   t h e   m a g n i -  

t u d e   e l e c t r i c a l l y   b i a s i n g   s a i d   t r a n s p o r t i n g   means   ( 5 2 ,  

5 4 ) ,   f o r   a t t r a c t i n g   the   p a r t i c l e s   f rom  t h e   c l e a n i n g  

m a t e r i a l   t h e r e t o .  

2.  A p p a r a t u s   (50)  a c c o r d i n g   to  C l a i m   1 ,  

w h e r e i n   s a i d   a t t r a c t i n g   m e a n s   (62)  i n c l u d e s   a  r o l l e r   ( 6 2 )  

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

(52 ,   5 4 ) .  

3.  A p p a r a t u s   (50)  a c c o r d i n g   to  C l a i m   2 ,  

f u r t h e r   i n c l u d i n g   a  r o l l e r   v o l t a g e   s o u r c e   (66)  c o u p l e d   t o  

s a i d   r o l l e r   ( 6 2 ) ,   s a i d   r o l l e r   v o l t a g e   s o u r c e   (66)  e l e c t r i -  

c a l l y   b i a s i n g   s a i d   r o l l e r   (62)  to   a  f i r s t   p o l a r i t y   and  a  

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

4.  A p p a r a t u s   (50)  a c c o r d i n g   to  C l a i m s   2  or  3 ,  

w h e r e i n   s a i d   r o l l e r   (62)  is   p r e f e r a b l y   made  f rom  a l u m i n u m  

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



5.  Apparatus  according to  c la im  1,  2,  3  or  4  w h e r e i n  

s a i d   t r a n s p o r t i n g   m e a n s   (52 ,   54)  i n c l u d e s :  

a  n o n - m a g n e t i c   t u b u l a r   member   (54)  c l o s e l y   s p a c e d  

to   t he   s u r f a c e ;   a n d  

a  m a g n e t i c   member  (52)  d i s p o s e d   i n t e r i o r l y   of  a n d  

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

t u b u l a r   member   ( 5 4 ) .  

6.  A p p a r a t u s   (50)   a c c o r d i n g   to  C l a i m   5 ,  

f u r t h e r   i n c l u d i n g   a  t u b e   v o l t a g e   s o u r c e   (64)  c o u p l e d  t o  

s a i d   t u b u l a r   member   ( 5 4 ) ,   s a i d   t u b e   v o l t a g e   s o u r c e   ( 6 6 )  

e l e c t r i c a l l y   b i a s i n g   s a i d   t u b u l a r   member   (54)   to   a  s e c o n d  

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

b e i n g   t h e   same   as  t h e   f i r s t   p o l a r i t y   and  t h e   s e c o n d   m a g n i -  

t u d e   b e i n g   l e s s   t h a n   t he   f i r s t   m a g n i t u d e .  

7.  A p p a r a t u s   (50)   a c c o r d i n g   to  C l a i m   6 ,  

f u r t h e r   i n c l u d i n g :  

m e a n s   (68)  f o r   r e m o v i n g   t h e   p a r t i c l e s   f rom  s a i d  

r o l l e r   ( 6 2 ) ;   a n d  

m e a n s   (70)   f o r   s t o r i n g   t h e   p a r t i c l e s   r e m o v e d   f r o m  

s a i d   r o l l e r   ( 6 2 ) .  

8.  A p p a r a t u s   (50)   a c c o r d i n g   to  C l a i m   7 ,  

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