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(©  Apparatus  for  developing  an  electrostatic  latent  image. 
An  apparatus  for  developing  an  electrostatic  latent  image 

recorded  on  an  image  bearing  member  (10)  is  developed  by 
transporting  an  electrically  conductive  developer  material 
into  contact  therewith  in  a  development  zone  (78).  The 
developer  material  is  transported  by  a  magnetic  transporting 
means  (38),  and  the  pressure  applied  on  the  developer  mater- 
ial  in the  development  zone  (78)  is  controlled  so  as to  maintain 
the  conductivity  thereof  at  a  selected  level.  The  applied  pres- 
sure  may  be  varied  by  controlling  the  mass  flow  rate  of 
developer  material  through  the  development  zone  (78)  or  by 
controlling  the  magneticfield  strength.  Mass  flow  rate  may  be 
controlled  by  a  blade  (74)  which  defines  a  gap  through  which 
developer  material  flows,  the  blade  position  being  adjustable 
by  a  positioning  means  (76).  Alternatively,  the  main  flow  rate 
may  be  controlled  by  varying  the  rate  of  rotation  of  the  rotat- 
able  part (66  or70)  ofthetransporting  means  (38). 



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

d e v e l o p i n g   an  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  a n  

image   b e a r i n g   member .   The  a p p a r a t u s   i n c l u d e s   means  f o r  

t r a n s p o r t i n g   an  e l e c t r i c a l l y   c o n d u c t i v 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   image  b e a r i n g   member  in  a  d e v e l o p m e n t  

zone   to  d e v e l o p   the   l a t e n t   image   r e c o r d e d   t h e r e o n .  

F r e q u e n t l y ,   t h e   d e v e l o p e r   m a t e r i a l   used   t o  

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

t r i b o e l e c t r i c a l l y   to  c a r r i e r   g r a n u l e s .   In  many  c a s e s ,   t h e  

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

c o m p o n e n t   m i x t u r e   is  b r o u g h t   i n t o   c o n t a c t   w i t h   the   l a t e n t  

i m a g e .   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 e d   f rom  the   c a r r i e r  

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

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

may  be  e m p l o y e d .   S i n g l e   c o m p o n e n t   d e v e l o p e r   m a t e r i a l s   c o m -  

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

c a r r i e r   g r a n u l e s   of  t he   two  c o m p o n e n t   m i x t u r e   and  t h e  

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

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

men t   in  t he   p r i n L i n g   m a c h i n e .  

H e r e i n b e f o r e ,   i t   has   b e e n   d i f f i c u l t   to  c o n t r o l  

t h e   c o n d u c t i v i t y   of  the   d e v e l o p e r   m a t e r i a l .   I t   has  b e e n  

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

t h e   s y s t e m   in  d e v e l o p i n g   d i f f e r i n g   t y p e s   of  i m a g e s   r e c o r d 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 .   For  e x a m p l e ,   l a r g e   s o l i d  

a r e a s   a r e   d i f f i c u l t   to  d e v e l o p   w i t h   a  low  conduct ivi ty  

d e v e l o p e r   m a t e r i a l .  C o n t r a r i w i s e ,   i t   has   b e e n   f o u n d   t h a t   a 

h i g h   conductivity  d e v e l o p e r   m a t e r i a l   o p t i m i z e s   s o l i d   a r e a   d e -  

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

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

l o w e r   c o n d u c t i v i t y   o p t i m i z e   l i n e   d e v e l o p m e n t .   I d e a l l y ,   i t  

is   d e s i r a b l e   to  be  c a p a b l e   of  c o n t r o l l i n g   the   c o n d u c t i v i t y  

of  the   d e v e l o p e r   m a t e r i a l   so  as  to  o p t i m i z e   d e v e l o p m e n t   o f  

b o t h   s o l i d   a r e a s   and  l i n e s .  



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

d e v e l o p m e n t .  

P a x t o n   in  a n  a r t i c l e   in  t h e  R e s e a r c h   D i s c l o s u r e  

J o u r n a l  o f   A p r i l ,   1 9 7 8 ,   p a g e  4 ,   N o .  1 6 8 2 3 ,   d e s c r i b e s   a  m a g -  
n e t i c   b r u s h   s y s t e m   in  w h i c h   t h e   c o n d u c t i v i t y   of  t h e  

d e v e l o p e r   m a t e r i a l   is   a d j u s t e d   by  v a r y i n g   t h e  a m o u n t   o r  

d e n s i t y   of   t he   d e v e l o p e r   m a t e r i a l   i n   t h e  n i p .   To  p r o v i d e  

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

and  l i n e   d e v e l o p m e n t ,  t h e  a m o u n t   of  d e v e l o p e r   i n  t h e   n i p  

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

d e v e l o p e r   r o l l e r   i s   s e l e c t i v e l y   a d j u s t e d .  

C o - p e n d i n g   E u r o p e a n   P a t e n t   A p p l i c a t i o n   No 

8 0 3 0 1 3 4 1 . 6 ,   f i l e d   24  A p r i l  1 9 8 0 ,   d e s c r i b e s   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   in  w h i c h   t he   d e v e l o p e r   m a t e r i a l  

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

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

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

T h e  p r e s e n t   i n v e n t i o n   i s  i n t e n d e d   t o  p r o v i d e   a n  

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

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

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

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

p r e s s u r e   a p p l i e d   on  t h e   d e v e l o p e r   m a t e r i a l   in  t h e  

d e v e l o p m e n t   zone   so  as  to   m a i n t a i n   t h e  c o n d u c t i v i t y   t h e r e o f  

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

w h i c h :  

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

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   d e p i c t -  

ing  one  e m b o d i m e n t   of   t h e  d e v e l o p m e n t   s y s t e m   e m p l o y e d   i n  
the   F i g u r e   1  p r i n t i n g   m a c h i n e ;  

F i g u r e   3  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   i l l u s -  

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

F i g u r e   2  d e v e l o p m e n t   s y s t e m ;  



F i g u r e   4  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 ew   s h o w i n g  
a n o t h e r   e m b o d i m e n t   of  the   d e v e l o p m e n t   s y s t e m   used   in  t h e  

F i g u r e   1  p r i n t i n g   m a c h i n e ;  

F i g u r e   5  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 ew  d e p i c t -  

ing  the   d r i v e   s y s t e m   and  m a g n e t   i n d e x i n g   s y s t e m   fo r   t h e  

d e v e l o p e r   r o l l e r   of  the   F i g u r e   4  d e v e l o p m e n t   s y s t e m ;   a n d  

F i g u r e   6  i s   a  g r a p h   s h o w i n g   d e v e l o p e r   m a t e r i a l  

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

in  t he   d e v e l o p m e n t   z o n e .  

T u r n i n g   now  to  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   d e p i c t e d   t h e r e a t   e m p l o y s   a  b e l t   10  h a v i n g  

a  p h o t o c o n d u c t i v e   s u r f a c e   12  d e p o s i t e d   on  a  c o n d u c t i v e   s u b -  

s t r a t e   14.  P r e f e r a b l y ,   p h o t o c o n d u c t i v e   s u r f a c e   12  c o m -  

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

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

t r i g o n a l   s e l e n i u m .   C o n d u c t i v e   s u b s t r a t e   14  i s   made  p r e f e r -  

a b l y   f rom  a l u m i n i z e d   M y l a r   w h i c h   is   e l e c t r i c a l l y   g r o u n d e d .  

B e l t   10  moves   in  t he   d i r e c t i o n   of  a r r o w   16  to  a d v a n c e  

s u c c e s s i v e   p o r t i o n s   of  p h o t o c o n d u c t i v e   s u r f a c e   12  t h r o u g 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   a b o u t   t he   p a t h   o f  

m o v e m e n t   t h e r e o f .   In  o r d e r   to  f a c i l i t a t e   the   m o v e m e n t   o f  

b e l t   10  in  a  p r e - d e t e r m i n e d   p a t h ,   s u p p o r t   is  p r o v i d e d   by  

s t r i p p i n g   r o l l e r   18 ,   t e n s i o n   r o l l e r   20  and  d r i v e   r o l l e r   2 2 .  

As  i l l u s t r a t e d   in  F i g u r e   1,  b e l t   10  i s   e n t r a i n e d   a b o u t  

s t r i p p i n g   r o l l e r   18,   t e n s i o n   r o l l e r   20  and  d r i v e   r o l l e r   2 2 .  

D r i v e   r o l l e r   22  is   m o u n t e d   r o t a t a b l y   and  in  e n g a g e m e n t   w i t h  

b e l t   10.  R o l l e r   22  i s   c o u p l e d   to  m o t o r   24  by  s u i t a b l e   m e a n s  

such   as  a  b e l t   d r i v e .   Moto r   24  r o t a t e s   r o l l e r   22  to  a d v a n c e  

b e l t   10  in  the   d i r e c t i o n   of  a r r o w   16.  D r i v e   r o l l e r   22 

i n c l u d e s   a  p a i r   of  o p p o s e d ,   s p a c e d   edge   g u i d e s .   The  e d g e  

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

s i r e d   p a t h   of  m o v e m e n t   fo r   b e l t   10.  B e l t   10  i s   m a i n t a i n e d  

in  t e n s i o n   by  a  p a i r   of  s p r i n g s   ( n o t   shown)  r e s i l i e n t l y  

u r g i n g   t e n s i o n   r o l l e r   20  a g a i n s t   b e l t   10  w i t h   the   d e s i r e d  

s p r i n g   f o r c e .   Both   s t r i p p i n g   r o l l e r   18  and  t e n s i o n   r o l l e r  

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

wh ich   r o t a t e   f r e e l y   as  b e l t   10  moves   in  the   d i r e c t i o n   o f  

a r r o w   1 6 .  



W i t h   c o n t i n u e d   r e f e r e n c e   to  F i g u r e   1,  i n i t i a l l y   a  

p o r t i o n   of  b e l t   10  p a s s e s   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 h e   r e f e r e n c e   n u m e r a l   26,   c h a r g e s   p h o t o c o n d u c -  

t i v e   s u r f a c e   12  o f   b e l t   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 .  

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

f a c e   12  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   28  i s  p o s i t i o n e d   f a c e -  

down  upon   t r a n s p a r e n t   p l a t e n   30.   Lamps  32  f l a s h   l i g h t   r a y s  

o n t o   o r i g i n a l   d o c u m e n t   28.   The  l i g h t   r a y s   r e f l e c t e d   f r o m  

o r i g i n a l   d o c u m e n t   28  a r e   t r a n s m i t t e d   t h r o u g h   l e n s   3 4  

f o r m i n g   a  l i g h t   i m a g e   t h e r e o f .   L e n s  3 4   f o c u s e s   t he   l i g h t  

image   o n t o   c h a r g e d   p o r t i o n   of   p h o t o c o n d u c t i v e   s u r f a c e   12  t o  

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

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

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 .  

T h e r e a f t e r ,   b e l t   10  a d v a n c e s   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   r e c o r d e d   on  p h o t o c o n d u c t i v e   s u r f a c e   12  t o  

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   36 ,   t r a n s p o r t s   a  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   p h o t o c o n d u c t i v e   s u r f a c e   12.  More  s p e c i f i -  

c a l l y ,   r o l l e r   38  a d v a n c e 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   p h o t o c o n d u c t i v e   s u r f a c e   1 2  s o   as  to   f o r m  a   p o w d e r  

image   on  p h o t o c o n d u c t i v e   s u r f a c e   12  of   b e l t   10.  O n e  

s k i l l e d   in  t h e   a r t   w i l l   a p p r e c i a t e   t h a t   e i t h e r   a  t w o   c o m -  

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

m a t e r i a l   may  be  e m p l o y e d   in  d e v e l o p m e n t   s y s t e m   36.   T h e  

d e t a i l e d   s t r u c t u r e   of   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   3 6  

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   t o  F i g u r e s   2 

t h r o u g h   5,  i n c l u s i v e .  

B e l t   1 0 ,   t h e n   a d v a n c e s   t he   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   40  i s   moved  i n t o   c o n t a c t   w i t h   t h e   p o w d e r  



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

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   42.  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   42  i n c l u d e s   a  f e e d   r o l l   44 

c o n t a c t i n g   the   u p p e r m o s t   s h e e t   of  s t a c k   46.  Feed   r o l l   44  

r o t a t e s   so  as  to  a d v a n c e   the   u p p e r m o s t   s h e e t   f rom  s t a c k   46 

i n t o   c h u t e   48.   C h u t e   48  d i r e c t s   t h e   a d v a n c i n g   s h e e t   o f  

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

12  of  b e l t   10  in  a  t i m e d   s e q u e n c e   so  t h a t   t h e   powder   i m a g e  

d e v e l o p e d   t h e r e o n   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   at   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   50  w h i c h   s p r a y s   i o n s   o n t o   t he   b a c k s i d e   of  s h e e t   4 0 .  

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

12  to  s h e e t   40.  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   t o  

move  in  t he   d i r e c t i o n   of  a r r o w   52  o n t o   a  c o n v e y o r   ( n o t  

shown)   w h i c h   a d v a n c e s   the   s h e e t   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 c l u d e s   a  f u s e r   a s s e m b l y ,   i n d i -  

c a t e d   g e n e r a l l y   by  the  r e f e r e n c e   n u m e r a l   54 ,   w h i c h   p e r -  

m a n e n t l y   a f f i x e s   the   t r a n s f e r r e d   p o w d e r   image   to  s h e e t   4 0 .  

P r e f e r a b l y ,   f u s e   a s s e m b l y   54  i n c l u d e s   a  h e a t e d   f u s e r  

r o l l e r   56  and  a  b a c k - u p   r o l l e r   58.   S h e e t   40  p a s s e s   b e t w e e n  

f u s e r   r o l l e r   56  and  b a c k - u p   r o l l e r   58  w i t h   t he   powder   i m a g e  

c o n t a c t i n g   f u s e r   r o l l e r   56.  In  t h i s   m a n n e r ,   t he   p o w d e r  

image   is  p e r m a n e n t l y   a f f i x e d   to  s h e e t   40.   A l t h o u g h   a  

h e a t e d   p r e s s u r e   s y s t e m   has   been   d e s c r i b e d   f o r   f i x i n g   t h e  

p a r t i c l e s   to  s h e e t   40,  a  c o l d   p r e s s u r e   s y s t e m   may  be  u t i -  

l i z e d   in  l i e u   t h e r e o f .   A f t e r   f u s i n g ,   c h u t e   60  g u i d e s   t h e  

a d v a n c i n g   s h e e t   40  to  c a t c h   t r a y   62  f o r   s u b s e q u e n t   r e m o v a l  

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

I n v a r i a b l y ,   a f t e r   the   s h e e t   40  i s   s e p a r a t e d   f r o m  

p h o t o c o n d u c t i v e   s u r f a c e   12  of  b e l t   10,  some  r e s i d u a l   p a r t i -  

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

r e m o v e d   f rom  p h o t o c o n d u c t i v e   s u r f a c e   12  a t   c l e a n i n g   s t a t i o n  

F.  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  p r e - c l e a n   c o r o n a   g e n e -  
r a t i n g   d e v i c e   ( no t   shown)  and  a  r o t a t a b l y   m o u n t e d   f i b r o u s  

b r u s h   64  in  c o n t a c t   w i t h   p h o t o c o n d u c t i v e   s u r f a c e   12.  T h e  



p r e - c l e a n   c o r o n a   g e n e r a t o r   n e u t r a l i z e s   t h e   c h a r g e   a t -  

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

p a r t i c l e s   a r e   t h e n   c l e a n e d   f r o m   p h o t o c o n d u c t i v e   s u r f a c e   12  

by  t he   r o t a t i o n   of   b r u s h   64  in  c o n t a c t   t h e r e w i t h .   S u b s e -  

q u e n t   to  c l e a n i n g ,   a  d i s c h a r g e   lamp  ( n o t   shown)  f l o o d s  

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

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

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

d u c t i v e   b e l t ,   one   s k i l l e d   in  t he   a r t   w i l l   a p p r e c i a t e   t h a t  

any  s u i t a b l e   p h o t o c o n d u c t i v e   member  may  be  u s e d ,   e . g .   a  

d r u m .  

R e f e r r i n g   now  to  F i g u r e   2,  one   e m b o d i m e n t   o f  

d e v e l o p m e n t   s y s t e m  3 6   i s   shown  t h e r e a t   in  g r e a t e r   d e t a i l .  

As  d e p i c t e d ,   d e v e l o p e r   r o l l e r   38  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   66  j o u r n a l e d   f o r   r o t a t i o n .   P r e f e r a b l y ,  

t u b u l a r   member   66  i s   made  f rom  a l u m i n u m  h a v i n g   t he   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   t h e r e o f   r o u g h e n e d .   T u b u l a r   m e m b e r  

66  r o t a t e s   in  t h e   a i r e c t i o n   of  a r r o w   68.   An  e l o n g a t e d  

m a g n e t i c   rod   70  i s   p o s i t i o n e d   c o n c e n t r i c a l l y   w i t h i n  t u b u l a r  

member   66  b e i n g   s p a c e d   f r o m   t h e   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   t h e r e o f .   M a g n e t i c   rod   70  h a s   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   t h e r e o n .   The  m a g n e t i c   f i e l d   g e n e -  
r a t e d   by  m a g n e t i c   rod   70  a t t r a c t s   t h e   d e v e l o p e r   m a t e r i a l   t o  

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  t u b u l a r   member  6 6 .  

As  t u b u l a r   member  66  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   6 8 ,  

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

p h o t o c o n d u c t i v e   s u r f a c e   12  to   fo rm  a  p o w d e r   i m a g e   on  p h o t o -  

c o n d u c t i v e   s u r f a c e   12.   T u b u l a r   member   66  i s   e l e c t r i c a l l y  

b i a s e d   by  v o l t a g e   s o u r c e   72.   V o l t a g e   s o u r c e   72  g e n e r a t e s   a  

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

t r i c a l l y   b i a s   t u b u l a r   member   66  to  t h e   d e s i r e d   l e v e l .   P r e -  

f e r a b l y ,   v o l t a g e   s o u r c e   72  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   66  to   a  l e v e l   i n t e r m e d i a t e   to  t h a t   of   t h e   b a c k g r o u n d  

or  n o n - i m a g e   a r e a   v o l t a g e   l e v e l s   and  t h a t   of  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 ,   e . g .   b e t w e e n   50  and  350  v o l t s .  

B l a d e   74  h a s   the   l e a d i n g   edge   t h e r e o f   c l o s e l y   a d j a c e n t   t o  

t u b u l a r   member  66  so  as  to  m e t e r   or  c o n t r o l   t h e   q u a n t i t y   o f  

d e v e l o p e r   m a t e r i a l   b e i n g   t r a n s p o r t e d   t h e r e b y .   B l a d e   74  i s  

m o u n t e d   on  the   a r m a t u r e   of  s o l e n o i d   76.  By  e n e r g i z i n g  

s o l e n o i d   76  to  t he   a p p r o p r i a t e   l e v e l ,   t h e   gap  b e t w e e n   t h e  

l e a d i n g   edge   of  b l a d e   74  and  t u b u l a r   member   66  may  be  r e g u -  
l a t e d .   In  t h i s   m a n n e r ,   t he   q u a n t i t y   of  d e v e l o p e r   m a t e r i a l  

b e i n g   t r a n s p o r t e d   i n t o   d e v e l o p m e n t   zone   78  may  be  r e g u -  

l a t e d .   T h u s ,   t he   mass  f l o w   r a t e   of  t he   d e v e l o p e r   m a t e r i a l  

in  d e v e l o p m e n t   zone  78  i s   c o n t r o l l e d   i n a s m u c h   as  t u b u l a r  

member   66  i s   r o t a t i n g   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 .   I t   is  c l e a r   t h a t   one  s k i l l e d   in  the   a r t   w i l l  

a p p r e c i a t e   t h a t   many  d i f f e r e n t   t y p e s   of  t e c h n i q u e s   may  b e  

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

e n t e r i n g   t he   d e v e l o p m e n t   z o n e .   H o w e v e r ,   t h e   s i g n i f i c a n t  

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

d e p i c t e d   in  F i g u r e   2  i s   t h a t   the   mass   f l o w   r a t e   of  t h e  

d e v e l o p e r   m a t e r i a l   in  t he   d e v e l o p m e n t   zone   is   r e g u l a t e d   b y  

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

d e v e l o p m e n t   z o n e .   T h i s ,   in  t u r n ,   c o n t r o l s   t he   p r e s s u r e  

b e i n g   a p p l i e d   to  the   d e v e l o p e r   m a t e r i a l .   I n a s m u c h   as  t h e  

p r e s s u r e   b e i n g   a p p l i e d   on  the  d e v e l o p e r   m a t e r i a l   is  b e i n g  

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

b e i n g   m a i n t a i n e d   at  a  s e l e c t e d   l e v e l .   As  the   gap  i s  

v a r i e d ,   i . e .   by  m o v i n g   the   l e a d i n g   edge   of  b l a d e   74 

t h r o u g h   e n e r g i z i n g   s o l e n o i d   76  a p p r o p r i a t e l y ,   t h e   mass  f l o w  

r a t e   and ,   in  t u r n ,   t he   p r e s s u r e   a p p l i e d   on  the   d e v e l o p e r  

m a t e r i a l   is  r e g u l a t e d .   In  t h i s   m a n n e r ,   t he   c o n d u c t i v i t y   o f  

t he   d e v e l o p e r   m a t e r i a l   may  be  v a r i e d   to   a c h i e v e   t h e   d e s i r e d  

l e v e l   so  as  to  o p t i m i z e   d e v e l o p m e n t   of  e i t h e r   l i n e s   o r  

s o l i d   a r e a s   in  the   e l e c t r o s t a t i c   l a t e n t   i m a g e .  

R e f e r r i n g   now  to  F i g u r e   3,  t h e r e   is   shown  t h e  

d r i v e   s y s t e m   for   m a g n e t i c   b r u s h   d e v e l o p e r   r o l l e r   38.  As  

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

s p e e d   m o t o r   80  c o u p l e d   to  t u b u l a r   member  66.  T u b u l a r  



member   66  i s   m o u n t e d   on  s u i t a b l e   b e a r i n g s   so  as  to   be  r o t a -  

t a b l e .   M a g n e t i c   rod  7 0  i s   m o u n t e d   s u b s t a n t i a l l y   f i x e d  

i n t e r i o r l y   o f   t u b u l a r   member   66.  E x c i t a t i o n   of   m o t o r   80  

r o t a t e s   t u b u l a r   member   66  in   t h e   d i r e c t i o n   of  a r r o w   68  

( F i g u r e   2 ) .   In   t h i s   way,   t h e   d e v e l o p e r   m i x t u r e   moves   i n  

t h e   d i r e c t i o n   of  a r r o w   68  i n t o   d e v e l o p m e n t  z o n e   78.  A l t e r -  

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

m a t e r i a l   i s   e m p l o y e d ,   m o t o r   80  r o t a t e s   m a g n e t i c   r o d  7 0  

w h i l e   t u b u l a r   member   66  r e m a i n s   s t a t i o n a r y .   I t   i s   a p p a r e n t  

to  one  s k i l l e d   i n  t h e   a r t   t h a t   a  v a r i a b l e   s p e e d  m o t o r   may  b e  

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

b e f o r e .   When  a  v a r i a b l e   s p e e d   m o t o r   is   u s e d ,   t h e   g a p  
r e m a i n s   c o n s t a n t   and  t he   v e l o c i t y   of   t h e   d e v e l o p e r   m a t e r i a l  

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

t h e   a n g u l a r   v e l o c i t y   of   t u b u l a r   member   66  or  m a g n e t i c   r o d  

70.  The  s p e e d   of  t h e   m o t o r   i s   r e g u l a t e d   by  a d j u s t i n g   t h e  

o u t p u t   o f   t h e   power   s u p p l y   c o u p l e d   t h e r e t o .  

R e f e r r i n g   now  to   F i g u r e   4,  t h e r e   i s   shown  a n o t h e r  

e m b o d i m e n t   of  d e v e l o p m e n t   s y s t e m   36 .   As  d e p i c t e d   t h e r e a t ,  

d e v e l o p e r   r o l l e r   38  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   m e m b e r  

66  j o u r n a l e d   f o r   r o t a t i o n .   Once   a g a i n ,   t u b u l a r  m e m b e r   66  

i s   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   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   t h e r e o f   r o u g h e n e d .   T u b u l a r   member  66  

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   68.   E l o n g a t e d   m a g n e t i c  

rod  70  i s   p o s i t i o n e d   c o n c e n t r i c a l l y   w i t h i n   t u b u l a r   m e m b e r  

66  b e i n g   s p a c e d   f rom  t h e   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  

t h e r e o f .   M a g n e t i c   rod  70  h a s   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   t h e r e o n .   H o w e v e r ,   m a g n e t i c   rod   70  i s   no  l o n g e r  

f i x e d ,   as   was  t he   c a s e   in  t h e   e m b o d i m e n t   d e p i c t e d   in  F i g u r e  

2.  In  t h e   e m b o d i m e n t   d e p i c t e d   in  F i g u r e  4 ,   m a g n e t i c   rod   7 0  

is   c a p a b l e   of  b e i n g   i n d e x e d   so  as  to  o r i e n t   t he   m a g n e t i c  

p o l e s   r e l a t i v e   to  d e v e l o p m e n t   z o n e  7 8 .   In  t h i s   way,  t h e  

i n t e n s i t y   of   t he   m a g n e t i c   f i e l d   in  d e v e l o p m e n t   zone   78  m a y  
be  v a r i e d .   By  v a r y i n g   t h e   i n t e n s i t y   of   t h e   m a g n e t i c   f i e l d ,  

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

ment   z o n e   78  i s   a d j u s t e d   to   a  s u i t a b l e   l e v e l  s o   as  to  o b t a i n  



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

rod   70  is   i n d e x e d   so  as  to  o r i e n t   t he   p o l e s   t h e r e o n   r e l a -  

t i v e   to  d e v e l o p m e n t   zone   78.  T h i s   a d j u s t s   t he   i n t e n s i t y   o f  

t he   m a g n e t i c   f i e l d   in  d e v e l o p m e n t   zone  78  to  the   d e s i r e d  

l e v e l .   T h i s   i n s u r e s   t h a t   t he   p r e s s u r e   a p p l i e d   on  t h e  

d e v e l o p e r   m a t e r i a l   in  d e v e l o p m e n t   zone   78  i s   at   t h e  

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

d e v e l o p e r   m a t e r i a l   is   m a i n t a i n e d   a t   t he   d e s i r e d   l e v e l .   T h e  

m a g n e t i c   f i e l d   g e n e r a t e d   by  m a g n e t i c   rod   70  a t t r a c t s   t h e  

d e v e l o p e r   m a t e r i a l   to  the   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  t u b u l a r   member  66.  As  t u b u l a r   member  66  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   68,  the   d e v e l o p e r   m a t e r i a l   is  moved  i n t o  

c o n t a c t   w i t h   p h o t o c o n d u c t i v e   s u r f a c e   12  to  form  a  p o w d e r  

i m a g e .   Once  a g a i n ,   v o l t a g e   s o u r c e   72  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  66  to  a  s u i t a b l e   m a g n i t u d e   and  p o t e n t i a l ,  

e . g .   b e t w e e n   50  and  350  v o l t s .   P r e f e r a b l y ,   m a g n e t i c  r o d   70  

is   made  f rom  b a r i u m   f e r r i t e   h a v i n g   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 he   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 .   The  s t r e n g t h   o f  

the   m a g n e t i c   p o l e s   may  a l s o   be  s u i t a b l y   s e l e c t e d .   H o w e v e r ,  

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

m a g n e t i c   rod  70  r e l a t i v e   to  d e v e l o p m e n t   zone   78  may  t h e  

i n t e n s i t y   of  the   m a g n e t i c   f i e l d   in  the   d e v e l o p m e n t   zone  b e  

a d j u s t e d .  

R e f e r r i n g   now  to  F i g u r e   5,  t h e r e   is  shown  t h e  

i n d e x i n g   s y s t e m   f o r   m a g n e t i c   rod  70  and  t he   d r i v e   s y s t e m  

f o r   t u b u l a r   member  66.  As  d e p i c t e d   t h e r e a t ,   a  c o n s t a n t  

s p e e d   m o t o r   80  i s   c o u p l e d   to  t u b u l a r   member  66.  T u b u l a r  

member  66  i s   m o u n t e d   on  s u i t a b l e   b e a r i n g s   so  as  to  be  r o t a -  

t a b l e .   M a g n e t i c   rod  70  is  a l s o   m o u n t e d   on  s u i t a b l e  

b e a r i n g s   b e i n g   c o u p l e d   to  s t e p p i n g   or  i n d e x i n g   mo to r   8 2 .  

E n e r g i z a t i o n   of  s t e p p i n g   m o t o r   82  r o t a t e s   m a g n e t i c   rod  70 

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

i m p r e s s e d   t h e r e o n   r e l a t i v e   to  t he   d e v e l o p m e n t   z o n e .   I n  

t h i s   way,   t he   i n t e n s i t y   of  the   m a g n e t i c   f i e l d   in  t h e  

d e v e l o p m e n t   zone  is  c o n t r o l l e d   so  as  to  m a i n t a i n   the  p r e s -  

s u r e   a p p l i e d   on  the   d e v e l o p e r   m a t e r i a l   a t   the   d e s i r e d  



l e v e l .   T h i s ,   in  t u r n ,   r e g u l a t e s   t h e   c o n d u c t i v i t y   of   t h e  

d e v e l o p e r   m a t e r i a l   in  t h e   d e v e l o p m e n t   z o n e .   E x c i t a t i o n   o f  

m o t o r   80  r o t a t e s   t u b u l a r   member   66  i n   t h e   d i r e c t i o n   o f  

a r r o w   68  ( F i g u r e   4)  and  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  

in   t h e   d i r e c t i o n   of   a r r o w   7 0 .  

By  way  of  e x a m p l e ,   a  s u i t a b l e   two  c o m p o n e n t  

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

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

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

f e r r o m a g n e t i c   c o r e   h a v i n g   a  t h i n   l a y e r   of   m a g n e t i t e   o v e r -  

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

i n c l u d e   p o l y ( v i n y l i d e n e   f l u o r i d e )   and  p o l y ( v i n y l i d e n e  

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

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

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

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

c o l o r i n g   m a t e r i a l .   By  way  of  e x a m p l e ,  t h e   r e s i n o u s   m a t e -  

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

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

a c e t a l s ,   p o l y v i n y l   e t h e r ,   and  p o l y a c r y l i c .   S u i t a b l e  

c o l o r i n g   m a t e r i a l s   may  be ,   a m o n g s t   o t h e r s ,   c h r o m o g e n   b l a c k  

and  s o l v e n t   b l a c k .   The  d e v e l o p e r   m a t e r i a l   c o m p r i s e s   a b o u t  

95  to  a b o u t   99%  by  w e i g h t   of  c a r r i e r   and  f r o m   a b o u t   5  t o  

a b o u t   1%  by  w e i g h t   of  t o n e r ,   r e s p e c t i v e l y .   T h e s e   and  o t h e r  

m a t e r i a l s   a r e   d i s c l o s e d   in  U.  S.  P a t e n t   No.  4 , 0 7 6 , 8 5 7  

i s s u e d   to  K a s p e r   e t   a l .   in  1 9 7 8 ,  

R e f e r r i n g   now  to  F i g u r e   6,  t h e r e   i s   shown  a  l o g a -  

r i t h m i c   p l o t   of  c o n d u c t i v i t y   as  a  f u n c t i o n   of   p r e s s u r e .  
The  g r a p h   of  F i g u r e   6  r e f l e c t s   a  d e v e l o p e r   r o l l   s p a c i n g  

w i t h   r e s p e c t   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   of  a b o u t   4 

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

f r o m   a b o u t   2  X  1 0 - 1 0   ( o h m - c e n t i m e t e r   ) - 1   a t   a  p r e s s u r e   o f  

a b o u t   45  n e w t o n / m e t e r  7   to   a b o u t  4   X  1 0 - 8   ( o h m - c e n t i -  

m e t e r   ) - 1   a t   a  p r e s s u r e   of  a b o u t   3000  n e w t o n / m e t e r   2.  T h e  



r a d i a l   m a g n e t i c   f i e l d   is  a b o u t   290  g a u s s   w i t h   the   t a n g e n -  

t i a l   m a g n e t i c   f i e l d   b e i n g   a b o u t   320  g a u s s .   The  p r e s s u r e   o n  

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

f i e l d   s t r e n g t h   a n d / o r   t he   mass   f l o w   r a t e .   M a s s f l o w   r a t e  

may  be  r e g u l a t e d   by  c o n t r o l l i n g   the   q u a n t i t y   of  m a t e r i a l   o r  

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

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

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

may  be  r e g u l a t e d   to   c o n t r o l   t he   f l o w   of  p a r t i c l e s .   I n  

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

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

a p p l i e d   t h e r e o n   in  t he   d e v e l o p m e n t   z o n e .  

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

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

d e v e l o p m e n t   by  r e g u l a t i n g   t he   p r e s s u r e   a p p l i e d   on  t h e  

d e v e l o p e r   m a t e r i a l   in  t h e   d e v e l o p m e n t   zone   so  as  to  c o n t r o l  

t h e   c o n d u c t i v i t y   of  t he   d e v e l o p e r   m a t e r i a l   t h e r e a t .   P r e s -  

s u r e   may  be  c o n t r o l l e d   by  r e g u l a t i n g   t he   mass  r a t e   f l o w   o r  

by  r e g u l a t i n g   the   i n t e n s i t y   of  t he   m a g n e t i c   f i e l d   in  t h e  

d e v e l o p m e n t   z o n e .   In  t h i s   m a n n e r ,   b o t h   the   s o l i d   a r e a s   a n d  

l i n e s   of  an  e l e c t r o s t a t i c   l a t e n t   image  may  be  o p t i m u m l y  

d e v e l o p e d .  



1.  An  a p p a r a t u s   f o r   d e v e l o p i n g  a n   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  an  i m a g e  b e a r i n g   member   ( 1 0 )  

i n c l u d i n g   m e a n s   (38)  f o r   t r a n s p o r t i n g   a n  e l e c t r i c a l l y   c o n -  

d u c t i v 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   i m a g e  

b e a r i n g   member   (10)   in  a  d e v e l o p m e n t   z o n e   (78)   t o  d e v e l o p  

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

d e v e l o p e r   m a t e r i a l   in  t he   d e v e l o p m e n t   z o n e  ( 7 8 )   so  as  t o  

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

2.  An  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 ,  

i n c l u d i n g   m e a n s  ( 7 2 )   f o r   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   ( 3 8 ) .  

3.  An  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  or  C l a i m 2 ,  

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   ( 3 8 )  i n c l u d e s :  

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

member   ( 6 6 ) ;   a n d  

m e a n s   (70)  f o r   g e n e r a t i n g   a  m a g n e t i c   f i e l d   to  a t -  

t r a c t   t h e   d e v e l o p e r   m a t e r i a l   to  s a i d   t u b u l a r   member   ( 6 6 ) .  

4.  An  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   3 ,  

w h e r e i n   s a i d   g e n e r a t i n g   m e a n s   ( 7 0 )  i n c l u d e s   an  e l o n g a t e d  

member   d i s p o s e d   i n t e r i o r l y  o f   s a i d  t u b u l a r   member  ( 6 6 )  

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

5.  An  a p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1 

to  4,  w h e r e i n   s a i d   c o n t r o l l i n g   means   i n c l u d e s  m e a n s   ( 7 4  

76,  80)  f o r   r e g u l a t i n g  t h e   mass   f l o w   r a t e   of  t h e   d e v e l o p e r  

m a t e r i a l   in  t h e  d e v e l o p m e n t   zone   (78)  so  a s  t o   c o n t r o l   t h e  

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



6.  An  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 ,  

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

a  b l a d e   member   (74)  h a v i n g   an  edge   t h e r e o f  

c l o s e l y   s p a c e d   f rom  s a i d   t r a n s p o r t i n g   means   (38)  to  d e f i n e  

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

means   (76)  f o r   p o s i t i o n i n g   s a i d   b l a d e   member  ( 7 4 )  

to  a d j u s t   the   s i z e   of   t h e   gap   to  r e g u l a t e   t he   mass   f low  r a t e  

of   the   d e v e l o p e r   m a t e r i a l .  

7.  An  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 ,  

w h e r e i n   s a i d   r e g u l a t i n g   m e a n s   i n c l u d e s   means  ( 8 0 )  

f o r   a d j u s t i n g   the   v e l o c i t y   of  s a i d   t r a n s p o r t i n g   means   ( 3 8 )  

to  c o n t r o l   t he   mass   f l o w   r a t e   of  the   d e v e l o p e r   m a t e r i a l .  

8.  An  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 ,  

w h e r e i n :  

s a i d   t r a n s p o r t i n g   means   (38)  i n c l u d e s   means  ( 8 0 )  

f o r   r o t a t i n g   s a i d   t u b u l a r   member  ( 6 6 ) ;   a n d  

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

t i v e l y   a s s o c i a t e d   w i t h   s a i d   r o t a t i n g   means   ( 8 0 ) ,   f o r  

v a r y i n g   the   a n g u l a r   v e l o c i t y   of  s a i d   t u b u l a r   member   to  c o n -  

t r o l   the   mass  f low  r a t e   of  t he   d e v e l o p e r   m a t e r i a l   so  as  t o  

r e g u l a t e   the   p r e s s u r e   a p p l i e d   on  the   d e v e l o p e r   m a t e r i a l   i n  

t h e   d e v e l o p m e n t   zone   ( 7 8 ) .  

9.  An  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 ,  

w h e r e i n   s a i d   c o n t r o l l i n g   m e a n s   i n c l u d e s   m e a n s  ( 8 2 ) c p e r a t i v e l y  

a s s o c i a t e d   w i t h   s a i d   g e n e r a t i n g   means   ( 7 0 ) ,   f o r   c h a n g i n g  

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

(78)  so  as  to  r e g u l a t e   the   p r e s s u r e   a p p l i e d   on  t h e  

d e v e l o p e r   m a t e r i a l   in  t h e   d e v e l o p m e n t   zone   ( 7 8 ) .  



10.  An  a p p a r a t u s   (36)  as  r e c i t e d   i n  C l a i m   4 ,  

w h e r e i n   s a i d   c o n t r o l l i n g   m e a n s   i n c l u d e s   m e a n s   (82)  f o r  

o r i e n t i n g   s a i d   e l o n g a t e d   m e m b e r  ( 7 0 )   t o   p o s i t i o n   t he   m a g -  
n e t i c   p o l e s   r e l a t i v e   to  t he   d e v e l o p m e n t   z o n e   (78)  so  as  t o  

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

m e n t   z o n e   (78)  to   r e g u l a t e   t h e   p r e s s u r e   a p p l i e d   on  t h e  

d e v e l o p e r   m a t e r i a l   t h e r e a t .  
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