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©  Developing  device  and  developing  method. 

  A  developing  device  (18)  develops  an  electrostatic  latent 
image  formed  on  a  photosensitive  layer  of  a  photosensitive 
drum  (14)  by  a  toner  (40)  and  is  provided  with  a  developing 
roller  (36)  which  rotatably  faces  the  photosensitive  layer  and 
is  adopted  to  rotate  with  the  toner  (40)  thereon  forming  a 
toner  layer  (42),  such  that  the  toner  (40)  is  transferred  to  the 
photosensitive  layer  to  develop  the  electrostatic  latent 
image,  and  a  doctor  blade  (41)  which  is  spaced  from  the 
developing  roller  (36),  for  regulating  the  thickness  of  the 
toner  layer  (42)  formed  on  the  developing  roller  (36).  The 
toner  (40)  consists  of  an  electrically  insulating  toner  whose 
surface  potential  (Vt)  on  the  developing  roller  (36)  has 
polarity  opposite  to  that  of  changes  on  the  electrostatic  latent 
image  and  absolute  value  greater  than  20  (volts)  and  smaller 
than  90  (volts). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  me thod   and  a  

d e v i c e   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 ,  

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

image  by  means   of  an  e l e c t r i c a l l y   i n s u l a t i n g   d e v e l o p i n g  

a g e n t .  

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

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

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

t o n e r   f o r   t he   d e v e l o p i n g   a g e n t .   I t   is  d i f f i c u l t ,  

h o w e v e r ,   to  form  a  c o n d u c t i v e   m a g n e t i c   t o n e r   image  o n  

o r d i n a r y   p a p e r   by  c o r o n a   t r a n s f e r .   I t   is  t h e r e f o r e  

n e c e s s a r y   to  use  s p e c i a l   p a p e r   w i t h   i n c r e a s e d   e l e c t r i c  

r e s i s t a n c e   f o r   the   c o p y i n g   p a p e r .   I f   an  e l e c t r i c a l l y  

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

t he   t o n e r   image  can  be  t r a n s f e r r e d   even   to  o r d i n a r y  

p a p e r .   H o w e v e r ,   a c c o r d i n g   to  t he   e l e c t r o s t a t i c   l a t e n t  

image  d e v e l o p i n g   m e t h o d   u s i n g   the   o n e - c o m p o n e n t   d e v e l -  

o p i n g   a g e n t   wh ich   does   not   c o n t a i n   s o - c a l l e d   c a r r i e r  

p a r t i c l e s   and  can  be  t r a n s f e r r e d   to  o r d i n a r y   p a p e r ,   i t  

i s   not   a l w a y s   p o s s i b l e   to  s t a b l y   c h a r g e   the   i n s u l a t i n g  

t o n e r   and  to  o b t a i n   good  and  s t a b l e   image  q u a l i t y .  

One  c o n v e n t i o n a l   me thod   f o r   c h a r g i n g   e l e c t r i c a l l y  

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

m e t h o d ,   i t   is  ha rd   to  u n i f o r m l y   c h a r g e   the   t o n e r  



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

( e . g ,   ammonia )   in  t he   a i r   may  p o s s i b l y   be  i o n i z e d   s o  

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

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

p o l l u t a n t s   in  t he   a i r   s t i c k   to  t h e   t o n e r ,   t h e n   the   t o n e r  

is   c o n t a m i n a t e d   i n c r e a s i n g   a d h e s i o n   b e t w e e n   t o n e r   p a r -  
t i c l e s   and  l o w e r i n g   t he   e l e c t r i c   r e s i s t a n c e   of  t h e  

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

q u a l i t y   and  image   t r a n s f e r   is   a d v e r s e l y   a f f e c t e d .  

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

i n v o l v e s   some  awkward   p r o b l e m s .   O t h e r   c o n v e n t i o n a l  

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

c o n t a c t   c h a r g i n g .   A c c o r d i n g   to  t h e s e   m e t h o d s ,   h o w e v e r ,  

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

member  f o r   f r i c t i o n a l   c h a r g i n g   or   c o n t a c t   c h a r g i n g .   I f  

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

member ,   t he   member   l o s e s   i t s   d u r a b i l i t y ,   and  i t   b e c o m e s  

d i f f i c u l t   to  s t a b l y   c h a r g e   the   t o n e r   f o r   a  l ong   t i m e .  

As  a  r e s u l t ,   t he   d e v e l o p i n g   d e n s i t y   is   l o w e r e d   and  t h e  

q u a l i t y   of  i m a g e s   o b t a i n e d   i s   d e t e r i o r a t e d .   T h u s ,  

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

c h a r g i n g   or  c o n t a c t   c h a r g i n g ,   i t   is   h a r d   to  o b t a i n   a  

s t a b l e   d e v e l o p i n g   d e n s i t y   and  good  image  q u a l i t y   w i t h  

h i g h   r e l i a b i l i t y .  

In  many  of  t he   d e v e l o p i n g   d e v i c e s   r e c e n t l y   used   i n  

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

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

as  a  m a g n e t i c   d e v e l o p i n g   a g e n t .   F i g .   1  shows  a  t y p i c a l  

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

d e v e l o p i n g   d e v i c e   is   p r o v i d e d   w i t h   a  d e v e l o p i n g   r o l l e r   4 

w h i c h   c o n s i s t s   of  a  m a g n e t   r o l l e r   2  o p p o s e d   to  a  p h o t o -  

s e n s i t i v e   body  1  as  an  o b j e c t   to  be  d e v e l o p e d   and  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 ,   and  a  c y l i n d r i c a l   s l e e v e  

3  e n c l o s i n g   t he   m a g n e t   r o l l e r   2.  The  m a g n e t   r o l l e r   2 

r o t a t e s   c l o c k w i s e   or  in  t he   d i r e c t i o n   i n d i c a t e d   by  a r r o w  

a,  w h i l e   t he   s l e e v e   3  r o t a t e s   c o u n t e r c l o c k w i s e   or  in  t h e  

d i r e c t i o n   i n d i c a t e d   by  a r r o w   b.  T h u s ,   a  l a y e r   5 a  



( m a g n e t i c   b r u s h )   of  a  m a g n e t i c   t o n e r   5  i s   f o rmed   on  t h e  

o u t e r   p e r i p h e r a l   s u r f a c e   of  the   s l e e v e   3.  The  t o n e r  

l a y e r   5a  is  r u b b e d   a g a i n s t   the   s u r f a c e   of  the   p h o t o -  

s e n s i t i v e   body  1,  r e g u l a t e d   in  t h i c k n e s s   by  a  d o c t o r  

b l a d e   6  as  a  d e v e l o p i n g   a g e n t   r e g u l a t o r   w h i c h   is  d i s p o s e d  

a b o v e   the   top   p o r t i o n   of  t he   s l e e v e   3.  The  m a g n e t i c  

t o n e r   5  is  c a r r i e d   in  t he   d i r e c t i o n   i n d i c a t e d   by  a r r o w   c  
w h i c h   c o r r e s p o n d s   to  the   d i r e c t i o n   of  a r r o w   b .  

In  F i g .   1,  n u m e r a l   8  d e s i g n a t e s   t he   f low  of  t h e  

m a g n e t i c   t o n e r   5  ( t o n e r   l o o p )   in  a  t o n e r   h o p p e r   7 .  

In  t he   p r i o r   a r t   d e v e l o p i n g   d e v i c e ,   a  key  t o  

s a t i s f a c t o r y   c o p y i n g   p e r f o r m a n c e   or  good  image  q u a l i t y  
i s   to  k e e p   the   gap  b e t w e e n   t h e   d o c t o r   b l a d e   6  and  t h e  

s l e e v e   3  c o n s t a n t   and  to  form  a  u n i f o r m   t o n e r   l a y e r   o n  

t he   s u r f a c e   of  the   s l e e v e   3 .  

When  the   c o n v e n t i o n a l   d e v e l o p i n g   d e v i c e   of  t h i s  

t y p e   was  t e s t e d   by  c o n t i n u o u s   d e v e l o p m e n t ,   copy  i m a g e s  

o b t a i n e d   were  s u b j e c t   to  t he   f o l l o w i n g   d e f e c t s .  

( I )   W h i t e   s t r i p e s   in  b l a c k   s o l i d   p o r t i o n s   ( w h i t e  

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

of  the   image  b e i n g   c a r r i e d ) :  

T h e s e   w h i t e   s t r i p e s   were   c a u s e d   when  t h e  

m a g n e t i c   t o n e r   5  s t u c k   to  t he   t i p   p o r t i o n   o f  

t he   d o c t o r   b l a d e   6,  so  t h a t   t he   amount   o f  

the   t o n e r   5  b e i n g   c a r r i e d   was  r e d u c e d   at   t h e  

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

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

6  f rom  the   f o l l o w i n g   c a u s e s .  

(1)  M e c h a n i c a l   or  e l e c t r o s t a t i c   f o r c e .  

(2)  Dus t   or  p a p e r   d u s t   c a u g h t   in  t h e  

d e v e l o p i n g   d e v i c e   b l o c k s   the   s p a c e  
b e t w e e n   the   d o c t o r   b l a d e   6  and  t h e  

s l e e v e   3  to  form  a  n u c l e u s   to  w h i c h  

t he   m a g n e t i c   t o n e r   5  is   to  s t i c k .  

( I I )   F o g g i n g   ( d a r k e n i n g   of  w h i t e   g r o u n d ) :  

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

in  the   m a g n e t i c   t o n e r   5  f o r m i n g   the  t o n e r  



l a y e r   5a  ( m a g n e t i c   b r u s h ) .  

( I I I )   L i n e s   p e r p e n d i c u l a r   to  t he   c o u r s e   of  t h e  

image   b e i n g   c a r r i e d   were   u n c l e a r :  

S i n c e   t he   m a g n e t i c   b r u s h   5a  was  r o t a t e d   o n l y  

in  one  d i r e c t i o n   ( a r r o w   C),   f i n e   l i n e s  

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

m a g n e t i c   t o n e r   5  and  e x t e n d i n g   a t   r i g h t  

a n g l e s   to  t he   c o u r s e   of  t he   image  were   s w e p t  
o f f   by  t he   m a g n e t i c   b r u s h   5 a .  

(IV)  V a r i a t i o n   in  d e n s i t y :  

(1)  S t r e s s   on  t h e   m a g n e t i c   t o n e r   d e f o r m s  

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

c h a r a c t e r i s t i c s .  

(2)  Uneven   c h a r g i n g   of  t he   m a g e n t i c   t o n e r .  

(3)  The  image   d e n s i t y   d e p e n d s   on  t he   a m o u n t  

of   t he   t o n e r   5  in  t h e   t o n e r   h o p p e r   7 .  

The  l e s s   t h e   a m o u n t ,   t he   l o w e r   t h e  

d e n s i t y   w i l l   b e .  

(4)  B l o c k i n g   of  t h e   m a g n e t i c   t o n e r   5  b e t w e e n  

the   d o c t o r   b l a d e   6  and  the   s l e e v e   3 .  

The  p r e s e n t   i n v e n t i o n   i s   c o n t r i v e d   in  c o n s i d e r a t i o n  

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

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

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

w h i c h   can  be  t r a n s f e r r e d   to  o r d i n a r y   p a p e r .  
In  o r d e r   to  a t t a i n   t he   a b o v e   o b j e c t ,   t he   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  u s i n g   an  e l e c t r i c a l l y  

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

(Vt )   on  d e v e l o p i n g   a g e n t   s u p p l y i n g   means   has   p o l a r i t y  

o p p o s i t e   to  t h a t   of  c h a r g e s   on  an  e l e c t r o s t a t i c   l a t e n t  

image   and  an  a b s o l u t e   v a l u e   g r e a t e r   t h a n   20  ( v o l t s )   a n d  

s m a l l e r   t h a n   90  ( v o l t s ) .   A c c o r d i n g   to  t he   i n v e n t i o n ,  

m o r e o v e r ,   the   s h a p e   and  l o c a t i o n   of  t he   t i p   end  of  a  

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

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

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

means   a r e   s e t   p r o p e r l y .  



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

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

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

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

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

a g e n t   s u p p l y i n g   m e a n s ;   and  o p p o s i n g   the   d e v e l o p i n g   a g e n t  

on  the   d e v e l o p i n g   a g e n t   s u p p l y i n g   means   to  the   e l e c t r o -  

s t a t i c   l a t e n t   image   f o r m i n g   s u r f a c e   to  d e v e l o p   a n  
e l e c t r o s t a t i c   l a t e n t   image   f o r m e d   on  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   s u r f a c e   as  the   d e v e l o p i n g   a g e n t  

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

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

s u r f a c e   p o t e n t i a l   (Vt)  on  the   d e v e l o p i n g   a g e n t   s u p p l y i n g  

means   has  p o l a r i t y   o p p o s i t e   to  t h a t   of  c h a r g e s   on  t h e  

e l e c t r o s t a t i c   l a t e n t   image  and  an  a b s o l u t e   v a l u e   g r e a t e r  

t h a n   20  ( v o l t s )   and  s m a l l e r   t h a n   90  ( v o l t s ) .  

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

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

d e v e l o p s   an  e l e c t r o s t a t i c   l a t e n t   image  f o rmed   on  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 - f o r m i n g   s u r f a c e   of  an  i m a g e  

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

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

the   d e v e l o p i n g   a g e n t   t h e r e o n   f o r m i n g   a  d e v e l o p i n g   a g e n t  

l a y e r ,   such   t h a t   t he   d e v e l o p i n g   a g e n t   is  t r a n s f e r r e d  

to  the   e l e c t r o s t a t i c   l a t e n t   image  f o r m i n g   s u r f a c e   t o  

d e v e l o p   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 ;   and  a  r e g u l a t i n g  

member  s p a c e d   f rom  the   d e v e l o p i n g   a g e n t   s u p p l y i n g   m e a n s ,  

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

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

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

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

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

o p p o s i t e   to  t h a t   of  c h a r g e s   on  the   e l e c t r o s t a t i c   l a t e n t  

image  and  an  a b s o l u t e   v a l u e   g r e a t e r   t h a n   20  ( v o l t s )   a n d  

s m a l l e r   t h a n   90  ( v o l t s ) .  



T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

j u n c t i o n   w i t h   t he   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 :  

F i g .   1  is   a  s i d e   v iew  s h o w i n g   an  o u t l i n e   of  a  p r i o r  

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

F i g .   2  is  a  s i d e   v i ew  s c h e m a t i c a l l y   s h o w i n g   a n  

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

d e v i c e   of  one  e m b o d i m e n t   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 ;  

F i g .   3  is   a  s i d e   s e c t i o n a l   v iew  of  the   d e v e l o p i n g  

d e v i c e   shown  in  F i g .   2 ;  

F i g .   4  is   a  s i d e   s e c t i o n a l   v iew  f o r   i l l u s t r a t i n g  

t he   o p e r a t i o n   of  t he   d e v e l o p i n g   d e v i c e   of  F i g .   3 ;  

F i g .   5  is   a  s i d e   v i ew   f o r   i l l u s t r a t i n g   an  a n g l e   a ;  

F i g .   6  is   a  s i d e   v iew  f o r   i l l u s t r a t i n g   an  a n g l e  

and  a  d i s t a n c e t ;  

F i g s .   7A  and  7B  a r e   a  s i d e   v iew  and  a  b o t t o m   v i e w ,  

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

b l a d e ;  

F i g .   8  is   a  g r a p h   s h o w i n g   t he   r e l a t i o n s h i p s   b e -  

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

p o t e n t i a l   of  t o n e r ;  

F i g .   9  is   a  g r a p h   s h o w i n g   t he   r e l a t i o n s h i p   b e t w e e n  

t he   s u r f a c e   p o t e n t i a l   of  t o n e r   and  t he   back   g r o u n d ;  

F i g .   10  is   a  g r a p h   s h o w i n g   t he   r e l a t i o n s h i p  

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

d e n s i t y ;   a n d  

F i g .   11  is   a  g r a p h   s h o w i n g   the   r e l a t i o n s h i p   b e t w e e n  

t he   l o a d i n g   t o r q u e   of  the   d e v e l o p i n g   r o l l e r   and  t h e  

w e i g h t   of  the   t o n e r   r e c e i v e d   in  the   t o n e r   h o p p e r .  

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

to  t he   p r e s e n t   i n v e n t i o n   u sed   in  an  e l e c t r o n i c   c o p y i n g  

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

to  t he   a c c o m p a n y i n g   d r a w i n g s   of  F i g s .   2  to  1 0 .  

F i g .   2  s c h e m a t i c a l l y   shows  the   c o n s t r u c t i o n   of  t h e  

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

a c c o r d i n g   to  t he   one  e m b o d i m e n t   of  t he   i n v e n t i o n .   I n  



F i g .   2,  n u m e r a l   11  d e s i g n a t e s   a  h o u s i n g   w h i c h   c a r r i e s   a n  

o r i g i n a l   t a b l e   12  t h e r e o n .   The  o r i g i n a l   t a b l e   12  i s  

r e c i p r o c a t e d   by  a  m o t o r   13  b u i l t   in  t he   h o u s i n g   11.  A 

c y l i n d r i c a l   p h o t o s e n s i t i v e   drum  14  as  an  image   c a r r i e r  

i s   r o t a t a b l y   s u p p o r t e d   in  t he   s u b s t a n t i a l l y   c e n t r a l   p o r -  
t i o n   of  t he   i n t e r i o r   of  t he   h o u s i n g   11.  The  p h o t o -  

s e n s i t i v e   drum  14  r o t a t e s   in  s y n c h r o n i s m   w i t h   t h e  

r e c i p r o c a t i o n   of  t he   o r i g i n a l   t a b l e   12.  An  e x p o s u r e  

s y s t e m   17  i n c l u d i n g   a  lamp  15,  a  c o n v e r g e n t   l i g h t  

t r a n s m i t t i n g   body  16,  e t c . ,   i s   d i s p o s e d   b e t w e e n   t h e  

p h o t o s e n s i t i v e   drum  14  and  t he   o r i g i n a l   t a b l e   12.  T h e  

e x p o s u r e   s y s t e m   17  i r r a d i a t e s   an  o r i g i n a l   p a p e r   pu t   o n  

t h e   o r i g i n a l   t a b l e   12,  and  l e a d s   a  r e f l e c t e d   l i g h t   f r o m  

t h e   o r i g i n a l   p a p e r   o n t o   t he   p h o t o s e n s i t i v e   drum  14  t o  

f o r m - a n   e l e c t r o s t a t i c   l a t e n t   image  of  the   o r i g i n a l   p a p e r  
t h e r e o n .   A  d e v e l o p i n g   d e v i c e   18  d e s c r i b e d   in  d e t a i l  

l a t e r ,   a  t r a n s f e r   c o r o n a   d i s c h a r g e r   19,  a  d e e l e c t r i f i e r  

20,  a  c l e a n e r   21,  and  a  c h a r g e r   22  a re   a r r a n g e d   s u c -  

c e s s i v e l y   in  the   r o t a t i n g   d i r e c t i o n   ( c l o c k w i s e )   of  t h e  

p h o t o s e n s i t i v e   drum  14,  s t a r t i n g   a t   the   p o s i t i o n   o f  

image   f o r m a t i o n .   A  c o n v e y o r   p a t h   25  f o r   c o p y i n g   p a p e r  
24  as  a  r e c o r d i n g   medium  l i e s   a t   t he   b o t t o m   p o r t i o n   o f  

t h e   i n t e r i o r   of  the   h o u s i n g   11,  p a s s i n g   t h r o u g h   a  

t r a n s f e r   s e c t i o n   23  w h i c h   is  d e f i n e d   b e t w e e n   the   p h o t o -  

s e n s i t i v e   drum  14  and  the   t r a n s f e r   c o r o n a   d i s c h a r g e r   1 9 .  

The  s t a r t i n g   end  p o r t i o n   of  the   c o n v e y o r   p a t h   25  i s  

c o u p l e d   to  a  p a p e r   f e e d   s e c t i o n   28  i n c l u d i n g   a  m a n u a l  

f e e d   g u i d e   26  and  a  p a p e r   f e e d e r   27,  w h i l e   i t s   t e r m i n a l  

end  p o r t i o n   l e a d s   to  a  p a p e r   d i s c h a r g e   t r a y   30  v i a   a  

f i x i n g   d e v i c e   29.  The  c o n v e y o r   p a t h   25  is  p r o v i d e d   w i t h  

c o n v e y o r   r o l l e r s   3 1 .  

The  s u r f a c e   of  the   p h o t o s e n s i t i v e   drum  14  is  f i r s t  

c h a r g e d   w i t h   e l e c t r i c i t y   by  the   c h a r g e r   22.  T h e n ,  

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

s e n s i t i v e   drum  14  a r e   s e l e c t i v e l y   e r a s e d   by  i m a g e  

e x p o s u r e   by  the  e x p o s u r e   s y s t e m   17.  T h u s ,   an  e l e c t r o -  

s t a t i c   l a t e n t   image  is   f o r m e d   on  the   s u r f a c e   of  t h e  



p h o t o s e n s i t i v e   drum  14.  S u b s e q u e n t l y ,   m a g n e t i c   t o n e r  

i s   a p p l i e d   to  t he   e l e c t r o s t a t i c   l a t e n t   image  by  t h e  

d e v e l o p i n g   d e v i c e   18  to  d e v e l o p   the   l a t e n t   image  i n t o  

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

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

c o r o n a   d i s c h a r g e   of  t he   t r a n s f e r   c o r o n a   d i s c h a r g e   19  t o  

t h e   c o p y i n g   p a p e r   24  w h i c h   is   fed  f rom  the   p a p e r   f e e d  

s e c t i o n   28  and  g u i d e d   by  a  g u i d e   p l a t e .  

F i g .   3  shows  the   c o n s t r u c t i o n   of  t he   d e v e l o p i n g  

d e v i c e   18.  In  F i g .   3,  n u m e r a l   32  d e s i g n a t e s   a  t o n e r  

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

h o p p e r   32  is  i n t e g r a l l y   c o m p o s e d   of  a  p a i r   of  s i d e  

f r a m e s   33  ( o n l y   one  is   shown)   and  w a l l   p l a t e s   34  and  35 

f i x e d   to  t he   s i d e   f r a m e s   33  a t   b o t h   l o n g i t u d i n a l   e d g e  

p o r t i o n s ,   and  has   a  s u p p l y i n g   o p e n i n g   32a  and  a  d e v e l -  

o p i n g   o p e n i n g   3 2 b .  

A  d e v e l o p i n g   r o l l e r   36  as  d e v e l o p i n g   a g e n t  

s u p p l y i n g   means   is  h o u s e d   in  t he   t o n e r   h o p p e r   32,  p a r -  
t i a l l y   e x p o s e d   t h r o u g h   the   d e v e l o p i n g   o p e n i n g   32b.  T h e  

d e v e l o p i n g   r o l l e r   36  is   f o r m e d   of  a  c y l i n d r i c a l   r o t a t i n g  

body   37  ( h e r e i n a f t e r   r e f e r r e d   to  as  a  s l e e v e )   made  o f  

a l u m i n u m ,   s t a i n l e s s   s t e e l   or  some  o t h e r   m a t e r i a l ,   and  a  

m a g n e t   r o l l e r   38  c o n t a i n e d   in  t he   s l e e v e   37.  In  t h e  

d e v e l o p i n g   r o l l e r   36,  t he   s l e e v e   37  r o t a t e s   in  t h e  

d i r e c t i o n   i n d i c a t e d   by  a r r o w   A,  w h i l e   t he   m a g n e t   r o l l e r  

38  r o t a t e s   in  t he   d i r e c t i o n   i n d i c a t e d   by  a r r o w   B  i n  

s y n c h r o n i s m   w i t h   t he   r o t a t i o n   of  t he   s l e e v e   3 7 .  

A  f i r s t   n a r r o w   gap  Gl  is  d e f i n e d   b e t w e e n   the   o u t e r  

p e r i p h e r a l   s u r f a c e   of  t he   s l e e v e   37  and  t h a t   of  t h e  

p h o t o s e n s i t i v e   drum  14  w h i c h   r o t a t e s   in  the   d i r e c t i o n  

i n d i c a t e d   by  a r r o w   C.  M a g n e t i c   t o n e r   40  as  a  m a g n e t i c  

d e v e l o p i n g   a g e n t   in  t he   t o n e r   h o p p e r   32  is  a t t r a c t e d   t o  

t h e   o u t e r   p e r i p h e r a l   s u r f a c e   of  the   s l e e v e   37  by  t h e  

m a g n e t i c   f o r c e   of  t he   m a g n e t   r o l l e r   38,  and  is  c a r r i e d  

in  the   d i r e c t i o n   of  a r r o w   A.  T h e n ,   t he   t o n e r   40  i s  

p a s s e d   t h r o u g h   a  s e c o n d   n a r r o w   gap  G2  b e t w e e n   the   s l e e v e  

37  and  a  d o c t o r   b l a d e   41  as  a  d e v e l o p i n g   a g e n t   r e g u l a t o r  



w h i c h   e x t e n d s   v e r t i c a l l y .   T h u s ,   a  t o n e r   l a y e r   42  w i t h  

a  u n i f o r m   t h i c k n e s s   is   f o r m e d   on  the   s l e e v e   37.  T h e  

d o c t o r   b l a d e   41  is  i n t e g r a l l y   f i t t e d   w i t h   a  d o c t o r  

b l a d e   a d j u s t i n g   b r a c k e t   43.  The  b r a c k e t   43  is   m o v e d  

v e r t i c a l l y   by  means   of  a  f i n e   a d j u s t m e n t   s c r e w   44  t o  

s e t   t he   s e c o n d   gap  G2  to   a  p r e s c r i b e d   w i d t h .   T h e  

b r a c k e t   43  p o s i t i o n e d   in  t h i s   m a n n e r   is   f i x e d   by  a  

d o c t o r   b l a d e   f i x i n g   n u t   4 5 .  

A  t o n e r   g u a r d   46  and  a  s e a l i n g   member  47  a r e  

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

32b .   A  s u b - m a g n e t   r o l l e r   48  is   d i s p o s e d   a t   t he   l o w e r  

p o r t i o n   of  the   d e v e l o p i n g   o p e n i n g   32b  so  as  to  b e  

r o t a t e d   in  the   d i r e c t i o n   i n d i c a t e d   by  a r r o w   D.  T h e  

s u b - m a g n e t   r o l l e r   48  c o l l e c t s   the   m a g n e t i c   t o n e r   40  

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

s e n s i t i v e   drum  14,  and  a l s o   m a g n e t i c a l l y   a t t r a c t s   t h e  

m a g n e t i c   t o n e r   40  s c a t t e r i n g   downward   f rom  the   d e v e l -  

o p i n g   o p e n i n g   32b  so  t h a t   t he   m a g n e t i c   t o n e r   40  i s  

c o l l e c t e d   on  the   d e v e l o p i n g   r o l l e r   36.  The  s u p p l y i n g  

o p e n i n g   32a  of  the   t o n e r   h o p p e r   32  is  c l o s e d   by  a  l i d  

49.  The  l i d   49  and  a  s e a l i n g   member  50  a t t a c h e d   t h e r e t o  

p r e v e n t   the   m a g n e t i c   t o n e r   40  f rom  s c a t t e r i n g   t h r o u g h  

t h e   o p e n i n g   3 2 a .  

In  the   d e v e l o p i n g   d e v i c e   18  c o n s t r u c t e d   in  t h i s  

m a n n e r ,   the   m a g n e t i c   t o n e r   40  a t t r a c t e d   to  t he   s l e e v e   37 

f o r m s   a  t o n e r   l a y e r   42  made  u n i f o r m   in  t h i c k n e s s   by  t h e  

d o c t o r   b l a d e   41.  As  t he   m a g n e t   r o l l e r   38  r o t a t e s ,   t h e  

m a g n e t i c   t o n e r   40  is   c a r r i e d   on  the   s l e e v e   37  in  t h e  

fo rm  of  v e r t i c a l l y   r a i s e d   f u r .   The  t o n e r   40  f o r m i n g   t h e  

t o n e r   l a y e r   42  is  a t t r a c t e d   to  the   e l e c t r o s t a t i c   l a t e n t  

image   on  the  s u r f a c e   of  t he   p h o t o s e n s i t i v e   drum  14 

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

H e r e u p o n ,   an  AC  b i a s   f rom  a  b i a s   power   s o u c e   51  i s  

a p p l i e d   to  the  s l e e v e   37  of  the   d e v e l o p i n g   r o l l e r   36  i n  

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

d e n s i t y - c o p y   d e n s i t y   c h a r a c t e r i s t i c   ( h e r e i n a f t e r  

r e f e r r e d   to  as  a  y - c h a r a c t e r i s t i c ) .   A l t e r n a t i v e l y ,  



h o w e v e r ,   the   d e v e l o p i n g   r o l l e r   36  may  o n l y   be  g r o u n d e d  
w i t h o u t   u s i n g   the   b i a s   p o w e r   s o u r c e   5 1 .  

F i g .   4  shows  the   f l o w   of  the   m a g n e t i c   t o n e r   40 

( h e r e i n a f t e r   r e f e r r e d   to  as  a  t o n e r   l o o p   52)  in  t h e  

t o n e r   h o p p e r   32.  The  t o n e r   l o o p   52  i s   c r e a t e d   by  t h e  

r o t a t i o n   of  the   d e v e l o p i n g   r o l l e r   36  and  the   d o c t o r  

b l a d e   41.  The  m a g e n t i c   t o n e r   40  in  t h e   t o n e r   h o p p e r   32  

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

37  by  the   m a g n e t   r o l l e r   38  of  t he   d e v e l o p i n g   r o l l e r   3 6 ,  

and  is   c a r r i e d   t o w a r d   t he   d o c t o r   b l a d e   41  as  the   s l e e v e  

37  and  the   m a g n e t   r o l l e r   38  r o t a t e .   S i n c e   t h e r e   is   t h e  

n a r r o w   s e c o n d   gap  G2  b e t w e e n   the   d o c t o r   b l a d e   41  and  t h e  

s l e e v e   37,  t h a t   p a r t   of  t he   c a r r i e d   m a g n e t i c   t o n e r   40 

n e a r   the   s u r f a c e   of  t h e   s l e e v e   37  is  c a r r i e d   to  t he   s i d e  

of  t he   p h o t o s e n s i t i v e   drum  14,  p a s s i n g   t h r o u g h   t h e  

s e c o n d   gap  G2.  H o w e v e r ,   t he   r e m a i n i n g   p a r t   of  t h e  

m a g n e t i c   t o n e r   40  is   s e p a r a t e d   f rom  t he   s l e e v e   37  u n d e r  

t h e   d o c t o r   b l a d e   41,  as  shown  in  F i g .   4,  and  t h e n   d r o p s  

by  i t s   o w n . w e i g h t .   The  d r o p p e d   t o n e r   40  is   a t t r a c t e d  

a g a i n   to  the   s u r f a c e   of  t he   s l e e v e   37  by  the   m a g n e r  
r o l l e r   38,  and  is  c a r r i e d   in  the   a f o r e s a i d   m a n n e r .  

R e p e a t i n g   t h i s   a c t i o n ,   t he   m a g n e t i c   t o n e r   40  in  t h e  

t o n e r   h o p p e r   32  is   g r a d u a l l y   c o n s u m e d   in  d e v e l o p i n g .  

In  the   o n e - c o m p o n e n t   d e v e l o p m e n t   s y t e m   u s i n g   t h e  

m a g n e t i c   t o n e r   40,  a  key  to  s a t i s f a c t o r y   c o p y i n g   p e r f o r -  

mance   or  good  p i c t u r e   q u a l i t y   is  to  form  a  u n i f o r m   t o n e r  

l a y e r   on  the   s u r f a c e   of  t he   s l e e v e   3 7 .  

A c c o r d i n g   to  one  e m b o d i m e n t ,   t h e r e f o r e ,   the   t i p   o f  

t h e   d o c t o r   b l a d e   41  is   s l a n t e d   so  t h a t   0°  <  a  <  9 0 °  

w h e r e   a  is  an  a n g l e   f o r m e d   b e t w e e n   the   b o t t o m   end  f a c e  

of   the   d o c t o r   b l a d e   41  f o r m i n g   the   t i p   or  edge  t h e r e o f  

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

d e v e l o p i n g   r o l l e r   36  a t   t he   i n t e r s e c t i o n   of  the   c i r c u m -  

f e r e n c e   and  the   e x t e n s i o n   of  the   b o t t o m   end  f a c e   of  t h e  

d o c t o r   b l a d e   41,  as  shown  in  d e t a i l   in  F i g .   5 .  

T h u s ,   w i t h   the   a n g l e   a  of  the   b o t t o m   end  f a c e   o f  

t h e   d o c t o r   b l a d e   41  s e t   in  t h i s   m a n n e r ,   the   f low  of  t h e  



m a g n e t i c   t o n e r   40  n e a r   t he   l o w e r   end  of  t he   d o c t o r   b l a d e  

41  b e c o m e s   s m o o t h ,   and  d u s t   or  p a p e r   d u s t   c a u g h t   in  t h e  

d e v e l o p i n g   d e v i c e   18  is   c a r r i e d   away  t o g e t h e r   w i t h   t h e  

m a g n e t i c   t o n e r   40  w i t h o u t   s t a g n a t i n g   b e t w e e n   t h e   d o c t o r  

b l a d e   41  and  the   s l e e v e   37.  A l s o ,   the   m a g n e t i c   t o n e r   40  

i s   p r e v e n t e d   f rom  e l e c t r o s t a t i c a l l y   s t i c k i n g   to  t h e   s u r -  
f a c e   of  t h e   d o c t o r   b l a d e   41  by  i t s   own  c o n v e y i n g   f o r c e .  

A c c o r d i n g l y ,   t he   q u a n t i t y   of  m a g n e t i c   t o n e r   40  w i l l  

n e v e r   be  r e d u c e d   by  s t i c k i n g   to  the   l o w e r   end  of  t h e  

d o c t o r   b l a d e   41,  t h e r e b y   p r o v i d i n g   a  s a t i s f a c t o r y   c o p y  

image   w i t h o u t   u n e v e n n e s s   in  d e n s i t y .  

A c c o r d i n g   to  one  e m b o d i m e n t ,   m o r e o v e r ,   t h a t   edge   o f  

t he   b o t t o m   end  f a c e   of  t he   d o c t o r   b l a d e   41  n e a r e r   to  t h e  

d e v e l o p i n g  r o l l e r   36  f a c e s   t he   c i r c u m f e r e n c e   of  t h e  

d e v e l o p i n g   r o l l e r   36  in  a  m a n n e r   such  t h a t   30°  <  β  <  9 0 °  

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

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

r o l l e r   36  and  a  s t r a i g h t   l i n e   c o n n e c t i n g   the   c e n t r a l  

a x i s   and  t he   n e a r e r   edge   of  the   b o t t o m   end  f a c e   of  t h e  

d o c t o r   b l a d e   41,  as  shown  in  F i g .   6.  A l s o ,   t h a t   edge   o f  

t h e   b o t t o m   end  f a c e   of  t he   d o c t o r   b l a d e   41  f a r t h e r   f r o m  

t h e   d e v e l o p i n g   r o l l e r   36  is   l o c a t e d   so  t h a t   l  @  r  w h e r e  

r  is   the   r a d i u s   of  t he   d e v e l o p i n g   r o l l e r   36,  and &  i s  

t he   h o r i z o n t a l   d i s t a n c e   b e t w e e n   the   c e n t r a l   a x i s   of  t h e  

d e v e l o p i n g   r o l l e r   36  and  t h a t   f a r t h e r   edge   of  t he   b o t t o m  

end  f a c e   of  the   d o c t o r   b l a d e   4 1 .  

Shown  in  F i g .   11,  u n d e r   the   c o n d i t i o n   g i v e n  b y  
30°  <  6  <  90° ,   the   t o n e r   l o o p   52  d e s c r i b e d   w i t h   r e f e r e n c e  

to  F i g .   4  is   r e d u c e d   and  the   l o a d i n g   t o r q u e   of  t h e  

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

w e i g h t   of  the   t o n e r   r e c e i v e d   in  the   t o n e r   h o p p e r   32  

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

(1)  U n c h a r g e d   t o n e r   40  is   p r e v e n t e d   f rom  b e i n g  

e a s i l y   s u p p l i e d   to  the   s l e e v e   37,  so  t h a t   f o g g i n g   i s  

r e d u c e d .  

(2)  S t r e s s   on  the   m a g e n t i c   t o n e r   40  can  be  r e d u c e d ,  

so  t h a t   t he   m a g n e t i c   t o n e r   40  can  be  p r e v e n t e d   f r o m  



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

t h e   m a g n e t i c   p o w d e r   e x p o s e d   on  t he   s u r f a c e   of  the   t o n e r  

l a y e r   42  can  be  p r e v e n t e d   f rom  i n c r e a s i n g .   T h u s ,   t h e  

s u r f a c e   of  t h e   p h o t o s e n s i t i v e   drum  14  w i l l   no t   be  d a m a g e d .  

(3)  The  m a g e n t i c   t o n e r   can  be  u n i f o r m l y   c h a r g e d  

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

a r r i v a l   of  t h e   m a g n e t i c   t o n e r   40  a t   t he   p h o t o s e n s i t i v e  

drum  14  a f t e r   t he   p a s s a g e   of  t he   d o c t o r   b l a d e   41.  A l s o ,  

t h e   b r u s h   of  t h e   m a g n e t i c   t o n e r   40  is   made  f l e x i b l e  

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

(4)  The  d r i v i n g   t o r q u e   of  t he   m a g n e t   r o l l e r   38  i s  

r e d u c e d .  

From  t he   c o n d i t i o n   I  t   r ,   m o r e o v e r ,   we  o b t a i n   t h e  

f o l l o w i n g   e f f e c t s .  

(1)  The  w e i g h t   of  t he   m a g n e t i c   t o n e r   40  in  t h e  

t o n e r   h o p p e r   32  has   l i t t l e   d i r e c t   e f f e c t   on  t h a t   p o r t i o n  

of  t he   o u t e r   p e r i p h e r a l   s u r f a c e   of  t he   s l e e v e   37  w h i c h  

i s   l o c a t e d   u n d e r   t he   d o c t o r   b l a d e   41,  so  no  i n f l u e n c e   i s  

e x e r t e d   on  t he   a m o u n t   of  t he   m a g n e t i c   t o n e r   40  p a s s i n g  

t h r o u g h   the   d o c t o r   b l a d e   41.  T h u s ,   t he   copy  d e n s i t y  

w i l l   n e v e r   be  c h a n g e d   even   i f   t he   a m o u n t   of  the   m a g n e t i c  

t o n e r   -40  in  t h e   t o n e r   h o p p e r   32  c h a n g e s .  

(2)  S i n c e   the   w e i g h t   of  t he   m a g n e t i c   t o n e r   40  i n  

t h e   t o n e r   h o p p e r   32  has   l i t t l e   d i r e c t   e f f e c t   on  t h a t  

p o r t i o n   of  t he   o u t e r   p e r i p h e r a l   s u r f a c e   of  the   s l e e v e   37  

w h i c h   i s   l o c a t e d   u n d e r   t he   d o c t o r   b l a d e   41,  the   m a g n e t i c  

t o n e r   40  w i l l   n e v e r   s t a g n a t e   a t   t h a t   p o r t i o n .  

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

f a c e   41a  s u b s t a n t i a l l y   p a r a l l e l   to   t he   s u r f a c e   of  t h e  

d e v e l o p i n g   r o l l e r   3 6  i s   f o r m e d   on  t h a t   edge  p o r t i o n   o f  

t h e   d o c t o r   b l a d e   41  w h i c h   is   l o c a t e d   n e a r e s t   to  t h e  

d e v e l o p i n g   r o l l e r   36,  as  shown  in  F i g s .   7A  and  7B.  

The  d o c t o r   b l a d e   41  is   f o r m e d   f rom  a  m e t a l   p l a t e ,  

s u c h   as  an  i r o n   or  s t a i n l e s s - s t e e l   p l a t e .   U s u a l l y ,  

m e t a l   p l a t e s   have   a  d e g r e e   of  w a r p .   If   the   d o c t o r   b l a d e  

41  is  w a r p e d ,   h o w e v e r ,   t he   w i d t h   of  the   s e c o n d   gap  G2 

w i l l   v a r y   c a u s i n g   d e f e c t i v e   copy  i m a g e s .  



T h e r e u p o n ,   the   f o r m a t i o n   of  the   f l a t   s u r f a c e   4 1 a  

( c u t   p o r t i o n )   on  the   b o t t o m   edge   of  t he   d o c t o r   b l a d e   4 1  

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

of   i m a g e s   o b t a i n e d .  

R e f e r r i n g   now  to  F i g s .   7A  and  7B,  t he   r e l a t i o n s h i p s  

b e t w e e n   the   d o c t o r   b l a d e   41  and  the   d e v e l o p i n g   r o l l e r   36 

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

F i g .   7A  is  a  s i d e   v iew  of  t he   d o c t o r   b l a d e   41,  a n d  

F i g .   7B  is   a  b o t t o m   v iew  of  the   d o c t o r   b l a d e   41  t a k e n   i n  

the   d i r e c t i o n   of  a r r o w   E  of  F i g .   7A.  The  d o c t o r   b l a d e  

41  has   a  warp   such   t h a t   b o t h   end  p o r t i o n s   of  t h e   d o c t o r  

b l a d e   41  on  one  s i d e   t h e r e o f   l i e   on  an  i m a g i n a r y   l i n e   v ,  
w h i l e   t h e   c e n t r a l   p o r t i o n   l i e s   on  an  i m a g i n a r y   l i n e   w ,  

as  shown  in  F i g .   7B.  On  t he   o t h e r   s i d e   of  t h e   d o c t o r  

b l a d e   41,  b o t h   end  p o r t i o n s   of  the   d o c t o r   b l a d e   41  l i e  

on  an  i m a g i n a r y   l i n e   y,  and  the   c e n t r a l   p o r t i o n   on  a n  

i m a g i n a r y   l i n e   z.  As  a  r e s u l t ,   the   w i d t h   of  t he   g a p  
b e t w e e n   the   d o c t o r   b l a d e   41  and  the   d e v e l o p i n g   r o l l e r   36 

v a r i e s   f rom  a  v a l u e   42a  to  a  v a l u e   42b.   If   one  s i d e  

edge   of  the   w a r p e d   d o c t o r   b l a d e   41  is   c u t   to  fo rm  t h e  

f l a t   s u r f a c e   41a  t h e r e o n ,   the   l o w e r   or  i n n e r   edge   of  t h e  

c u t   p o r t i o n   fo rms   a  s t r a i g h t   l i n e   x.  T h u s ,   t h e   g a p  
b e t w e e n   the   d o c t o r   b l a d e   41  and  the   d e v e l o p i n g   r o l l e r   36 

can   have   a  f i x e d   w i d t h   42c .   N a m e l y ,   t he   f o r m a t i o n   o f  

t h e   f l a t   s u r f a c e   41a  ( c u t   p o r t i o n )   on  t he   one  s i d e   e d g e  

of  t he   d o c t o r   b l a d e   41  makes   the   gap  b e t w e e n   t he   d o c t o r  

b l a d e   41  and  the   d e v e l o p i n g   r o l l e r   36  l e s s   s u s c e p t i b l e  

to   t he   i n f l u e n c e   of  the   w a r p .  

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

m a n n e r ,   e x p e r i m e n t s   were   c o n d u c t e d   on  v a r i o u s   t o n e r s  

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

of  t he   t o n e r   on  the   s l e e v e   37  was  m e a s u r e d   u n d e r   t h e  

f o l l o w i n g   c o n d i t i o n s .  

S l e e v e   m a t e r i a l :   s t a i n l e s s   s t e e l .  

S l e e v e   d i a m e t e r :   31 <)). 

S l e e v e   s p e e d :   0  r p m .  

M a g n e t   s p e e d :   300  r p m .  



Number   of  m a g n e t   p o l e s :   1 0 .  

M a g n e t i c   f o r c e   of  m a g n e t :   750  G. 

S p e c i m e n   w e i g h t :   2  g .  
U n d e r   t h e s e   c o n d i t i o n s ,   the   s u r f a c e   p o t e n t i a l   o f  

e a c h   t o n e r   40  was  m e a s u r e d   by  means  of  a  s u r f a c e  

p o t e n t i a l   m e t e r   one  m i n u t e   a f t e r   t he   t o n e r   40  w a s  

c a r r i e d   o n t o   t he   s l e e v e   3 7 .  

( E x m a p l e   1 )  

A  t o n e r   40  was  p r e p a r e d   by  m i x i n g   2  %  c a r b o n   b l a c k ,  

60 %  m a g n e t i c   p o w d e r   (EPF  1 , 0 0 0   f rom  Toda  Kogyo,   C o . ) ,  

and  0 .4   %  h y d r o p h o b i c   s i l i c a   (R-972   f rom  N i p p o n   A e r o s i l ,  

C o . )   by  w e i g h t   in  s t y r e n e - a c r y l i c   c o p o l y m e r ,   a n d  

c r u s h i n g   and  p o l a r i z i n g   the   r e s u l t a n t   m i x t u r e .   T h e  

s u r f a c e   p o t e n t i a l   Vt  of  t h i e   t o n e r   40  was  m e a s u r e d  

u n d e r   the   a f o r e s a i d   c o n d i t i o n s .   The  r e s u l t   w a s  

Vt  =  -70  v o l t s .  

D e v e l o p m e n t   was  p e r f o r m e d   on  the   d e v e l o p i n g   d e v i c e   u s i n g  

t h i s   t o n e r   40  and  t h e   p h o t o s e n s i t i v e   drum  14  of  s e l e n i u m  

c h a r g e d   f o r   p o s i t i v e   p o l a r i t y .   As  a  r e s u l t ,   the   i m a g e  

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

w e r e   made .   The  image   q u a l i t y   was  h i g h   and  s t a b l e  

w i t h o u t   i n v o l v i n g   b a c k g r o u n d   ( f o g g i n g )   or   t r a i l i n g .  

M o r e o v e r ,   t he   t o n e r   40  c o u l d   be  s a t i s f a c t o r i l y   t r a n s -  

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

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

t o n e r   40  b a s e d   on  t h e   f r i c t i o n a l   c h a r g i n g   or  c o n t a c t  

c h a r g i n g   b e t w e e n   t he   t o n e r   40  and  t he   s l e e v e   37  a n d  

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

b e t w e e n   t he   t o n e r   40  and  the   s l e e v e   37,  b e t w e e n   t h e  

t o n e r   p a r t i c l e s ,   and  w i t h i n   the   t o n e r   40,  so  t h a t   t h e  

t o n e r   40  u sed   in  t he   d e v e l o p m e n t   was  c h a r g e d   u n i f o r m l y .  

( C o m p a r a t i v e   E x a m p l e   1 )  

A  t o n e r   40  s i m i l a r   to  t he   one  u s e d   in  Example   1  w a s  

p r e p a r e d   u n d e r   t he   same  c o n d i t i o n s   e x c e p t   the   use  o f  

4  %  c a r b o n   by  w e i g h t   in  t he   m i x t u r e   and  a d d i t i o n   o f  

1 . 0   %  c h a r g i n g   c o n t r o l l i n g   a g e n t .   The  e l e c t r i c a l  

c h a r a c t e r i s t i c s   of  t h i s   t o n e r   40  w e r e  



Vt  =  -20  v o l t s .  

When  d e v e l o p m e n t   was  c o n d u c t e d   w i t h   use  of  t h i s   t o n e r  

40  on  the   same  d e v e l o p i n g   d e v i c e   used   in  E x a m p l e   1 ,  

b a c k g r o u n d   ( f o g g i n g )   was  i n c r e a s e d   d u r i n g   c o n t i n u o u s  

c o p y i n g   o p e r a t i o n .   The  t r a n s f e r   e f f i c i e n c y   was  l o w e r e d  

u n d e r   a  h i g h - h u m i d i t y   c o n d i t i o n .   The  b a c k g r o u n   ( f o g g i n g )  

was  i n c r e a s e d   p r o b a b l y   b e c a u s e   p a r t   of  t h e   t o n e r   40  w a s  

c h a r g e d   f o r   the   o p p o s i t e   p o l a r i t y   due  to  t he   f r i c t i o n a l  

c h a r g i n g   b e t w e e n   the   p h o t o s e n s i t i v e   drum  14  and  t h e  

t o n e r   40  or  p o l a r i z a t i o n   b e t w e e n   the   t o n e r   p a r t i c l e s .  

The  l o w e r i n g   of  t he   t r a n s f e r   e f f i c i e n c y   u n d e r   the   h i g h -  

h u m i d i t y   c o n d i t i o n   cna  be  a t t r i b u t e d   to  r e d u c t i o n   of  t h e  

c h a r g e   h o l d i n g   c a p a b i l i t y   of  t he   t o n e r   4 0 .  

( C o m p a r a t i v e   E x a m p l e   2 )  

A  t o n e r   40  s i m i l a r   to  the   one  u sed   in  Example   1  w a s  

p r e p a r e d   u n d e r   t he   same  c o n d i t i o n s   e x c e p t   t he   e x c l u s i o n  

of   c a r b o n   f rom  t he   c o m p o s i t i o n .   The  e l e c t r i c a l   c h a r a c -  

t e r i s t i c   of  t h i s   t o n e r   40  w a s  

Vt  =  -90  v o l t s .  

When  d e v e l o p m e n t   was  c o n d u c t e d   w i t h   use   of  t h i s   t o n e r   40 

on  the   same  d e v e l o p i n g   d e v i c e   used   in  Examle   1,  b a c k -  

g r o u n d   ( f o g g i n g )   was  c a u s e d   in  the   i n i t i a l   s t a g e ,   a n d  

t h e   image  d e n s i t y   was  l o w e r e d   by  c o n t i n u o u s   c o p y i n g .  

A l s o ,   t he   image  o b t a i n e d   was  s u b j e c t   to  t r a i l i n g   a n d  

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

p r o b a b l y   b e c a u s e   an  u n c h a r g e d   p o r t i o n   of  the   t o n e r   40 

was  a p p l i e d   to  l o w - p o t e n t i a l   p o r t i o n s   or  g r o u n d   p o r t i o n s  

of   the   l a t e n t   image  and  e d g e - e f f e c t   r e g i o n s   a t   the   r e a r  

e n d s   of  s o l i d   p o r t i o n s .   The  c o n t i n u o u s   c o p y i n g   l o w e r e d  

t h e   image  d e n s i t y   p r e s u m a b l y   b e c a u s e   the   t o n e r   40,  o n c e  

c h a r g e d ,   e x h i b i t e d   too  h i g h   r e s i s t i v i t y   to  be  r e a d i l y  

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

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

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

s l e e v e   37  to  i n c r e a s e   u n e v e n l y   c h a r g e d   t o n e r .  

The  v o i d s   ( w h i t e   s t r i p e s   in  b l a c k   s o l i d   p o r t i o n s )  

we re   p r o d u c e d   b e c a u s e   the   t o n e r   f r i c t i o n a l l y   c h a r g e d   t o  



a  h i g h   d e g r e e   by  the  d o c t o r   b l a d e   41  s t u c k   to  t he   d o c t o r  

b l a d e   41  and  b u i l t   up  to  v a r y   the   gap  b e t w e e n   the   d o c t o r  

b l a d e   41  and  the   s l e e v e   37,  t h e r e b y   m a k i n g   the   t h i c k n e s s  

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

F i g .   8  shows  the  r e l a t i o n s h i p   b e t w e e n   the   w e i g h t  

of   t o n e r   and  image  d e n s i t y   and  b e t w e e n   t h e   w e i g h t   a n d  

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

of   E x a m p l e   1  and  c o m p a r a t i v e   E x a m p l e   2  u s e d   in  t h e  

d e v e l o p i n g   d e v i c e .   As  s e e n   f rom  F i g .   8,  b o t h   t he   i m a g e  

d e n s i t y   and  s u r f a c e   p o t e n t i a l   f o r   the   t o n e r   of  E x a m p l e   1 

a r e   s t a b l e   a g a i n s t   t he   c h a n g e   of  t o n e r   w e i g h t .  

F i g s .   9  and  10  show  s e v e r a l   r e l a t i o n s h i p s   o b t a i n e d  

f r o m   t he   r e s u l t s   of  t he   e x p e r i m e n t s   of  E x a m p l e   1  a n d  

C o m p a r a t i v e   E x a m p l e s   1  and  2  u s i n g   the   p h o t o s e n s i t i v e  

drum  of  p o s i t i v e   p o l a r i t y .   As  s e e n   f rom  F i g .   9,  i f   t h e  

s u r f a c e   p o t e n t i a l   of  t he   t o n e r   r e a c h e s   -20   v o l t s   o r  

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

s e e n   f rom  F i g .   10,  i f   t he   s u r f a c e   p o t e n t i a l   is  l o w e r e d  

to  -90  v o l t s   or  l e s s ,   t he   image  d e n s i t y   s t a r t s   t o  

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

d e g r e e   when  t h e   s u r f a c e   p o t e n t i a l   is  -90  v o l t s   or  m o r e .  

As  a  r e s u l t ,   t he   p r o p r   r a n g e   f o r   t he   s u r f a c e   p o t e n t i a l  

Vt  of  t h e   t o n e r   may  be  g i v e n   -20  v o l t s   >  Vt  >  -90  v o l t s .  

A l t h o u g h   the   e l e c t r o s t a t i c   l a t e n t   image  c a r r i e r  

a c c o r d i n g   to  t he   a f o r m e n t i o n e d   e m b o d i m e n t   has   b e e n  

d e s c r i b e d   as  b e i n g   of  p o s i t i v e   p o l a r i t y ,   i t   is  to  b e  

u n d e r s t o o d   t h a t   the   p r e s e n t   i n v e n t i o n   may  a l s o   b e  

a p p l i e d   to   t he   c a s e   of  a  l a t e n t   image  c a r r i e r   o f  

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

The  d e v e l o p i n g   m e t h o d   of  t he   i n v e n t i o n   may  s u i t a b l e  

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

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

o t h e r   c o n v e n t i o n a l   m e t h o d s ,   as  w e l l   as  t he   e l e c t r o -  

p h o t o g r a p h y .   M o r e o v e r ,   t he   m e t h o d   of  t he   i n v e n t i o n  

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

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

m a g n e t i c   t o n e r .  



The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  the  one  e m b o d i -  

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

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

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

m o d i f i c a t i o n s   may  be  e f f e c t e d   in  t he   p r e s e n t   i n v e n t i o n  

by  one  s k i l l e d   in  t he   a r t   w i t h o u t   d e p a r t i n g   f rom  t h e  

s c o p e   or  s p i r i t   of  t he   i n v e n t i o n .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   as  d e s c r i b e d   i n  

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

f e r r e d   to  p l a i n   p a p e r   can  be  o b t a i n e d   by  the   use  of  a n  

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

p o t e n t i a l   Vt  on  d e v e l o p i n g   a g e n t   s u p p l y i n g   means   h a s  

p o l a r i t y   o p p o s i t e   to   t h a t   of  c h a r g e s   on  an  e l e c t r o -  

s t a t i c   l a t e n t   image   and  an  a b s o l u t e   v a l u e   g r e a t e r   t h a n  

20  ( v o l t s )   and  s m a l l e r   t h a n   90  ( v o l t s ) .  

A c c o r d i n g   to   t he   i n v e n t i o n ,   m o r e o v e r ,   t he   d e v e l -  

o p i n g   a g e n t   is  f r i c t i o n a l l y   c h a r g e d   on  d e v e l o p i n g   a g e n t  

s u p p l y i n g   m e a n s ,   and  f u r t h e r   c h a r g e d   in  an  e l e c t r i c  

f i e l d   g e n e r a t e d   by  the   p o t e n t i a l   of  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 .   D u r i n g   c o n t i n u o u s   c o p y i n g   o p e r a t i o n ,  

c h a r g i n g   and  d i s c h a r g e   of  t he   d e v e l o p i n g   a g e n t   a re   p e r -  
f o r m e d   in  b a l a n c e d   r e l a t i o n ,   so  t h a t   a  u n i f o r m l y   c h a r g e d  

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

t h e   d e v e l o p i n g   a g e n t   n e v e r   b l o c k s   on  the   d e v e l o p i n g  

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

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

F u r t h e r m o r e ,   b e t t e r   and  more  s t a b l e   i m a g e s   may  b e  

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

t h e   t i p   end  of  t he   d e v e l o p i n g   a g e n t   r e g u l a t o r .  



1.  A  d e v e l o p i n g   m e t h o d   c o m p r i s i n g   s t e p s   o f  

o p p o s i n g   d e v e l o p i n g   a g e n t   s u p p l y i n g   means   (36)   f o r  

s u p p l y i n g   a  d e v e l o p i n g   a g e n t   (40)   to  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 - f o r m i n g   s u r f a c e   of  an  image  c a r r i e r   ( 1 4 ) ;  

a p p l y i n g   the   c h a r g e d   d e v e l o p i n g   a g e n t   (40)   to  t he   s u r -  

f a c e   of  the   d e v e l o p i n g   a g e n t   s u p p l y i n g   means   ( 3 6 ) ;   a n d  

o p p o s i n g   the  d e v e l o p i n g   a g e n t   (40)   on  t he   d e v e l o p i n g  

a g e n t   s u p p l y i n g   means   (36)   to  the   e l e c t r o s t a t i c   l a t e n t  

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

image   f o r m e d   on  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 - f o r m i n g  

s u r f a c e   as  t he   d e v e l o p i n g   a g e n t   s u p p l y i n g   means   ( 3 6 )  

m o v e s ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   d e v e l o p i n g   a g e n t   ( 4 0 )  

c o n s i s t s   of  an  e l e c t r i c a l l y   i n s u l a t i n g   d e v e l o p i n g   a g e n t  
whose   s u r f a c e   p o t e n t i a l   (Vt)   on  the   d e v e l o p i n g   a g e n t  

s u p p l y i n g   means   (36)   has   p o l a r i t y   o p p o s i t e   to  t h a t   o f  

c h a r g e s   on  the   e l e c t r o s t a t i c   l a t e n t   image  and  an  a b s o l u t e  

v a l u e   g r e a t e r   t h a n   20  ( v o l t s )   and  s m a l l e r   t h a n   90  ( v o l t s ) .  

2.  The  d e v e l o p i n g   m e t h o d   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   e l e c t r i c a l l y   i n s u l a t i n g  

d e v e l o p i n g   a g e n t   is   a  m a g e n t i c   d e v e l o p i n g   a g e n t .  

3.  A  d e v e l o p i n g   d e v i c e   (18)  w h i c h   d e v e l o p s   a n  

e l e c t r o s t a t i c   l a t e n t   image   f o r m e d   on  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 - f o r m i n g   s u r f a c e   of  an  image  c a r r i e r   (14)   b y  

a  d e v e l o p i n g   a g e n t   ( 4 0 ) ,   c o m p r i s i n g :  

d e v e l o p i n g   a g e n t   s u p p l y i n g   means   (36)   r o t a t a b l y  

f a c i n g   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 - f o r m i n g   s u r f a c e  

and  a d a p t e d   to  r o t a t e   w i t h   the   d e v e l o p i n g   a g e n t   ( 4 0 )  

t h e r e o n   f o r m i n g   a  d e v e l o p i n g   a g e n t   l a y e r   ( 4 2 ) ,   s u c h  

t h a t   the   d e v e l o p i n g   a g e n t   (40)   is  t r a n s f e r r e d   to  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 - f o r m i n g   s u r f a c e   to  d e v e l o p  

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 ;   a n d  

a  r e g u l a t i n g   member  (41)   s p a c e d   f rom  the   d e v e l o p i n g  

a g e n t   s u p p l y i n g   means   ( 3 6 ) ,   f o r   r e g u l a t i n g   the   t h i c k n e s s  

of   the   d e v e l o p i n g   a g e n t   l a y e r   (42)   f o r m e d   on  t h e  



d e v e l o p i n g   a g e n t   s u p p l y i n g   means   ( 3 6 ) ,  

c h a r a c t e r i z e d   in  t h a t  

s a i d   d e v e l o p i n g   a g e n t   (40)   c o n s i s t s   of  an  e l e c -  

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

p o t e n t i a l   (Vt)   on  the   d e v e l o p i n g   a g e n t   s u p p l y i n g   m e a n s  

(36)   has   p o l a r i t y   o p p o s i t e   to  t h a t   of  c h a r g e s   on  t h e  

e l e c t r o s t a t i c   l a t e n t   image   and  an  a b s o l u t e  v a l u e   g r e a t e r  

t h a n   20  ( v o l t s )   and  s m a l l e r   t h a n   90  ( v o l t s ) .  

4.  The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  c l a i m   3 ,  

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

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

and  s a i d   r e g u l a t i n g   member   i n c l u d e s  a   t i p ' p o r t i o n   f a c i n g  

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

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

t he   t i p   p o r t i o n ,   w h i c h ,   in  c o n j u n c t i o n   w i t h   t he   d e v e l -  

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

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

to   the   mov ing   d i r e c t i o n   of  t he   d e v e l o p i n g   a g e n t  

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

f i r s t   s u r f a c e   and  c o n t a i n i n g   the   i n t e r s e c t i o n   of  t h e  

f i r s t   s u r f a c e   and  the   e x t e n s i o n   of  the   s e c o n d   s u r f a c e ,  

i s   s e t   w i t h i n   a  r a n g e   O.  <   a  <  9 0 ° .  

5.  The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  c l a i m   4 ,  

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

means   has   a  c e n t r a l   a x i s   p a r a l l e l   to  t h a t   of  t he   i m a g e  

c a r r i e r .  

6.  The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  c l a i m   3 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   r e g u l a t i n g   member  has   a  

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

on  t h a t   edge   t h e r e o f   w h i c h   is  l o c a t e d   n e a r e s t   to  t h e  

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

7.  The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  c l a i m   6 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   f o u r t h   s u r f a c e   is  f o r m e d   of  a  

f l a t   s u r f a c e .  

8.  The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  c l a i m   3 ,  

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

means   is   s u b s t a n t i a l l y   c y l i n d r i c a l .  



9.  The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  c l a i m   8 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   r e g u l a t i n g   member  is  l o c a t e d  

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

m e a n s   to   t he   image   c a r r i e r   so  t h a t   an  a n g l e   β  f o r m e d  

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

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

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

t h e   r e g u a l t i n g   member  w h i c h   is   l o c a t e d   c l o s e   to  t h e  

d e v e l o p i n g   a g e n t   s u p p l y i n g   m e a n s ,   is  s e t   w i t h i n   a  r a n g e  
30°  <  β  <  9 0 ° .  

10.   The  d e v e l o p i n g   d e v i c e   a c c o r d i n g   to  c l a i m   9 ,  

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

m e a n s   i s   in  t h e   form  of  a  c y l i n d e r   h a v i n g   a  r a d i u s   r ,  
and  s a i d   r e g u l a t i n g   member  e x t e n d s   a l o n g   a  v e r t i c a l   a x i s  

so  t h a t   t h e   h o r i z o n t a l   d i s t a n c e   1  b e t w e e n   the   c e n t r a l  

a x i s   of  t he   d e v e l o p i n g   a g e n t   s u p p l y i n g   means   and  t h a t  

e d g e   of  t h e   l o w e r   end  p o r t i o n   of  t he   r e g u l a t i n g   m e m b e r  

w h i c h   i s   l o c a t e d   f a r t h e s t   f rom  t he   image   c a r r i e r   i s  

g i v e n   b y  l  @   r .  
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