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©  Electrophotographic  copier. 

The  photocopier  uses  a  magnetic  brush  unit  (32) 
develop  the  image  on  a  photoconductive  drum  (26). 
developed  image  is  transferred  to  a  sheet  of  paper  (39). 
photocopier  employs  a  toner  fixing  system  operating  c 
and  under  pressure  by  means  of  a  pair  of  rollers  (56, 

to  whose  axes  are  slightly  skewed  relative  to  each  other.  The 
rhe  rollers  have  different  diameters  but  rotate  at  the  same 
The  angula  speed  in  order  to  create  slippage  of  the  upper  roller 
old  relativ  to  the  lower  roller  for  the  purpose  of  obtaining 
58)  perfecry  flat  copies  in  spite  of  the  skew  of  the  rollers. 



This  i n v e n t i o n   r e l a t e s   to  an  e l e c t r o p h o t o g r a p h i c   c o p i e r  

compr i s ing   means  for  deve lop ing   a  l a t e n t   image  of  an  o r i g i n a l   t o  

be  r ep roduced   and  formed  on  a  pho toconduc to r   e lement ,   means  f o r  

t r a n s f e r r i n g   the  developed  image  on  to  a  shee t   of  paper ,   and  a  

p a i r   of  opposing  r o l l e r s   for  the  c o l d - f i x i n g   of  the  image 

t r a n s f e r r e d   on  to  the  paper  shee t ,   by  the  a c t i o n   of  the  p r e s s u r e  

between  the  r o l l e r s ,   and  in  which  the  r o l l e r s   have  t h e i r   axes  

i n c l i n e d   to  each  o ther   and  at  l e a s t   one  r o l l e r   has  a  rough  

s u r f a c e .  

I t   is  known  to  use  r o l l e r s   p ressed   one  a g a i n s t   the  o t h e r  

which  have  t h e i r   axes  i n c l i n e d   at  a  small  angle  to  each  other   i n  

o rder   to  compensate  for  the  ax ia l   d e f o r m a t i o n   due  to  the  a p p l i e d  

load.   The  i n c l i n a t i o n   of  the  axes  leads  to  de fo rma t ion   of  t h e  

copying  shee t s   by  t w i s t i n g .  

The  o b j e c t   of  the  i nven t ion   is  to  p rov ide   a  copier   which 

o b v i a t e s   t h i s   drawback.  The  i nven t ion   is  c h a r a c t e r i s e d   in  t h e  

manner  se t   f o r th   in  claim  1  be low.  

The  i n v e n t i o n   w i l l   te  de sc r ibed   in  more  d e t a i l ,   by  way  o f  

example,  with  r e f e r e n c e   tc  the  accompanying  d rawings ,   in  which:  

F igure   1  is  a  d iagrammatic   s ec t ion   through  a  c o p i e r  

embodying  the  i n v e n t i o n ;  

Figure   2  is  a  c r o s s - s e c t i o n   through  the  f i x i n g   r o l l e r s  

of  F igure   1;  and  

Figure   3  shows  the  Lub r i ca t i on   device   for  the  r o l l e r s   o f  

F igure   2  to  an  en l a rged   s c a l e .  

In  F igure   1  a  c a r r i a g e   12  is  mounted  on  the  top  of  c o p i e r  

ca s ing   10  and  can  move  in  the  two  d i r e c t i o n s   14,  to  convey  an 

o r i g i n a l   16  d i sposed   on  a  t r a n s p a r e n t   p l a t e   18  f ixed   to  t h e  

c a r r i a g e   12.  The  o r i g i n a l   16  is  i l l u m i n a t e d   by  a  lamp  20  in  o r d e r  

to  r e f l e c t   the  image  to  be  reproduced  along  an  o p t i c a l   path  22 

on  to  a  p h o t o c o n d u c t o r   24  wrapped  round  a  r o t a t a b l e   drum  26.  The 

drum  26  r o t a t e s   in  a  c lockwise  d i r e c t i o n   in  o rder   to  move  t h e  

p h o t o c o n d u c t o r   24  s u c c e s s i v e l y   into  an  e l e c t r o s t a t i c   c h a r g e  
s t a t i o n   28  fed  by  a  nega t ive   vo l tage   of  the  o rder   of  -7000  V,  i n t o  

an  exposure   zone  30,  into  a  development  zone  32,  into  a  t r a n s f e r  



s t a t i o n   34  fed  by  a  nega t i ve   v o l t a g e   of  about  -7300  V,  and  into  an  

e rasu re   s t a t i o n   36  fed  by  an  a l t e r n a t i n g   vo l t age   of  about  3500  Vac.  

During  a  second  r e v o l u t i o n   of  the  drum  26,  the  r e s i d u a l   t o n e r  

remaining  on  the  pho toconduc to r   24  is  removed  in  the  s t a t i o n   32. 

A  drawer  38  c o n t a i n i n g   copying  sheets   39  is  r emovab ly  

f i t t e d   in to   an  a p e r t u r e   40  s i t u a t e d   in  the  l e f t   hand  s ide  41  o f  

the  c o p i e r .   The  shee t s   39  are  fed  one  at  a  time  by  a  shee t   f e e d i n g  

r o l l e r   42  which  feeds  them  by  way  of  r o l l e r s   44,  46  to  t h e  

t r a n s f e r   s t a t i o n   34.  The  shee t s   39  are  then  conveyed  by  a  b e l t  

conveyor  50  to  a  cold  f i x ing   s t a t i o n   54  c o n s t i t u t e d   by  two 

p r e s s u r e   r o l l e r s   56,  58.  The  s h e e t s   are  fed  from  the  f i x i n g  

s t a t i o n   54  through  an  a p e r t u r e   43  to  a  t r ay   49  f ixed   to  t h e  

l e f t   hand  s ide   41  of  the  copying  m a c h i n e .  

The  deve lopment   s t a t i o n   32  compr ises   a  magnet ic   brush  100 

formed  from  a  r o t a t a b l e   s leeve  102  of  non-magnet ic   m a t e r i a l   such  

as  s t a i n l e s s   s t e e l ,   on  which  the re   is  formed  a  uniform  l aye r   103 

of  toner   fed  by  a  hopper  104.  I n s i d e   the  s l eeve   102  t h e r e  

can  r o t a t e   a  s t e e l   sha f t   on  which  permanent   magnets  108  are  f i x e d  

so  t h a t   they  extend  a x i a l l y   and  p r o j e c t   r a d i a l l y   from  the  s h a f t  

106  nea r l y   to  the  i n s ide   su r face   of  the  s leeve  102.  The  s h a f t  

106  is  r o t a t e d   in  a  c lockwise   d i r e c t i o n   in  Fig  1  while  t h e  

s leeve  102  r o t a t e s   in  an  a n t i c l o c k w i s e   d i r e c t i o n   with  a  

p e r i p h e r a l   speed  between  about  600  and  750  mm/sec.  

Under  the  e f f e c t   of  the  r o t a t i o n   of  the  magnet ic   f i e l d   o f  

the  magnets  108,  the  toner   becomes  d i sposed   on  the  s l eeve   102  i n  

the  form  of  a  l aye r   103  of  uniform  t h i c k n e s s ,   and  s l i d e s   on  t h e  

sleeve  in  an  a n t i c l o c k w i s e   d i r e c t i o n   with  a  p e r i p h e r a l   s p e e d  

g r e a t e r   than  t h a t   of  the  s leeve   102,  namely  about  800  mm/sec .  

The  toner   l a y e r   103  grazes  the  p h o t o c o n d u c t o r   24  in  the  zone  154 

of  minimum  d i s t a n c e   between  the  s l eeve   102  and  drum  26,  in  o r d e r  

to  develop  in  the  normal  manner  the  l a t e n t   image  formed  on  t h e  

p h o t o c o n d u c t o r   24.  

The  f i x i n g   r o l l e r s   56,  58  (Figure   2)  are  r o t a t a b l e   on 

two  p a i r s   of  l e v e r s   72,  74  r e s p e c t i v e l y ,   of  which  only  one  p a i r  

is  shown  in  the  F igure ,   and  are  p r e s s e d   t o g e t h e r   by  sp r ing   means  71 

ac t ing   on  one  end  73  of  the  l e v e r s   72,  74,  which  are  h inged  a t  

t h e i r   o ther   end  on  a  pin  75.  The  s p r i n g s   71  apply  to  the  l e v e r s  

72,  74  a  load  which  is  so  de te rmined   tha t   the  p r e s s u r e   exe r t ed   by 



the  upper  r o l l e r   58  on  the  lower  56  is  s u f f i c i e n t   to  fix  a  t o n e r  

image  d e p o s i t e d   on  the  copying  sheet   39  when  the  copying  s h e e t  

is  made  to  pass  between  the  two  r o l l e r s .   The  r o l l e r s   56,  58 

are  r o t a t e d   in  o p p o s i t e   d i r e c t i o n s   at  the  same  angular   speed  by  

means  of  a  p a i r   of  equal  gear  wheels  157,  159.  

The  lower  r o l l e r   56  is  of  hardened  s t e e l   and  has  a  

s p e c u r l a r l y   p o l i s h e d   r o l l i n g   su r face   56' ,   the  upper  r o l l e r   58  a l s o  

being  of  hardened   s t e e l   but  having  i t s   sur face   58'  s a n d b l a s t e d  

and  chromium  p l a t e d   by  a  p rocedure   known  in  the  a r t   in  order  t o  

p rov ide   copies   having  a  n o n - r e f l e c t i n g   opaque  s u r f a c e .  

The  two  r o l l e r s   56,  58  are  also  so  mounted  tha t   t h e i r  

axes  form  a  small   c o n t a i n e d   angle  of  between  30'  and  2°  in  o r d e r  

to  compensate  for  a x i a l   de fo rma t ion   due  to  the  high  app l i ed   l o a d ,  

and  to  allow  uniform  d i s t r i b u t i o n   of  the  load  along  the  c o n t a c t  

l i n e .  

In  order   to  p r e v e n t   the  copying  sheet   from  leav ing   in  a  

deformed  c o n d i t i o n   due  to  the  i n c l i n a t i o n   of  the  two  r o l l e r s ,  

accord ing   to  the  i n v e n t i o n   the  upper  r o l l e r   58  is  c o n s t r u c t e d  

with  a  d iamete r   s l i g h t l y   g r e a t e r   than  the  d iameter   of  the  l o w e r  

r o l l e r   so  as  to  c r e a t e   a  l i m i t e d   p e r i p h e r a l   s l ippage   of  t h e  

upper  r o l l e r   58  r e l a t i v e   to  the  lower  r o l l e r   56.  In  t h i s   manner ,  
the  upper  f i b r e s   of  the  shee t   39  are  s t r e t c h e d   to  an  e q u a l  

e x t e n t   over  the  e n t i r e   width  of  the  shee t ,   so  tha t   any  t w i s t  

caused  by the  i n c l i n a t i o n   of  the  r o l l e r s   is  n u l l i f i e d .  

The  p e r i p h e r a l   s l i p p a g e   S  is  de f ined   by  the  e q u a t i o n :  

where  Δ ø  is  the  d i f f e r e n c e   between  the  d iameters   of  the  two 

r o l l e r s   and  0i  is  the  d iamete r   of  the  lower  r o l l e r   56.  Optimum 

values   of  S  l i e   between  0.001  and  0.003.   The  bes t   f l a t n e s s   of  t h e  

shee ts   is  o b t a i n e d   where  S  =  0 .0013,   and  with  normal  p a p e r  

having  a  s u b s t a n c e   of  between  60  and  80  g/m2. 

According  to  a  f u r t h e r   c h a r a c t e r i s t i c   of  the  i n v e n t i o n ,  

the  lower  r o l l e r   56  (F igures   2  and  3)  is  l u b r i c a t e d   with  a  s m a l l  

q u a n t i t y   of  s i l i c o n e   o i l ,   which  is  t r a n s f e r r e d   by  con t ac t   t o  

the  upper  r o l l e r   58  during  t h e i r   r o t a t i o n ,   during  these  s t a g e s  

which  precede  the  a r r i v a l   of  a  copying  sheet   to  be  f ixed .   The 

purpose  of  l u b r i c a t i n g   the  f i x ing   r o l l e r   58  is ,   as  is  known,  t o  



to  p reven t   adhes ion   between  i t   and  the  toner  p a r t i c l e s ,   which  would 

soi l   the  copying  shee t s   dur ing  t h e i r   f ix ing   during  the  s u b s e q u e n t  

r e v o l u t i o n s   of  the  r o l l e r   58 .  

The  r o l l e r   56  is  l u b r i c a t e d   by  means  of  a  s t r i p   of  f e l t   160 

(Figure  3)  on  which  is  wound  a  heavy  f ab r i c   162,  for  example  a  

p i l e   f a b r i c   p rov ided   on  one  face  with  a  dense  l ayer   of  f i b r e s   168 

such  as  v e l v e t ,   so  as  to  form  a  s u b s t a n t i a l l y   c y l i n d r i c a l   e l e m e n t  

160,  162  removably  i n s e r t e d   in to   an  a p p r o p r i a t e   seat   164  s u p p o r t e d  

by  a  c ross   member  165  and  having  a  s l o t   166  f ac ing   the  r o l l e r   56 

over  i t s   e n t i r e   l eng th .   The  p o r t i o n   167  of  v e l v e t   f a b r i c   162 

inc luded   in  the  s l o t   166  extends   outwardly   such  tha t   i t s   h a i r s  

168  touch  the  r o l l e r   56 .  

The  f e l t   160  is  s oaked  w i th   a  p r ede t e rmined   q u a n t i t y   o f  

s i l i c o n e   o i l ,   which  is  then  t r a n s f e r r e d   to  the  r o l l e r   56  b y  

c a p i l l a r i t y   through  the  f a b r i c   162  by  means  of  the  f i b r e s   168  of  t h e  

v e l v e t   162.  The  q u a n t i t y   of  o i l   t r a n s f e r r e d   from  the  l u b r i c a t i n g  

element  160  to  the  r o l l e r   56  can  be  va r i ed   by  choosing  d i f f e r e n t  

l e n g t h s   of  h a i r s   1 6 8 .   From  t e s t s   c a r r i e r   out,   i t   has  been  f ound  

tha t   by  va ry ing   the  p i l e   l eng th   from  about  3  mm  to  about  6  mm,  a  

c o r r e s p o n d i n g   average  o i l   consumption  is  ob ta ined   which  v a r i e s  

from  about  4  g  to  about  7  g  for  every  10,000  copies   made.  

Because  of  the  uniform  d i s t r i b u t i o n   of  the  v e l v e t   p i l e  

f i b r e s ,   the  o i l   is  t r a n s f e r r e d   to  the  cy l i nde r   56  in  a  c o n s t a n t  

manner  over  the  e n t i r e   l eng th   of  the  r o l l e r   wi thou t   any  p r e c i s e  

p o s i t i o n i n g   of  the  element  160  r e l a t i v e   to  the  r o l l e r   56  b e i n g  

r e q u i r e d .   In  a d d i t i o n ,   by  us ing  a  p i l e   f ab r i c   of  the  v e l v e t   t y p e  

r a t h e r   than  o the r   l u b r i c a t i n g   elements   formed  e i t h e r   from  f e l t  

alone  or  from  f e l t   enc losed   in  a  n o n - p i l e   f a b r i c ,   t he re   is  no  o i l  

accumula t ion   at  the  c o n t a c t   s t r i p   between  the  element  160  and  

r o l l e r   56  dur ing  the  non-working  p e r i o d s   of  the  m a c h i n e .  

The  machine  is  s u p p l i e d   e l e c t r i c a l l y   by  means  of  a  

power  un i t   d i sposed   on  a  s i ng l e   p r i n t e d   c i r c u i t   board  80  (Figure   1) 

compris ing  a l l   the  supply  c i r c u i t s   of  the  v o l t a g e s   r e q u i r e d   f o r  

the  copier   o p e r a t i o n .   More  s p e c i f i c a l l y ,   the  board  80  is  d i s p o s e d  

v e r t i c a l l y ,   and  comprises   a  s t a b i l i s e d   low  vo l t age   D.C.  s u p p l y  

c i r c u i t   81  of  known  type,  and  not  d e s c r i b e d   in  d e t a i l .   The  b o a r d  

80  a lso  comprises   the  high  v o l t a g e   g e n e r a t i n g   c i r c u i t s   used  i n  

the  charge  s t a t i o n   28,  t r a n s f e r   s t a t i o n   34  and  e r a su re   s t a t i o n   36. 



A  s t ep -up   t r a n s f o r m e r   82  with  a  s t ep -up   r a t i o   of  1:100  is  fed  w i t h  

an  a l t e r n a t i n g   v o l t a g e   of  the  order  of  24  Vac  taken  from  the  power 

un i t   81  at  two  t r a c k s   83.  The  t r a n s f o r m e r   82  is  embedded  in  a  

block  84  of  epoxy  r e s i n   of  the  type  s u i t a b l e   for  high  vo l tage   and 

having  a  d i e l e c t r i c   c o n s t a n t   of  not  l e s s   than  15,000  V/mm,  and  a 

s p e c i f i c   e l e c t r i c a l   volume  r e s i s t i v i t y   of  the  order  of  1.1014ohm.  cm. 

The  t r a n s f o r m e r   82  is  of  the  known  type,   and  is  s u i t a b l e   for  t h e  

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

Two  t r a c k s   85,  s u i t a b l y   spaced  apa r t   to  p reven t   high  v o l t a g e  

d i s c h a r g e ,   emerge  from  the  t r a n s f o r m e r   82  to  supp ly  a   v o l t a g e  

q u a d r u p l e r   c i r c u i t   86  of  known  type  formed  from  a  network  of  d i o d e s  

and  c a p a c i t o r s   and  embedded  in  an  epoxy  r e s i n   block  87  of  t h e  

same  type  as  s t a t e d   h e r e t o f o r e .   The  high  v o l t a g e s   r e q u i r e d   by  t h e  

cop ie r   are  a v a i l a b l e   at  two  t e r m i n a l s   88,  89  f ixed   d i r e c t l y  

to  the  r e s i n   block  87,  a  t h i r d   t e rmina l   90  r e p r e s e n t i n g   t h e  

ea r th   of  the  high  vo l t age   power  u n i t .   An  a l t e r n a t i n g   vo l t age   o f  

about  3,500  Vac  for  supply ing   the  e r a s u r e   s t a t i o n   36  taken  from  a  

t e r m i n a l   91  d i r e c t l y   f ixed   to  the  block  8 4 .  



1.  An  e l e c t r o p h o t o g r a p h i c   copie r   compris ing  means  (32)  f o r  

deve lop ing   a  l a t e n t   image  of  an  o r i g i n a l   to  be  reproduced   and  

formed  on  a  p h o t o c o n d u c t o r   element  (24,  26),  means  (34)  f o r  

t r a n s f e r r i n g   the  developed  image  on  to  a  sheet   of  paper  (39),  and 

a  pa i r   of  opposing  r o l l e r s   (56,  58)  for  the  c o l d - f i x i n g   of  t h e  

image  t r a n s f e r r e d   on  to  the  paper   shee t ,   by  the  a c t i on   of  t h e  

p r e s s u r e   between  the  r o l l e r s ,   and  in  which  the  r o l l e r s   h a v e  

t h e i r   axes  i n c l i n e d   to  each  o ther   and  at  l e a s t   one  r o l l e r   has  a  

rough  su r f ace ,   c h a r a c t e r i s e d   in  t ha t   the  r o l l e r   (58)  with  t h e  

rough  sur face   has  a  p e r i p h e r a l   speed  g r e a t e r   than  the  o p p o s i n g  

r o l l e r   (56)  of  the  p a i r ,   so  t h a t   any  de fo rmat ion   of  the  s h e e t  

caused  by  the  i n c l i n a t i o n   of  the  r o l l e r s   is  n u l l i f i e d .  

2.  A  copier   as  c la imed  in  claim  1,  c h a r a c t e r i s e d   in  t h a t   t h e  

r o l l e r s   (56,  58)  r o t a t e   at  the  same  angular   speed  in  o p p o s i t e  

d i r e c t i o n s   and  the  rough  r o l l e r   (58)  has  a  g r e a t e r   d iameter   t h a n  

the  opposing  r o l l e r   ( 5 6 ) .  

3.  A  copier   as  claimed  in  claim  1  or  2,  c h a r a c t e r i s e d   in  t h a t  

the  rough  r o l l e r   (58)  s l i p s   on  the  opposing  r o l l e r   (56)  w i t h  

a  s l i ppage   r a t i o   of  between  0.001  and  0 . 0 0 3 .  

4.  A  copier   as  c laimed  in  any  of  claims  1  to  3,  c h a r a c t e r i s e d  

in  tha t   the  said  opposing  r o l l e r   (56)  i s  l u b r i c a t e d   w i t h  

s i l i c o n e   oi l   by  means  of  a  l u b r i c a t i n g   element  formed  from  a  

spongy  member  (160)  enc losed   wi th in   a  f a b r i c   (162)  p r o v i d e d  

with  p i l e   f i b r e s   (168)  on  i t s   outer   face ,   so  t h a t   the  0_1  i s  

t r a n s f e r r e d ,   by  c o n t a c t ,   to  the  rough  r o l l e r   (58)  in  ordar   t o  

p reven t   toner   p a r t i c l e s   adher ing   to  the  su r face   t h e r e o f .  

5.  A  copier   as  claimed  in  claim  4,  c h a r a c t e r i s e d   in  t ha t   t h e  

f a b r i c   (162)  is  a  v e l v e t   having  a  layer   of  p i l e   f i b r e s   of  l e n g t h  

from  1  mm  to  10  mm. 
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