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@)  Improved  pulley  for  band  printers. 

A  steel  printing  band  (30)  is  looped  around  a  pair  of 
capstans  (40)  covered  by  sleeves  (44)  made  of  elasto- 
meric  material.  The  sleeves  (44)  include  a  plurality  of 
downwardly  angled  flexible  circumferential  flanges  (46) 
and  a  lower  horizontal  rim  (48).  The  band  (30)  contacts 
the  flanges  (46)  and  as  the  capstans  rotate,  inward  force 
on  the  band  is  transferred  to  a  downward  force  by  means 
of  the  flanges.  The  downward  force  causes  the  band 
(30)  to  move  into  contact  with  the  lower  horizontal  rim 
(48),  thereby  vertically  aligning  the  band  in  the  printer. 
In  an  alternate  embodiment,  a  plurality  of  non-flexible 
circumferential  ridges  are  included.  The  central  ridges 
extend  farther  out  from  the  surface  of  the  sleeves  and 
serve  to  define  a  crown.  The  sleeve  configuration  serves 
to  reduce  wear  and  accurately  alingn  the  printing  band 
(30)  within  the  printer  assembly. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   band   p r i n t e r s   in  w h i c h  

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

a  l o o p   a r o u n d   a  p a i r   of   p u l l e y s .   The  p u l l e y s   a r e   r o t a t e d   i n  

o r d e r   to   move  t h e   band   and  p r e s e n t   d i f f e r e n t   c h a r a c t e r s   t o  

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

to  an  i m p r o v e d   p u l l e y   f o r   u s e   w i t h   s u c h   band   p r i n t e r s .  

2.  D e s c r i p t i o n   of   t h e   P r i o r   A r t  

In  band   p r i n t e r s ,   a  c r i t i c a l   r e q u i r e m e n t   i s   t h a t  

t h e   band   be  m a i n t a i n e d   in  p r o p e r   v e r t i c a l   a l i g n m e n t   so  as  t o  

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

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

i n v o l v e s   t h e   use   of   c r o w n e d   p u l l e y s ,   as  shown  in  FIGURE  2 .  

A  c r o w n e d   p u l l e y   ( i . e . ,   one   in  w h i c h   t h e   m i d d l e   of   t h e   p u l l e y  

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

a c t i o n   on  a  band   by  c a u s i n g   t h e   c e n t e r   of   t h e   band   to   a l i g n  

w i t h   t h e   t o p   of  t h e   c r o w n .   Such  a  s y s t e m   c a n n o t   s u c c e s s f u l l y  

be  u s e d   w i t h   band   p r i n t e r s   b e c a u s e   v a r i a t i o n s   in  t h e   t h i c k n e s s  

of   t h e   band   (due   b o t h   to   i n c o n s i s t e n c i e s   in  t h e   band   i t s e l f  

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

t h e   t r u e ,   or   e l a s t i c ,   c e n t e r   of   t h e   band   to   v a r y ,   r e s u l t i n g   i n  

a  s l i g h t   a m o u n t   of   " f l o a t i n g "   of   t h e   b a n d .   T h i s   f l o a t i n g   w o u l d  

r e s u l t   in  c o m p l e t e l y   u n a c c e p t a b l e   p e r f o r m a n c e   i f   a  s y s t e m   i f  

t h i s   t y p e   w e r e   u s e d   in  a  band   p r i n t e r .  

A  c o m m o n l y   u t i l i z e d   p r i o r   a r t   band   p r i n t e r   p u l l e y  

d e s i g n   i s   shown  in  FIGURE  3.  In  t h i s   t y p e   of   d e s i g n ,   t h e  

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

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

p a r a l l e l   a x e s .   The  s l a n t i n g   s u r f a c e   of   t h e   o u t e r   s h e l l   c a u s e s  

t h e   t e n s i o n e d   band   to   move  d o w n w a r d   and  c o n t a c t   a  p a i r   of   s t e e l  

r o l l e r   b e a r i n g s   34  as  i t   i s   moved  a r o u n d   t h e   p u l l e y s .   T h e  

r o l l e r   b e a r i n g s   s e r v e   to   m a i n t a i n   t h e   band   in  a  f i x e d   v e r t i c a l  

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

and  s h a r p n e s s   of   t h e   s t e e l   band   c a u s e s   g r o o v e s   to   be  s l o w l y  

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



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

of   t h e   g r o o v e   w i l l   e v e n t u a l l y   c a u s e   t h e   band   to   b e c o m e   m i s -  

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

p u l l e y s   can   e i t h e r   be  m a i n t a i n e d   in  a  f i x e d   v e r t i c a l   p o s i t i o n  

or   can   be  m o u n t e d   so  as  to   a l l o w   f r e e   v e r t i c a l   m o v e m e n t .   I n  

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

b e a r i n g s   i s   s o m e w h a t   r e d u c e d .   H o w e v e r ,   t h e   use   of   s u c h   a  

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

g r o o v e   f o r m a t i o n .  

I t   i s   a c c o r d i n g l y   an  o b j e c t   of   t h e   p r e s e n t  

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

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

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

w h i c h   i s   low  in  c o s t   and  m a i n t a i n s   i t s   p e r f o r m a n c e   d e s p i t e  

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



SUMMARY  OF  THE  INVENTION 

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

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

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

may  be  e i t h e r   one  or   two  p i e c e ,   i n c l u d e s   a  p l u r a l i t y   of   d o w n -  

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

s l e e v e .   A  h o r i z o n t a l   r im   e x t e n d s   f r o m   t h e   b o t t o m   of   t h e  

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

and  s l e e v e s   and  i s   h e l d   in  t e n s i o n .   The  f l a n g e s   a r e   s o m e w h a t  

f l e x i b l e ,   and  r o t a t i o n   of   t h e   c a p s t a n s   c r e a t e s   an  i n w a r d  

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

f l a n g e s .   The  d o w n w a r d   f o r c e   c a u s e s   t h e   b a n d   to   move  d o w n  

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

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

t h e   h o r i z o n t a l   r im   s e r v e s   to   a c c u r a t e l y   v e r t i c a l l y   p o s i t i o n  

t h e   p r i n t i n g   band   w i t h i n   t h e   p r i n t e r .   The  r im  c o n t a c t s   a n d  

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

m i n i m i z i n g   w e a r   and  m a i n t a i n i n g   v e r t i c a l   a l i g n m e n t .   T h e  

o p e r a t i o n   of   t h e   p u l l e y   may  be  e n h a n c e d   by  p r o v i d i n g ,   i n  

a d d i t i o n   to   t h e   f l e x i b l e   f l a n g e s ,   a  p l u r a l i t y   of   r e l a t i v e l y  

i n f l e x i b l e   p r o t r u s i o n s   on  t h e   s u r f a c e   of   t h e   p u l l e y   t o  

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

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

u s e s   o n l y   a n g l e d   f l a n g e s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  t h e   d r a w i n g s :  

FIGURE  1  i s   a  p e r s p e c t i v e   v i e w   o f   a  t y p i c a l   b a n d  

p r i n t e r   w h i c h   u t i l i z e s   t h e   p r e s e n t   i n v e n t i o n ;  

FIGURE  2  i s   a  f r o n t   p l a n   v i e w   o f   a  p u l l e y   s y s t e m  

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

FIGURE  3  i s   a  f r o n t   p l a n   v i e w   o f   one   t y p e   o f   p r i o r  

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

FIGURE  4  i s   a  f r o n t   p l a n   v i e w   o f   t h e   band   a n d  

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

FIGURE  5  i s   a  p e r s p e c t i v e   v i e w   of   t h e   p u l l e y   s l e e v e  

o f   t h e   p r e s e n t   i n v e n t i o n ;  

FIGURE  6  i s   a  p l a n   v i e w   in  s e c t i o n   s h o w i n g   t h e  

f o r c e s   a c t i n g   upon   t h e   p r i n t i n g   band   and  s l e e v e ;  

FIGURE  7  i s   a  p l a n   v i e w   s h o w i n g   a  t i l t e d   p u l l e y  

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

FIGURE  8  i s   a  p l a n   v i e w   in   s e c t i o n   o f   an  a l t e r n a t e  

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



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

FIGURE  1  s h o w s   a  t y p i c a l   band   p r i n t e r   10  w h i c h   m a y  
be  u s e d ,   f o r   e x a m p l e ,   as  a  c o m p u t e r   o u t p u t   p r i n t e r .   T h e  

p r i n t e r   i n c l u d e s   a  h o u s i n g   12  h a v i n g   a  l i f t - u p   c o v e r   14 .   A 

p r i n t i n g   med ium  s u c h   as  p a p e r   16  i s   t r a n s p o r t e d   p a s t   a  p r i n t  

hammer   a s s e m b l y   18  by  a  t r a n s p o r t   m e c h a n i s m   20.   A  s t e e l  

c h a r a c t e r   band   22  i s   l o o p e d   a r o u n d   a  p a i r   of   p u l l e y s   24 ,   o n e  

of   w h i c h   i s   m o t o r   d r i v e n   to  move  t h e   band   22.   A  r i b b o n   25  i s  

l o c a t e d   b e t w e e n   t h e   med ium  and  t h e   b a n d ,   and  a  p l a t e n   26  i s  

l o c a t e d   a t   t h e   o p p o s i t e   s i d e   of  t h e   band   f rom  t h e   r i b b o n .   T h e  

band   22  c o n t a i n s   a  r a i s e d   t y p e   f o n t   and  in  o r d e r   to   p r i n t   t h e  

h a m m e r s   of   t h e   hammer   a s s e m b l y   18  i m p a c t   a g a i n s t   t h e   p a p e r  
to  f o r c e   i t   i n t o   c o n t a c t   w i t h   t h e   r i b b o n   and  m o v i n g   b a n d .  

A  t y p i c a l   c r o w n e d   p u l l e y   s y s t e m   is   shown  in  F IGURE 

2.  The  s y s t e m   i n c l u d e s   p u l l e y s   35  w h i c h   h a v e   a  c o n v e x   o u t e r  

s u r f a c e   36.   The  p u l l e y s   r o t a t e   a b o u t   a x e s   37 ,   and  f o r c e s  

c r e a t e d   as  a  b e l t   38  moves   a r o u n d   t h e   p u l l e y s   c a u s e   t h e   a c t u a l  

c e n t e r   of   t h e   band   by  w e i g h t   38a  ( e l a s t i c   c e n t e r )   to   a l i g n  

i t s e l f   w i t h   t h e   t o p   36a  of  t h e   c r o w n e d   s u r f a c e   36.   The  s e l f -  

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

f o r   u se   w i t h   band   p r i n t e r s   s i n c e   v a r i a t i o n s   in  t h e   p o s i t i o n  

of   t h e   e l a s t i c   c e n t e r   of   t h e   band   w i l l   c a u s e   t h e   band   t o  

" f l o a t "   by  a  s m a l l   a m o u n t .  

R e f e r r i n g   to   FIGURE  3,  a  t y p i c a l   p r i o r   a r t   a r r a n g e -  
m e n t   f o r   u se   w i t h   band   p r i n t e r s   i s   s h o w n .   The  s y s t e m   i n c l u d e s  

a  s t e e l   p r i n t i n g   band   30  w h i c h   i s   l o o p e d   a r o u n d   a  p a i r   o f  

m e t a l   c a p s t a n s   32,   t h e   s u r f a c e s   of   w h i c h   t a p e r   o u t w a r d l y  

t o w a r d   t h e i r   l o w e r   e n d s .   When  t h e   c a p s t a n s   32  a r e   r o t a t i n g  

and  t h e   band   30  i s   m o v i n g ,   t h e   t a p e r i n g   s u r f a c e s   c a u s e   t h e  

band   to   c r e e p   d o w n w a r d   so  as  to   t e n d   to   a l i g n   t h e   c e n t e r   3 0 a  

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

32.   T h i s   t e n d e n c y   i s   due  to  a  c r o w n   e f f e c t   p r o v i d e d   by  t h e  

s l a n t e d   s u r f a c e   of   t h e   c a p s t a n s .   The  band   30  w i l l   move  d o w n  

u n t i l   i t s   l o w e r   e d g e   c o n t a c t s   a  s t e e l   r o l l e r   b e a r i n g   34  a s s o -  

c i a t e d   w i t h   e a c h   c a p s t a n .   The  b e a r i n g s   34  a r e   p o s i t i o n e d   s o  

t h a t   when  t h e y   a r e   c o n t a c t e d   by  t h e   band   30,   t h e   band   i s   i n  

p r o p e r   v e r t i c a l   a l i g n m e n t   in  t h e   p r i n t e r .   H o w e v e r ,   b e c a u s e  

of   t h e   e x t r e m e l y   s m a l l   c o n t a c t   a r e a   b e t w e e n   t h e   band   and  t h e  



b e a r i n g s   34 ,   i m m e n s e   p r e s s u r e   i s   e x e r t e d   on  t h e   b e a r i n g s   a n d  

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

i s   so  d e s p i t e   t h e   f a c t   t h a t   t h e   b e a r i n g s   a r e   made  of   s t e e l .  

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

band   to   bow  or   f l e x   s o m e w h a t ,   w h i c h   s p e e d s   up  w e a r   on  t h e  

b e a r i n g s   and  can   a l s o   c a u s e   p o r t i o n s   of   t h e   band   to   s c r a p e  
a g a i n s t   t h e   p l a t e n .   As  t h e   d e p t h   o f   t h e   g r o o v e   i n c r e a s e s ,   t h e  

a c c u r a c y   of   t h e   v e r t i c a l   a l i g n m e n t   of   t h e   band   30  d e c r e a s e s ,  

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

I f   band  p r o p e r t i e s   and  o p e r a t i n g   c o n d i t i o n s   w e r e  

c o n s t a n t ,   t h e   t e n s i o n   on  t h e   band   c o u l d   be  m a i n t a i n e d   a t   a  

v a l u e   w h i c h   w o u l d   k e e p   t h e   d o w n w a r d   f o r c e   on  t h e   band   ( a n d  

t h u s   t h e   b e a r i n g s )   a t   a  v e r y   low  l e v e l .   H o w e v e r ,   t h e   t e n s i o n  

m u s t   be  s u f f i c i e n t   to   k e e p   t h e   band   in  c o n t a c t   w i t h   t h e   b e a r -  

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

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

i s   m a i n t a i n e d   a t   a  v a l u e   w h i c h   w i l l   k e e p   t h e   band   in  c o n t a c t  

w i t h   t h e   b e a r i n g s   e v e n   in  a  w o r s t   c a s e   s i t u a t i o n .   T h i s   h i g h e r  

t e n s i o n   f u t h e r   i n c r e a s e s   t h e   w e a r   on  t h e   b e a r i n g s .  

R e f e r r i n g   now  to   FIGURES  4 - 6 ,   one  e m b o d i m e n t   of   t h e  

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

c y l i n d r i c a l   h i g h   i n e r t i a   c a p s t a n s   40  h a v i n g   l o n g i t u d i n a l   a x e s  

42.   The  c a p s t a n s   40  p r o v i d e   h i g h   mass   w h i c h   f a c i l i t a t e s   c o n -  

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

r e s p e c t   to   t i m e   of   t h e   band   30.   S u r r o u n d i n g   e a c h   c a p s t a n   4 0  

i s   an  e l a s t o m e r i c   s l e e v e   44  w h i c h   i n c l u d e s   a  p l u r a l i t y   ( f o u r  

in  t h e   e m b o d i m e n t   shown)   of   i n t e g r a l l y   f o r m e d   d o w n w a r d l y  

a n g l e d   f l a n g e s   46.   An  h o r i z o n t a l   r im   48  e x t e n d s   a r o u n d   t h e  

b o t t o m   of   t h e   s l e e v e   44.   The  r im   may  be  f o r m e d   i n t e g r a l l y  

w i t h   t h e   s l e e v e   44  o r   may  be  made  of   a  s e p a r a t e   m a t e r i a l .  

D u r i n g   o p e r a t i o n   of   t h e   p u l l e y   s y s t e m   shown  i n  

FIGURE  4  t h e   b e l t   30  i s   h e l d   in  t e n s i o n   a g a i n s t   t h e   f l a n g e s  

46.  When  t h e   c a p s t a n s   40  a r e   r o t a t e d ,   t h e r e b y   m o v i n g   t h e  

b e l t   30 ,   t h e   i n w a r d   t e n s i o n   f o r c e   on  t h e   b e l t   30  ( s h o w n   b y  

a r r o w   50  in   FIGURE  6)  i s   t r a n s l a t e d   i n t o   a  d o w n w a r d   f o r c e  

( s h o w n   by  a r r o w   52)  by  m e a n s   of  t h e   d o w n w a r d l y   a n g l e d ,   s o m e -  

w h a t   r e s i l i e n t   f l a n g e s   46 .   T h i s   d o w n w a r d   f o r c e   c a u s e s   t h e  

b e l t   30  to   move  or   c r e e p   down  t h e   f l a n g e s   46  u n t i l   i t s   l o w e r  



e d g e   c o n t a c t s   t he   h o r i z o n t a l   r im   48.   S i n c e   t h e   r i m  4 8   e x t e n d s  

c o m p l e t e l y   a r o u n d   t h e   s l e e v e   44,   t h e   d o w n w a r d   f o r c e   on  t h e  

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

t h e   c a s e   in  t h e   p r i o r   a r t   d e s i g n s .   B e c a u s e   of  t h e s e   f a c t o r s ,  

t h e   t e n d e n c y   to   w e a r   a  g r o o v e   i n t o   t h e   r im   48  i s   v e r y   s l i g h t .  

In  a d d i t i o n ,   t h e r e   i s   no  b o w i n g   of   t h e   b a n d ,   t h u s   f u r t h e r  

r e d u c i n g   weai4and  e l i m i n a t i n g   any  s c r a p i n g   a g a i n s t   t h e   p l a t e n .  

The  v e r t i c a l   a l i g n m e n t   of  t h e   band   30  w i l l   t h e r e f o r e   r e m a i n  

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

The  use   of  a  s l e e v e   h a v i n g   a  l o w e r   r im  p r e s e n t s   a n  

a d d i t i o n a l   w e a r   p r o b l e m   o v e r   and  a b o v e   t h a t   of  d o w n w a r d   p r e s -  

s u r e .   When  t h e   a x e s   42  of   t h e   c a p s t a n s   40  a r e   m a i n t a i n e d  

p a r a l l e l   to   one  a n o t h e r ,   t h e r e   i s   a  s l i g h t   t e n d e n c y   of   t h e  

band   30  to   s c u f f   or   s c r a p e   t h e   r i m   48  a t   i t s   i n i t i a l   p o i n t  

of  c o n t a c t .   T h i s   p r o b l e m   can   be  a l l e v i a t e d   by  t h e   a r r a n g e -  

men t   shown  in  FIGURE  7.  In  t h e   d e s i g n   of   FIGURE  7,  t h e   a x e s  

42  of   t h e   c a p s t a n s   40  a r e   b o t h   t i l t e d   i n w a r d   s l i g h t l y   so  t h a t  

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

b o t t o m s .   The  a n g l e   of  t i l t   i s   v e r y   s l i g h t ;   on  t h e   o r d e r   o f  

.1  to   .3  d e g r e e s .   The  t i l t   s e r v e s   to   p r e v e n t   t h e   b o t t o m   o f  

t h e   band   30  f rom  c o n t a c t i n g   t h e   r im   48  u n t i l   i t   a l s o   c o n t a c t s  

t h e   f l a n g e s   46 ,   t h u s   e l i m i n a t i n g   s c u f f i n g   of   t h e   r im   48  a s  

t h e   band   w r a p s   a r o u n d   t h e   p u l l e y s .   I t   s h o u l d   be  n o t e d   t h a t  

t h e   i n w a r d   t i l t i n g   of   t h e   p u l l e y s   c a u s e s   t h e   band   to  b e n d  

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

B e c a u s e   of   t h i s ,   a  1  d e g r e e   t i l t   of   t h e   p u l l e y s   may  r e s u l t  

i n ,   i . e . ,   o n l y   a  .1  d e g r e e   a n g l e   b e t w e e n   t h e   r im  and  t h e   b a n d .  

A l s o ,   as  an  a l t e r n a t i v e   to   t i l t i n g   t h e   p u l l e y s ,   t h e   r im   4 8  

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

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

s l e e v e .   Of  c o u r s e ,   t h e   p o r t i o n   of   t h e   r im   upon  w h i c h   t h e  

band   r i d e s   m u s t   be  m a i n t a i n e d   h o r i z o n t a l   in  o r d e r   to   p r o v i d e  

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

The  s l e e v e   of   FIGURES  4 -7   g r e a t l y   r e d u c e s   t h e  w e a r  

p r o b l e m s   a s s o c i a t e d   w i t h   t h e   c o n f i g u r a t i o n   shown  in  FIGURE  3 .  

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

f l a n g e s   i s   s u c h   t h a t   t h e   p e r f o r m a n c e   of  t h e   s l e e v e   44  m a y  

v a r y   w i t h   c h a n g e s   in  h u m i d i t y   and  t e m p e r a t u r e .   As  t h e  

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



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

b a n d   30  and  f l a n g e s   46  b e c o m e s   t o o   l o w ,   t h e   d o w n w a r d   f o r c e  

w h i c h   i s   c r e a t e d   may  be  i n s u f f i c i e n t   to   f o r c e   t h e   band   t o  

move  down  i n t o   c o n t a c t   w i t h   t h e   r im   48,   t h e r e b y   r e s u l t i n g   i n  

m i s a l i g n m e n t   of   t h e   b a n d .   In  o r d e r   to   o v e r c o m e   t h i s   p o t e n -  
t i a l   p r o b l e m ,   t h e   t e n s i o n   on  t h e   band   m u s t   be  m a i n t a i n e d   a t  

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

f o r c e   w i l l   be  c r e a t e d   to   f o r c e   t h e   b a n d  3 0   i n t o   c o n t a c t   w i t h  

t h e   r im   d e s p i t e   any  v a r i a t i o n s   in  h u m i d i t y   a n d / o r   t e m p e r a t u r e .  
The  i n c r e a s e   in  t e n s i o n   c a u s e s   an  i n c r e a s e d   a m o u n t   of  s t r e s s  

to  be  p l a c e d   upon  t h e   p r i n t e r   a s s e m b l y .  

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

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

s y s t e m   and  a  f l a n g e d   p u l l e y   s y s t e m .   R e f e r r i n g   to   FIGURE  9,  a  
s l e e v e   60  w h i c h   i s   l e s s   s e n s i t i v e   to   t e m p e r a t u r e   v a r i a t i o n s  

t h a n   t h e   d e s i g n   of   FIGURES  4-8   i n c l u d e s   a  p a i r   of  a n g l e d   f l e x -  

i b l e   f l a n g e s   62  s i m i l a r   to   t h e   f l a n g e s   46 ,   a  p a i r   of   r e l a -  

t i v e l y   i n f l e x i b l e   end  r i d g e s   64  and  an  i n f l e x i b l e   c e n t e r  

r i d g e   66.   A  b o t t o m   r im  68  i s   s e c u r e d   to   a  c a p s t a n   70.   T h e  

c e n t e r   r i d g e   66  e x t e n d s   o u t w a r d   s l i g h t l y   f a r t h e r   t h a n   t h e   e n d  

r i d g e s   64.   The  r i d g e   66  t h e r e f o r e   a c t s   as  a  c r o w n ,   and  t h e  

e l a s t i c   c e n t e r   of   t h e   band   w i l l   t e n d   to   a l i g n   i t s e l f   w i t h   t h e  

c e n t e r   r i d g e .   The  c r o w n e d   e f f e c t   p r o v i d e d   by  t h e   r i d g e s   6 4  

and  66  i n c r e a s e s   t h e   d o w n w a r d   f o r c e   p r o v i d e d   by  t h e   s l e e v e   6 0 ,  

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

p e r a t u r e   v a r i a t i o n   and  e n a b l i n g   t h e   band   to   be  m a i n t a i n e d   a t  

a  r e l a t i v e l y   low  t e n s i o n .   The  f l a n g e s   62  f u n c t i o n   to   r e d u c e  

t h e   b o w i n g   of   t h e   b a n d ,   a n d  t h e   c o m b i n a t i o n   of   t h e   f l a n g e s  

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

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

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

u t i l i z e d   to   a p p r o x i m a t e   a  c r o w n ,   t h e   u s e   of   r i d g e s   i s   n o t  

l i m i t e d   to   s u c h   a  f u n c t i o n .   One  o r   more   r i d g e s   can   be  p r o -  
v i d e d   on  a  f l a n g e d   s l e e v e   to   p r o v i d e   a  s o l i d   r a d i u s   b e y o n d  

w h i c h   t h e   f l a n g e s   c a n n o t   be  f l e x e d ,   t h e r e b y   s e r v i n g   t o  

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

by  t h e   f l a n g e s .  



Many  a l t e r n a t e   m a t e r i a l s   can   be  u t i l i z e d   f o r   t h e  

p u l l e y   a s s e m b l i e s   of   t he   p r e s e n t   i n v e n t i o n .   V a r i o u s   e l a s t o -  

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

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

to   as  SBR)  b e i n g   p r e f e r r e d   f o r   i t s   s t r e n g t h   and  r e l a t i v e l y  

s t a b l e   c o e f f i c i e n t   of   f r i c t i o n .   A l t h o u g h   t h e   l o w e r   r im   m a y  
f o r m e d   i n t e g r a l l y   w i t h   t h e   s l e e v e ,   a  s e p a r a t e   r im  of   s t e e l ,  
h a r d   p l a s t i c   s u c h   as  D e l r i n   or   o t h e r   h a r d   m a t e r i a l   i s   p r e -  
f e r r e d   so  as  to   p r o v i d e   a d d i t i o n a l   w e a r   and  s c u f f   r e s i s t a n c e  

o v e r   and  a b o v e   t h a t   p r o v i d e d   by  t h e   e l a s t o m e r i c   s l e e v e .   I n  

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

and  r i d g e s   c o u l d   be  m o d i f i e d   in  many  ways   so  as  to   a c h i e v e  

t h e   p r o p e r   a m o u n t   of   d o w n w a r d   f o r c e .  

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

i m p r o v e d   p u l l e y   f o r   use   in  band   p r i n t e r s   w h i c h   p r o v i d e s  

a c c u r a t e   l o n g   t e r m   band   a l i g n m e n t .   A l t h o u g h   t h e   i n v e n t i o n  

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

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

m e n t s   d e s c r i b e d   a r e   d i r e c t e d   to   a  s l e e v e   f o r   use   in  c o n j u n c -  
t i o n   w i t h   a  h i g h   m a s s   c a p s t a n ,   t h e   i n v e n t i o n   c o u l d   be  e m p l o y e d  
w i t h   any  c y l i n d r i c a l   s u r f a c e   ( e . g . ,   a  one  p i e c e   c a p s t a n   h a v i n g  

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

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

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

v a r i a t i o n s .  



1.  A  s l e e v e   f o r   u s e   in   a  p u l l e y   s y s t e m   i n   a  b a n d  

p r i n t e r   (10 )   or  t h e   l i k e ,   c o m p r i s i n g   a  c y l i n d r i c a l   s l e e v e  

( 4 4 ;   6 0 ) ,   a  p l u r a l i t y   o f   f l e x i b l e   d o w n w a r d l y   a n g l e d   f l a n g e s  

( 4 6 ; 6 2 )   e x t e n d i n g   a r o u n d   t h e   c i r c u m f e r e n c e   o f   t h e   s l e e v e ,  

and   a  l o w e r   r i m   ( 4 8 ;   68)  e x t e n d i n g   s u b s t a n t i a l l y   p e r p e n -  
d i c u l a r l y   f r o m   t h e   b o t t o m   of   t h e   s l e e v e ,   w h e r e b y   a  p r i n t e r  

b a n d   ( 3 0 )   w r a p p e d   a r o u n d   s a i d   p u l l e y   w i l l   be  f o r c e d   d o w n w a r d  

a l o n g   s a i d   f l a n g e s   ( 4 6 ;   62)  and  a g a i n s t   s a i d   r i m   ( 4 8 ;   6 5 ) .  

2.  A  p u l l e y   f o r   c a r r y i n g   a  p r i n t i n g   b a n d   i n   b a n d  

p r i n t e r s   (10 )   or   t h e   l i k e ,   s a i d   p u l l e y   ( 4 0 ;   44)  i n c l u d i n g   a  

p l u r a l i t y   o f   d o w n w a r d l y   a n g l e d   r e s i l i e n t   f l a n g e s   ( 4 6 )  

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

h o r i z o n t a l   r i m   (48 )   e x t e n d i n g   f r o m   t h e   l o w e r   e d g e   o f   s a i d  

p u l l e y ,   w h e r e b y   a  p r i n t i n g   b a n d   ( 3 0 )   m o v i n g   a r o u n d   t h e   p u l l e y  

w i l l   be  f o r c e d   d o w n w a r d   i n t o   c o n t a c t   w i t h   s a i d   r im   ( 4 8 ) ,  

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

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

3.  The  d e v i c e   o f   c l a i m   2  w h e r e i n   t h e   p u l l e y   i s  

c o m p r i s e d   o f   a  c y l i n d r i c a l   c a p s t a n   (40 )   s u r r o u n d e d   by  a  

c i r c u m f e r e n t i a l   s l e e v e   ( 4 4 ) ,   w h e r e i n   s a i d   f l a n g e s   (46)   a r e  

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

4.  The  d e v i c e   o f   c l a i m s   1  or   3  w h e r e i n   t h e   s l e e v e  

(44 )   i s   made  o f   an  e l a s t o m e r i c   m a t e r i a l .  

5.  The  d e v i c e   o f   c l a i m s   1  or   3  w h e r e i n   s a i d   s l e e v e  

( 4 4 ) ,   f l a n g e s   (46)   and  r i m   (48 )   a r e   i n t e g r a l l y   f o r m e d .  

6.  The  d e v i c e   of   c l a i m s   1  or   3  w h e r e i n   s a i d   s l e e v e  

(44 )   and   f l a n g e s   (46 )   a r e   i n t e g r a l   and  s a i d   r im   (48)   i s  

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

s l e e v e   and   f l a n g e   m a t e r i a l .  



7.  The  d e v i c e   of   c l a i m s   1  o r   3  w h e r e i n   s a i d   s l e e v e  

(44 )   i s   made  o f   a  s t y r e n e   b u t a d i e n e   s y n t h e t i c   r u b b e r .  

8.  The  d e v i c e   of   c l a i m   6  w h e r e i n   s a i d   s l e e v e   ( 4 4 )  

and  f l a n g e s   (46 )   a r e   made  o f   a  s t y r e n e   b u t a d i e n e   s y n t h e t i c  

r u b b e r   and   s a i d   r i m   (48)   i s   made  o f   s t e e l .  

9.  The  d e v i c e   of   one   o f   c l a i m s   1  -   8  w h e r e i n   t h e  

s l e e v e   (60 )   f u r t h e r   i n c l u d e s   a t   l e a s t   one   c i r c u m f e r e n t i a l  

r i d g e   ( 6 4 ;   66)  e x t e n d i n g   on  t h e   s u r f a c e   o f   t h e   s l e e v e .  

10.   The  d e v i c e   of   c l a i m   9  i n c l u d i n g   a  c e n t r a l   r i d g e  

( 6 6 )   and   two  end  r i d g e s   ( 6 4 ) ,   w h e r e i n   t h e   c e n t r a l   r i d g e  

e x t e n d s   o u t w a r d   f u r t h e r   t h a n   t h e   end  r i d g e s   to   t h e r e b y   d e f i n e  

a  c r o w n .  

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

of   a  b a n d   p r i n t e r ,   c o m p r i s i n g :  

a  t u b u l a r   s l e e v e   (60 )   made  o f   an  e l a s t o m e r i c  

m a t e r i a l ;  

a  p l u r a l i t y   of   c i r c u m f e r e n t i a l   r i d g e s   ( 6 4 ,   6 6 )  

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

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

f a r t h e r   t h a n   t h o s e   t o w a r d   t h e   e n d s   o f   t h e   s l e e v e ,   s a i d  

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

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

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

s l e e v e ,   s a i d   r i d g e s   ( 6 4 ,   66)  and  f l a n g e s   (62 )   c o n t r o l l i n g  

t h e   p o s i t i o n   o f   a  p r i n t i n g   b a n d   ( 3 0 )   w h i l e   p r e v e n t i n g   a n y  

s u b s t a n t i a l   b o w i n g   o f   t h e   b a n d .  

12 .   The  s l eeve   o f   c l a i m   11  f u r t h e r   i n c l u d i n g   a n  

i n t e g r a l   l o w e r   r i m   (68 )   e x t e n d i n g   s u b s t a n t i a l l y  p e r p e n d i c u l a r l y  

o u t w a r d   f r o m   t h e   l o w e r   e d g e   of   t h e   s l e e v e   ( 6 0 ) .  



13.   A  p u l l e y   s y s t e m   f o r   u s e   i n   b a n d   p r i n t e r s   or   t h e  

l i k e   c o m p r i s i n g :  

a  p a i r   o f   s p a c e d   g e n e r a l l y   p a r a l l e l   c a p s t a n s   ( 4 0 ) ;  

a  p u l l e y   s l e e v e   (44)   c i r c u m f e r e n t i a l l y   s u r r o u n d i n g  

e a c h   c a p s t a n ;  

a  p l u r a l i t y   o f   d o w n w a r d l y   a n g l e d   f l a n g e s   ( 4 6 )  

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

a  g e n e r a l l y   h o r i z o n t a l   r i m   (48)   e x t e n d i n g   f r o m  

t h e   l o w e r   e d g e   of   e a c h   p u l l e y   s l e e v e   ( 4 4 ) ,   w h e r e b y   when  a  

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

of   t h e   c a p s t a n s   w i l l   c a u s e   t h e   b a n d   (30 )   to   c o m p r e s s   t h e  

f l a n g e s   ( 4 6 )   and   move  d o w n w a r d   i n t o   c o n t a c t   w i t h   t h e   r i m s   ( 4 8 ) ,  

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

14.   The  p u l l e y   s y s t e m   o f   c l a i m   13  w h e r e i n   t h e  

r o t a t i o n a l   a x e s   (42 )   of   s a i d   c a p s t a n s   (40 )   a r e   s l a n t e d   t o w a r d  

one  a n o t h e r   so  t h a t   t h e i r   t o p s   a r e   c l o s e r   t o g e t h e r   t h a n   t h e i r  

b o t t o m s ,   t h e r e b y   r e d u c i n g   s c u f f i n g   b e t w e e n   a  p r i n t i n g   b a n d   ( 3 0 )  

and  t h e   r i m s   ( 4 8 ) .  

15 .   The  p u l l e y   s y s t e m   of   c l a i m   13  w h e r e i n   s a i d  

h o r i z o n t a l   r i m   (48 )   i s   s e p a r a t e   f r o m   s a i d   s l e e v e   ( 4 4 )   and  i s  

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

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

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