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(54)  Thermal  transfer  printer. 
©  A  thermal  transfer  printer  in  accordance  with  the  present 
invention  is  a  printer  in  which  the  major  scanning  is  carried 
out  by  a  thermal  head,  and  the  minor  scanning  is  carried  out 
by  intermittently  turning  the  platen,  via  a  timing  belt  (18),  by 
means  of  a  stepping  motor.  The  timing  pulley  (50)  on  the  ; 
platen  side  is  given  a  three-part  construction  which  includes 
an  inner  ring  (50a)  and  an  outer  ring  (50c)  that  is  fitted  to  the 
inner  ring  via  a  buffer  cylinder  (50b)  made  of  an  elastic  body. 
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BACKGROUND  OF  THE  INVENTION 

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

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  t h e r m a l   t r a n s f e r   p r i n t e r  

in  w h i c h   t h e   m a j o r   s c a n n i n g   i s   c a r r i e d   o u t   by  a  t h e r m a l   h e a d   a n d  

t h e   m i n o r   s c a n n i n g   i s   c a r r i e d   ou t   by  t h e   i n t e r m i t t e n t   t u r n i n g   o f  

t h e   p l a t e n   v i a   a  t i m i n q   b e l t   bv  means   of  a  s t e p   m o t o r .  

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

As  a  t h e r m a l   t r a n s f e r   p r i n t e r   t h e r e   has   g e n e r a l l y   b e e n   k n o w n  

a  t y p e   in  w h i c h   one  l i n e   is   p r i n t e d   by  p r e s s i n g   a  t h e r m a l   h e a d ,  

v i a   an  ink   r i b b o n ,   a g a i n s t   t h e   r e c o r d i n g   p a p e r   w h i c h   is  wound  o n  

t h e   p l a t e n ,   and  t h e   p r i n t i n g   of  t h e   n e x t   l i n e   i s   c a r r i e d   ou t   b y  

i n t e r m i t t e n t l y   t u r n i n g   t h e   p l a t e n .   An  e x a m p l e   of  t h e   p r i o r   a r t  

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

r e f e r r i n g   to   F i g s .   1  to   3 .  

As  shown  in  F i g s .   1  and  2,  t h e   t h e r m a l   t r a n s f e r   p r i n t e r  

i n c l u d e s   a  s t e p   m o t o r   10  w h i c h   is   a r r a n g e d   to   t u r n   a  p l a t e n   1 4  

i n t e r m i t t e n t l y   t h r o u g h   a  t i m i n g   p u l l e y   12  and  a  t i m i n g   b e l t   18 

t h a t   is   wound  r o u n d   a  t i m i n g   p u l l e y   m o u n t e d   on  t h e   p l a t e n   1 4 .  

H e r e ,   t h e   u p p e r   r u n n i n g   p o r t i o n   of  t he   t i m i n g   b e l t   18  is   s e t   t o  

be  t h e   t e n s i o n   s i d e   of  t h e   b e l t .  

On  t h e   o t h e r   h a n d ,   an  ink   r i b b o n   20  is   a r r a n g e d   to  b e  

f o r w a r d e d   a  r i b b o n   f e e d i n g   m o t o r   21  and  by  a  c o n v e y o r   r o l l e r   f o r  

r i b b o n   w i n d i n g   22  to   an  ink  r i b b o n   r e e l   24  by  p a s s i n g   d i r e c t l y  

u n d e r n e a t h   t h e   p l a t e n   14.  With  t h e   ink  r i b b o n   in  b e t w e e n ,   a  

l i n e - f o r m   t h e r m a l   h e a d   26  is   a r r a n g e d   f a c i n g   t h e   p l a t e n   1 4 .  



M o r e o v e r ,   t h e   r e c o r d i n g   p a p e r   28  is   f e d   f rom  t h e   p a p e r  

s u p p l y   c a s s e t t e   by  a  p a p e r   s u p p l y   r o l l e r   32,  r u n s   b e t w e e n   t h e  

p l a t e n   14  and  t h e   i nk   r i b b o n   20  t h r o u g h   g u i d e   p l a t e s   33  and  a  

g u i d e   r o l l e r   35,  and   is   p r i n t e d   on  by  t h e   t h e r m a l   head   26  a f t e r  

r u n n i n g   r o u n d   t h e   p l a t e n   14  f o r   a b o u t   one   h a l f   of  i t s  

c i r c u m f e r e n c e .   The  r e c o r d i n g   p a p e r   28  w h i c h   has   been   p r i n t e d   i s  

s e n t   o u t   to   t h e   p a p e r   r e m o v a l   t r a y   36  by  a  f o r w a r d i n g   r o l l e r   3 4 .  

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

3 7  f o r   d r i v i n g   t h e   s t e p   m o t o r   and  a  c o n t r o l l e r   38  f o r   c o n t r o l l i n g  

t h e   t u r n i n g   o p e r a t i o n   and  t h e   l i k e   of  t h e   p l a t e n   14.  The  s h a f t  

40  of  t h e   p l a t e n   14  i s   s u p p o r t e d   by  t h e   b e a r i n q s   44 

p r e p a r e d   on  t h e   f r a m e   42  ( s e e   f i g .   3 ) .  

In  t h e   p r i o r   a r t   t h e r m a l   t r a n s f e r   p r i n t e r   w i t h   t h e   a b o v e  

c o n s t r u c t i o n ,   t h e   m a j o r   s c a n n i n g   i s   c a r r i e d   o u t   by  t h e   t h e r m a l  

h e a d   26  w h i l e   t h e   m i n o r   s c a n n i n g   i s   c a r r i e d   o u t   by  t h e  

i n t e r m i t t e n t   t u r n i n g  o f   t h e   p l a t e n   14.  N a m e l y ,   t h e   ink   r i b b o n   20 

i s   b r o u g h t   to   a  d i r e c t   c o n t a c t   w i t h   t h e   r e c o r d i n g   p a p e r   28  w h i c h  

i s   wound  r o u n d   t h e   p l a t e n   14,  and  t h e   p r i n t i n g   is  a c c o m p l i s h e d   by 

t h e r m a l   t r a n s c r i p t i o n   w i t h   t h e   t h e r m a l   h e a d   26.  In  t h i s  

o p e r a t i o n ,   t h e   t h e r m a l   h e a d   26  is  p r e s s e d   a g a i n s t   t h e   p l a t e n   14  

w i t h   a  f o r c e   of  s e v e r a l   k g - w e i g h t   so  t h a t   t h e r e   is   r e q u i r e d   a  

l a r g e   t o r q u e   in  o r d e r   to   t u r n   t h e   p l a t e n   14  i n t e r m i t t e n t l y .   On 

t h e   t i m i n g   b e l t   t h e r e   i s   a p p l i e d   an  i n t e r m i t t e n t   t e n s i o n   due  t o  

t h e   i n t e r m i t t e n t   d r i v e   of  t h e   p l a t e n   14.  Owing  to  t h e  

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

26,   t h e r e   i s   a p p l i e d   a  f o r c e   in  t h e   r a d i a l   d i r e c t i o n   of  t he   s h a f t  

of   t h e   p l a t e n   40  w h i c h   v a r i e s   p e r i o d i c a l l y .   The  f o r c e   i s  

t r a n s m i t t e d   to   t h e   f r a m e   42  to   g e n e r a t e   a  n o i s e   by  c a u s i n g   t h e  

f r a m e   to   v i b r a t e .  

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

t h e   a b o v e   and   to   s u p p r e s s   t h e   g e n e r a t i o n   of  a  n o i s e ,   t h e r e   h a s  

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

r u b b e r   p i e c e s   b e t w e e n   t h e   f r a m e   42  and  t h e   b e a r i n g s   44  t h a t  

s u p p o r t   t h e   s h a f t   40  of  t h e   p l a t e n .   H o w e v e r ,   s u c h   an  a t t e m p t  

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



to   t h e   r e l a t i v e   s h i f t   in  t h e   p o s i t i o n s   b e t w e e n   t he   t h e r m a l   h e a d  

26  and  t h e   p l a t e n   1 4 .  

SUMMARY  OF  THE  INVENTION 

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

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

h i g h   p r i n t i n g   a c c u r a c y .  
A n o t h e r   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   is   to  p r o v i d e   a  

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

g e n e r a t i o n   of  a  n o i s e   c a u s e d   by  t h e   i n t e r m i t t e n t   t u r n i n g   of  t h e  

p l a t e n .  

One  f e a t u r e   due  to  t h e   p r e s e n t   i n v e n t i o n   is   t h a t ,   in  a  

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

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

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

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

i n t e r m i t t e n t l y   t u r n i n g   t h e   p l a t e n   v i a   a  t i m i n g   b e l t ,   and  a  t i m i n g  

p u l l e y   m o u n t e d   on  t h e   p l a t e n   t h a t   has   a  t i m i n g   b e l t   wound  r o u n d  

i t   f o r   t r a n s m i t t i n g   t he   d r i v i n g   p o w e r   f rom  t h e   s t e p   m o t o r   to  t h e  

p l a t e n ,   and   t h e   t i m i n g   p u l l e y   is   g i v e n   a  c o n s t r u c t i o n   in  w h i c h   i t  

is   c o m p o s e d   of  an  i n n e r   r i n g ,   an  o u t e r   r i n g   and  a  b u f f e r   c y l i n d e r  

w h i c h   i s   i n s e r t e d   b e t w e e n   t h e   i n n e r   and  t h e   o u t e r   r i n g s . ;  

T h e s e   and  o t h e r   o b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   o f  t h e  

p r e s e n t   i n v e n t i o n   w i l l   be  more   a p p a r e n t   f rom  t h e   f o l l o w i n g  

d e s c r i p t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t s   t a k e n   in  c o n j u n c t i o n  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

t r a n s f e r   p r i n t e r ;  

F i g .   2  i s   t h e   s i d e   v i ew   of  t h e   p l a t e n   and  s t e p   m o t o r   s e c t i o n  

of  t h e   p r i n t e r   shown  in  F i g .   1 ;  

F i g .   3  i s   t h e   p l a n   v i ew  of  t h e   s e c t i o n   shown  in  F i g .   2;  

F i g .   4  is   a  s c h e m a t i c   s i d e   v i e w   of  t h e   p l a t e n   s e c t i o n   of  a  

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



F i g .   5  is  t h e   p l a n   v i e w   of  t h e   p l a t e n   s e c t i o n   shown  in  F i g .  

4 ;  

F i g .   6  is  a  b l o c k   d i a g r a m   f o r   t h e   v i b r a t i o n   s y s t e m  

c o r r e s p o n d i n g   to  t h e   e m b o d i m e n t   shown  in  F i g .   4 ;  

F i g s .   7A  and  7B  a r e   t h e   b l o c k   d i a g r a m s   f o r   t he   v i b r a t i o n  

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

F i g .   8  is   a  p o w e r   l e v e l   c h a r t   of  n o i s e s   f o r   t h e   e m b o d i m e n t  

shown  in  F i g .   4  and  t h e   p r i o r   a r t   d e v i c e   shown  in  F i g .   7A; 

F i g .   9  is  a  s c h e m a t i c   s i d e   v i e w   of  a  s e c o n d   e m b o d i m e n t   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   10  is   a  g r a p h   i l l u s t r a t i n g   a  c h a r a c t e r i s t i c   of  t h e  

e m b o d i m e n t   shown  in  F i g .   9 ;  

F i g .   11  i s   a  s c h e m a t i c   s i d e   v i e w   of  a  t h i r d   e m b o d i m e n t   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   12  is  a  s c h e m a t i c   s i d e   v i e w   of  a  f o u r t h   e m b o d i m e n t   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;   and  F i g .   13  is   a  s c h e m a t i c  

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

i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to   F i g s .   4  and  5,  t h e r e   is   shown  t h e   p l a t e n  

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

i n v e n t i o n .  

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

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

t h e r m a l   t r a n s f e r   p r i n t e r   shown  in  F i g s .   1  to  3  to   o m i t   f u r t h e r  

e x p l a n a t i o n .  

The  t h e r m a l   t r a n s f e r   p r i n t e r   i n c l u d e s   a  t i m i n g   p u l l e y   50 

c o n s t r u c t e d   by  a  p l a i n   c y l i n d r i c a l   i n n e r   r i n g ' S O a   w h i c h   is  f i t t e d  

and   f i x e d   d i r e c t l y   to   t h e   s h a f t   40  of   t h e   p l a t e n ,   and  an  o u t e r  

r i n g   50c ,   w i t h   t e e t h   on  i t s   o u t e r   p e r i p h e r a l   s u r f a c e ,   w h i c h   i s  

f i t t e d   to   t h e   i n n e r   r i n g   50a  v i a   an  e l a s t i c   b u f f e r   c y l i n d e r   5 0 b .  

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

w i t h   t h e   a b o v e   c o n s t r u c t i o n ,   t h e   f o r c e   t h a t   is   e x e r t e d   on  t h e  

p l a t e n   in  i t s   r a d i a l   d i r e c t i o n   by  t h e   t i m i n g   b e l t   18  a t   t h e   t i m e  



of  i n t e r m i t t e n t   t u r n i n g   of  t he   t i m i n g   p u l l e y   50,  is  m o l l i f i e d   by  
t he   b u f f e r   c y l i n d e r   50b .   In  F i g .   6,  t h e r e   is  i l l u s t r a t e d   a  
v i b r a t i o n   mode l   f o r   t h e   r a d i a l   d i r e c t i o n   of  t he   s h a f t   of  t h e  

p l a t e n   in  t h e   t h e r m a l   t r a n s f e r   p r i n t e r   of  t he   p r e s e n t   i n v e n t i o n  

shown  in  F i g .   4,  in  F i g .   7A  is  i l l u s t r a t e d   a  v i b r a t i o n   mode l   f o r  

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

t h e r m a l   t r a n s f e r   p r i n t e r   in  w h i c h   no  use   is  made  of  a  b u f f e r ,   a n d  

in  F i g .   7B  is   i l l u s t r a t e d   a  v i b r a t i o n   mode l   f o r   t he   r a d i a l  

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

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

b e a r i n g s   and  t h e   f r a m e .   In  t h e s e   f i g u r e s ,   Ma  r e p r e s e n t s   t he   m a s s  

of  t h e   o u t e r   r i n g   50c  of  t h e   t i m i n g   p u l l e y   on  t he   p l a t e n   s i d e ,   m  
is  t h e   sum  of  t h e   m a s s e s   of  t h e   p l a t e n   14  and  t h e   i n n e r   r i n g   5 0 a  

of  t he   t i m i n g   p u l l e y   50,   Mal  is   t h e   mass   of  t h e   t i m i n g   p u l l e y   5 0 ,  

mal  is  t h e   mass   of  t h e   p l a t e n   14,   K  and  Kl  r e p r e s e n t   t h e   s p r i n g  

c o n s t a n t ,   and  F  r e p r e s e n t s   t h e   e x t e r n a l   f o r c e   t h a t   a c t s   on  t h e  

t i m i n g   p u l l e y   50  due  to  t h e   i n t e r m i t t e n t   t e n s i o n   on  t h e   t i m i n g  

b e l t   1 8 .  

In  t he   p r i o r   a r t   d e v i c e   shown  in  F i g .   7A,  t h e   e x t e r n a l   f o r c e  

F  is  t r a n s m i t t e d   to  t h e   f r a m e   42  as  is   b e a c u s e   of  t he   r i g i d  

j o i n i n g   of  t h e   v a r i o n s   e l e m e n t s   s u c h   as  t he   t i m i n g   p u l l e y   50  a n d  

t h e   s h a f t   40  of  t h e   p l a t e n .   In  t h e   c a s e   of  t h e   p r i o r   a r t   d e v i c e  

in  wh ich   a  b u f f e r   c y l i n d e r   is  i n s e r t e d   b e t w e e n   t h e   f r a m e   42  a n d  

t h e   b e a r i n g s   44,  as  shown  by  F i g .   7B,  t h e   t i m i n g   p u l l e y   50  a n d  

t h e   p l a t e n   ( w i t h   mass   Mal  +  mal )   c o n s t i t u t e   a  s y s t e m   of  f o r c e d  

v i b r a t i o n   w i t h   one   d e g r e e   of  f r e e d o m .   T h a t   t h e   t r a n s m i s s i b i l i t y  

of  t h e   e x t e r n a l   f o r c e   F  to  t h e   f r a m e   42  in  t h i s   c a s e   w i l l   be  l e s s  

t h a n   u n i t y   f o r   t h e   r a n g e   of  f r e q u e n c y   w h i c h   is   a b o v e   t h e   s q u a r e  

r o o t   of  two  t i m e s   t h e   r e s o n a n c e   f r e q u e n c y  

is  w e l l   known.   H o w e v e r ,   s i n c e   t h e   p l a t e n   14  in  t he   v i b r a t i o n  

mode l   is  s i t u a t e d   n e a r e r   t he   e x t e r n a l   f o r c e   F  t h a n   the   e l a s t i c  

body ,   t he   d i s p l a c e m e n t   is  l a r g e r   t h a n   in  t he   c a s e   of  r i g i d  

j o i n i n g   to  t he   f r a m e   as  shown  in  F i g .   7A.  T h e r e f o r e ,   t h e r e   i s  



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

t h e   t h e r m a l   head   26,  r e a d u c i n g   t h e   p r i n t i n g   a c c u r a c y .   In  t h e  

v i b r a t i o n   m o d e l   shown  in  F i g .   6  f o r   t h e   t h e r m a l   t r a n s f e r   p r i n t e r  

in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   w h a t   a p p e a r s   on  t h e  

s i d e   of  t h e   e x t e r n a l   f o r c e   F  is   t h e   o u t e r   r i n g   50c  w i t h   mass   Ma ,  

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

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

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

f r e q u e n c y   w h i c h   i s   a b o v e   s q u a r e   r o o t   of  two  t i m e s   t h e   r e s o n a n c e  

f r e q u e n c y  

1  /  2  7C  K / M a ,   so  t h a t   i t   b e c o m e s   p o s s i b l e   to   r e d u c e   t h e  

g e n e r a t i o n   of  n o i s e   due  to  t h e   e x t e r n a l   f o r c e   F  in  t h e   r a d i a l  

d i r e c t i o n   of  t h e   s h a f t   of  t h e   p l a t e n   40.  I t   i s   to   be  n o t e d   t h a t  

w h a t   is   d i s p l a c e d   due  to  t h e   i n t e r m i t t e n t   t e n s i o n   on  t h e   t i m i n g  

b e l t   18  is   t h e   o u t e r   r i n g   50c  a l o n e   of  t h e   t i m i n g   p u l l e y   5 0 .  

S i n c e   t h e r e   w i l l   be  c r e a t e d   no  r e l a t i v e   d i s p l a c e m e n t   b e t w e e n   t h e  

p l a t e n   14  and  t h e   t h e r m a l   h e a d   26,  no  r e d u c t i o n   in  t h e   p r i n t i n g  

a c c u r a c y   w i l l   be  g e n e r a t e d .  

In  F i g .   8  a r e   c o m p a r e d   t h e   r e s u l t s   of  m e a s u r e m e n t   on  t h e  

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

shown  in  F i g .   7A  and  f o r   t h e   t h e r m a l   t r a n s f e r   p r i n t e r   i n  

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

be  s e e n   t h a t   a  r e d u c t i o n   of  5  dB  in  t h e   a c o u s t i c   p o w e r   l e v e l   o f  

t h e   n o i s e   can   be  a c h i e v e d   by  t h e   u se   of  t h e   d e v i c e   of   t h e   p r e s e n t  
i n v e n t i o n .  

R e f e r r i n g   to   F i g .   9,  t h e r e   is   i l l u s t r a t e d   a  s e c o n d  

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

p r e s e n t   i n v e n t i o n .   T h i s   e m b o d i m e n t   shows  an  e x a m p l e   in  w h i c h   t h e  

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

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

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

e m b o d i m e n t ,   t h e r e   a r e   c r e a t e d   on  t h e   b u f f e r   c y l i n d e r   50b  a  

p l u r a l i t y   of  e q u a l l y   s p a c e d   r a d i a l   n o t c h e s   54  t h a t   e x t e n d   f r o m  

i t s   o u t e r   p e r i p h e r y   t o w a r d   t h e   c e n t e r ,   and   on  t h e   i n n e r   p e r i p h e r y  

of  t h e   o u t e r   r i n g   50c  t h e r e   a r e   f i x e d   w i n g s   56,  c o n s i s t i n g   o f  



p r o j e c t i o n s   t h a t   f i t   t h e   n o t c h e s   54,  t h a t   a r e   made  of  a  m a t e r i a l ,  

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

f o r   t h e   e l a s t i c   body  c o n s t i t u t i n g   t h e   b u f f e r   c y l i n d e r   5 0 b .  

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

a n t i - v i b r a t i o n   r u b b e r   p i e c e   is   g i v e n   by  t h e   f o l l o w i n g   e x p r e s s i o n .  

In  t h e   a b o v e   e x p r e s s i o n ,   G  is   t h e   s h e a r i n g   m o d u l u s ,   I  is  t h e  

a x i a l   l e n g t h   of  t h e   c y l i n d e r ,   and  r1  and  r2  r e p r e s e n t   t h e   i n n e r  

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

E q u a t i o n   (1)  may  be  r e w r i t t e n   a s  

w h e r e   r 2 / r l   =  @ >1 )  .   Shown  in  f i g .   10  is   @ 2 / ( @ 2 - 1 )   as  a  f u n c t i o n  

of @ .  I t   w i l l   be  s e e n   f rom  t h e   f i g u r e   t h a t   t h e   s p r i n g   c o n s t a n t  

K  i n c r e a s e s   as  a p p r o a c h e s   u n i t y .  

Now,  i t   s h o u l d   be  n o t e d   t h a t   t h e   p r o v i s i o n   of  w i n g s   56  as  i n  

t h e   e m b o d i m e n t   shown  in  f i g .   9  r e s u l t s   in  a  r e d u c t i o n   in  t h e  

e f f e c t i v e   l e n g t h   in  w h i c h   t h e r e   is   g e n e r a t e d   a  s h e a r i n g   s t r e s s   i n  

t h e   d i r e c t i o n   of  r o t a t i o n   of  t h e   b u f f e r   c y l i n d e r   50b,   w h i c h  

b e c o m e s   a p p r o x i m a t e l y   e q u i v a l e n t   to   l e t t i n g «   a p p r o a c h   u n i t y .  

On  t h e   o t h e r   h a n d ,   t h e   s p r i n g   c o n s t a n t  i n   t h e   r a d i a l  

d i r e c t i o n   of  t h e   b u f f e r   c y l i n d e r   50b  can  be  r e p r e s e n t e d   a s  t h e  

sum  of  s p r i n g   c o s n t a n t   due  to  s h e a r i n g   s t r e s s   and  t h e   s p r i n g  

c o n s t a n t   d u e  t o   c o m p r e s s i o n   and  t e n s i o n .   G e n e r a l l y   s p e a k i n g ,   t h e  

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

to  c o m p r e s s i o n   and  t e n s i o n   so  t h a t   t h e   s p r i n g   c o n s t a n t   in  t h e  

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

is   d o m i n a t e d   by  t h e   s p r i n g   c o n s t a n t   due  to  c o m p r e s s i o n   a n d  

t e n s i o n .   T h e r e f o r e ,   even   when  t h e   t o r s i o n a l   s p r i n g   c o n s t a n t   o f  

t h e   b u f f e r   c y l i n d e r   50b  is  i n c r e a s e d   by  t h e   w i n g s   56,  t h e  

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

be  a p p r e c i a b l e .   As  a  r e s u l t ,   i t   b e c o m e s   p o s s i b l e   to  s u p p r e s s   t h e  

t r a n s m i s s i b i l i t y   v i b r a t i o n s   to   t h e   p l a t e n   14  and  t h e   s h a f t   of  t h e  

p l a t e n   40,  as  w e l l   as  to  s e c u r e   t h e   a c c u r a c y   in  t h e   d i r e c t i o n   o f  

p a p e r   f e e d i n g .  



R e f e r r i n g   to   F i g .   11,  t h e r e   is  shown  a  t h i r d   e m b o d i m e n t   o f  

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

i n v e n t i o n .   In  t h i s   e m b o d i m e n t ,   t h e r e   a r e   p r o v i d e d   n o t c h e s   5 4 a ,  

w h i c h   a r e   s i m i l a r   to   t h e   p r e v i o u s   n o t c h e s   54,  on  t h e   i n n e r  

p e r i p h e r y   of  t h e   b u f f e r   c y l i n d e r   50b,   and  on  t h e   i n n e r   r i n g   5 0 a  

of  t h e   t i m i n g   p u l l e y   50  t h e r e   a r e   p r o v i d e d   w i n g s   56a  w h i c h   a r e  

s i m i l a r   to  t h e  p r e v i o u s   w i n g s   56.  For  t h i s   e m b o d i m e n t ,   t h e   s a m e  

e f f e c t s   as  in  t h e   e m b o d i m e n t   shown  in  F i g .   9  can  be  o b t a i n e d .  

R e f e r r i n g   to   F i g .   12,   t h e r e   is  shown  a  f o u r t h   e m b o d i m e n t   o f  

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

i n v e n t i o n .   In  t h i s   e m b o d i m e n t ,   w i n g s   56a  on  t h e   i n n e r   r i n g   5 0 a  

of  t h e   t i m i n g   p u l l e y   and  w i n g s   58  on  t h e   o u t e r   r i n g   50c  of  t h e  

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

a l t e r n a t i n g .   For  t h i s   e m b o d i m e n t ,   t o o ,   t h e r e   a r e   o b t a i n e d  

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

R e f e r r i n g   to   F i g .   13,  t h e r e   i s   shown  a  f i f t h   e m b o d i m e n t   o f  

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

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

p r o j e c t i o n s   60  a l o n g   t h e   i n n e r   p e r i p h e r y   of  t h e   o u t e r   r i n g   50c  o f  

t h e   t i m i n g   p u l l e y .   T h e s e   p r o j e c t i o n s   60  a r e   made  of  a  m a t e r i a l -  

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

body   t h a t   c o n s t i t u t e s   t h e   b u f f e r   c y l i n d e r   50b.   Fcr   t h i s  

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

d e s c r i b e d   in  t h e   f o r e g o i n g   can  be  o b t a i n e d .  

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

t h e   p r e s e n t   i n v e n t i o n   can   s u p p r e s s   t h e   g e n e r a t i o n   of  t h e   n o i s e  

c r e a t e d   by  t h e   i n t e r m i t t e n t   t u r n i n g   of  t h e   p l a t e n ,   w i t h o u t  

r e d u c i n g   t h e   p r i n t i n g   a c c u r a c y   to  any  d e g r e e .   T h e r e f o r e ,   i t   c a n  

p r e v e n t   t h e   i n c r e a s e   in  n o i s e   w i t h i n   an  o f f i c e   a c c o m p a n y i n g   t h e  

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

V a r i o u s   m o d i f i c a t i o n s   w i l l   become  p o s s i b l e   f o r   t h o s e   s k i l l e d  

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



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

i n f o r m a t i o n   on  a  r e c o r d i n g   p a p e r ,   c h a r a c t e r i z e d   b y :  

a  p l a t e n   (14)  f o r   w i n d i n g   t h e   r e c o r d i n g   p a p e r ;  

a  t h e r m a l   head   (26)   f o r   t h e r m a l l y   r e c o r d i n g   i n f o r m -  

a t i o n   on  t h e   r e c o r d i n g   p a p e r ;  

a  t i m i n g   p u l l e y   (50)   i n s t a l l e d   a t   s a i d   p l a t e n   ( 1 4 )  

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

is   s u p p l i e d   t h r o u g h   a  t i m i n g   b e l t   ( 1 8 ) ,   in  o r d e r   to  t u r n  

s a i d   p l a t e n   (14)   i n t e r m i t t e n t l y ;   a n d  

b u f f e r   means   (50b)   a r r a n g e d   on  t h e   e x t e r n a l   f o r c e  

s i d e   of  s a i d   p l a t e n   (14)   f o r   a b s o r b i n g   t h e   e x t e r n a l  

f o r c e   t h a t   a c t s   on  s a i d   t i m i n g   p u l l e y   (50)   due  to   t h e  

i n t e r m i t t e n t   t e n s i o n   of  t h e   t i m i n g   b e l t   ( 1 8 ) .  

2.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   1 ,  

in  w h i c h   s a i d   t h e r m a l   h e a d   (26)   i s   m o u n t e d   f i x e d l y   t o  

t he   f r a m e   t h a t   s u p p o r t s   s a i d   p l a t e n   ( 1 4 ) .  

3.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   1  o r  

2,  in  w h i c h   s a i d   b u f f e r   means   ( 5 0 b )   is   d i s p o s e d   i n  s a i d  

t i m i n g   p u l l e y   ( 5 0 ) .  

4.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in   C l a i m   3 ,  

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

( 5 0 c )   and  an  i n n e r   r i n g   ( 5 0 a ) ,   and  s a i d   b u f f e r   m e a n s  

c o m p r i s e s   a  b u f f e r   c y l i n d e r   ( 5 0 b )   i n s e r t e d   b e t w e e n   t h e  

o u t e r   r i n g   and  the   i n n e r   r i n g .  

5.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   4 ,  

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

6.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   5 ,  

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



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

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

of  t h e   o u t e r   r i n g   ( 5 0 c )   of  s a i d   t i m i n g   p u l l e y ,   so  as  t o  

f i t   n o t c h e s   p r o v i d e d   in  t h e   b u f f e r   c y l i n d e r   ( 5 0 b ) ,   a n d  

t he   p r o j e c t i n g   p a r t s   a r e   made  of  a  m a t e r i a l   w i t h   e l a s t i c  

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

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

7.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   5 ,  

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

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

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

of  t h e   i n n e r   r i n g   ( 5 0 a )   of  s a i d   t i m i n g   p u l l e y ,   so  as  t o  

f i t   n o t c h e s   p r o v i d e d   in  t h e   b u f f e r   c y l i n d e r   ( 5 0 b ) ,   a n d  

the   p r o j e c t i n g   p a r t s   a r e   made  of  a  m a t e r i a l   w i t h   e l a s t i c  

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

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

..8.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   5 ,  

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

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

the   i n n e r   p e r i p h e r y   of  t he   o u t e r   r i n g   ( 5 0 c )   and  on  t h e  

o u t e r   p e r i p h e r y   of  t h e   i n n e r   r i n g   ( 5 0 a ) ,   of  s a i d   t i m i n g  

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

so  as  to  f i t   n o t c h e s -   p r o v i d e d   in  t h e   b u f f e r   c y l i n d e r  

( 5 0 b ) ,   and  t i le   p r o j e c t i n g   p a r t s   a r e   made  of  a  m a t e r i a l  

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

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

9.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   5 ,  

in  w h i c h   s a i d   b u f f e r   means   f u r t h e r   c o m p r i s e s   p r o j e c t i n g  

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

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

the   p r o j e c t i n g   p a r t s   a r e   made  of  a  m a t e r i a l   w i t h   e l a s t i c  

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

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



10.  A  t h e r m a l   t r a n s f e r   p r i n t e r   for   t h e r m a l l y   r e c o r d i n g  

i n f o r m a t i o n   on  a  r e c o r d i n g   p a p e r ,   c h a r a c t e r i z e d   b y :  

a  p l a t e n   (14)   f o r   w i n d i n g   t he   r e c o r d i n g   p a p e r ;  

a  t h e r m a l   h e a d   (26)   f o r   t h e r m a l l y   r e c o r d i n g   i n f o r m -  

a t i o n   on  the   r e c o r d i n g   p a p e r ;  

a  s t e p p i n g   mo to r   (10)   f o r   i n t e r m i t t e n t l y   t u r n i n g   s a i d  

p l a t e n   (14)  v i a   a  t i m i n g   b e l t   ( 1 8 ) ;   a n d  

a  t i m i n g   p u l l e y   (50)   w i t h   wound  t i m i n g   b e l t   ( 1 8 )  

i n s t a l l e d   at   s a i d   p l a t e n   (14)   f o r   t r a n s m i t t i n g   the   d r i v -  

ing  power   f rom  s a i d   s t e p p i n g   motor   (10)   to  s a i d   p l a t e n  

( 1 4 ) ,   s a i d   t i m i n g   p u l l e y   (50)   c o m p r i s i n g   an  i n n e r   r i n g  

( 5 0 a ) ,   and  o u t e r   r i n g   ( 5 0 c ) ,   and  a  b u f f e r   c y l i n d e r   ( 5 0 b )  

w h i c h   i s   i n s e r t e d   b e t w e e n   t h e   i n n e r   and  o u t e r   r i n g s .  

11.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   1 0 ,  

in  w h i c h   s a i d   t h e r m a l   h e a d   (26)   i s   m o u n t e d   f i x e d l y   o n  

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

12.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   1 0  

or  11,  in  w h i c h   t h e   b u f f e r   c y l i n d e r   (50b)   c o m p r i s e s   a n  

e l a s t i c   b o d y .  

13.  A  t h e r m a l   t r a n s f e r  p r i n t e r   as  c l a i m e d   in  C l a i m   1 2 ,  

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

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

( 5 0 c )   of  s a i d   t i m i n g   p u l l e y   ( 5 0 ) ,   in  t h e   r a d i a l   d i r e c t -  

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

in  t he   b u f f e r   c y l i n d e r   ( 5 0 b )   and  t he   p r o j e c t i n g   p a r t s  

a r e   made  of  a  m a t e r i a l   w i t h   e l a s t i c   m o d u l u s   w h i c h   i s  

g r e a t e r   t h a n   t h a t   of  t h e   e l a s t i c   body  t h a t   c o n s t i t u t e s  

t h e   b u f f e r   c y l i n d e r .  

14.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   1 2 ,  

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

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



( 5 0 a )   of  s a i d   t i m i n g   p u l l e y   ( 5 0 ) ,   in  t he   r a d i a l   d i r e c t -  

ion   of  s a i d   t i m i n g   p u l l e y   ( 5 0 ) ,   so  as  to   f i t   n o t c h e s  

p r o v i d e d   in  t h e   b u f f e r   c y l i n d e r   ( 5 0 b ) ,   and  t h e   p r o j e c t -  

ing   p a r t s   a r e   made  of  a  m a t e r i a l   w i t h   e l a s t i c   m o d u l u s  

w h i c h   i s   g r e a t e r   t h a n   t h a t   of  t h e   e l a s t i c   body   t h a t   c o n -  

s t i t u t e s   t h e   b u f f e r   c y l i n d e r .  

15.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   1 2 ,  

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

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

o u t e r   r i n g   ( 5 0 c )   and  t h e   o u t e r   p e r i p h e r y   of  t h e   i n n e r  

r i n g   ( 5 0 a )   of  s a i d   t i m i n g   p u l l e y ,   in  t he   r a d i a l   d i r e c t -  

i on   of  s a i d   t i m i n g   p u l l e y   ( 5 0 ) ,   so  as  to  f i t   n o t c h e s  

p r o v i d e d   in  t h e   b u f f e r   c y l i n d e r   ( 5 0 b ) ,   and  t h e   p r o j e c t -  

i ng   p a r t s   a r e   made  of  a  m a t e r i a l   w i t h   e l a s t i c   m o d u l u s  

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

s t i t u t e s   t h e   b u f f e r   c y l i n d e r .  

16.  A  t h e r m a l   t r a n s f e r   p r i n t e r   as  c l a i m e d   in  C l a i m   1 2 ,  

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

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

( 5 0 c )   of  s a i d   t i m i n g   p u l l e y   ( 5 0 ) ,   and  t h e   p r o j e c t i n g  

p a r t s   a r e   made  of  a  m a t e r i a l   w i t h   e l a s t i c   m o d u l u s   w h i c h  

i s   g r e a t e r   t h a n   t h a t   of  t h e   e l a s t i c   body  t h a t   c o n s t i -  

t u t e s   t h e   b u f f e r   c y l i n d e r .  
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