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©  Ink  jet  apparatus  and  method  of  operating  the  same. 

57  Hot  melt  ink  is  maintained  in  a  solid  state.  When  ink  is 
called  for  in  the  reservoir  (18)  of  a  scanning  imaging  head 
(10),  the  head  is  moved  to  a  refill  position  coupled  to  the 
solid  state  ink,  whereupon  the  ink  is  melted  coupled  into  the 
reservoir  of  the  imaging  head. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  ink  j e t   w h e r e i n  

t h e   i n k   w i t h i n   t h e   j e t   i s   of  t h e   p h a s e   c h a n g e   t y p e  

w h i c h   may  be  r e f e r r e d   to  as  ho t   m e l t   i n k .  

The  p h a s e   c h a n g e   or  ho t   m e l t   ink  of  t he   t y p e  

u t i l i z e d   in  an  ink   j e t   i s   c h a r a c t e r i s t i c a l l y   s o l i d   a t  

room  t e m p e r a t u r e .   When  h e a t e d ,   t he   ink  w i l l   m e l t   to  a 

c o n s i s t e n c y   so  as  to  be  j e t t a b l e .   The  ho t   m e l t   ink  may 
be  j e t t e d   from  a  v a r i e t y   of  a p p a r a t u s .  

When  e m p l o y i n g   ink   in  a  l i q u i d   s t a t e ,   t h e  

d e l i v e r y   of  ink  i s ,   of  c o u r s e ,   d i c t a t e d   by  t h e   l i q u i d  

s t a t e .   T y p i c a l l y ,   t he   ink  is   c o n t a i n e d   w i t h i n   a  c l o s e d  

v e s s e l   of  some  s o r t   p r i o r   to  d e l i v e r y   to  t h e   i n k   j e t .  

When  e m p l o y i n g   h o t   m e l t   i n k ,   t h e   d e l i v e r y   of  t h e   i n k  

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

t h e   s a m e   t i m e ,   i t   is   u n d e s i r a b l e   to  h e a t   an  e n t i r e  

s u p p l y   of  h o t   m e l t   ink  at   a l l   t i m e s   s i n c e   t h e   e x t e n d e d  

c o o k i n g   of  the   ho t   m e l t   ink  may  r e s u l t   in  d e g r a d a t i o n  

of  t h e   i n k .  

In  a  m e l t - o n - d e m a n d   s y s t e m   fo r   s u p p l y i n g   i n k "  

to  a  r e s e r v o i r   c a r r i e d   by  an  ink  j e t   in  an  i m a g i n g   h e a d  

is  d i s c l o s e d ,   e x t e n d e d   c o o k i n g   of  t he   ink  is  a v o i d e d   a s  
w e l l   as  t he   r e s u l t i n g   d e g r a d a t i o n   of   i n k .   The  a m o u n t  

of  i n k   w h i c h   may  be  u t i l i z e d   in  s u c h   a  s y s t e m   i s  

l i m i t e d   by  the   a m o u n t   of  i n k   w h i c h   may  be  c a r r i e d   o n  

i m a g i n g   h e a d .  



Accord ing   to  the  i n v e n t i o n   from  one  a s p e c t   t h e r e   i s  

provided  a  method  of  o p e r a t i n g   an  ink  jet   appara tus   c h a r a c t e r i z e d   by 

the  fol lowing  s t e p s :  

s t o r ing   ink  in  sol id  s t a t e   form  at  a  f ixed  l o c a t i o n ;  

s c a n n i n g   at  l e a s t   one  ink  j e t   and  an  a s s o c i a t e d  

r e s e r v o i r ;  

p e r i o d i c a l l y   moving  s a i d . i n k   j e t ( s )   and  a s s o c i a t e d  

r e s e r v o i r   to  a  r e f i l l   p o s i t i o n   adjacent   said  fixed  l o c a t i o n   on  demand; 

melt ing  so l i d   s t a t e   ink  at  said  f ixed  l o c a t i o n ;   and 

d i r e c t l y   f i l l i n g   said  r e s e r v o i r   with  said  melted  i n k .  

Accord ing   to  the  i n v e n t i o n   from  a n o t h e r   a s p e c t   t h e r e   i s  

provided  ink  jet   appara tus   c h a r a c t e r i z e d   by:  

a  s c a n n i n g   ink  j e t   head  inc lud ing   an  ink  r e s e r v o i r   and 

at  l eas t   one  ink  d rop le t   e j e c t i n g   j e t ;  

a  fixed  s o l i d   s t a t e   ink  s u p p l y ;  

means  for  p e r i o d i c a l l y   moving  s a id   ink  j e t   head  to  a 

r e f i l l   p o s i t i o n   ad jacent   said  ink  supply;  and 

means  for  h e a t i n g   and  melt ing  said  s o l i d   s t a t e   ink  a n d  

flowing  said  melted  ink  d i r e c t l y   into  said  r e s e r v o i r   when  said  head  i s  

in  said  r e f i l l   p o s i t i o n .  



It  w i l l   be  a p p r e c i a t e d   that  at  l eas t   some  embodiments  

of  th is   inven t ion   can  provide  a  hot  melt  ink  de l ive ry   system  in  w h i c h  

o p e r a t o r   h a n d l i n g   of  the   ink  is  m i n i m i z e d ,   an  ink  may  be  r e l i a b l y  

suppl ied   to  the  ink  j e t   a p p a r a t u s ,   ex t ended   h e a t i n g   and  r e s u l t i n g  

d e g r a d a t i o n   of  the  ink  are  m i n i m i s e d ,   and  a  large  supply  of  ink  i s  

provided  without  r e q u i r i n g   ope ra to r   i n v e n t i o n .  

A c c o r d i n g l y ,   in  p u t t i n g   the  present   i nven t ion   into  e f f e c t ,  

ink  in  sol id   s t a t e   form  is  s tored  at  a  f ixed   l o c a t i o n   and  a  m o v a b l e  

imaging  head  c o m p r i s e s   at  l e a s t   one  ink  j e t   and  an  a s s o c i a t e d  

r e s e r v o i r .   The  imaging  head  is  moved  to  a  f i l l i n g   p o s i t i o n   a d j a c e n t  

to  the  f ixed  loca t ion   where  the  ink  is  s tored  and  the  so l id   s t a t e   i n k  

is  melted  to  a  l i qu id   s t a t e   form  to  f i l l   the  r e s e r v o i r   of  the  i m a g i n g  

head.   The  moving  of  the  head  to  a  f i l l i n g   p o s i t i o n ,   mel t ing  and  t h e  

f i l l i n g   of  the  r e s e r v o i r   may  be  r e p e a t e d   on  demand  whenever   ink  i s  

needed .  

In  a  p r e f e r r e d   embodiment  of  the  i nven t ion ,   the  so l id   s t a t e  

ink  c o m p r i s e s   a  b lock   of  ink  with  a  h e a t i n g   means  in  t h e r m a l  

c o m m u n i c a t i o n   with  an  ex t r emi ty   of  the  block.  The  block  is  advanced 

so  as  to  be  maintained  in  thermal  communication  with  the  heat ing  means 

which  is  energized  on  demand  when  ink  is  r e q u i r e d .  

For  a  be t t e r   unde r s t and ing   of  the  inven t ion   and  to  show  how 

the  same  may  be  c a r r i e d   i n to   e f f e c t ,   r e fe rence   will  now  be  made,  by,,  

way  of  example,  to  the  accompanying  drawings,   w h e r e i n : -  



F i g .   1  i s   a  p e r s p e c t i v e   v i ew  of  an  ink  j e t  

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

i n v e n t i o n ;  

F i g .   2  i s   a  s e c t i o n a l   v iew  of  t he   ink  s u p p l y  

of  F i g .   1;  a n d  

F i g .   3  i s   a  b l o c k   d i a g r a m   of  c o n t r o l  

a p p a r a t u s   for   t h e   a p p a r a t u s   shown  in  F i g .   1 .  

R e f e r r i n g   to  F i g .   1,  an  ink  j e t   a p p a r a t u s   i s  

d i s c l o s e d   i n c l u d i n g   a  h e a d   10  m o u n t e d   f o r   m o v e m e n t  

a l o n g   a  s c a n n i n g   p a t h   d e p i c t e d   by  a r r o w s   12  and   1 4 .  

The  head   10  i n c l u d e s   ink  j e t   i m a g i n g   s y s t e m s   s u p p l y i n g  

an  a r r a y   of  i n k   j e t s   h a v i n g   o r i f i c e s   16.  The  head   1 0  

i n c l u d e s   an  o n - b o a r d   r e s e r v o i r   18  s u p p l i e d   by  a  t r o u g h  

20  l o c a t e d   a t   t h e   r e a r   of  t h e   h e a d   1 0 .  

The  r e s e r v o i r   18  i s   of   a  l i m i t e d   c a p a c i t y .  

In  o t h e r   w o r d s ,   t h e   r e s e r v o i r   18  is  c a p a b l e   of  s t o r i n g  

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

so  as  to  a s s u r e   t h e   o p e r a t i o n   of  t h e   i n k   j e t s   f o r   a  
r e a s o n a b l e   p e r i o d   of  t i m e   f o r   a  r e a s o n a b l e   r a t e   o f ,  

p r i n t i n g .   H o w e v e r ,   t he   v o l u m e   of  ink   is  l i m i t e d .  

In  o r d e r   to  s u p p l y   f u r t h e r   i n k   to   t h e  

r e s e r v o i r   18  of  t h e   h e a d   10  to   t h e   r e s e r v o i r   20,  t h e  

h e a d   10  i s   c a p a b l e   of  m o v e m e n t   to  a  r e f i l l   p o s i t i o n  

s h o w n   in  p h a n t o m .   In  t he   r e f i l l   p o s i t i o n ,   t he   head   10  

is  l o c a t e d   b e l o w   a  s u p p l y   of  i n k   in  s o l i d   s t a t e   f o r m  

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

by  h e a t i n g .   As  s h o w n ,   t he   s u p p l y   c o m p r i s e s   a  t u b u l a r  

h o u s i n g   22  w i t h   a  h e a t e r   24  e l e c t r i c a l l y   s u p p l i e d   b y  
l e a d s   26  and   28 .   As  s h o w n   in  F i g .   1,  t h e   t r o u g h   2 0  



when  p o s i t i o n e d   a d j a c e n t   to  t h e   s u p p l y   of  i nk   i n  

t u b u l a r   h o u s i n g   22  i s   p r o p e r l y   p o s i t i o n e d   so  t h a t  

m e l t e d   ink  may  f l o w   i n t o   the   t r o u g h   20  a l o n g   a  p a t h   3 0 .  

In  t h i s   m a n n e r ,   t h e   r e s e r v o i r   18  w i t h i n   t h e   h e a d   10  

may  be  f i l l e d .  

O n c e   f i l l e d ,   t h e   r e s e r v o i r   18  and  the   h e a d  

10  a r e   moved  back   i n t o   t he   s c a n n i n g   p o s i t i o n   away   f r o m  

t h e   s u p p l y   of  h o t   m e l t   i n k .   P e r i o d i c a l l y ,   i t   i s  

n e c e s s a r y   to  move  t h e   h e a d   10  b a c k   to  the  r e f i l l   p o s i t i o n  
s h o w n   in  p h a n t o m   in  F i g .   1  so  as  to  p e r m i t   s u b s e q u e n t  

s e q u e n t i a l   m e l t i n g   of  t h e   h o t   m e l t   i n k   w i t h i n   t h e  

t u b u l a r   h o u s i n g   22.   I t   w i l l   t h e r e f o r e   be  a p p r e c i a t e d  

t h a t   t he   v o l u m e   of  ink  w i t h i n   t h e   h o u s i n g   22  when   t h e  

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

which   is  c o n t a i n e d   w i t h i n   the   r e s e r v o i r   18  of  t h e   h e a d  

10  a t   any  g i v e n   t i m e .  

R e f e r r i n g   now  to  F i g .   2,  t h e   t u b u l a r   h o u s i n g  

22  is  shown  as  h o u s i n g   a  h e l i c a l   s p r i n g   32  w h i c h   a b u t s  

a  f i x e d   m e m b e r   34  s e c u r e d   to   t h e   h o u s i n g   22  by  s c r e w  

36.  The  o t h e r   end  of  t h e   s p r i n g   32  a b u t s   a  m o v a b l e  

i n s e r t   38  w h i c h   i s   in  c o n t a c t   w i t h   one  e x t r e m i t y   of  a 
b l o c k   of  ink  40  in  s o l i d   s t a t e   f o r m .   The  o t h e r   end   o f  

t he   b l o c k   40  a b u t s   a  g r o o v e   42  j u x t a p o s e d   to  t h e   h e a t e r  

24  w h i c h   is  e n c l o s e d   w i t h i n   a  h o u s i n g   44  h e l d   in  p l a c e  

by  a  s c r e w   46 .   The  g r o o v e   42  a l l o w s   ink  to  f l o w   i n t o  

the   o p e n i n g   50.  The  h o u s i n g   44  i n c l u d e s   a  t h e r m i s t o r  

48  or  o t h e r   t e m p e r a t u r e   s e n s i n g   e l e m e n t .  

As  t h e   h e a t e r   24  i s   e l e v a t e d   in  t e m p e r a t u r e ,  

t h e   e x t r e m i t y   of  t h e   b l o c k   40  a b u t t i n g   t h e   p l a t e   42 

w i l l   m e l t .   The  m e l t e d   ink   t h e n   f l o w s   t h r o u g h   t h e  

g r o o v e   42  and  i n t o   t h e   a p e r t u r e   50  in  t h e   t u b u l a r  

h o u s i n g   22.   I t   is   f l o w   f r o m   t h e   a p e r t u r e   50  w h i c h  

c r e a t e s   t he   f l o w   of  m e l t e d   ink  30  shown  in  F i g .   1 .  



As  a l s o   s h o w n   in  F i g .   2,  t h e   h o u s i n g   2 2  

i n c l u d e s   a p e r t u r e s   52  and   54  a s s o c i a t e d   w i t h   a  l i g h t  

s o u r c e   56  and  a  l i g h t   d e t e c t o r   58.  When  a  s u f f i c i e n t  

q u a n t i t y   of  ink  40  i s   p r e s e n t   to   b l o c k   t h e   l i g h t   f r o m  

t h e   s o u r c e   56  f r o m   b e i n g   d e t e c t e d   by  t he   d e t e c t o r   5 8 ,  

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

i n d i c a t e s   an  a d e q u a t e   q u a n t i t y   of   i n k   40 .   H o w e v e r ,  

when  t h e   q u a n t i t y   of   i n k   40  i s   no  l o n g e r   c a p a b l e   o f  

b l o c k i n g   t he   d e t e c t o r   58,  t he   d e t e c t o r   58  w i l l   i n d i c a t e  

a  low  s u p p l y .   T h i s   w i l l   be  m o r e   f u l l y   d e s c r i b e d   i n  

c o n n e c t i o n   w i t h   F i g .   3 .  

R e f e r r i n g   now  to  F i g .   3,  a  h e a t e r   c o n t r o l   60  

e n e r g i z e s   and  d e - e n e r g i z e s   the   h e a t e r   24.  In  o r d e r   t o  

c o n t r o l   t h e   t e m p e r a t u r e   of   t h e   h e a t e r   24,  t h e   h e a t e r  

c o n t r o l   60  is  r e s p o n s i v e   to   a  s i g n a l   f r o m   . t h e   t h e r m -  

i s t o r   4 8 .  

P r e f e r a b l y ,   t he   h e a t e r   24  is  e n e r g i z e d   fo r   a  

p r e d e t e r m i n e d   l e n g t h   of  t i m e   w h e n e v e r   a  r e f i l l   of   i n k  

i s   c a l l e d   f o r   in  t h e   r e s e r v o i r   18.  T h i s   p r e d e t e r m i n e d  

l e n g t h   of  t ime   is  u n d e r   t h e   c o n t r o l   of  a  t i m e r   62  w h i c h  

s u p p l i e s   an  i n p u t   to   t h e   h e a t e r   c o n t r o l .   I t   i s ,   o f  

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

h e a t i n g   when   i n k   i s   c a l l e d   f o r   in  t h e   r e s e r v o i r   1 8 .  

Th i s   is  d e t e r m i n e d   by  a  l e v e l   d e t e c t   c i r c u i t   64  w h i c h  

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

r e s e r v o i r .   H o w e v e r ,   t he   t i m e r   62  can  o n l y   be  s e t   w h e n  

t h e   d e t e c t o r   58  i n d i c a t e s   an  a d e q u a t e   s u p p l y   of  ink  40 

as  shown  in  F i g .   2 .  



For  t h i s   i n v e n t i o n ,   i t   is  i m p o r t a n t   t h a t   t h e  

m e l t i n g   o n l y   be  i n i t i a t e d   when  t h e   h e a d   10  is  in  t h e  

p r o p e r   p o s i t i o n   b e n e a t h   t h e   t u b u l a r   h o u s i n g   22.  F o r  

t h i s   p u r p o s e ,   a  p o s i t i o n   s e n s o r   66  e n a b l e s   t h e   h e a t e r  

c o n t r o l   when  t he   head   10  is  in  p r o p e r   p o s i t i o n .  

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

i n v e n t i o n   h a s   b e e n   shown   and  d e s c r i b e d ,   i t   w i l l   b e  

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

w i l l   f a l l   w i t h i n   t h e   s c o p e   of  t h e  

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

e x a m p l e ,   i t   is   p o s s i b l e   to  e l i m i n a t e   the   h e a t e r   p l a t e  

42  and  u t i l i z e   a  s u p p l y   of  s o l i d   s t a t e   ink   w h i c h  

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

l e n g t h   of  t h e   i n k .   W h e r e   s u c h   an  ink   s u p p l y   i s  

u t i l i z e d ,   t h e   s p r i n g   62  f o r   a d v a n c i n g   t h e   ink  may  b e  

e l i m i n a t e d .   On  t he   o t h e r   h a n d ,   whe re   a  h e a t e r   p l a t e   i s  

u t i l i z e d ,   i t   may  be  d e s i r a b l e   to  p r o v i d e   means   o t h e r  

t h a n   the   s p r i n g   32  to  a d v a n c e   the   i n k .   I t   w i l l   a l s o   b e  

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

s e p a r a b i l i t y   b e t w e e n   t h e   h o u s i n g   22  and  t h e   h e a t e r  

h o u s i n g   44  as  w e l l   as  t h e   o p t i c a l   d e t e c t i n g   s y s t e m  

i n c l u d i n g   the   l i g h t   s o u r c e   56  and  t h e   l i g h t   d e t e c t o r  

58 .   I t   w i l l   a l s o   be  a p p r e c i a t e d   t h a t   t he   h o u s i n g   22 

may  be  r o t a t e d   90°  fo r   t o p o g r a p h i c a l   p u r p o s e s .  



1.  A  method  of  o p e r a t i n g   an  ink  j e t   a p p a r a t u s  

c h a r a c t e r i z e d   by  the  fol lowing  s t e p s :  

s t o r ing   ink  in  so l id   s t a t e   form  at  a  fixed  l o c a t i o n ;  

s c a n n i n g   at  l e a s t   one  ink  j e t   and  an  a s s o c i a t e d  

r e s e r v o i r ;  

p e r i o d i c a l l y   moving  s a i d   ink  j e t ( s )   and  a s s o c i a t e d  

r e s e r v o i r   to  a  r e f i l l   pos i t i on   ad jacen t   said  fixed  loca t ion   on  demand; 

melting  so l id   s t a t e   ink  at  said  fixed  l o c a t i o n ;   and 

d i r e c t l y   f i l l i n g   said  r e s e r v o i r   with  said  melted  i n k .  

2.  A  method  a c c o r d i n g   to  claim  1  inc luding  r e p e a t i n g   t h e  

a fo r e sa id   s teps   according  to  ink  consumption  r e q u i r e m e n t s .  

3.  A  method  according  to  claim  1  or  2,  wherein  said  s o l i d  

s t a t e   ink  is  melted  s e q u e n t i a l l y   at  said  fixed  l o c a t i o n   and  sa id   i n k  

j e t ( s )   and  a s s o c i a t e d   r e s e r v o i r   are  p e r i o d i c a l l y   moved  to  said  r e f i l l  

p o s i t i o n   a d j a c e n t   sa id   f ixed   l o c a t i o n   for  r e c e i v i n g   s e q u e n t i a l l y ,  
melted  por t ions   of  said  so l id   s t a t e   i n k .  

4.  A  method  according  to  any  preceding  claim,  wherein  t h e  

volume  of  ink  s tored  in  so l id   s t a t e   form  exceeds  the  volume  of  ink  i n  

said  r e s e r v o i r .  



5.  A  method  a c c o r d i n g   to  any  preceding  c laim,   i n c l u d i n g  

the  s tep  of  i n h i b i t i n g   melt ing  of  said  so l id   s t a t e   ink  when  sa id   i n k  

j e t ( s )   and  a s soc i a t ed   r e s e r v o i r   are  not  adjacent   said  fixed  l o c a t i o n .  

6.  Ink  jet   appara tus   c h a r a c t e r i z e d   by :  

a  s c a n n i n g   ink  j e t   head  inc lud ing   an  ink  r e s e r v o i r   and 

at  l e a s t   one  ink  d rop l e t   e j e c t i n g   j e t ;  

a  fixed  so l id   s t a t e   ink  s u p p l y ;  

means  for  p e r i o d i c a l l y   moving  sa id   ink  j e t   head  to  a 

r e f i l l   pos i t ion   ad jacent   said  ink  supply;  and 

means  for  hea t ing   and  melt ing  said  s o l i d   s t a t e   ink  and  

flowing  said  melted  ink  d i r e c t l y   into  said  r e s e r v o i r   when  said  head  i s  

in  said  r e f i l l   p o s i t i o n .  

7.  An  ink  j e t   appara tus   according  to  claim  6,  wherein  s a i d  

sol id   s t a t e   ink  is  in  the  form  of  a  b l o c k .  

8.  An  ink  j e t   a p p a r a t u s   of  c la im  6  or  7,  where in   s a i d  

means  for  heat ing  and  melt ing  said  so l id   s t a t e   ink  c o m p r i s e s   a  p l a t e  
in  thermal  communication  with  an  ex t remi ty   of  said  b l o c k .  

r  9.  An  ink  je t   appara tus   according  to  any  one  o f  c l a i m s   6 

to  8,  i n c l u d i n g   means  for  advancing  said  block  to  main ta in   an  e x t r e m -  

ity  of  said  block  in  t h e r m a l   c o m m u n i c a t i o n   with  s a id   h e a t i n g   and  

melt ing  means. 



10.  An  ink  jet   appa ra tus   according  to  any  one  of  claims  6 

to  9,  i nc lud ing   means  for  i n h i b i t i n g   s a i d   h e a t i n g   and  m e l t i n g   means 

when  said  head  is  not  in  said  r e f i l l   p o s i t i o n .  
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