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B a c k g r o u n d   of  t h e   I n v e n t i o n  

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  t he   a r t   of  i n k i n g   c a r t r i d g e s .  

B r i e f   D e s c r i p t i o n   of  t he   P r i o r   A r t  

R e p r e s e n t a t i v e   p r i o r   a r t   i n k i n g   c a r t r i d g e s   a r e   d i s c l o s e d  

in  U.S.   p a t e n t s   Nos.   3 , 8 3 1 , 7 3 1   to  Mack  e t   a l ,   g r a n t e d   A u g u s t  

27,  1 9 7 4 ,   3 , 9 0 4 , 0 1 5   to  B o y d e n   e t   a l ,   g r a n t e d   S e p t e m b e r   9 ,  

1 9 7 5 ,   3 , 9 4 1 , 2 3 1   to  M a t u c k   e t   a l ,   g r a n t e d   March   2,  1976  a n d  

4 , 0 4 6 , 2 4 7   to  La  S p e s a   e t   a l ,   g r a n t e d   S e p t e m b e r   6,  1 9 7 7 .  -  

U .S .   P a t e n t   No.  3 , 1 4 3 , 9 6 3   to  S c h r e m p p ,   g r a n t e d   A u g u s t   1 1 ,  

1 9 6 4 ,   d i s c l o s e s   a  d e v i c e   f o r   l o c k i n g   o u t   a  p r i n t i n g   d e v i c e  

a f t e r   a  c e r t a i n   number   of  p r i n t i n g   c y c l e s .  

Summary  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  a  l o w - c o s t ,   c o m p a c t ,   s i m p l e  

r e p l a c e a b l e   i n k i n g  c a r t r i d g e   i n c o r p o r a t i n g   an  a r r a n g e m e n t  

f o r   i n d i c a t i n g   when  the   i n k i n g   med ium  which   t h e   c a r t r i d g e  

c o n t a i n s   has   been   s p e n t .   The  i n d i c a t i n g   a r r a n g e m e n t   i s  

n o n - r e s e t t a b l e   by  t h e   u s e r .   The  c a r t r i d g e  i s   c a p a b l e   o f  

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

so  t h a t   e i t h e r   the  u s e r   can  be  i n f o r m e d   of   t h e   s p e n t   c o n d i t i o n  

by  v i s u a l   or  a u d i b l e   means   or  the  p r i n t e r   can  be  d i s a b l e d ,  

or   b o t h .  

A c c o r d i n g   to  a  s p e c i f i c   e m b o d i m e n t   of  t h e   i n v e n t i o n ,  

t h e   i n k i n g   medium  is  h e l d   c a p t i v e   by  the   h o u s i n g .   T h e  

h o u s i n g   c o n t a i n s   means   f o r   i n d i c a t i n g   when  the   c a r t r i d g e  

n e e d s   to  be  r e p l a c e d .   The  i n d i c a t o r   means   i s   i n a c c e s s i b l e  

f o r   r e s e t t i n g   by  t he   u s e r   so  t h a t   a  s p e n t   c a r t r i d g e   c a n n o t  

be  i n a d v e r t e n t l y   or   e v e n   i n t e n t i o n a l l y   u s e d .   The  use  of   a  



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

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

w h i c h   may  n o t   be  u l t i m a t e l y   u s e a b l e   b e c a u s e   t h e i r   q u a l i t y   i s  

i n a d e q u a t e   to   m e e t   s p e c i f i c a t i o n s   o r   t he   u s e r ' s   r e q u i r e m e n t s .  

P r i n t   q u a l i t y   i s   p a r t i c u l a r l y   i m p o r t a n t   when  p r i n t i n g   r e c o r d s  

w h i c h   a r e   i n t e n d e d   to   be  r e a d   or   s c a n n e d   by  a  m a c h i n e .  

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

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

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

c o n n e c t e d   by  an  o p e n i n g .   The  f i r s t   c h a m b e r   c a n  b e   c o n s i d e r e d  

to   be  a  s t u f f i n g   c h a m b e r .   The  h o u s i n g   has   a  p a i r   of   o u t w a r d l y  

e x t e n d i n g   a r m s .   The  h o u s i n g   p r o v i d e s   a  p a t h   f o r   an  e n d l e s s  

ink   r i b b o n .   The  p a t h   e x t e n d s   f r o m   the  s t u f f i n g   c h a m b e r ,   t h r o u g h  

one  a r m ,   t o   a n d   t h r o u g h   t h e   o t h e r   a r m ,   t o   and   t h r o u g h   t h e   s e c o n d  

c h a m b e r ,   t h r o u g h   t h e   o p e n i n g   and   i n t o   t h e   s t u f f i n g   c h a m b e r .  

A  p a i r   o f   f e e d   r o l l s   i s   d i s p o s e d   a t   t h e   o p e n i n g .   One  of   t h e  

f e e d   r o l l   can   be  d r i v e n   f r o m   o u t s i d e   t h e  h o u s i n g .  A   s p r i n g -  

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

t h e   d r i v e n   f e e d   r o l l  w h i c h   in   t u r n   t r a n s f e r s   the   i n k   to  t h e  

i n k   r i b b o n .   The  h o u s i n g   c o n t a i n s   a  c o u n t e r   w h i c h   i n c l u d e s   a  

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

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

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

a n d  a   worm  w h e e l .   When  t h e   worm  w h e e l   t r a v e l s   t h r o u g h  

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

t h e   worm  w h e e l   moves   f rom  a  f i r s t   p o s i t i o n   to  a  s e c o n d  

p o s i t i o n   t h e r e b y   i n d i c a t i n g   t h a t   t h e   i n k i n g  r i b b o n   is   n e a r  t h e  

end   o f   i t s   u s e f u l   l i f e .  T h i s   p r o v i d e s   an  i n d i c a t i o n  

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

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

p r i n t e r .   The  s i g n a l s   f o r   the   p r i n t e r   a r e   g e n e r a t e d   i n  

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

of   t h e   p r i n t e r   to   w h i c h   the   u s e f u l   l i f e   o f   t h e   r i b b o n   c o r r e l a t e s .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

FIGURE  1  i s   a  p a r t l y   e x p l o d e d   p e r s p e c t i v e   v i e w   of  a  

r e p l a c e a b l e   i n k i n g   c a r t r i d g e   a n d   p a r t s   of  a  p r i n t e r ;  

FIGURE  2  i s   a  p e r s p e c t i v e   v i e w   of  t h e   c a r t r i d g e   m i n u s  

t h e   c o v e r ;  

FIGURE  3  i s   an  e x p l o d e d   p e r s p e c t i v e   v i e w   of  a  r i b b o n  

f e e d i n g   m e c h a n i s m   and   i n k i n g   m e c h a n i s m ;   
JSa 



FIGURE  4  i s   an  e x p l o d e d   p e r s p e c t i v e   v i ew  of  t h e  

c o u n t i n g   and  i n d i c a t i n g   means   of  t h e   c a r t r i d g e ;   a n d  

FIGURE  5  i s   a  p a r t l y   s e c t i o n a l   v i e w   s h o w i n g   the  f o u n t a i n  

r o l l ,   the   worm  w h e e l ,   a  p o r t i o n   of  the  worm  g e a r   and  the  s e n s i n g  

m e m b e r .  

D e t a i l e d   D e s c r i p t i o n   of  t he   P r e f e r r e d   E m b o d i m e n t s  

W i t h   r e f e r e n c e   to  FIGURE  1,  t h e r e   is  shown  a  r e p l a c e a b l e  

ink  r i b b o n   c a r t r i d g e   g e n e r a l l y   i n d i c a t e d   a t   10.  The  c a r t r i d g e   10  

i n c l u d e s   a  h o u s i n g   11  h a v i n g   a  c o v e r   12.  The  c o v e r   is   p r e f e r a b l y  

p e r m a n e n t l y   s e c u r e d   to  t he   r e s t   of  t he   h o u s i n g   11.   T h e  

h o u s i n g   11  is  r e m o v a b l y   c o n n e c t e d   by  s u i t a b l e   means   14  to  a  

p r i n t e r   P  h a v i n g   a  p r i n t   head   1 3 .  

As  b e s t   shown  in  FIGURE  2,  t h e   h o u s i n g   11  c a r r i e s   a n  

e n d l e s s   ink  r i b b o n   15.  The  r i b b o n   15  is  h e l d   c a p t i v e   by  t h e  

h o u s i n g   11.  The  i n t e r i o r   s p a c e   of   t he   h o u s i n g   is   shown  t o  

be  s e p a r a t e d   i n t o   c h a m b e r s   16  and  17  by  w a l l   s t r u c t u r e  

18.  The  c h a m b e r   16  is  c o n s i d e r e d   to  be  a  s t u f f i n g   c h a m b e r   i n t o  

w h i c h   t he   ink  r i b b o n   is  s t u f f e d   in  a  r a n d o m   o r i e n t a t i o n .   T h e  

h o u s i n g   11  p r o v i d e s   a  p a t h   f o r   the   ink   r i b b o n   15  f rom  the   c h a m b e r  

16  t h r o u g h   a  p a s s a g e w a y   19  p r o v i d e d   by  w a l l s   20  and  21  and  by  a  

s i d e   w a l l   22  of  t he   h o u s i n g   11.   The  r i b b o n   15  makes   a  M o b i u s  

t w i s t   in  t h e   p a s s a g e w a y   19.  The  h o u s i n g   11  has  a  p a i r   o f  

o u t w a r d l y   e x t e n d i n g   arms  23  and  24  e a c h   of  w h i c h   h a s   t w o  

t u r n i n g   b a r s   25  and  26  so  t h a t   t h e   ink   r i b b o n   15  is  p r e s e n t e d  

in  a  h o r i z o n t a l   p l a n e   as  shown  in  FIGURES  1  and  2  i n t o  

c o o p e r a t i o n   w i t h   the   p r i n t   h e a d   13.   A  l e a f   s p r i n g   27  in  t h e  

p a s s a g e w a y   19  a s s i s t s   in  p r o v i d i n g   the  p r o p e r   t e n s i o n   in  t h e  

ink   r i b b o n   1 5 .  

The  i n k   r i b b o n   15  p a s s e s   i n t o   the  c h a m b e r   17  f rom  a  

p a s s a g e w a y   28  in  the   arm  24  and  p a s s e s   p a r t l y   a r o u n d   p i n s  

29,  30  and  31  i n t o   t he   n i p   of  c o o p e r a t i n g   r o l l s   32  and  3 3 .  

With   r e f e r e n c e   to  FIGURE  3,  t he   r o l l   32  has   a  c e n t r a l  

a n n u l a r   g r o o v e   34  in  w h i c h   a  s o c k e t   35  of  a  p i v o t a l l y   m o u n t e d  

arm  or   l e v e r   36  is  r e c e i v e d .   The  s o c k e t   has   an  o p e n i n g   3 7 ,  

bu t   t he   e x t e n t   of  t he   s o c k e t   35  i s   more  t h a n   180  d e g r e e s   s o  

t h a t   the   r o l l   32  i s   h e l d   c a p t i v e .   The  arm  36  and  i t s   s o c k e t  

35  a r e   c o n s t r u c t e d   o f   o n e - p i e c e   m o l d e d   p l a s t i c s   m a t e r i a l   a n d  

t h e   s o c k e t   35  is  s u f f i c i e n t l y   r e s i l i e n t   to  s p r e a d   to  a c c e p t  



the   r o l l   32.  The  arm  35  i s   p i v o t a l l y   m o u n t e d  o n   a  p o s t   38 

e x p e n d i n g   u p w a r d l y   f r o m   the  b o t t o m   w a l l   3 9  o f   the  h o u s i n g  

11.  A  s p r i n g   40  a c t i n g   on  the   l e v e r   36  u r g e s  t h e   r o l l   32  

a g a i n s t   t he   r o l l   33.  The  s p r i n g   40  i s  a   l e a f   s p r i n g   h a v i n g  

a  h o l e   41  f o r   r e c e i v i n g   a  p i n   42.  The  l e a f   s p r i n g   40  b e a r s  

a g a i n s t   a  hub  43  of  the  l e v e r   36  and  a g a i n s t   a  h e a d   4 4  

a d j a c e n t   t h e   s o c k e t   35.  The  l e a f   s p r i n g   40  a l s o   b e a r s   a g a i n s t  

a  p r o j e c t i o n   45  f o r m e d   i n t e g r a l l y   w i t h   t h e   s i d e  w a l l   2 2 .  

The  f e e d   r o l l   33  h a s   an  a n n u l a r   g r o o v e   46  f o r   r e c e i v i n g   a  

s t r i p p e r   47.  The  r o l l   33,  w h i c h   i s   of  o n e - p i e c e   m o l d e d  

p l a s t i c s   c o n s t r u c t i o n ,   has   an  i n t e g r a l  h u b   48  r o t a t a b l y  

r e c e i v e d   in  a  h o l e   49  in  the   b o t t o m  w a l l   39.  The  r o l l   33 

h a s   an  i n t e g r a l   hub  50  r o t a t a b l y   r e c e i v e d   in  a  h o l e   51  i n  

t h e   c o v e r   12.  The  r o l l   33  has   a  c r o s s - s h a p e d   s l o t  5 2   b y  

w h i c h   t h e   r o l l   33  can   be  d r i v e n   by  s u i t a b l e   means   o u t s i d e  

t h e   c a r t r i d g e   10.   Such  m e a n s  a r e   shown  in  FIGURE 1   as   b e i n g  

an  e l e c t r i c   m o t o r   53  h a v i n g   a  r e c t a n g u l a r   d r i v e   e n d  5 4  

w h i c h   i s   a d a p t e d   to  be  r e c e i v e d  i n  t h e  s l o t   52  in   one  of   t w o  

p o s i t i o n s .   T h e - s u r f a c e   55  of  the   r o l l   3 3  i s   s u f f i c i e n t l y  

ink   r e c e p t i v e   to  t r a n s f e r   i n k   f r o m   a  f o u n t a i n  r o l l   g e n e r a l l y  

i n d i c a t e d   a t   56  to  the   i n k  r i b b o n   15  w h i c h  p a s s e s   b e t w e e n   t h e  

r o l l s   32  and  33.  The  f o u n t a i n   r o l l   56  h a s   a  h o l l o w   i n t e r i o r  

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

f o u n t a i n   r o l l   56  i s   c o m p r i s e d   of  p o r o u s   i nk   r e c e p t i v e   m a t e r i a l  

57  w h i c h   m e t e r s   the   ink   to   t h e   r o l l  3 3 .   The  f o u n t a i n   r o l l  

56  is   r o t a t a b l y   m o u n t e d   on  a  b e l l - c r a n k   s h a p e d   l e v e r   o r  

member   58.  The  l e v e r   has   a  h o l e   59  f o r   r e c e i v i n g   an  u p s t a n d i n g  

p o s t   60  m o l d e d   i n t e g r a l l y   w i t h   t h e   b o t t o m   w a l l   39.  T h e  

l e v e r   58  has   a  p a i r   of  a r m s   61  and   62.  A  t e n s i o n   s p r i n g   6 3  

i s   c o n n e c t e d   to  t he   arm  6 2  a n d  t o   an  u p s t a n d i n g   p o s t   6 3 '  

f o r m e d   i n t e g r a l l y   w i t h   t h e  b o t t o m   w a l l   39.  T h e  f o u n t a i n  

r o l l   56  has   a  c e n t r a l   h o l e   64  f o r   r e c e i v i n g   a  p o s t   o r  p i v o t   6 5 .  

The  p o s t   65  has   a  s h o u l d e r   66  w h i c h   s u p p o r t s   the   f o u n t a i n  

r o l l e r   56  in  s p a c e d   r e l a t i o n s h i p   to  t he   l e v e r  5 8   and  to  t h e  

b o t t o m   w a l l   39.  The  s p r i n g   63  b i a s e s   t h e   f o u n t a i n   r o l l   56  

i n t o   i n k i n g   c o o p e r a t i o n  w i t h   t he   r o l l  3 3 .   The  r o l l   33  can  b e  

c o n s i d e r e d   to  be  a  t r a n s f e r   r o l l   33  f o r   t r a n s f e r i n g   i n k  

f r o m   t h e   f o u n t a i n   r o l l   5 6  t o   the   i n k   r i b b o n   1 5 .  



The  c o v e r   12  has   a  r e c t a n g u l a r   h o l e   67  f o r   r e c e i v i n g   a  

s u p p o r t   68.  The  c o v e r   12  has  a  p a i r   of   j o i n e d   d e p e n d i n g   w a l l s  

69  and  70.  The  w a l l   69  has   an  i n t e g r a l l y   f o r m e d   pin  71  and  t h e  

w a l l   70  h a s   an  i n t e g r a l l y   f o r m e d   s u p p o r t   72.  A  pawl   73  has   a n  

e l o n g a t e d   s l o t   74  i n t o   wh ich   t h e   p i n   71  e x t e n d s .   The  pawl   73  

has   a  t o o t h   75  f o r   c o o p e r a t i n g   w i t h   a  w h e e l - s h a p e d   r a t c h e t   o r  

r a t c h e t   w h e e l   76.  The  p a w l   73  has   a  s u r f a c e   77  in  s u p p o r t e d  

c o n t a c t   w i t h   the   s u p p o r t   72.  The  p i n   71  and  the  s u p p o r t   72  

g u i d e   t he   pawl   73  on  i t s   f o r w a r d   m o v e m e n t   b u t   a l l o w   the   r e t u r n i n g  

p a w l   7 3  t o   p i v o t   t o   c l e a r   the   r a t c h e t   76.  A  s p i r a l   s p r i n g  

78  has   t u r n s   79  r e c e i v e d   on  a  p o s t   80  m o l d e d   i n t e g r a l l y   w i t h  

t h e   s u p p o r t   68.  The  s p r i n g   78  has   a  t a n g   81  r e c e i v e d   in  a  

n o t c h   82  of  a  member   83  wh ich   c o n n e c t s   t he   s u p p o r t   68  a n d  

t h e   p o s t   80.  The  s p r i n g   78  a l s o   has   a  e n d . p o r t i o n   84 

r e c e i v e d   in  the   s l o t   85.  The  end  p o r t i o n   84  has   a  t a n g   86  

r e c e i v e d   in  a  h o l e   87  in  the  pawl   73.   The  s p r i n g   78  n o r m a l l y  

b i a s e s   t h e   pawl  73  in  the   upward   d i r e c t i o n   to  a  home  p o s i t i o n  

as   v i e w e d   in  FIGURE  4.  The  p i n   71  e n g a g e s   t h e   b o t t o m   of  t h e   s l o t  

74  to  l i m i t   i t s   upward   t r a v e l .   The  p a w l   73  and   the   r a t c h e t  

76  form  p a r t   of  a  pawl   and  r a t c h e t   m e c h a n i s m   PR.  The  r a t c h e t  

76,  a  worm  g e a r   88  a n d  a   s h a f t   89  a r e   of   i n t e g r a l l y   m o l d e d  

p l a s t i c s   c o n s t r u c t i o n .   The  s h a f t   89  i n c l u d e s   two  s p a c e d - a p a r t  

s h a f t   p o r t i o n s   90  and  91.   The  b o t t o m   w a l l   39  has   a  p a i r   o f  

u p s t a n d i n g   s o c k e t s   92  and  93  f o r   r e c e i v i n g   and  h o l d i n g  

c a p t i v e   t he   r e s p e c t i v e   s h a f t   p o r t i o n s   90  and  91.  Yet  t h e  

s o c k e t s   92  and  93  r e s i l i e n t l y   open   up  to  r e c e i v e   t he   r e s p e c t i v e  

s h a f t   p o r t i o n s   90  and  91  due  to  t he   r e s i l i e n c e   of  t h e  

m a t e r i a l   of  w h i c h   t h e   s o c k e t s   92  and  93  a r e   c o n s t r u c t e d .  

The  s o c k e t s   92  and  93  h a v e   p o r t i o n s   94  and  95  w h i c h   e x t e n d  

t h r o u g h   more  t h a n   180  d e g r e e s   bu t   s u b s t a n t i a l l y   l e s s   t h a n  

360  d e g r e e s .   The  worm  g e a r   88  m e s h e s   w i t h   a  worm  whee l   96 

m o u n t e d   on  an  u p s t a n d i n g   p o s t   or  p i v o t   97.  The  p i v o t   97  i s  

p a r a l l e l   to  the   p i v o t   65.  The  worm  w h e e l   96  is  shown  t o  

r o t a t e   in  the  d i r e c t i o n   of  a r r o w   A.  As  b e s t   s een   in  FIGURE 

5,  t h e   worm  w h e e l   96  is   d i s p o s e d   b e t w e e n   and  s p a c e d   f rom  t h e  

b o t t o m   w a l l   39  and  the   f o u n t a i n   r o l l e r   56.  A  s e n s i n g   m e m b e r  

98  is  shown  to  have  a  p a i r   of  s p a c e d   s h a f t   p o r t i o n s   99 



r e c e i v e d   in   s p a c e d   s n a p   s o c k e t s   100  f o r m e d   i n t e g r a l l y  w i t h  

t h e   b o t t o m   w a l l   39.  The  s h a f t  p o r t i o n s   99  o p e r a t i n g  i n   t h e  

s o c k e t s   100   e n a b l e   t h e   member   98  to   p i v c t   f r o m   a  p o s i t i o n  

in  w h i c h   end   p o r t i o n   or  p r o j e c t i o n   101  of   t he   member   98  

r i d e s   on  t h e   s i d e   s u r f a c e   of  t h e   worm  w h e e l   96  as   shown  i n  

FIGURE  5,  b u t   e n a b l e s   t h e   s e n s i n g   member   98  t o   p i v o t   when  a  

h o l e   or   r e c e s s   102  in   t he   worm  w h e e l   96  comes   i n t o   e n g a g e m e n t  

w i t h   t h e   end   p o r t i o n   1 0 1 .   FIGURE  4  s h o w s   -end   p o r t i o n  1 0 1  

a l i g n e d   w i t h   t h e   h o l e   1 0 2 .   When  t h e   end   p o r t i o n   101  e n t e r s  

t h e   h o l e   1 0 2 ,   t h e   s e n s i n g   member   98  moves   g r a v i t a t i o n a l l y  

to   a n o t h e r   o r   s e c o n d   p o s i t i o n .   The  h o l e   102  moves   in  a  

c i r c u l a r   p a t h .   The  end  p o r t i o n   1 0 1 - i s   in  t h e  p a t h   of  t h e  

h o l e   1 0 2 .   The  member   98  has   a  g e n e r a l l y   f l a t  u p p e r   p o r t i o n  

103  a l i g n e d   w i t h  a  h o l e   104  (FIGURE  1)  in   t h e   c o v e r   12.   T h e  

p r i n t e r   P  i n c l u d e s   a  s w i t c h   105  h a v i n g   a  m o v a b l e   s p r i n g - u r g e d  

s e n s i n g   a rm  1 0 6 .   The  a r m   106  h a s   a  U - s h a p e d   p o r t i o n   1 0 7  

w h i c h   e x t e n d s   t h r o u g h   t h e   h o l e   104  and  c o n t a c t s   t h e   f l a t  

p o r t i o n   103  of   t h e   member   98.  So  l o n g   a s  t h e   member   98  i s  

in   t h e   f i r s t   p o s i t i o n   w i t h   t h e .  e n d   p o r t i o n   101  r e s t i n g   o n  

t h e   s i d e   s u r f a c e   of   t h e   worm  w h e e l  9 6 ,   t h e   s w i t c h   105  i s  

c l o s e d .   H o w e v e r ,   as   t h e  e n d   p o r t i o n  1 0 1   e n t e r s  t h e   h o l e  

1 0 2 ,   t h e   m e m b e r   98  p i v o t s   c o u n t e r c l o c k w i s e   as   v i e w e d   i n  

FIGURE  4  a n d   t h e   a rm  106  moves  d o w n w a r d l y   t o   o p e n   the   s w i t c h  

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

p r i n t e r   P  i n o p e r a b l e ,   o r   b o t h .   When  t h e   e n d   p o r t i o n   101  i s  

a l i g n e d   w i t h   t h e   h o l e   1 0 2 ,   t h e   s p r i n g - u r g e d   a r m   106  h e l p s  

move  t h e   end   p o r t i o n   101  i n t o   t h e  h o l e   1 0 2 .  

When  a s s e m b l y i n g   t h e  c a r t r i d g e   10 ,   t h e   worm  w h e e l  

96 ,   i s   so   p o s i t i o n e d   t h a t   t h e   end  p o r t i o n   101  c o n t a c t s   t h e  

s i d e   o f   t h e   worm  w h e e l   96  a t   a  p o s i t i o n   shown  by  p h a n t o m  

l i n e s   PL.  T h u s ,   t he   worm  w h e e l   m u s t   make  a l m o s t   a  c o m p l e t e  

r e v o l u t i o n   b e f o r e   t h e   end  p o r t i o n   101  c a n   e n t e r   t h e ' h o l e  

1 0 2 .   The  p r i n t e r   P  i n c l u d e s   a  s o l e n o i d   108  c o u p l e d   by  a  

d e v i c e   109  to  a  l e v e r   110 .   T h e  l e v e r   110  p i v o t s   so   t h a t   i t s  

f r e e   end   p o r t i o n   111  o p e r a t e s   t he   pawl   73  i n   a  d o w n w a r d  

d i r e c t i o n   as   v i e w e d   in  FIGURE  4)  a n d  r e t u r n s   e a c h   t i m e   t h e  

s o l e n o i d   c a u s e s   t h e   p a w l  7 3   to   a d v a n c e   t h e   r a t c h e t   76  by  o n e  

i n c r e m e n t .   R e v e r s e   r o t a t i o n   of   t h e   r a t c h e t  7 6   i s   p r e v e n t e d  

by  m e a n s   o f   an  a n t i - b a c k u p   p a w l   112 .   M o v e m e n t   of  t h e  

r a t c h e t   76  c a u s e s   t h e   worm  g e a r   88  to  r o t a t e   t h r o u g h   a  s m a l l  



i n c r e m e n t   w h i c h   c a u s e s   t he   worm  w h e e l   96  to  r o t a t e   t h r o u g h  

an  even   s m a l l e r   i n c r e m e n t .   The  worm  g e a r   88  and  t he   worm 

w h e e l   96  c o m p r i s e s   a  s p e e d   r e d u c e r   SR  w h i c h   i s   l o w - c o s t   a n d  

e a s y   to  m a n u f a c t u r e .   The  p a w l   73,  t h e   r a t c h e t   76,  t h e   worm 

g e a r   88  and  t h e   worm  w h e e l   96  c o m p r i s e   a  c o u n t e r   C  w h i c h  

i s   a d v a n c e d   o n c e   f o r   each   o p e r a t i o n   of  t h e   s o l e n o i d   1 0 8 .  

The  s o l e n o i d   108  is   o p e r a t e d   t h r o u g h   a  c o u n t e r   f rom  p a r t   o f  

t h e   p r i n t e r   P  f o l l o w i n g   the  p r e d e t e r m i n e d   number   of  o p e r a t i o n s  

of   t h e   p r i n t e r   P.  The  c o u n t e r   C  i s   a d v a n c e d   o n c e   f o r   e a c h  

o p e r a t i o n   of  t h e   s o l e n o i d   1 0 8 .  

I t   is   a  f e a t u r e   of  t h e   i n v e n t i o n   to  make  t h e   c o u n t e r   C ,  

t h e   s e n s i n g   member   98,  and   t h e   ink   r i b b o n   15  i n a c c e s s i b l e   t o  

t h e   u s e r .   The  c o v e r   12  i s   p r e f e r a b l y   a t t a c h e d   to  the   h o u s i n g  

11  s u c h   as  by  p e r m a n e n t   b o n d i n g .   The  i nk   r i b b o n   15  c a n n o t  

be  c h a n g e d   by  t h e   u s e r .   In  a d d i t i o n ,   the   c o u n t e r   C  and  t h e  

member   98  a r e   n o n - r e s e t t a b l e   by  t h e   u s e r   b e c a u s e   o f   t h e i r  

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

u s i n g   t h e   c a r t r i d g e   10  a f t e r   the   i n k i n g   m e d i u m ,   s p e c i f i c a l l y ,  

t h e   ink  r i b b o n   15  has   e s s e n t i a l l y   been   s p e n t .   The  c o m p a c t n e s s  

i s   f a c i l i t a t e d   by  p o s i t i o n i n g   the  c o u n t e r   C  and  the  f o u n t a i n  

r o l l e r   56  in  p a r t l y   o v e r l a p p i n g   r e l a t i o n s h i p   w i t h   r e s p e c t   t o  

e a c h   o t h e r .   M o r e o v e r ,   many  of  t h e   p a r t s   a r e   m o l d e d   i n t e g r a l l y  

to   k e e p   t h e   number   of  p a r t s   to   a  m i n i m u m .   A l t h o u g h   t h e   i n k i n g  

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

is   an  ink  r i b b o n ,   t h e   f e a t u r e s   of  t h e   i n v e n t i o n   a r e  

a p p l i c a b l e   to   a  r e p l a c e a b l e   c a r t r i d g e   in  w h i c h   t h e   i n k i n g  

medium  i s   an  ink  pad  or  an  i nk   r o l l .  

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

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

p l a s t i c s   m a t e r i a l .   Al l   t he   p a r t s   of  t h e   c a r t r i d g e   a r e   m o l d e d  

e x c e p t   t h e   s p r i n g s   27,  40,  63  and  78  w h i c h   a r e   p r e f e r a b l y  

m e t a l   and  the   r i b b o n   15  w h i c h   can  be  made  of   any   s u i t a b l e   r i b b o n  

m a t e r i a l .   The  p o r o u s   m a t e r i a l   57  can  be  made  of   any   s u i t a b l e  

m a t e r i a l   f o r   m e t e r i n g   i n k .   The  member   58  can  be  made  o f  

e i t h e r   m e t a l   or  p l a s t i c .  



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   of  t h i s   i n v e n t i o n  

w i l l   s u g g e s t   t h e m s e l v e s   to   t h o s e   s k i l l e d   in  t he   a r t ,   and  a l l  

s u c h   of  t h e s e   as   come  w i t h i n   t h e   s p i r i t   of  t h i s   i n v e n t i o n   a r e  

i n c l u d e d   w i t h i n   i t s   s c o p e   as  b e s t   d e f i n e d   by  the   a p p e n d e d   c l a i m s .  



1.  A  r e p l a c e a b l e   i n k i n g   c a r t r i d g e ,   c o m p r i s i n g :   a  

h o u s i n g ,   an   i n k i n g   m e d i u m   d i s p o s e d   p a r t l y   i n s i d e   t  2  h o u s i n g   b u t  

e x t e n d i n g   o u t s i d e   t h e   h o u s i n g   and  a d a p t e d   to  ink   p r i n t i n g   m e a n s ,  

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

h o u s i n g ,   a  m e m b e r   d i s p o s e d   in  t he   h o u s i n g ,   r e s p o n s i v e   t o   t h e  

c o u n t e r ,   a n d   m o v a b l e   f rom  a  f i r s t   p o s i t i o n -   to   a  s e c o n d  

p o s i t i o n   f o r   i n d i c a t i n g   a  s p e n t   c o n d i t i o n   o f   t h e   i n k i n g  

m e d i u m .  

2.  A  c a r t r i d g e   as   d e f i n e d   i n   c l a i m   1,  w h e r e i n   t h e  

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

and  a  m e s h i n g   worm  g e a r ,   t he   member   h a v i n g   a  p r o j e c t i o n   f o r  

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

a  p a t h   m a d e   by  t h e   r e c e s s   as  t h e   worm  w h e e l   r o t a t e s ,   t h e  

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

p o s i t i o n   u p o n   m o v e m e n t   of  t h e   p r o j e c t i o n   i n t o   t h e   r e c e s s  

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

3.  A  c a r t r i d g e   as   d e f i n e d   in   c l a i m   2,  w h e r e i n   t h e  

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

r a t c h e t   c o u p l e d   to  t h e   worm  g e a r   and  o p e r a b l e   by  t h e   p a w l .  

4.  A  c a r t r i d g e   as   d e f i n e d   in  c l a i m   3,  i n c l u d i n g   a  

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

t h e   p r i n t e r   f u r t h e r   i n c l u d i n g   means   r e s p o n s i v e   to   t he   member   f o r  

d i s a b l i n g   t h e   p r i n t e r   when  t he   p r o j e c t i o n   i s   in  t h e   s e c o n d   p o s i t i o n .  

5.  A  c a r t r i d g e   as   d e f i n e d   in  c l a i m   1,  w h e r e i n   t h e  

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

by  t h e   p a w l ,   a  s p e e d   r e d u c e r   c o u p l e d   t o   t h e   r a t c h e t ,   t he   m e m b e r  

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

r e s p o n s e   t o   b p e r a t i o n   of  t he   s p e e d   r e d u c e r ,   w h e r e i n   t h e  

r a t c h e t   a n d   t h e   s p e e d   r e d u c e r   a r e   d i s p o s e d   in  t he   h o u s i n g  

and  n o n - s e t t a b l e   by  t h e   u s e r .  

6.  A  c a r t r i d g e   as  d e f i n e d   in  c l a i m   1,  i n c l u d i n g   a n  

ink   r o l l e r   f o r   i n k i n g   t h e   i n k i n g   m e d i u m ,   t h e   c o u n t e r   b e i n g  

d i s p o s e d   in   t h e   h o u s i n g   and  a  p o r t i o n   of  t h e   c o u n t e r   and  a  p o r t i o n  

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

to   e a c h   o t h e r   to   p r o v i d e   a  c o m p a c t   a r r a n g e m e n t .  



7.  A  r e p l a c e a b l e   i n k i n g   c a r t r i d g e ,   c o m p r i s i n g :   a  

h o u s i n g ,   an  i n k i n g   med ium  h e l d   c a p t i v e   by  t h e   h o u s i n g ,   and  n o n -  

r e s e t t a b l e   means   m o u n t e d   by  t h e   h o u s i n g   f o r   i n d i c a t i n g   when  t h e  

c a r t r i d g e   n e e d s   to  be  r e p l a c e d .  

8.  A  c a r t r i d g e _ a s   d e f i n e d   in  c l a i m   7,  w h e r e i n   t h e  

i n d i c a t i n g   means   i n c l u d e s   a  pawl   and   r a t c h e t   m e c h a n i s m   o p e r a b l e  

as  t he   i n k i n g   medium  i s   u s e d .  

9.  A  c a r t r i d g e   as  d e f i n e d   in  c l a i m   8,  i n c l u d i n g  

a  s p e e d   r e d u c e r   d r i v e n   by  t h e   pawl   and  r a t c h e t   m e c h a n i s m .  

10.  A  c a r t r i d g e   a s   d e f i n e d   in  c l a i m   7,  w h e r e i n   t h e  

i n k i n g   medium  i n c l u d e s   an  i n k   r i b b o n .  

11.  A  c a r t r i d g e   as   d e f i n e d   in  c l a i m   7,  w h e r e  i n   t h e  

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

p o s i t i o n   to   a  s e c o n d   p o s i t i o n .  

12.  A  r e p l a c e a b l e   i n k i n g   c a r t r i d g e ,   c o m p r i s i n g :   a  

h o u s i n g   h a v i n g   means   d e f i n i n g   a  s t u f f i n g   c h a m b e r ,   a n  e n d l e s s   i n k  

r i b b o n ,   a  p o r t i o n   of  t h e   ink   r i b b o n   b e i n g   s t u f f e d   in  the   s t u f f i n g  

c h a m b e r ,   a n o t h e r   p o r t i o n   of   t h e   i n k   r i b b o n  e x t e n d i n g   to  a  z o n e  

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

m e a n s   m o u n t e d   on  t h e   h o u s i n g   f o r   f e e d i n g   the   r i b b o n   to  d r aw  t h e  

r i b b o n   p r o g r e s s i v e l y   t h r o u g h   t he   zone   and  to  s t u f f   t he   r i b b o n  

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

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

be  r e p l a c e d .  

13.  A  r e p l a c e a b l e   i n k i n g   c a r t r i d g e ,   c o m p r i s i n g :   a  

h o u s i n g   h a v i n g   means   d e f i n i n g   a  s t u f f i n g   c h a m b e r ,   an  e n d l e s s   i n k  

r i b b o n ,   a  p o r t i o n   of  t h e   ink   r i b b o n   b e i n g   s t u f f e d   in  t he   s t u f f i n g  

c h a m b e r ,   a n o t h e r   p o r t i o n   of  t h e   i n k   r i b b o n   e x t e n d i n g   t o  a   z o n e  

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

means   m o u n t e d   on  t h e   h o u s i n g   f o r   f e e d i n g   the   r i b b o n   to  d r a w   t h e  

r i b b o n   p r o g r e s s i v e l y   t h r o u g h   t he   zone   and  to  s t u f f   t he   r i b b o n  

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

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

of  t h e   ink  r i b b o n ,   and  a  member  d i s p o s e d   in  the   h o u s i n g   a n d  

r e s p o n s i v e   to  t he   c o u n t e r   f o r   i n d i c a t i n g   when  the   ink   r i b b o n   h a s  

b e e n   s p e n t ,   t h e   c o u n t e r   and  the   member   b e i n g   d i s p o s e d   in  a  l o c a t i o n  

in  t he   h o u s i n g   i n a c c e s s i b l e   f o r   r e s e t t i n g .  



14.  A  r e p l a c e a b l e   i n k i n g   c a r t r i d g e ,   c o m p , i s i n g :   a  

h o u s i n g   h a v i n g   means   d e f i n i n g   f i r s t   and  s e c o n d   i n t e r c o n n e c t e d  

c h a m b e r s ,   t he   f i r s t   c h a m b e r   c o m p r i s i n g   a  s t u f f i n g   c h a m b e r ,   a n  

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

t he   s t u f f i n g   c h a m b e r ,   a n o t h e r   p o r t i o n   of  t h e   ink  r i b b o n   e x t e n d i n g  

to  a  zone   o u t s i d e   t he   h o u s i n g   and  a d a p t e d   to  c o o p e r a t e   w i t h  

p r i n t i n g   m e a n s ,   means   f o r   f e e d i n g   the  r i b b o n   to  d r a w   the   r i b b o n  

p r o g r e s s i v e l y   t h r o u g h   t h e   zone  and  to  s t u f f   t he   r i b b o n   p r o g r e s s i v e l y  

i n t o   t h e   s t u f f i n g   c h a m b e r ,   and  means   d i s p o s e d   in  the   s e c o n d   c h a m b e r  

and  n o n - r e s e t t a b l e   by  t h e   u s e r   f o r   i n d i c a t i n g   when  the   c a r t r i d g e  

n e e d s   to  be  r e p l a c e d .  

15.  A  c a r t r i d g e   as   d e f i n e d   in  c l a i m   14,   w h e r e i n   t h e  

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

f e e d i n g   c o n t a c t   w i t h   t he   i nk   r i b b o n ,   one  of  t h e   r o l l s   b e i n g   a n  

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

f o r   i n k i n g   the   ink   t r a n s f e r   r o l l ,   a  p o r t i o n   o f   t h e   i n k  

r o l l   b e i n g   d i s p o s e d   in  o v e r l a p p i n g   r e l a t i o n s h i p   r e l a t i v e   t o  

a  p o r t i o n   of  t he   i n d i c a t i n g   m e a n s .  

16.  A  r e p l a c e a b l e   i n k i n g   c a r t r i d g e ,   c o m p r i s i n g :   a n  

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

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

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

a  p a i r   of   o u t w a r d l y   e x t e n d i n g   a r m s ,   an  e n d l e s s   ink   r i b b o n ,   m e a n s  

d e f i n i n g   a  p a t h   f rom  the  s t u f f i n g   c h a m b e r ,   t h r o u g h   one  a rm,   t o  

and  t h r o u g h   t h e   o t h e r   a r m ,   to   and  t h r o u g h   t h e   s e c o n d   c h a m b e r ,  

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

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

t h e   f i r s t   r o l l   h a v i n g   m e a n s   e n a b l i n g   r o t a t i o n   of  t h e   f i r s t   r o l l  

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

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

and  h a v i n g   a  s h o u l d e r   s p a c e d   f rom  the  member ,   a  f o u n t a i n  

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

a  s p r i n g   f o r   b i a s i n g   the  member  to  u rge   the   f o u n t a i n   r o l l  

a g a i n s t   t he   f i r s t   r o l l ,   a  pawl   m o v a b l y   m o u n t e d   by  the   h o u s i n g  

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

d i s p o s e d   in  t he   h o u s i n g ,   a  worm  g e a r   c o u p l e d   to  t he   r a t c h e t  

w h e e l ,   t h e   worm  g e a r   and  the  r a t c h e t   w h e e l   b e i n g   i n t e g r a l l y  

, 



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

w i t h   the   worm  g e a r ,   a  s e c o n d   p i v o t   d i s p o s e d   p a r a l l e l   to  t h e  

f i r s t   p i v o t   f o r   m o u n t i n g   the  worm  w h e e l ,   t h e   worm  w h e e l  

b e i n g   d i s p o s e d   b e t w e e n   and  s p a c e d   f rom  a  p o r t i o n   of  t h e   h o u s i n g  

and  the   ink  r o l l ,   t h e   worm  w h e e l   h a v i n g   a  s i d e   s u r f a c e ,   a  

s e n s i n g   member   h a v i n g  a   p r o j e c t i o n   f o r   c o n t a c t i n g   the  s i d e  

s u r f a c e ,   a  h o l e   in  t he   worm  w h e e l ,   t he   h o l e   b e i n g   m o v a b l e   i n  

a  c i r c u l a r   p a t h   when  t h e   worm  w h e e l   r o t a t e s ,   the   p r o j e c t i o n  

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

t h e   h o l e   when  t he   p r o j e c t i o n   and  the   h o l e   a r e   a l i g n e d ,   a  

h o l e   in  t h e   h o u s i n g   f o r   a c c e s s i n g   the  s e n s i n g   member   t o  

s i g n a l   w h e t h e r   t he   s e n s i n g   member   is  in   a  f i r s t   p o s i t i o n  

w i t h   the   p r o j e c t i o n   i n  c o n t a c t   w i t h   t he   s i d e   of   t h e   w o r m  

w h e e l   or  in  a  s e c o n d   p o s i t i o n   in  w h i c h   t h e   p r o j e c t i o n   is   i n  

t h e   h o l e   in  t h e   worm  w h e e l .  
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